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Important questions:

1.

Explain the elementary principle of arc interruption
in circuit breaker.

Define the term Restriking voltage and derive the
equation of maximum RRRV

Explain in detail:

i Current chopping

ii. Resistance switching

Explain in detail:

i Making capacity

ii. Breaking capacity

iii. Short-time capacity rating

Describe the construction and operation of minimum
oil circuit breaker with neat sketch.

Elaborately explain how a SF6 circuit breaker works
against the fault in power system.

Describe the operation of air-blast circuit breaker
with neat sketch and denote its type of blast.
Explain the concept of vacuum circuit breaker with
neat diagram.
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UNIT -1l
ELECTROMAGNETICAND STATIC RELAYS

3.2 ELECTROMAGNETIC RELAY

The following are the important types of electromagnetic relays.
Attracted Armature type Relay

Balanced Beam Relay

Induction Disc Relay

Induction Cup Relay

bl o

The Electro magnetic Relay operator when operating torque/force 1s greater than the
retramming torquefforee.
Attracted Armature Relay

This is one of the simplest type of electromagnetic relay. Attracted armature relay
has two types of constructions.

I. Hinged armature constructed
2. Plunger type construction.
Hinged armature type relay is shown i the figure 3.1(a) drawn below.

Figure:3.1
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D <

| —»
To trip Circuit
| —»
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o k]
— L

| c Armature o

L

" Electromagnet

This type of relay consists of a coil and an electroniagnet energized by that coil
The coil is energized by the operating quantity which m:x},r be proportional to the circuit
curreii! or voltage, This operitifig ¢urrent m-aduct:. 4 magnetic flux which m turs
produces a electromagnetic force.

If the actuating quantity is dec theo tI'u:: elﬂctmmag:mnc force is constant. 1f the
actuating quantity is ac, then the ch:urmm,gnetm foree is proportional to the square of
flux or current. Since current is smusmd.*l i ae T = e Sined

REAEN
Then f= KF = Kl o -.’:F:'mzr) ‘& :-“_ k (I -1 I:l..-l‘( cos 2ot )

From the above EE[HEIHQ‘II ‘we can see that the net electromagnetic force consists of

l
two EGHTpBH&ﬂtb T]w ﬁrs; compﬂﬂcm f f o ) is constant and does not vary with time,

The second cnn‘qmnenl ¥ k( - )mﬂrm' depends on time and it pulsates at double the

frequency: . Hcﬂm: the tﬂtal electromagnetic force 18 a double frequency pulsating force.
This fgreé; mav cause the armature to vibrate at double the frequency. Henee a humming
nois¢ is produced. This difficulty can be overcome by using two coils, one coil energized

through & phasc shifting network as shown in the hgurf: 3. 1{by in which advantages of
attracture armature fype relay is

I. Tts operating speed s very hugh

2. They can operate on both ac and de.
3. Then de transients can be reduced.
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Balanced Beam Rikey

Balanced Beam Relay consists of a horizontal relay pivoted at the centre. At the
two ends of the beam, one armature is attached, and each armature s energized by two
coils- operating coil and restraining cotl,

When operating force is less than the restraining force, the beam remaing in
horizontal or slightly tilied position by means of spring such that the contacts are open,
When operatmg force is greater than the restraining force the beam tilts down fo closc the
contacts, The construction 1§ shown in figure 3.2 %

Figure 3,2

S

O Jol |=W‘ — /
PLUNGER 5777 I“-I S

‘ <
% Ll g OPERATING COIL

TRlP CONTACT

0

Operating Principle

The net elcctmumgncnc torque i gwen by
= kll 1 —-k’l 2 A
Where I;= Current in opcmtmg coil
I;= Current in mtmm:ng coll
At the end of oPcramn 150
ki = "kz] 2%

11,:,1{2_
L, V K

The oferating charactc.l istic is shown in the figure.

=5 Clonstant
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The curve is straight line, which is slightly tilted due to effect of spring.
Balanced beam relay is difficult to design for large current i:rt:cauaﬂ force is proportional
to restraining current Is.

Induction Disc Relay has two tvpcs ﬁfgp‘nstructinns — shaded pole type induction
disc relay and watt metric type inductim‘riﬁsc' relay.

Shnded - ~ ple type disc relay

Simple construction of shaded pok: type disc relay 1s shown in figure 3.3{(a) where as
actual construction uscd pract;callv is shown in figure 3.3(b).

