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INTRODUCTION 

There is a saying that Electricity is a good servant but 

a bad master. This statement is true, because any 

mistake that is made when enjoying the service(s) of 

electricity may lead to serious damage to equipment, 

injury to personnel or even loss of live. It is in this 

regard that protection of lives and 

Properties/materials within the Network system is 

imperative, and therefore must be provided. This is to 

ensure that electricity supply from Generation to the 

final Consumers is delivered and used in a safe 

manner. To achieve this needed safety therefore, 

understanding these critical components of Electrical 

Protection is a necessity. 

 



WHAT IS ELECTRICAL PROTECTION 

SYSTEM? 
 

Electrical Protection is a system which is provided 

with fuses or other suitable automatic circuit-

interrupting devices, for preventing damage to circuits, 

equipment, and personnel whenever abnormal 

conditions, such as overcurrent, high or low voltage etc. 

occur. 

 

Overcurrent protection is a protection against excessive 

currents or current beyond the acceptable current 

rating of equipment. This protection is usually provided 

using Magnetic circuit breakers, fuses and overcurrent 

relays. 

 



Overcurrent protection is different from Overload 

protection which is a protection against a running 

overcurrent that would cause overheating of the 

protected equipment. Hence, an overload is also a type 

of overcurrent. Overload protection typically operates on 

an inverse time curve where the tripping time becomes 

less as the current increases. Overload relays as well as 

“slow blow” fuses are commonly used to provide 

overload protection 

 

CLASSES OF PROTECTION SCHEME. 

Protection scheme is divided into two classes 

namely: primary protection and back-up/Secondary 

protection. 

Overcurrent protection cont… 



CLASSES OF PROTECTION SCHEME cont.. 

 

The main protection or primary protection is the first line 

protection which provides quick-acting and selective clearing 

of a fault within the boundary of the circuit section or 

element it protects. The main protection is provided in each 

section of an electrical installation. 

 

For Example, in a 33/11KV injection substation, the 

protection on 11KV outgoing feeder panel is the primary or 

main protection on the Lines while the one on the 11KV 

Incomer is the backup /secondary protection. 

 

The Primary function of the protective system is to detect 

and isolate all failed or faulted components as quickly as 

possible, thereby minimizing the disruption to the remainder 

of the electric system. 



. WHAT COMPONENTS (EQUIPMENT) DO 

WE PROTECT? 
 

Generators . Stator winding, Rotor grounding 

 

Transformers and Reactors . Short circuit in the windings 

and also Phase to ground fault. 

 

Lines . L-L, L-N, 3-Phases 

 

Buses . Rodent grounding the system 

 

Capacitors  

 



 

. WHAT ARE THE CRITICAL COMPONENTS OF 

ELECTRICAL  PROTECTION SYSTEM?. 

 
 

There are four main Critical Electrical Components of 
Protection system namely: 

 

1. Protective Relay. 

2. Circuit Breaker. 

3. Tripping Unit ( Battery Charger and Bank). 

4. Instrument Transformers ( Current Transformer(CT) and 

     PT or Voltage Transformer(VT). 
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PROTECTIVE RELAY 

Protective relay is a smart device which protects 
electrical equipment like motor, Transformer, 
Transmission and Distribution lines, Generators, Bus-
bars, etc, They receive input from sensor and compare 
with set value(trip value) then provide output that isolate 
electrical equipment from the system. It is a  device 
designed to trip a circuit breaker when a fault is 
detected. The need to act quickly to protect circuits and 
equipment often requires protective relays to respond 
and trip a breaker within a few thousandths of a second. 

 





Basic Relay connection 



FUNCTIONAL REQUIREMENT OF A PROTECTIVE RELAY 

Reliability 

The most important requisite of protective relay is reliability. 
They remain inoperative for a long time before a fault 
occurs; but if a fault occurs, the relays must respond 
instantly and correctly. 

 

Dependability:  

The certainty that a protection system will operate when it is 
supposed to do so. 

  

Security:  

The certainty that a protection system will not operate when 
it is not supposed to  

 

Reliability = Dependability + Security  
 



FUNCTIONAL REQUIREMENTS OF PROTECTIVE 

RELAY CONTINUES 

Selectivity 

The relay must be operated in only those conditions for 

which relays are commissioned in the electrical power 

system. There may be some typical condition during fault for 

which some relays should not be operated or operated after 

some definite time delay hence protection relay must be 

sufficiently capable to select appropriate condition for which 

it would be operated. 

 

Sensitivity 

The relaying equipment must be sufficiently sensitive so that 

it can be operated reliably when level of fault condition just 

crosses the predefined limit. 

