
3. Relay application and characteristics



Non directional Induction Type Overcurrent Relay 

Thus relay us also called earth leakage induction type relay. The overcurrent relay
operates when the current in the circuit exceeds a certain preset value. The induction type
non directional overcurrent relay has a construction similar to a watthour meter, with
slight modification as shown in the figure.

Construction: It consists of two electromagnets. The upper is E shaped while the lower is
U shaped. The aluminum disc is free to rotate between the two magnets. The upper
magnet has two winding. primary and secondary. The primary is connected to the
secondary of the CT on the line to be connected. The winding is tapped at intervals for
connecting to the PSM.

When current exceeds its preset value, the disc rotates. The spindle makes the connection
with trip circuit terminals Angle through which the disc rotates is between 0 to 360°. This
gives the relay any desired time setting which is indicated by the pointer on time setting
dial.

Operation. The driving torque on the aluminum disc is set up due to the induction
principle. This torque is opposed by the restraining torque provided by the spring. Under
normal operating conditions, restraining torque is greater than the driving torque produced
by the relay coil current. Therefore, the aluminum disc remains stationary. However. if the
current the protected circuit exceeds the pre-set value, the driving torque becomes greater
than the restraining torque. Consequently, the disc rotates and the moving contact bridges
the fixed contacts when the disc has rotated through a pre-set angle. The trip circuit
operates the circuit breaker which isolates the faulty section.



Directional Power Relay 

The directional relay means the relay operates for the specific direction of the actuating
quantity in the circuit. The directional power relay operates when power in the circuit
flows in the specific direction. The construction and principle of operation at this relay is
similar to the induction type watthour meter relay. The difference is that in watthour meter
type relay the torque is produced due to interaction of the fluxes produced by only the
current derived from secondary of CT. while the directional power relay the torque is
produced due to interaction of the fluxes produced from both voltage and current of the
circuit. The relay has two windings, one arm as voltage coil while other as current coil,
similar to a wattrneter. The upper-magnet carries a voltage coil or potential coil which is
energized from PT. while the lower-magnet carries a current coil which is energized from
CT. in the line to be protected. The construction is shown in the Fig.

The number of tapping are provided to the current coil with which desired current setting
can be achieved. The restraining torque is provided by the spiral spring. The spindle of
disc carries the moving contact: which make contact with tripping circuit terminals when
the disc rotates. The voltage coil provided on the upper nugget produces the flux Q1. This
lags the voltage V by 90°. The current I is sensed by the current coil on lower magnet
which produces the flux Q2. this is in phase with current l. The current lags voltage V by
an angle Q.

Under normal working conditions, the driving torque acts in the same direction as that at
restraining torque. This moves the moving contacts away from the fixed tripping circuit
contacts. Thus relay remains inoperative as long as power flow is in one particular
direction. But when there is a current reversal and hence the power reversal then the
driving torque acts in the opposite direction to the restraining torque closing the contacts
and the tripping circuit contacts. This opens the circuit breaker in isolate the faulty part.



Directional Induction Type Overcurrent Relay 

The directional power relay is not suitable to use as a protective relay under short circuit
conditions. This is because under short circuit condition the voltage falls drastically and
such a reduced voltage may not be sufficient to produce the driving torque required for
the relay operation. Hence in practice, directional induction type over current relay is
used. This relay operates almost independent of system voltage and power factor. This
relay uses a two relay element. The elements are:

I. Directional element which is directional power relay

II. Non-directional element which is non directional overcurrent

Directional element : The directional element is nothing but a directional power relay
which operates when power in the circuit flows in a particular direction, The voltage coil
of this element is energized by a system voltage through a potential transformer. The
current coil on the lower magnet is the system current through a current transformer. The
trip contacts of this relay (1 - 1') are connected in series with the secondary winding of
non-directional element.

Non-directional element : The current coil of the directional element is connected in
series with the primary winding of non-directional element ‘The plug setting bridge is
provided in this element to adjust current fitting as per the requirement. The trip contacts
(I - 1') are in series with on lower magnet of non-directional element. So unless and until
trip contacts (I - 1') are closed by the movement of the disc of directional element, the
non-directional element cannot operate. Thus the movement of the non-directional
element is controlled by the directional element.