Figure 3.3
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It consists of a disc shaped electromagnet made of alumipuim and a c-shaped
electromagnet. One half of each pole is surrounded by a copper.ring known as shaded
ring. The flux produced by the pole with shading ring is displaced in phase with that of
flux developed by the pole with out shading ring. These twor flux induces eddy currents in
electromagnet. The flux produced by one pole interacts with the eddy current produced
by the flux of another pole and produces electromagnetic torgue which rotates the disc.

Wait metric type Induction relay:
The construction for walt metric, type imlucuon relay is shown in the figure 3.4
drawn below. i
9
A Flug Setting
Relay Ty
Lol S
k& Secondary Coil

L i . H .
ﬂll [, To Trip Circuit

Erp
(ot

Figure 3.4
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In this type of relay. these are two electromagnets wound with coils upper and
lower one. These two coils are energized by two different supplies or a single supply with
different resistance and reactance which causes phase displacement between two
supplies.

The flux developed by each torque produces electromagnetic torque which tends
1o rotate the electromagnetic coil. The dise rotates at a speed proportional to the
electromagnetic torque (or) dnving torque. This driving torque 18 produced when
operating current exceeds pick-up value: the disc remains stationary by the tension of the
control spring.

Here we define two important settings for an induction disc relay.

Eurrent Setting:
Current setting is provided by the tapping provided on cml. ?«e can ﬁt]ﬂci a

desired pick-up value by selecting a particular tapping.

Time Sefting: -

By adjusting the position of the back stop, the distange |:w whlfij the disc travels
before it closes the relay contact can be varied, If the back 'stow*o‘ advanced, the distance
and hence operating time of the relay can be mdnccd. e,

Induction ¢ L relass "
Induction cup relay consists of an m\fﬂtad cup (Rotor) which s a hollow as

Linder. It 15 enclosed by a 4 or E-pnic stopeture. To decrease the air gap with out
increasing inertia, a stationary fron core is placed inside the cup. An arm is attached to
spindle of cup, so that when cup is ratated, the contacts ppens or closes.

Two pairs of coils are wound nru!.tmi lhﬁ: poles shown in the figure 3.5,

Figure 3.5 { e

—Rator

Stationary

Core
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These currents produce flux which induces current in the cup. Due to the

mteraction of flux with the current, electromagnefic torgue is dm‘cinpcd w‘hu:h tends to
rotate the cup and hence open or close the-contaets.

The inertia of the cup is very much less. The magnetic lé?ﬁkagc of the circuit is
also less and hence this relay is more efficient. Its operating speed is also high. The dec

transients in it are self eliminated. Magnetic xaturatmn can- he avoided in this type of
relay.

Theoery of Induction relay torgue.
In both induction cup and disc mhys, thc force on the rotor is produced to
interaction of one flux with the current produced by other flux.
If by is flux produced by one’coiland @, is flux produced by other coil with a
phase difference of 8 (ic., tbj Iead_s @ by 0 ) they are expressed as
@ =g sn e and LT

¢, = ¢, sinfer+0).-.
Vultagrz mduce:l n Ehf: l‘DlﬂI‘

aF: ol
or q#“, c-:rswf

dy
qr;—-*_
RN

i p,,, coslex + )
“The eddy current induced in the rotor are in phase with their voltage.
Ao, g cosan

iy o e, o ¢, coslar + 0)

"The eddy current induced in the rotor are in phase with their voltage.
Sy ot e, o gy cosar

iy « e, o ¢, cos(ar +0)

The torque or force produced in the rotor is proportional to the product of flux
linking it and eddy current produced by other flux.
o F o g,

o @, sinr x @, cos(an +0)
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F, o« ¢, ¢,, sinot.cos(owt +6)
o B = g,

o @, sin{wl + ) x @, cos wi
F, g, b, sin(mt + 6‘). CcOs wi
These forees act in opposite directions,
. The net force
F=F,~F

o g, sin(er+0)cosar— g, sin arx @, coslar+0)

o @@, [sin{cx +0—ar ]

o {ai , sind ;
. g#,mare takenas ¢ , ¢, respectively. Where ¢ and ¢, are rms Vﬁ!ucs
Thﬂﬂ i ;

