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1.
Starting from first principles show that surges behave as traveling waves. 


Find expressions for surge impedance and wave velocity. 

2.a)
A 33kv ,3phase ,50Hz ,overhead line 50km long has a capacitance to earth of each  line equal to 0.019(f per Km .Determine the inductance and KVA rating of the arc suppression coil .








   b)
Discuss in brief different protective devices against lightning surges .

3.
Explain the following with relevant diagrams.

a) Open fuse 








b)   Semi enclosed rewirable fuse.

4. 
In a 132kV system, the inductance and capacitance per phase up to the location of the circuit breaker is 10H and 0.02 microfarad, respectively. If the circuit breaker interrupts a magnetizing current of 20A( instantaneous), current chopping occurs. Determine the voltage which will appear across the circuit breaker. Also determine the resistance that should be connected across the contacts of the circuit beaker to eliminate restriking voltage.
5.a) 
What is meant by directional feature of a directional over current relay?


      Describe the construction, principle of operation and application of a 

      directional over current relay.








   b) 
What is the difference between a polarized mho and simple mho relay.


What are self-polarized and cross-polarized mho relays?

6.a) 
Explain with necessary diagrams the operating principle a Rectifier bridge phase comparator.

b) 
Why are block average phase comparator preferred over block spike phase comparator?
7.
With the help of neat sketches explain the protections of a star –delta power transformer, against the following abnormal conditions:
a)   Phase to phase fault
b) Earth fault
c)   High voltage surges.
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8.a)
Describe the principle of impedance type distance relay and explain its characteristics on V-I And R-X planes.






b)
Derive expression for torque developed by a double activating quantity distance relay. Show that the relay operates when  fault is within the protected distance of line.
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1.
Discuss the phenomenon of wave reflection and refraction. Derive expression for reflection and refraction coefficients.
2.
Write short notes on the following :-             

a) Rod gap 








b) Horn gap 








c) Expulsion gap
3.
Explain the following with neat sketch in detail:
a) D-type cartridge fuse 






b) HRC cartridge fuse.
4.
Write short notes on the following.

a) Making capacity









b) Short time current rating








c) Rated voltage, current and frequency






d)   Rated operating duty.

5.a) 
What are the different types of Distance relays? Compare their merits and  

   
demerits.









   b) 
What is an angle impedance relay? Discuss how its characteristics are    

       
realized using the phase comparison technique.
6.a)
Explain the merits and demerits of static relays.





b)
Discuss how an amplitude comparator can be converted into a phase comparator and vice versa.


7.
Show in detail, the protection arrangement of a  60 MW generator provided with:
   a) Differential protection
   b) Back-up over – current protection through faults
  
   c) Standby earth fault protection in neutral connection.


8.a)
With a neat sketch, discuss the differential scheme for bus zone protection.

b) Discuss the working principle of frame leakage protection.
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1.
A rectangular surge voltage E travels along a conductor of surge impedance Ze towards a transition point P. Show that the voltage V0 and current i0 at point P satisfy the relation V0 = 2E – Ze i0.


2.
Describe the construction and working principle of a zinc oxide gapless arrester with a neat sketch.

3.a) 
List out the advantages and disadvantages of HRC fuse.


   b) 
Explain fuse characteristics in detail.
4.
Explain resistance switching in detail with relevant diagrams and derive the expression of damped oscillation.


5.a) 
Discuss the principle of operation of an Induction disc relay with relevant 

 
diagrams.










b) 
What are the advantages of Induction cup relays over Induction disc relays? What is the purpose of shading in an Induction disc relay?

6.a) 
Where are the relays having extremely inverse and very inverse characteristics used? What types of characteristics are used for protecting rectifiers, and for replacement of fuses?




    b) 
Explain how the mho characteristic realized using a sampling comparator?


7.a)
What is differential protection? What is percentage differential protection? Why it is superior to simple differential protection. Explain the characteristics.

   b)
What is the effect of balanced load on the generator? Which part is damaged due to sustained unbalanced currents?


8.
Write short notes on:
a)   Reactance relay
b) Mho relay
c)   Directional Impedance relay.
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1.
Develops equivalent circuit for analyzing the behavior of traveling waves at transition points on transmission lines.
2.
Define the terms:-

a) rated voltage of lightning arrester  






b) normal discharge current 







c) spark over voltage – power frequency impulse  




d) non linear resistance   








e) protective ratio        








f)    residual voltage.0   
3.
Explain the following terms in relation to Fuse:
a)      fuse element







b)
Minimum Fusing current





c)
Fusing factor







d)
Cut off current
.






4.a)
Explain the Phenomenon of current chopping in a circuit breaker. What measures are taken to reduce it?









b)
A circuit interrupts the magnetizing current of a 100MVA transformer at 220kV. The magnetizing current is 5% of the full load current. Determine the maximum voltage which may appear across the Gap of the breaker when the magnetizing current is interrupted at 53% of its peak value. The stray capacitance is 2500 microfarad. The inductance is 30H.

5.a) 
An 11 KV,100MVA generator is grounded through a resistance of 6 ohms. The C.T.s have a ratio 1000/5.The relay is set  to operate when there is an out of balance current of 1 A. What percentage of the generator winding will be protected by the percentage differential scheme of protection?


   b) 
What is Buckhholz relay? Discuss its working principle.

6.a)
Write short notes on an amplitude /pulse width converter as applied in a phase sensitive amplitude comparator.






   b) 
Write short notes on: 

1)  Static sine comparator 

2)  Integrating type amplitude comparator.
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7.a)
What are the abnormal conditions in a large synchronous generator  against which protection is necessary?  







                                                                                                              

b) 
Draw neatly the differential protection scheme of an alternator. Discuss its limitations and suggest remedies to overcome them.    
8.
Explain  the principle of distance relaying applied to protection of radial transmission lines. Distinguish between reactance, impedance and mho relays as regards their applications to distance protection.
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