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Introduction to Protection System

Switch gear

• In an electric power system, switchgear is the combination of
electrical disconnect switches, fuses or circuit breakers used to control,
protect and isolate electrical equipment.

• Switchgear is used both to de-energize equipment to allow work to be
done and to clear faults downstream.

• This type of equipment is important because it is directly linked to the
reliability of the electricity supply.



Protective relaying

• Protective relaying is one of the several features of the power system design.
Every part of the power system is protected.

• The factors affecting the choice of protection are type and rating of equipment,
location at the equipment, types at faults, abnormal conditions and cost.

• The protective relaying is used to give an alarm or to cause prompt removal of any
element from the power system.

• The abnormal behavior of an element might cause damage or interference within
effective operation of rest of the system.

• The protective relaying minimizes the damage to the equipment and interruptions
to the service when electrical failure occurs. Along with some other equipment's
the relays help to minimize damage and improve the service.



Functions of Protective Relaying

1. The prompt removal of the component which is behaving abnormally by closing
the trip circuit of circuit breaker or to sound an alarm.

2. To disconnect the abnormally operating part so an to avoid the damage or
interference within effective operation of the rest of system.

3. To prevent the subsequent faults by disconnecting the abnormally operating
part.

4. To disconnect the faulty part as quickly as possible so as to minimize the
damage to the faulty part itself.

5. To restrict the spreading of the effect of fault causing least interference to the
rest of the healthy system. Thus by disconnecting the faulty part, the fault
effects get localized.

6. To improve the system performance, system reliability, system stability and
service continuity.



protective zone
• A protective zone is the separate zone which is established around 

each system element.

• The significance of such a protective zone is that any fault occurring 
within a given zone will cause the tripping of relay; which causes 
opening of all the circuit breakers located within that zone. 





Primary and Backup Protection 
• The protection provided by the protective relaying equipment can be categorized into two

types as:

1. Primary protection

2. Backup protection

• The primary protection is the first line of defense and is responsible to protect all the
power system elements from all the types of faults. The backup protection comes into
play only when the primary protection fails.

• The backup protection is provided as the main protection can tail due to many reason like

1. Failure in circuit breaker

2. Failure in protective relay

3. Failure in tripping circuit

4. Failure in d.c. tripping voltage

5. Loss of voltage or current supply to the relay



Concept of Backup Relaying

• The backup relaying employed for the transmission shown as the Fig.

• The relay C D G H are primary relays while A B I and J are backup relays.

• Normally backup relays are tripped if primary relay fails So if the primary relay E fails to trip then

backup relays A and B gets tripped The backup relays and associated backup relaying equipment's

are physically apart from the faulty equipment.

• The backup relays A and B provide backup protection for fault at station K. Also the backup relays

at A and F provide the backup protection lot the faults in lint DB.



Nature and causes of Faults

• Any fault in electrical apparatus is nothing but the defect in its electrical circuit which 
makes current path directed from its intended path. 

• Normally due to breaking in conductors or failure of insulation, these faults occur



Nature and causes of Faults

• This fault current produced by line to

ground fault has considerable magnitude.

So the protective system must be

properly designed so as to have reliable

operation of relays under line to ground

fault.

• The Line to line to Line (L-L-L) fault is

nothing but symmetrical three phase fault

which normally occurs due to

carelessness of operating personnel.



Essential qualities of protective relaying 

The essential qualities of protective relaying are:

1. Reliability

2. Selectivity

3. Speed and Time

4. Sensitivity

5. Stability

6. Adequateness

7. Simplicity and Economy



Essential qualities of protective relaying 

1. Reliability

• A protective relaying should be reliable is its basic quality. It indicates the ability
of the relay system to operate under this predetermined conditions.

• The reliability of a protection system depends on the reliability of various
components like circuit breakers, relays, current transformers (C.T.s), potential
transformers (P.T.) cables, trip circuits etc.

• The proper maintenance also plays an important role in improving the reliable
operation of the system.

• The inherent reliability is based on the design which is based on the long
experience. This can be achieved by the function like: Simplicity ii) Robustness
iii) High contact pressure iv) Dust vi) Good workmanship and maintenance



Essential qualities of protective relaying 

2. Selectivity and Discrimination

• The selectivity is the ability of the protective system to identify the faulty part
correctly and to disconnect that part without affecting the rest oi the healthy part of
the system.

• The discrimination quality at the protective system is the ability to distinguish
between normal condition and abnormal condition and also between abnormal
condition within protective zone and elsewhere.

• The protective system should operate only at the time of abnormal condition and
not at the time of normal condition. Hence it must clearly discriminate between
normal and abnormal condition.

• Thus the protective system should select the faulty part and disconnect only the
faulty part without disturbing the healthy part of the aystem.



Essential qualities of protective relaying 
3. Speed and Time

• A protective system must disconnect the faulty system as fast as possible. If the faulty
system is not disconnected for along time then:

i. The devices carrying fault currents may get damaged.

ii. The failure leads to the reduction in system voltage.

iii. If fault persist for long time, then subsequently other fault may get generated. The high
speed protective system avoids the possibility of such undesirable effects.

• The high speed protective system avoids the possibility of such undesirable effects.

• A small faulty clearing time is preferred because:

i. To have dear discrimination between primary and backup protection

ii. To prevent unnecessary operation of relays under the conditions such as transients,
starting inrush current



Essential qualities of protective relaying 
4. Sensitivity

• The protective system should be sufficiently sensitive so that it can operate
reliably what required.

