Hodern electrical power aystems are remarkably dependadble,
standing ready night and day to deliver their emergy without inter-
ruption. Protective relays have an important part in assuring this
continuous service. Always on guard, they react instantly to protect
The function of protective relays is to cause the prompt removal from
service of any element of a power system when it suffers a short
eireuit, or wvhen it starts to operate in an abnormal memner that might
cause damage or otherwise interfere with the rest of the aystem. The
relaying equipment is added in this task by circuit breakers that are
capable of disconnecting the famity slement when they are called upem
to do so by the relaying equipment. To define a protective relay,
we say that it is a device which, when energised by suitable curremts,
voltages * or both, responds to the magnitudes and the relaticnshipe
¢f those currents end voltages to indicate or isclate am abnormel
operating condition. Basically, the protective relay consists of
an operating clement and a set of contacts. The operating element
takes the information from the instrument transformer in the form of
currents and voltages, performs a meaguring operatiom, translates
the result into the motion of the contacts. When they close, the



contacts either actuate a warning signal or complete the trip circuit
of a circuit breaker, which in turn completes the isolation of the
faulty element by interrupting the flow of current into that element.

1.2 Relay System Requirements
There are three characteristics required by any protective relay

to perform its function properly. These are sensitivity, selectivity,
and speed. The relay must be sensitive emough so'that it will operate
under the minimum conditions expeeted. In any power system at various
times of the day and during various seasons of the year, the load
supplied varies over rather wide limits. To meet this changing
requirements, various combinations of generating sources are switched
in and out of the system to provide the most efficient mode of -
operation. The condition which provides the minimum of the genaration
is often the criterion in deciding how sensitive the relay must be.
Under this condition, a short eircuit fault would draw the minimum
current through the relay for which it must be sensitive enough to
operate to effect removal of the fault.

The selectivity of a protective relay is its ability to recog-
nize a fault and trip a minimum number of circuit breakers to clear
the fault. The relay must melect between the fault in their own
protected equipment for which they should trip, the faults in adjoining
equipment for which they should not trip. Some relaying schemes are

inherently selective; that is they are unaffected by faults outside



of their own protected apparatus. jn éxample &6f 'ani'lpherently @elective
scheme is differential relaying! Other types of relaying, which
operate with time delay for faults outside of the protected appa-
ratus, are said to be relatively selective. Their selectivity is
obtained by adjustment of operating times and characteristics

relative to the relays with which they are intended to be selective.

If the relays are of different types of characteristica, it is
especially important that selectivity be established cver the full
renge of short circuit curremt magnitude.

The relay must also operate with the proper speed. Of course,
epeed is emsential in clearing s damaged element of a power system
since it has a direet bearing on the damage done by a short circuit
and, consequently, the coet and the delays in making repairs. The
speed of operation also has a direct effect on the gemergl stability
of the power system. During a short circuit fault, the rest of the
pover aystem can transmit less power because the various sources of
generation tend to go out of synchronism. The less time that the
fault is allowed to persist, the smaller the effect on the synchronism
or stability of the system-

T Nason, C. Ruseel. 1962. The Art and Sciemce of Protective
Relaying. New York: John Wiley and Soms, Inc. Page 63.

2 General Hlectric Company. The irt of Protective Balayiag.
M‘-



For a relay system to perform properly it must have reliability.
This is a measure of the degree of certainty that the relay system
will perform correctly. It must have the dependability to operate
eérrectly under these conditions whem it should operate, and it
must have security which is free from incorrect operations due to
extraneous causes. The reliability of a relay system depends on the
inherent reliability of the relays themselves and en their application,
insallation, and maintenance as a part of the aystem.

1.3 Static or Solid-State Relaye

The continued growth and developement of electric power systems
have increased the demands made on the ingemuity of the protective-
gear designer and the integrity of the user; in particular relays with
greater speed, greater reliability, and greater degree of response and
sensitivity are required. One possible approach which meets, to some
extent, all these requirements, is to use circuit techniques and statie
conponents to replace some or all of the relays necessary in a schemes
such arrangement is now becoming known as ™ Static Relay”. Statie
relay is defined as a relay ( or relay wnit) in which there is mo
armature or other moving elements, the designed response being developed
by electrenic, solid-state, magnetic or other components without

mechanical motion. Note that a relay which is composed of the statie
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and elctromechanical units in which the designed response is accom-
plished by static units may be referred to as a statie relay.

Considerable research and developement over the past five to
ten years has shown that the established protection fumetions and
operating characteristics are reproducible, and that mew and poten-
tially ones are also possible. Developement has now reached a stape
vhere a nusber of practical static relays are available in manufactured
form, and many others have been shown to be feasible.

Many countries whiech deal with static relay applications have
reported the advantages and disadvantages of static relays, based on
hbmtmwumri.ﬂlwg They are as follows :-
Advantages 1

1. Low burdens which may eventually reduce the cost of current
and potential transformers and the size of testing equipment.

2. Smaller size, which ean reduce panel coet.

3. Improved performance, which will improve discriminatiom in
difficult applications and facilitate the use of reclosing; vis

a) fast reset;

b) lom overtravel;

¢) more consistent pick-up and timing.
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&, Resistance to vibration and to industrial corrosion.

5. Lower maintenance cost due to absence of moving parts.

6. Possibility of wider range of setting and characteristics
in one relay, this facilitating stocking.

7« Posaibility of cholice of time—curremnt characteristics in the
same relay. Considered only theoretical advantage.

Disadvantage @

1. More expensive, though this may be offset by savings in cost
of panels, cubiclés, eto., due to small sise.

2. Some types require a separste d.c. supply.

3. Test engincers will have to learn the new electronic techniques.

4. YMore complex circwityy; ten times as meny/comnmections.

Se Hore difficult to trace faults if the relay becomes defective.

Practically all forms of protection operate on one of three
basic principles, namaly =

1. Quantity magnitude measurement.

2. Quentity comparison.

3. Quantity ratio measurement.

These principles were introduced in the early days of electrical
power system and, although they have been modified and refined, no new
basic principles have been found to be commereislly practicable.
Flectromechanical relays which operate on the quantity magnitude
meagurement principle are, for examples, overcurrent, overvelifge,
undervoltage, overfrequency end under frequency relays. Scme that
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operate on the quantity comparison principle are differential relays,
directional relays and power relays. Those which operate on the
quantity ratio measurement are impedance, reactance,.ulid v9lays,etc.
Basic static units generally use electronic components such as
rectifier diodes, reference diodes, transistors and silicon contvel
ewitches. Rectifier diodes are used for converting am a.c. veltage
or current inte a d.c. voltage or current. Reference dicies provide
reforence voltage levels, thetefore they are snalogous to control
springs in electromechanieal relays. Aumplifications and logic opera-
switches may be used for the finsl ocutput stage eof static relays.
Another static umit which is found extensively wsed in differential
relaying iz the transductor which operates on the same basis as the

magnetic amplifier.
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