=kd, 6, sin0

= ke b, sin ¢/

If ¢ and ¢.are produced by same current 1, lht:n

g = |
¢, ! Y
=> F=kIxIsinf
=kl sinf gt
Ifhm difterent currents I and Iz pmr.lm:e flux ¢ and @,. then
=&l [, sm@

3.3 CLASSIFICATION OF RELAYS
Relays are also classified on the basis of their time-current characteristics.

Instantaneoes Relay

When the actuating quantity exceeds its pick-up value then the instantaneous
relay operates in a definite time. The operating time is constant and is independent of
magnitude of current. It is a very fast acting relay and there is no time delay in its

operation,

Detiuite — thie over current Relay: %,
A definite — time relay operates at a predetermined time when tlm actuatmg

guantity exceeds its pick-up value. Assuming the actuating quantity as current, the time -
current characteristic of'a definite — time over current relay is shown in the. ﬁgure 3.6(a)
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Figure 3.6

(b)
/,.— Inverse —time relay

Oprratng tune N

.t Define-time relay '

Wl Agtuating quantity
Pick-up value w 17

The predetermined definite time,is.set up by a time - delay mechanism.

wom

laversi - fime relay! :

Inverse — time: re]a)' tperates when the actuating quantity exceeds pick — up value.
The npt:raung time dt;pcnds upon the actuating quantity. 1f the actuating quantity (eg:
currenf) increases, ithen-the current decreases and vice-versa, The inverse time
characteristics 1s'shown in the figure 3.6(b)
Iverse Definbte Mininwm Time Over corvent (LDOLT) Relay:

f[),M T Relay acts as mverse — time relay for low values of fault current and as
defiriite - tifne relay for high value of fault current. Tf the plug setting multiplicr is below
10, it shows inverse — time characteristies.

3:4. DIRECTIONAL RELAY:

A Directivnal Relay can be formed from an over current relav by adding a
directional element to it. The directional relay operates, only when the current exceeds
the pick — up vahe in only one direetion. If the power flow is opposite to the specified
direction, the directional relay does not operate, The directional relay does not measure
the magnitude of the power flow, but it senses the direction of the power flow.

The figure drawn below shows electromagnetic induction dise type directional
relav.

Figure 3.7(a) e

Valiage = / et
e da B /

! | | 'L% Shadng
4 !
| — S Teip
‘_,'-'_'-r' f T
l:-_ o _&.-.____‘_..;., e E- » l
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It is energized {wo gquantitics current 1 foperating quantity) and voltage V
(restraining quantity). Fhe V and T sets up flux ®, and ®; respectively in the disc. Eddy
current produced by 4, interacts with @, and produces a torque. Similarly, eddy current
produced by d};-__i‘:i'te_rgi;-t'_'-,vith M also produces a torque. This torques tends to rotade the
disc. Let the current in the voltage coil be I which lags the voltage V by 90°. The load
current I lags the voltage V by @

‘I’haere fore the angle be-nveen I; and Iyis O = 90°-®, the phasor diagram is shown
below.”

Figure 3.7 (b)

90°

I (or) Iy

= Torque produced is given by
ro [T, smf
o 1,1, sin(90° — )
o [ 1, cosp
T« Vicosg

s Maximum torque is produced when
costh = | =@ =) '
i.¢., the voltage and current are in phase with each uilu:n :

Directional over Coreent Reliy:

The figure drawn below shows dlrcmutmi i;'rw:r current relay.
Figure 3.8 :
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Over current
Unit
[ i |
—
. oy 3
— ;
Directional v éﬁ
unit R e - ].
Il

i r —rrf v v e |

and
AN

In this a over cum:ﬂi mla;,r is used in conjunction with directional relay. The
secondary winding of over cument relay is kept open. When the directional relay
operates, it closes the: mngacts of the secondary winding of the over current unit, Thus the
directional featurg i§ given to the over current relay.

Differential Rekiy:
A dlﬂ‘rrmmal relay is one which responds 1o the vector difference between two or

more xmﬂlar electrical quantities. For example, a differential relay responds to the vector
ddfpfcﬂg;c of two currents 1;, I ie., magnitude | ]1* lz| and phase angle difference
<{ 1,- 13}, so differential protection needs two actuating quantities.

