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  1.a  Explain operating principle and characteristics (R-X diagram) of an impedance relay. 10 CO2 L2 

2.a  Draw and explain 3 stepped distance protection of transmission line. 6 CO4 L2 

2.b 

The neutral point of an 11KV an alternator is earthed through a resistance of 12Ω the relay 

is said to operate when there is out of balance of a 0.8A. The CT’s have a ratio of 

2000/5.What percentage of the winding is protected against earth fault? What must be the 

minimum value of earthing resistance required to give 90% of protection to earth phase.  

 

    4 CO4 L3 

3.a  Define Over Reach and Under Reach. 4 CO2 L1 

3.b 

Explain the effect of Line length and source impedance on the performance of distance 

relay. 

 
6 CO2   L2 

4.a What is simple differential protection scheme? Explain its behaviour during normal 

condition. 
5 CO3 L2 
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4.b Explain the working principle of Buchholz relay used for the protection of transformer. 5 CO4 L2 

5.a With neat diagram, explain harmonic restraint relay used to protect magnetizing inrush 

current of transformer. 
6 CO4 L2 

5.b With schematic diagram, explain protection of stator against overheating in an alternator. 4 CO4 L2 

6.a A generator winding is protected by using a percentage differential relay whose 

characteristics is having a slope of 10%. A ground fault occurred near the terminal end of 

the generator winding while generator is carrying load. As a consequence, the currents 

flowing at each end of the winding are shown if fig.1. Assuming CT ratios of 500/5 

amperes, the relay operate to trip the circuit breakers? 

 

4 CO4 L3 

6.b Explain balanced (opposed) voltage differential protection. 6 CO3 L2 

 
 

 

           CCI                                                                                                                       HOD                                                                                                                                                                                                                        
 

 

 

 

 

4.b Explain the working principle of Buchholz relay used for the protection of transformer. 5 CO4 L2 

5.a With neat diagram, explain harmonic restraint relay used to protect magnetizing inrush 

current of transformer. 
6 CO4 L2 

5.b With schematic diagram, explain protection of stator against overheating in an alternator. 4 CO4 L2 

6.a A generator winding is protected by using a percentage differential relay whose 

characteristics is having a slope of 10%. A ground fault occurred near the terminal end of 

the generator winding while generator is carrying load. As a consequence, the currents 

flowing at each end of the winding are shown if fig.1. Assuming CT ratios of 500/5 

amperes, the relay operate to trip the circuit breakers? 

 

4 CO4 L3 

6.b Explain balanced (opposed) voltage differential protection. 6 CO3 L2 

 

 

 

 

 

         CCI                                                       CI                                                                  HOD                                                                                                                                                                                 



Q.1.  

Definition: The relay whose working depends on the distance between the impedance of 

the faulty section and the position on which relay installed is known as the impedance 

relay or distance relay. It is a voltage controlled equipment. 
The relay measures the impedance of the faulty point, if the impedance is less than the 
impedance of the relay setting, it gives the tripping command to the circuit breaker for 
closing their contacts. The impedance relay continuously monitors the line current and 
voltage flows through the CT and PT respectively. If the ratio of voltage and current is 
less than the relay starts operating then the relay starts operating. 

Principle of Operation of Impedance Relay 
In the normal operating condition, the value of the line voltage is more than the current. 
But when the fault occurs on the line the magnitude of the current rises and the voltage 
becomes less. The line current is inversely proportional to the impedance of the 
transmission line. Thus, the impedance decreases because of which the impedance relay 
starts operating. 
The figure below explains the impedance relay in much easier way. The potential 
transformer supplies the voltage to the transmission line and the current flows because of 

the current transformer. The current transformer is connected in series with the 
circuit.Consider the impedance relay is placed on the transmission line for the protection 
of the line AB. The Z is the impedance of the line in normal operating condition. If the 
impedances of the line fall below the impedance Z then the relay starts working. 
Let, the fault F1 occur in the line AB. This fault decreases the impedance of the line below 
the relay setting impedance. The relay starts operating, and its send the tripping command 
to the circuit breaker.If the fault reached beyond the protective zone, the contacts of the 
relay remain unclosed. 
 

Operating Characteristic of an Impedance Relay 
The voltage and the current operating elements are the two important component of the 
impedance relay. The current operating element generates the deflecting torque while the 
voltage storage element generates the restoring torque. The torque equation of the relay 
is shown in the figure below The -K is the spring effect of the relay. The V and I are the 
value of the voltage and current. When the relay is in normal operating condition, then 
the net torque of the relay becomes zero. If the spring control effect becomes neglected, 
the equation becomes The operating characteristic concerning the voltage and current is 
shown in the figure below. The dashed line in the image represents the operating condition 
at the constant line impedance. The operating characteristic of the impedance relay is 
shown in the figure below. The positive torque region of the impedance relay is above the 

operating characteristic line. In positive torque region, the impedance of the line is more 
than the impedance of the faulty section. Similarly, in negative region, the impedance of 
the faulty section is more than the line impedance The impedance of the line is represented 
by the radius of the circle. The phase angle between the X and R axis represents the 
position of the vector. If the impedance of the line is less than the radius of the circle, then 
it shows the positive torque region. If the impedance is greater than the negative region, 
then it represents the negative tor

que region. 
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Q.3 a 

A distance relay is set to operate up to a particular value of impedance; for an impedance greater than this 
set value the relay should not operate. This impedance, or the corresponding distance is known as the 
Reach of Distance Relay. 
 

 
To convert primary impedance (impedance of the line referred to the line voltage and current) to a 
secondary value (line impedance referred to the relay side) for use in adjusting a distance relay the 
following relation is used: where the CT ratio is the ratio of the HV phase current to the relay phase current, 
and the PT ratio is the ratio of the HV phase-to-phase voltage to the relay phase-to-phase voltage all under 
balanced conditions. 
The tendency of a Reach of Distance Relay to operate at impedance larger than its setting value is known 
as overreach and similarly the tendency to restrain at the set value of impedance or impedances lower 
than the set value is known as underreach. 
An important reason for overreach is the presence of d.c. offset in the fault current wave, as the offset 
current has a higher peak value than that of a symmetrical wave for which the relay is set. 
The transient overreach is defined as:
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Buchholz Relay 
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