




Q.1.a 

Protective relays play a critical role in safeguarding electrical systems from potential failures 

and catastrophic events. These devices monitor the health of the system and initiate actions to 

mitigate risks. However, like any other electrical equipment, protective relays require regular 

maintenance and testing to ensure they operate effectively. Protective relays act as guardians, 

constantly monitoring electrical equipment and circuit performance for abnormalities. These 

relays help minimize the risk of equipment damage, prevent electrical fires, and ensure operator 

safety. Moreover, they are crucial in maintaining power quality and stability in a range of 

applications, including power transmission and distribution systems, industrial plants, and even 

in residential homes. 
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Q.2.a 

 

Working Principle of Thermal Relay: 

A thermal relay works depending upon the above mentioned property of metals. The basic 

working principle of thermal relay is that, when a bimetallic strip is heated up by a heating coil 

carrying over current of the system, it bends and makes normally open contacts. 

Construction of Thermal Relay: 

The construction of thermal relay is quite simple. As shown in the figure above the bimetallic 

strip has two metals – metal A and metal B. Metal A has lower coefficient of expansion and 

metal B has higher coefficient of expansion. 

When over current flows through the heating coil, it heats up the bimetallic strip.  

Due to the heat generated by the coil, both of the metals are expanded. But expansion of metal 

B is more than expansion of metal A. Due to this dissimilar expansion the bimetallic strip will 

bend towards metal A as shown in the figure below. 

The strip bends, the NO contact is closed which ultimately energizes the trip coil of a circuit 

breaker. 

The heating effect is not instantaneous. As per Joule’s law of heating, the amount of heat 

generated is 

 
Where, I is the over current flowing through the heating coil of thermal relay. 

R is the electrical resistance of the heating coil, t is the time for which the current I flows 

through the heating coil. Hence from the above equation it is clear that, heat generator by the 

coil is directly proportional to the time during which the over current flows through the coil. 

Hence there is a prolonged time delay in the operation of thermal relay. 

That is why this type of relay is generally used where over load is allowed to flow for a 

predetermined amount of time before it trips. If overload or over current falls down to normal 

value before this predetermined time, the relay will not be operated to trip the protected 

equipment. 

A typical application of thermal relay is overload protection of electric motor. 

Q.2.b 
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Q.5.a 

Operating schemes which are used in wire pilot protection 

1. Circulating Current Scheme 
2. Balanced Voltage (or Opposed Voltage) Scheme 

3. TransleyScheme 

4. Half-Wave Comparison Scheme 

Transley Scheme 

• It is of the balanced  voltage type and is suitable for pilot circuits up to a loop resistance 

of 1000 ohms.  

• Associated  with the CTs at each end is an induction disc type relay whose secondary 

circuits are connected in opposition by Pilot Wire Protection Relay.  

• Summation of the secondary line current is carried out in the tapped winding of the 

upper electromagnet of the relay.  

• The upper electromagnet system acts as a quadrature transformer and produces at the 

pilot terminals a voltage which varies with the primary current.  



• No current will flow in the circuit under normal conditions; whereas in the case of a 

fault there is a discrepancy between the currents flowing at the two ends which will 

cause a resultant difference between the secondary voltages and thus a current in this 

circuit. 

•  Under such conditions when the current flow occurs in both the upper and the lower 

magnet the relay operates. 

 

Q.5.b 

 



 

 



Q.5.c 

 

Q.6.a

 



 

 

 

 



 



Q.6.b 

 

Q.6.c 



 

Q.7.a 



 

Q.7.b 



 

Q.7.c 



 

Q.8.a 



 

Q.8.b 

Non puffer type SF6 circuit breaker 

This type of SF6 circuit breaker is widely used, hence we will discuss the 

construction and working in detail. 

 



Construction 

The non-puffer type sf6 circuit breaker has an Interrupter part, the arc 

quenching process is performed in this part. 

It consists of two contacts, the fixed contact and the moving contact. Both 

these contacts are hollow cylinders. 

The fixed contact has arc horns connected with it as shown in fig. below. 

These arc horns prevent the switching components during flashover. 

The moving contact has rectangular gas outlets as shown in the fig. below. 

The gas after the process of arc extinction moves out from these rectangular 

holes. 

The tips of arc horn and both contacts are coated with the copper-

tungsten arc resistant material. 

The main arcing process is done in arc chamber as shown in fig. A SF6 gas 

reservoir is connected with the arc chamber with a valve connected. 

The valve is synchronized with the moving contact of the circuit breaker. It 

means, as soon as the moving contact separates from the fixed contact during 

any fault, then the valve of SF6 gas tank will automatically open and flow of 

gas will inlet to the arc chamber. 

Working 

Initially the contacts are in closed position surrounded by the Sulphur 

hexafluoride gas (SF6) at a pressure of around 2.8 kg/   

When there is a fault in the system then the moving contact begin to separate 

from the fixed contact. 

According to the arc interruption theory, the surrounding medium will ionise 

and arc will be struck between the contacts. 



The valve connected with the SF6 gas tank will open and now the pressurised 

gas will come in the arcing chamber, now the pressure in the chamber is 

around 14 kg/ . 

Now, SF6 gas will flow through the arc and it will quench the arc in very short 

time as explained earlier. 

After the extinction of arc and interruption of current, the gas moves out from 

the gas outlets and with the suitable methods, the gas gets recombined and 

reconditioned for further use. 
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