Operating Principhe:
The operating principle can be explamed bv considering the circulating

differential protection of generators or transformers. The figure below shows the one with
no internal fault,
Figure 3.9(a)
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i % [g-m
T T R >
[1—» Ir-»

~11 = 94'% Rth}'

X 1s the winding of the machine to be protected. The current entering the winding
15 in phase with the current leaving the winding when there are no internal faulis, The
ratio of ¢t is such that the sccondary currents of ¢t I, and I are equal at normal
conditions. Liand T, tlow m same direction m pilot wires, connected during ‘o mt{:mal
fault. A refay coil is at the muddle of the pilot wire, The relay is of over mrmm: l:,mc

Since 1;and 1> are equal at normal conditions. 1;- 1;=0 :

Wlmn there 15 some mternal fault as shown in the figure [ 15 -L_:: _,;Z
I~ iw #0 '
ﬂgﬂﬂ: 3.9(b)
j.I'-ir w ?:_g. ;

. 'qm\L_ﬁ ik _]w
-Ta s % Relay

The current { 1;- I3 ) flows throtigh thé operating coil of relay. When this current
15 such that operating torgue is g.rcul;cf tfun réstraining torque then the relay operates.
Percentage differentiil relay:

To avoid problems due. o éxtotnal short circuits in differential relay an additional
restraining coil is Lunm.r.ﬂ.d n p‘llﬂt wire in the differential protection as shown in the
figure. -

Figure 3,140

1 X £3
St 7.3 LS 7. S 1.7
- 1 o

b Lapfg Ry
J.Fl_'..

NoONw
T 2 “Peseming
o

P 2

The restraining coil 15 connectgd such that the operating ¢oil 5 connegted to
middle of the restraming coil. The total ampere turns is the sum of ampere turns of two
halves,

. LN LN
i.c. total ampere furns = —— 4 ~—
- -
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:f *;"f]m

\
. (1+1,).
. Average restraining current =| —'—-2 ]m N turns
L

If there is an external fault then [ and I; increases, so that the average restraining
current increases. When restraining torque becomes more than the operation, The
characteristics of percentage differential relay is shown below.

Figure 3.11
¥ Pusﬂneiurque
T -
Differentiai ”f \\ &
gﬁ:ﬁ? ) /f’/ Negative !onqua e
(hh-la) Spring //_'_,, region .
offect - it
| f,ﬂ""/’.f )
X
. -
’; f“

Average restraining current (a2

The ratio of the differential {)pﬂmhng Qﬁrrfnt to average restraining current is a
fixed percentage. There fore the n:lmr is alm called percentage differential relay. It is also
called biased differential relay. 7 =

3.5 APPLICATION OF RELAY:
Over Carrent Relay:
An over current relay 1s the relay which operates when the magnitude of current

exceeds a pick up level. Over current relays are of following types.

1. Instantaneous over current relay

2. Definite — time over current relay

3. Tnwerse — mumimum time over current relay

4. Inverse Definite mmimum time over current relay

Over current relay protecis the systemn from over loads, short circuits such ds 3 phast.
faults, carth faults etc., :
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Wﬁlﬂﬂ‘f ""3—;‘,._ _.1;'.
‘ An over current relay has wide range of applications. Theyare .~
1. Mater Profectivn: P
Over current relay is used for the protection of motor agzmst ovér lnad.s. short
cn'cuns in stator windings.
1. Transformer protection: h
Transformer is protected against faults using over cun‘ent relay in addition with
differential relay. £ oz,
3. Line protectivn: S
The lines can be protected by using mstantmcons mverse time, directional over
current relays. E
4. Prategtive of utility equipment: oy F
The industrial, commercial and donmnc cqmpmcnt can be protected using over
current relays.

~'.‘A: SEEEs -!
4

3.5.2 Directinnal Kelay: os

A Directional Relay can. be Tformed from an over current relay by adding a
directional clement to it. The dlrectlonal relay operates, only when the current exceeds
the pick-up valne in only_ one’ direction. If the current or power flow is in opposite
direction, the du'ecuonal rclav does not operate.
The directional rcjay ‘does not measure the magnitude of the power flow, but it senses the
direction of the p’owct fiow.
~Apyplicativey:

D,u'echtmal relav 15 used where the selectivity can be achieved by dwectional
relaying. Some of the applications of directional relay are
1. lrfee&m

< Diirectional relay set im feeders is used to regulate power flow in certain
dirccn(ms.
2. Liv genecatars:

Directional relays are used in reverse power protection of generator. The
directional relay operates when the power flow is m opposite direction to that of normal
power flow.