 



FUNCTIONAL REQUIREMENTS OF PROTECTIVE 

RELAY CONTINUES. 
Speed 

The protective relays must operate at the required speed. 
There must be a correct coordination provided in various 
power system protection relays in such a way that for fault at 
one portion of the system should not disturb other healthy 
portion. Fault current may flow through a part of healthy 
portion since they are electrically connected but relays 
associated with that healthy portion should not be operated 
faster than the relays of faulty portion otherwise undesired 
interruption of healthy system may occur. Again if relay 
associated with faulty portion is not operated in proper time 
due to any defect in it or other reason, then only the next relay 
associated with the healthy portion of the system must be 
operated to isolate the fault. Hence it should neither be too 
slow which may result in damage to the equipment nor should 
it be too fast which may result in undesired operation. 

 



Different types of Relay Modules 



 

 

CIRCUIT BREAKER 

 A circuit breaker is a switching device that interrupts the 

abnormal or fault current. It is a mechanical device that 

disturbs the flow of high magnitude (fault) current and in 

additions performs the function of a switch. The circuit breaker 

is mainly designed for closing or opening of an electrical circuit, 

thus protects the electrical system from damage. 

 



TYPES OF CIRCUIT BREAKER 

Circuit breakers are classified according to their arc 
quenching medium as seen below: 

 

1. Vaccum Circuit breaker.(VCB) 

2. Sulphur Hexafluoride (SF6 )Circuit breaker 

3. Oil circuit breaker(OCB)- Bulk oil and Minimum oil CB 

4. Air Ciruit breaker(ACB) 

5. HVDC Circuit Breaker 

 

https://circuitglobe.com/hvdc-circuit-breaker.html


Types of Circuit Breakers at a glance. 

https://circuitglobe.com/wp-content/uploads/2017/02/circuit-breaker-types.jpg


The circuit breaker is mainly categorized into two types. They 

are the AC circuit breakers and the DC circuit breakers. 

 

AC Circuit Breaker 

The AC circuit breaker is sub-classified into two types, i.e., the 

low voltage circuit breaker and the high voltage circuit breaker. 

The circuit breaker whose value lies below the 1000V is known 

as the low voltage circuit breaker, and above 1000V it is 

known as a high voltage circuit breaker.  

Circuit Breaker cont…. 



VACUUM CIRCUIT BREAKER 

 
A breaker which used vacuum as an arc extinction medium is 

called a vacuum circuit Breaker. In this circuit breaker, the 

fixed and moving contact s are enclosed in a permanently 

sealed vacuum interrupter. The arc is extinct as the contacts 

are separated in high vacuum. It is mainly used for medium 

voltage ranging from 11 KV to 33 KV. 

 

 Vacuum circuit breaker has a high insulating medium for arc 

extinction as compared to the other circuit breaker. The 

pressure inside the vacuum interrupter is approximately 10-

4 torrent and at this pressure, very few molecules are present 

in the interrupter. The vacuum circuit breaker has mainly two 

phenomenal properties. 

https://circuitglobe.com/circuit-breaker.html
https://circuitglobe.com/circuit-breaker.html


 

 High insulating strength: In comparison to various other 

insulating media used in circuit breaker vacuum is a superior 

dielectric medium. It is better than all other media except air 

and SF6, which are employed at high pressure. 

When an arc is opened by moving apart the contacts in a 

vacuum, an interruption occurs at the first current zero. With 

the arc interruption, their dielectric strength increases up to a 

rate of thousands time as compared to other breakers. 

The above two properties make the breakers more efficient, 

less bulky and cheaper in cost. Their service life is also much 

greater than any other circuit breaker, and almost no 

maintenance are required. 
 

Vacuum circuit Breaker cont… 

https://circuitglobe.com/circuit-breaker.html
https://circuitglobe.com/circuit-breaker.html
https://circuitglobe.com/circuit-breaker.html


https://circuitglobe.com/wp-content/uploads/2016/06/vacuum-circuit-breaker-compressor.jpg


SULPHUR HEXAFLUORIDE (SF6) CIRCUIT 

BREAKER 

A circuit breaker in which SF6 under pressure gas is used to 

extinguish the arc is called SF6 circuit breaker. SF6 (sulphur 

hexafluoride) gas has excellent dielectric, arc quenching, 

chemical and other physical properties which have proved 

its superiority over other arc quenching mediums such as 

oil or air. 

Sulphur hexafluoride possesses very good insulating and arc 

quenching properties. These properties are 

It is colourless, odourless, non-toxic, and non-inflammable 

gas. 