Operation Under normal conditions, power flows in the proper direction and hence
directional element of the relay is in operative. Thus the secondary winding on lower
magnet of non directional element is open and hence non-directional element is also
inoperative.



Directional Induction Type Overcurrent Relay 

Operation: Under normal condition, power flows in the proper direction and hence
directional element of the relay is inoperative. Thus the secondary winding on lower
magnet of non directional element is open and hence non directional element is also
inoperative.

When the fault takes place, the current or power in the circuit has a tendency to flow in
reverse direction. The current flows through current coil of directional element which
produces the flux. The current in the voltage coil produces another flux. The two fluxes
interact to produce the torque due to which the disc rotates. As disc rotates. the trip
contacts (1 - 1') get closed. Note that the design of directional element is such that it is
very sensitive and though voltage falls under short circuit, the current coil ta responsible
to produce sufficient torque to have disc rotation. It is so sensitive that it can operate even
at 2% of power flow in reverse direction.

The current also flows through the primary winding on the upper magnet of non-
directional element Thus energizes the winding to produce the flux. This flux induces the
e.m.f. in the secondary winding of the non-directional element according to induction
principle. As the contacts (1 - 1') are closed, the secondary winding has a closed path.
Hence the induced e.m.f. drives the current through it. producing the another flux. The
two fluxes interact to product the driving torque which rotates the disc. Thus the contacts
of trip circuit get cloud and it opens the circuit breaker to isolate the faulty section.



Differential relay

A differential relay is defined an the relay that operates when the phasor difference of two or more similar electrical quantities exceeds a
predetermined value.

Types of Differential Relays

1 Current differential relay

2 Biased beam relay or percentage differential relay

3 Voltage balance differential relay

1 Current differential relay

Most of the differential relays are of current differential type. Consider an overcurrent relay connected in the circuit so as to operate as the current
differential relay. This is shown in the Fig. Two current transformers are used having same ratio are connected on the either side of the section to be
protected. The secondary's of the CT are connected in series, so they carry induced current; in the same direction. Let current I is flowing through the
primary of CT through the external fault.. As the current transformers are identical the secondary's of the CT will carry equal currents. Due to the
connection of the relay, no current will flow through the operating coil of the relay. Hence the relay remain inoperative.

Consider now that an internal fault occurs at point A. The current flows

through the fault from both sides. The two secondary currents through C.T.s are not equal. The current flowing through the relay coil is now I1 +I2.
This high current causes the relay to operate. A flow on one side only or even some current flowing out of one side while a large current entering the
other side can cause differential relay to operate. Thus the amount of current flowing through a relay coil depends upon the way the fault is being fed.



Differential relay

2 Biased beam relay or percentage differential relay

As the name suggests, this relay is designed to operate to the differential current in terms of it fractional relation with the actual current flowing
through the protected circuit.

The operating coil O of the relay acts a differential current (I2 – I1) while there restraining coil R carries the current proportional to (I1+I2/2) as the
operating coil is connected at the midpoint of the restraining coil. This can he explained as:

Under normal and through load conditions, the bias force produced due to the restraining coil is greater then the force produced by operating coil
hence relay is inoperative. When initial fault occurs, the operating force becomes more than the bias force. Due to this. Beam moves and the trip
contacts are closed to open then circuit breaker.

Thus the ratio of the differential operating current to the average restraining current is fixed percentage. Hence the relay name is 

percentage differential relay.



Differential relay

3 Voltage balance differential relay

This is also called opposed voltage method. In this type, the over-current relay is connected in series with the CT. This is shown in the Fig.

Under normal conditions, the currents at the two ends of the section to be protected is the same. Hence there is no voltage drop across the relay to cause the current
to flow. Under fault conditions, the current in the two secondary's of current transformers are different. This causes a large voltage drop across the relay. Thus the
voltage balance of the circuit gets disturbed. Hence large current flows through the relay due to which the relay operates to open the circuit breaker.

Distance Relays

In distance relays, the operation is dependent on the ratio of the voltage and current, which 

is expressed in terms of an impedance. Hence basically distance relays are called 

impedance relays. The impedance is nothing but an electrical measure of distance along a 

transmission line. The relay operates when the ratio V/I i.e. impedance is less than a 

predetermined value. As the ratio V/I affects the performance of these relays, the relays are 

also called ratio relays. 