SRS Differential relay:

A Differential relay is one which responds to the vector difference between two or
more similar electrical guantitics,
For example, the differential relay responds to the vector difference of two currents 1, I
1.e. magnitade and phase angle difference | 1p- lal and < I~ I respectively, Hence
differential refay needs two actuating quantities.
AwMﬂm

Protection of Transformers

2. Protection of generators

3. Protection of Transmission line

4. Protection of feaders e N
5. Protection of large motors Yo
6. Bus — zone protection g W
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Distance Helays:

Distance protection 1s the protection and High Voltage (HV) and Extra High
Voltage (EHV) transmission lines. Tt employs a number of distance relays. Each distance
relav measures the impedance of the line from the fault point to the location of relay.
Since the impedance is proportional to the line-length which in turn depends on the
distance, the relay is called distance relay.

The distance protection provides both primary and back-up protection. Various

types of distance relays are

I Impedance Relay

ii. Reactance Relay

1l MHO Relay

iv. Quadrilateral Relay

v, Elliptical Relays

Vi, Angle impedance Relays

Here we discuss only first three .typ-es of relays.
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3.6. IMPEDANCE RELAY:

An Impedance relay measures the impedance of the line from fault point to the
point of location of relay, This impedance is proportional to the distance of the relay from
the fault point. Impedance includes both resistance and reactance.

Operating Principle:

The Operating torque of an electromagnetic impedance relay 1s the sum of torques
due to current, voltage and control-spring. Current produces operating torque (positive)
and voltage produces restraining torque {negative).

1= KKKy
where K, K and K: are constants.
Since K; is very small, it is neglected

1=K PKV
For the relay to operate
Operatmg tmquc * restraining forque
5K KV

2 I
=p -Y- < '51' o

I K
= VK

I
7<K—{))

For static or micro processor based 1mpcdam.e u,lays
Ejl > E;V

= .y_.< K
I
=LK —(2) -
From both equation (1) and (2)

We can say that the rclav cpcmtcs only when the measured impedance is less than the
given constant, !

Characteristies:

The V-1 charactemtlcs. of impedance relay is shown in the graph drawn below,
Figare 3.12 . -
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+ve torque region
] *
i
' Operating
A characteristics
;f/:.’..-

/’/, - -ve torque region

Effect of control spring v

The graph is bent slightly at origin in electromagnetic relay due to the effect of

control spring. For static and micro processor based relays Ihc chnrattemtws s a straight
line.

Another way of representation of charactcrmma 15 l}}' R-X diagram, as shown in
the figure drawn bhelow.

Fignrﬂ 313
&

e

E

\\\N"-.. b______.‘..-ﬂ"'”ﬂ;

g “The circle shown in the above figure represents z = k and outside the circle z > k
and ingide the circle z < k. @ is the phase angle between V and 1. The operation of relay
does not depend on @ but depends only on the value of z. k is equal to the impedance of
the line to be protected. If value of 2 15 less than k it means fault poit lies m the zone of
relay and the relay operates and sends a trip signal. If value of z is greater than k, then the
relay does not operate and it is in block mode i.e. fault point does not lies in into zone of
operation.

Direefional unit used with impedance relay:

An impedance relay without directional relay operates when the fault s in any
direction i.e. either forward or backward. But when directional umt 15 used, the relay 1s
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made to operate only when the fanlt is in specified direction. At any location, three
impedance relays and a directional relay 1s employed. Dircetional relay 1s connected m
series with the three impedance relay is shown in the figure drawn below,

Figure 3.14
A S
~L Directional uit
| 4, ==
Sealin L L, = =
VAT
L N
Sealj;lﬂralay flass
=
S} Tuuing vait
Trip codl
< Clircut Breaks

1> and T: are the contacts of the timer for the scmmlfﬁﬁd I;hml umits. The characteristics of

three-zone impedance relay with directional unit-are shown in figure drawn below.
Figure 3.15 gy,

, Directional
relay

The characteristic circle is 2, is smaller, 2, i8 medium and 2; is larger. t;, 13 and 12
arc operating time for three relays.
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The characteriste ewele is 2, 18 smaller, 23 18 mediom and 22 18 larger, €, G and L
are operating time for three relays,