SF6 gas is extremely stable and inert, and its density is five 

times that of air. 

It has high thermal conductivity better than that of air and 

assists in better cooling current carrying parts. 



SF6 gas is strongly electronegative, which means the free 

electrons are easily removed from discharge by the formation 

of negative ions. 

It has a unique property of fast recombination after the source 

energizing spark is removed. It is 100 times more effective as 

compared to arc quenching medium. 

Its dielectric strength is 2.5 times than that of air and 30% 

less than that of the dielectric oil. At high pressure the 

dielectric strength of the gas increases. 

Moisture is very harmful to SF6 circuit breaker. Due to a 

combination of humidity and SF6 gas, hydrogen fluoride is 

formed (when the arc is interrupted) which can attack the 

parts of the circuit breakers. 
 



SF6 circuit breakers mainly consist of two parts, namely (a) 

the interrupter unit and (b) the gas system. 

Interrupter Unit – This unit consists of moving and fixed 

contacts comprising a set of current-carrying parts and an 

arcing probe. It is connected to the SF6 gas reservoir. This 

unit consists slide vents in the moving contacts which 

permit the high-pressure gas into the main tank. 



https://circuitglobe.com/wp-content/uploads/2016/06/sf6-circuit-breaker-888-compressor.jpg


ADVANTAGES OF SF6 CB 

F6 gas has excellent insulating, arc extinguishing and many 

other properties which are the greatest advantages of SF6 circuit 

breakers. 

The gas is non-inflammable and chemically stable. Their 

decomposition products are non-explosive and hence there is no 

risk of fire or explosion. 

Electric clearance is very much reduced because of the high 

dielectric strength of SF6. 

Its performance is not affected due to variations in atmospheric 

condition. 

It gives noiseless operation, and there is no over voltage 

problem because the arc is extinguished at natural current zero. 



There is no reduction in dielectric strength because no carbon 

particles are formed during arcing. 

It requires less maintenance and no costly compressed air 

system is required. 

SF6 performs various duties like clearing short-line faults, 

switching, opening unloaded transmission lines, and 

transformer reactor, etc. without any problem. 

 

One major disadvantage of SF6 circuit breakers 

SF6 gas is suffocating to some extent. In the case of leakage in 

the breaker tank, the SF6 gas being heavier than air and 

hence SF6 are settled in the surroundings and lead to the 

suffocation of the operating personnel. 

Advantages of SF6 CB cont.. 



CURRENT TRANSFORMER(CT). 

Current Transformer(CT) is an instrument transformer 

used in power systems to step down primary current of 

high magnitude that meter cannot measure to a safe 

limit value that can be measured by conventional meter 

like  ammeter. 



CURRENT TRANSFORMER’S CONSTRUCTION AND 

SYMBOL. 



CURRENT TRANSFORMERS’ SAMPLES 



POTENTIAL TRANSFORMER(PT) OR VOLTAGE 

TRANSFORMER (VT) 

A potential Transformer(PT) is defined as an instrument 

transformer that is used to convert voltage from a higher 

value to a safe limit value that can easily be measured 

with conventional- low-voltage instrument like voltmeter, 

wattmeter, watt-hour meter etc. 

 



SAMPLES OF PT OR VT TRANSFORMERS. 



BATTERY TRIPPING UNIT 

Battery tripping unit is a system which is used in industrial 

areas where the application of a DC supply in substation and 

switch room is required for the protection and tripping of 

circuit breakers. Once a fault is detected in the supply the 

battery tripping unit is energized and trip the system to cut 

the supply to the equipment before failure  occurs. 

 

The Tripping unit comprises of a battery Charger and a set of 

battery bank. 

 

A battery charger, or recharger, is a device that provides 

electricity to convert into stored chemical energy for storage 

in an electrochemical cell by running an electric current 

through it. 

 



EXAMPLES OF CHARGER 



 

 Examples of Battery Bank. 



WHY THE CRITICAL COMPONENTS IN 

PROTECTION SYSTEM?. 

The Protective relay, Instrument transformers (VT and CT), Circuit Breaker and 

tripping  

Unit are referred to as critical components of Electrical protection system because 

the failure of any one of them results into protection failure as seen on the above 

single line diagram. 



SUMMARY 

The safety of men and Materials must not be 
compromised for anything because of the expensive 
nature of human lives which cannot be quantified as 
well as the huge costs of Equipment. Therefore, the 
protection of these Resources is a must do. Since 
Electrical  protection system cannot be achieved without 
the presence of these Critical Components, injection 
substation safety depends on them. 
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