• The sensitivity of the system is the ability at the relay system to operate with low
value of actuating quantity.

• It indicates the smallest value of the actuating quantity at which the protection
starts operating.



Essential qualities of protective relaying 
5. Stability

• The stability is the quality of the protective system due to which the system remains
inoperative and stable under stain specified conditions such as transients, disturbance,
through faults etc.

• For providing the stability certain modifications are required in the system design.

6. Adequateness

• There are variety of faults and disturbances those may practically exists in a power system.

• it is impossible to provide each and every abnormal faults which may exist in practice. due
to economical reasons.

• The adequateness of the system can be assessed by considering following factors.

1. Ratings oi various equipment's

2. Cost of the equipment's

3. Locations of the equipment's

4. Probability oi abnormal condition due to internal and external causes.

5. Discontinuity of supply due to the failure of the equipment



Essential qualities of protective relaying 

7. Simplicity and Economy

• It is necessary that the cost of the system should be well within the limits.



• All the relays consist of one or more elements which get energized and actuated by the electrical quantities of the circuit.

1. Electromagnetic Attraction Type Relay:
 These are classified as:

1. Solenoid type

2. Attracted armature type

3. Balanced beam type

2. Induction type relay
 These are classified as:

i. Induction disc relay

ii. Induction cup relay

3. Directional type relays

 These are classified as:

i. Reverse current relay

ii. Reverse power relay

4. Relay based on timing

 These are classified as:

i. Instantaneous relay

ii. Definite time lag relay

iii. Inverse time lag relay

5. Distance type relay

 These are classified as:

i. Impedance relay

ii. Reactance relay

iii. admittance relay

6. Differential type relay

 These are classified as:

i. Current differential relay

ii. Voltage differential relay

7. Other relays

Classification of protective relays 



1. Protective Relay: It is an electrical relay, which closes its contact when an actuating quantity reaches a
certain preset value. Due to closing of contacts relay initiates a trip circuit of circuit banker or an alarm
circuit.

2. Relay Time: It is the time between the instant of fault occurrence and the instant of closure of relay
contacts.

3. Breaker Time: It is the time between the instant at circuit breaker operates and opens the contacts to
the instant of extinguishing the arc completely.

4. Fault Clearing Time : The total time required between the instant of fault and the instant of final arc
interruption in the circuit breaker is fault clearing time.it is the sum of relay time and breaker time

5. Pickup: A relay is said to be picked up when it moves from the 'OFF‘ position to ON‘ position. Thus
when relay operates it is said that relay has picked up.it

6. Pickup value: It is the minimum value of an actuating quantity at which relay starts operating. In most
of the relays actuating quantity is current in the relay coil and pickup value of current is indicated along
with the relay.

7. Dropout or Reset: A relay is said to drop out or reset when it comes back to original position i.e. when
relay contacts open from its closed position. The value at an actuating quantity current or voltage
below which the relay reset is called the reset value of that relay.

8. Time Delay: The time taken by relay to operate after it has sensed the faults called time delay of relay.
Some relays are instantaneous while in some relays intentionally a time delay is provided.

Terminologies used in protective relaying  



9. Sealing Relays or Holding Relays: The relay contacts are designed tor lightweight and hence they are
therefore very delicate. When the protective relay closes its contacts, it is relieved from other duties such as
time lag, tripping, etc. These duties are performed by auxiliary relays which are also called sealing relays or
holding relay.

10. Current Setting: The pick up value of current can be adjusted to the required level in the relays which
is called current setting of that relay. It is achieved by use of tapping on the relay coil which are brought out
to a plug bridge as shown in the figure.

Thus the value of pickup current can be obtained as:

Pickup current= % current setting x rated secondary current of CT

So if C.T. is 500/10 A i.e. rated secondary current 10A and the current setting is 150 then pickup current is
1.5 x10 =15 A (i.e. 150% of 10). So when relay coil current is greater than or equal to pickup values, relay
operates.

Terminologies used in protective relaying  



11. Plug Setting Multiplier (P.S.M.) : The ratio of actual fault current in the relay coil to the
pickup current is called Plug Setting Multiplier (P.S.M.)

12.Time/PSM Curve: For a relay, a curve showing relation between time and plug-setting
multiplier is provided which is called time/PSLM. curve. A typical curve for a relay is shown in
the Fig.

Terminologies used in protective relaying  



It can be observed that for low values of over-currents the operating time varies inversely with
the current. But as the current increases and approaches upto 20 times its rated value then the
time becomes almost constant. This type of characteristics is necessary to ensure discrimination
on very high fault current flowing through healthy part of the system.

Terminologies used in protective relaying  



13. Time-setting Multiplier: Similar to current setting, a relay is provided with a feature with
which its time of operation can be controlled. This feature is known as time setting multiplier. its
dial is calibrated from 0 to I in steps of 0.05 as shown in the Fig. The value of time-setting
multiplier along with the time obtained from Time/P.S.M. curve decides the actual time of
operation of the relay.

For example if time-setting multiplier is selected as 0.2 while time corresponding to PSM of 10 is
4 seconds then:

Actual time of operation = time in seconds –time setting multiplier

=4 x 0.2 = 0.8 seconds

14. Reach: The limiting distance in which protective system

responds to the faults is called the reach of the protection system.

Terminologies used in protective relaying  