When a fault lies with in smull circle and in the region of directional relay, the z,
opernles ot o time t;, When the fault Lies outside 2; but inside =, then Tz closes after time
t2 when the circunt breaker trips. I the Golt les inside 2, but outside = and #, the cireuit
breaker trips after cloxure of contact Ty at time ty. The circuit breaker uuxiliary switch ixa

norinally ¢losed switch, When the circuit breaker trips, the auxiliary switch 13 opened o
prevent damage of battery. A seal in relay is used to protect of contucts of main relay.
Hesctanct Huday:

Similar to the impedance reluy, resctunce relay mensures the reactance of the line
between the relay location and fault point. The operation of this relay i3 independent of
resistance but depends only on reactance of line,

Hence the operating charcteristics of reactance relay on R=X diagram is a straight line
parallel to R-axis a8 shown in the figure drawn bolow,
Figure 1,16

Operating
characteristics
+ Block

X
' t

Trip

¥ X

rbadtion - eHp Ty e renoldnes relaye ;

The figure drown below shows Induetion cup type reactance relay, The current
produces polarizing flux in the up;hﬁr Jovwer and right hand side poles, The flux in right
hand side pole is out of phase with that of upper and lower poles due to its secondary
winding ¢losed through a phase dlniting network,

The sctuating qunnht:—.ﬂ" for left hand side pole is valtage through o phase shifting
circuit.

There fore the pmaﬂrﬂn;{ flux imteracts with right hand side pole to develop torque K, 17
{operating  torgue) and the flux interacts with left hand side pole to develop torgue
KaVicos( 90"},
There fore the total torgue is given by 1 = K- B VIcou{ 90701,
Where Ky is due to control spring.
For the relay to operate
o Adperating torque = Restraining torgue
LBl = RaVicos( 0% -dy
K 1 = KaVsintd
T E
=y o AN g —
I ¥;
m= 2 undP =« K

[Type here]



[Type here]

== X.ﬂ' E

There fore the relay operates only when the reactance is less than a given constant.

The connections for a reactance relay using directional unit is shown in the figure drawn

below,
Figure 3.17
:J: Directional unit
; P
Sealin L X T
. : oy
! Sﬂal :i-ﬂrﬂlajf ﬂa.gs '3 . E
col r
% Tmmgwnt
Trip coil
Circuit Breaks

The characteristics diagram for the above reactantereia}r i1s shown below.
Figure 3.18 2N

R

. 7 il Zone
[ P
\ Line | Zone

N *

The é’*i.m}e”réprtﬂcnts the operating characteristics of directional unt, The umit I is
used to protect 80 — 90% of the protected line. Unit I1 is used to protect 50% of the
adjacent Ime. Unit I11 18 a back — up protection for the whole adjacent line,
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MHO Rélay:

A MHO Relay or angle admittance relay measures a component of admittance
| v [< 0. It 15 a directional relay. The operating characteristics of MHO relay is a circle
passing through origin when plotted in R-X diagram. When plotted in admittance
diagram (G-B axes), its charactenistics is a straight Ime.

a
L M
: 3
FEleetro magnefic MHO relay: :
Electro magnetic induction cup type MHO rcla} 15 Sllﬂ'ﬁ-ll m ihr. figure drawn

below.

Figure 3,19

1 et T
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The 717_]-'}'.’111561‘ and lower poles are energized by voltage. The left hand side pole is
energized by actuating guantity current. The flux produced mteracts with the polarizing
flux to develop a torque K, VIcos(®-a) which is operating torque. The right hand side
pole is energized by voltage V. The flux produced in right hand side pole interacts with
the polarizing flux to develop restraining torque K,V*. There fore the net torque is

1=K, Vicos{®-t) - K;V°-K;
Where K is torque due to control spring.
For the relay to operate
Operating torque > Restraining torque
~ K VIcos(-u) > K-V’
(I7V)cos(@-u) > (KoK )

Yeos(D-u)=K
—1 =« E
T cos(P-a)
M<K
.. The relay operates when M s less than a given constant.