Impedance Relay: The impedance relay works corresponding to the ratio of voltage V and 

current I of the circuit to be protected. There are two elements in this relay, the one 

produces a torque proportional to current while the other produces a torque proportional to 

voltage. The torque produced by the current element is balanced against torque produced by 

the voltage element. Thus the current element produces operating torque pickup torque 

which can be said to be positive torque. The voltage element produces restraining torque, 

reset torque which can be said to be negative torque. So this relay is voltage restrained 

overcurrent relay.



Impedance Relay 

The current element is energized by current through C.T. while voltage element is

energized by voltage through P.T. The section AB of the line is protected zone. Under

normal conditions, the ratio of voltage V and current I is denoted as ZL which is

impedance of line. The relay is inoperative under this condition. When the fault

occurs at point F in the protected zone then the voltage drops while current increases.

Thus the ratio V/I i.e. the impedance reduces drastically. This is the impedance of line

between the point at which relay is connected and the point F at which fault occurs,

So when the impedance reduces than its predetermined value ZL, it trips and makes

the circuit breaker open.

Torque Equation

The positive torque produced by the current element is proportional to I2 while the

negative torque produced by the voltage element is proportional to V2. Let control

spring produces a constant torque of K3.

Hence the torque equation becomes:



Impedance Relay 

Operating characteristics: it can be stated that the impedance relay is on the verge of operating at a
given constant value of the ratio V/I, which can be expressed as an impedance. For a particular fault
position, the ratio V/I i.e. impedance is constant. It changes if the fault position changes. If fault is nearer
to relay, this ratio will be low and as fault position moves away from the relay the ratio becomes higher
and higher. So it can be installed to operate for the section to be protected and once installed and adjusted
for a particular section, it is inoperative beyond that section.

The impedance Z which is predetermined set value is given by:

Z=1/ slope of Characteristics

The relay will pickup for any combination of V and I represented by any point above the line in the
positive torque region. In other words for any value of Z less than the constant value represented by the
line, the relay will operate.

Operating Characteristics on R-X Diagram

The operating characteristics of an impedance relay can be more easily represented by a diagram called
R-X diagram. The diagram is shown in a plane having X-axis as R (resistance) while the Y-axis as X
(reactance). This plan is called R-X plane. The impedance Z can be expressed as:



Impedance Relay 



Impedance Relay 



Reactance Relay

In this relay the operating torque is obtained by current while the restraining torque due to a current-
voltage directional relay. The overcurrent element develops the positive torque and directional unit
produces negative torque. Thus the reactance relay is an overcurrent relay with the directional
restraint. The directional element is so designed that the maximum torque angle is 90o.

The structure used for the reactance relay can be of induction cup type. It is four pole structure. It
has operating coil, polarizing coil and a restraining coil. The schematic arrangement of coils for the
reactance relay is shown in the Fig.

The current I flows from pole 1 through iron core stacking to lower pole 3. The winding on pole 4 is
fed from voltage V. The operating torque is produced by interaction of fluxes due to the windings
carrying current coils i.e. interaction of fluxes produced by poles I, 2 and 3. While the restraining
torque is developed due to interaction of fluxes due to the poles 1. 3 and 4. Hence the operating
torque is proportional to the square of the current {I2} while the restraining torque is proportional to
the product of V and I.



Reactance Relay

Thus the relay operates on the reactance only. The constant X means a straight line parallel to X-axis on R-X diagram.



Reactance Relay



Mho Relay or Admittance Relay

In the impedance relay a separate unit is required to make it directional while

the same unit can not be used to make a reactance relay with directional feature.

The mho relay is made inherently directional by adding a voltage winding called

polarizing winding. This relay works on the measurement of admittance Y<ϴ.

This relay is also called angle impedance relay.

In this relay the operating torque is obtained by V and I element while the

restraining torque is obtained by a voltage element. Thus an admittance relay is

a voltage restrained directional relay. The operating torque is produced by the

interaction of the fluxes due to the windings carried by the poles 1, 2 and 3.

while the restraining torque is produced by the interaction of the fluxes due to

the windings carried by the poles 1, 3 and 4. Thus the restraining torque is

proportional to the square of the voltage (V2) while the operating torque is

proportional to the product of voltage and current (VI). The torque angle is

adjusted using series tuning circuit.



Mho Relay or Admittance Relay






