






















































Basic and objectives of 

protecting the power system



The main objective of protecting the power system is to provide quick

isolation of the power system’s area with fault, in order that shock in the

rest of system to be minimized and to be intact for as long as possible.



1. Overcurrent relays 

The basic element in overcurrent protection is an overcurrent relay. The ANSI

device number is 50 for an instantaneous overcurrent (IOC) or a Definite Time

Overcurrent (DTOC) and 51 for the Inverse Definite Minimum Time. There are

three types of operating characteristics of overcurrent relays:

1) Definite(Instantaneous)-Current Protection,

2) Definite-Time Protection and

3) Inverse-Time Protection.



1) Definite (instantaneous)-current protection

This relay is referred as definite (instantaneous) overcurrent relay. The

relay operates as soon as the current gets higher than a preset value. There is

no intentional time delay set.



2) Definite-Time Protection:

In this type, two conditions must be satisfied for operation (tripping), current

must exceed the setting value and the fault must be continuous for at least a time equal

to the time setting of the relay.



3) Inverse-Time Protection

In this type, operating time is inversely changed with the current. So, high

current will operate overcurrent relay faster than lower ones.



The difference in operating time of these two relays for

the same fault is defined as discrimination margin. The

adjustment of definite-time and inverse-time relays can be

carried out by determining two settings: time dial setting

and pickup setting.

They are available with standard inverse, very

inverse and extremely inverse characteristics.

Inverse Time relays are also referred to as Inverse

Definite Minimum Time (IDMT) relay.









1. Current-Based Coordination 

Discrimination by current relies on the fact that the fault current varies with the position of

the fault because of the difference in impedance values between the source and the fault.

(a) Line diagram, (b) tripping curves 





In this method, an appropriate time setting is given to each of the relays

controlling the circuit breakers in a power system to ensure that the breaker

nearest to the fault opens first.

2. Time-Based Coordination 



The coordination interval is the

difference in operating time Δ𝑡 between two

successive protection units, the advantage of

this coordination system is simplicity and

providing its own backup,

(a)Definite time protection, (b) IDMT protection and (c) combined inverse time and instantaneous protection.



The main disadvantage of this method of coordination is that the longest fault

clearance time occurs for faults in the section closest to the power source, where the

fault level (MVA) is highest.

The principle of time-based coordination is applied to radial distribution systems.

The time delays set are activated when the current exceeds the relay settings.

Three types of time delay are applied according to protection characteristics

definite-time, inverse-time, and combined inverse-time and instantaneous protection

systems.





3. Logic Coordination 

Each of the two methods described so far has a fundamental disadvantage. In

the case of discrimination by time alone, the disadvantage is due to the fact that the

more severe faults are cleared in the longest operating time.

Logic coordination it is designed and developed to solve the drawbacks of both

time-based and current-based coordination.







Protection function

Protection equipment is necessary to detect and isolate faults from the system.

Protection relays detect faults by comparing the quantity (and angles in some cases) of

the primary circuit current or voltage to a pre-determined setting.

The main protection functions are briefly explained below:

The relay starts to operate (pick up) when current magnitude exceeds the

preset current setting. Overcurrent can be detected in phase conductors, neutral

conductors and/or the earth return path:

1) Phase-overcurrent or “overcurrent” protection is where current in a phase conductor is measured.

2) Ground-overcurrent or “earth fault” protection is used to detect earth faults 





1. Directional overcurrent protection: 

The direction of a fault can be known by comparison of the primary circuit

voltage and current. Directional overcurrent is widely used in protection of ring or

parallel feeders, where fault current can flow in either direction depending on the

location of the fault and supply source.



Directional overcurrent protection for two parallel transmission lines:



2. Differential protection: 

Differential protection compares the current entering the protected circuit (or

zone) to the current leaving the zone. What goes in must come out? A zone is

bounded by measuring CTs at the terminals of the protected circuit.

As differential protection only operates for faults within a zone of protection,

there is no requirement to consider the operation times of protection outside the zone;

instantaneous operation is therefore often applied to differential protection.



Differential protection:

In short, the sum of the currents flowing in essentially equals the sum of the

currents flowing out during normal operation.



3. Distanceprotection: 

Distance relaying principles are based on impedance measurement and

so require the values of primary circuit voltage and current for any instant time.

The impedance of any given circuit is a fixed quality; if the impedance

measured by the relay has decreased to some value below a predetermined

setting, then a fault is assumed on the circuit and tripping can be initiated.



Distance relaying should be considered when overcurrent relaying is too

slow or is not selective. Distance relays are generally used for phase-fault

primary and back-up protection on sub transmission lines, and on transmission

lines where high-speed automatic reclosing is not necessary to maintain stability

and where the short time delay for end-zone faults can be tolerated.



The common types compare either the relative amplitude or phase of two input quantities to

obtain operating characteristics that are either straight lines or circles when plotted on an

R/X diagram.



Consider a simple radial system, which is fed from a single source. Let us

measure the apparent impedance (V/I) at the sending end.

For the unloaded system, I = 0, and the apparent impedance seen by the relay is

infinite. As the system is loaded, the apparent impedance reduces to some finite value

(ZL+Zline) where ZL is the load impedance and Zline is the line impedance. In

presence of a fault at a per-unit distance ‘m’, the impedance seen by the relay drops

to a mZline as shown in figure below.



Fault in transmission line



The basic principle of distance relay is that the apparent impedance seen by

the relay, which is defined as the ratio of phase voltage to line current of a

transmission line (Zapp), reduces drastically in the presence of a line fault.

A distance relay compares this ratio with the positive sequence impedance

(Z1) of the transmission line. If the fraction Zapp/Z1 is less than unity, it indicates a

fault. This ratio also indicates the distance of the fault from the relay.



Because, impedance is a complex number, the distance protection is

inherently directional. The first quadrant is the forward direction i.e. impedance of

the transmission line to be protected lies in this quadrant.
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