The connection of MHO relay with three units is shown m the figure drawn below.
Figure 3.20

i M,
— M,
—— M,
Sealin L L.
relay =T~ _%
| -
. Tg
seal in relay
cotl |
% Timing unit
Trp coal
Crrcutt Breaks
> o

The operating characteristics for the above connection are shown in the figure drawn
below. e
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Figure 3.21
4

R
Unit I protects 8(-90% of the protected section. Unit Il protects 50% of the
adjacent section. Unit 1T provides back-up protection.
(Hset MHO Relay:
Offset MHO Relay can be realized using static MHO relay which is shown in
figure below.,
Figure 3.22

=
",

S

Here one actuating quantity s 1 (operating) . .and the other is [(V/z)-nl]

(restraining). Here n represents are a fraction out put curmﬂt of C.T is given to restrained
cireunt, P

The relay operates only when
Operating quantity > Restraining quant:ty

E—mr
&

-

I>

Multiplying by z,
Ifz, > Ilf - nfz,l
Dividing by z

A

o :

— e, P ¥
."J.r_.\_" .

= _‘.'33?,__.[_'
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There fore thieseharacteristics of offset MHO relay is shown below.
Figore3.23°. &
i ‘ * x

wlf:

“The typical offset value is.10% of protected line. When V =0

£ [0 al|

Siacen 15 a fraction. §a~-flme~nqhy@etaie;§, _ .

The offset characteristics of 3 unit r¢lay is shown in the figure where unit Hl is oftset
MHO relay. '

Figure 3,24

m.-"l
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Notice that the characteristics of {!fhit':l relay M: does not pass through origin.
Unit TIT has following applications. e

L Bustar zone back- up

i, Carrier starting umt’

i, Powerswig bhci&im
Comparison of i:hnm:i#ﬂsﬁw w!’ ﬂmﬂ Relay:
Tmpedance Relay:

Impedance relay msilghti}' af&ct&i by arc resistance as well as power and voltage

surges. But it fails o detect ' fault within 80% of protected line. Hence it is extensity
used for medium Jm&a tnr phav-,c: fault relay.

ﬂmﬁmkﬂm

Rf:actamg- relay is less affected by are resistance and hence it is mainly used for
ground tault relaving. It is also suitable for protection of short lines against phase faults.
The main disadvantage of MHO relay is it is affected by power surges, So they are not
suitable. for longer lines since in long lines, power surges stays for a longer period.

MHO Reday:
MHO relay 1 less affected by power surges. MHO characteristics are best snited
for protection of long lies against phase faults. But it 1s most affected by arc resistance.

LT STATIC RELAYS:

Static relay compares two electrical quantities using a static cireuit and sends a
tripping signal to the circuit breaker. The static circuit ingludes semiconductor diodes,
transistors, thyristors, logic gates, diodes etc., static relays uses clectromagnetic or de
polarized relays as slave relays, Slave relay do not actually measure the electrical
quantity but it simply closed contact.

Statie relays verses electramagnetic relays:
The advantages of static relays over electromagnetic are as follows;
Static relay 18 compact in s1ze
Less maintenance is required #5
High resistance to shocks L
Static relays consume less power, So it provides fewer burdens of: puthaaI
transformers and current transformers.
There are no mov inb contacts.
A single static relay is used for several fumctions. S
A static relay employs logic circuits. So it can do the process ﬁf reasunmg
Tt is used for remote back-up and network monitoring.

-l o o o

ol

But the himitations of static relays are :
. The price of static relays 1s hlghcr than the eluctmlrmgnch:: relays.
2. The device m the static circuit is very much affected by temperature.
3. Static devices such as thyristors are sensitive clectro-static discharges (ESD).
4. The semi conductor devices are aensuwe 1o w"ahage transistors. So they may get
damaged. ;
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Important questions:

1.

Explain the constructional details of attracted
armature type and balanced beam type
electromagnetic attraction type relays.

List out the basic requirements of the relay. Explain
each one of them in detail

Elaborate the operation of inverse and IDMT static
relays
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Important questions:

1.

Explain the protective scheme that should be
followed for the protection against stator fault in a
generator.

How an inter-turn fault in a generator can be
protected from the power system? Explain

Name some of the faults that may occur in a
transformer. And suggest few methods of protection
against these faults.

Draw the neat diagram of Buchholz relay and explain
its operation in protection against fault in a power
transformer,

Explain percentage differential protection on
transformer
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Important questions:

1. Elaborately explain the concept of radial and ring-main
feeder protection against a fault that can occur on it.

2. Explain how a 3-zone distance protection scheme can be
employed to protect a transmission line against various type
of faults.

3. Write a short notes on the following with respect to bus-
bar protection:

I. Differential protection

II. Fault bus protection



