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6.1. INTRODUCTION

In modern power system to have a n()n_nul op(zml,iop of t,ho' s)}']slt,(}zm ;\,]th?llg-el,orftr'l(.:a] ﬁlillfre nf
damage to the equipment two alternatives are ;Wa’]Inble wit ,;]0 des gg.b']_,t (fBIls to deslgn th
system so that faults cannot occur :m(! the m',lmr 15 to accept l: (')-pOSbl-'[lll y 0 <.1ul.ts and tak
sieps to guard against the ill effects Q! such In‘ulr'.s. /\ll,h‘ough it 1s possible to ehmmatg faul

to a large extent by carcful system design, carcful insulation (:oord?nat%on,_ current operatig, and
maintenance, it is obviously not possible (o ensure cent per cent reliability and therefor, the
possibility of faults must be accepted and the necessity of protection scheme must, be realiyy
Protection scheme required for the protection of power system components against abnormy
conditions such as faults etc. essentially consists of protective relaying and circuit breake
Protective relay functions as a sensing device, it senses the fault, then determines its locaticy
and [inally, it sends tripping command to the circuit breaker. The circuit breaker after getting
the command [rom the protective relay, disconnects the faulted element. From this, it cante
concluded, that, the protective relay which is the brain behind the scheme, plays a vital rok
Therelore, proper care should be taken in designing and selecting an appropriate protectis:
relay which is reliable, efficient and fast in operation. As a matter of fact by clearing the faul
fast with the help of fast acting protective relay and associated circuit breaker, the damaget:
the apparatus is reduced, subsequent hazards like fire, risk to the life are reduced, by removing
the particular faulted section, the continuity of supply is maintained through remaining healths
section, by clearing the fault fast, fault arising time is reduced and therefore, the system ¢
be restored to the normal state sooner, transient state stability limit of the system is greall
improved, permanent damage to the equipment is avoided and possibility of developing me
simple fault such as single phase—to-ground into more severe fault such as double phase--
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ground fault is reduced.
All the above objectives can be achieved only if the

and sensitive enough to distinguish between norm
relay must come into action whenever there is
A number of relays are employed for the pro
primary relays meaning tha,, they are the firs
send signal to the proper circuit breaker t
il the circuit breaker fails to open or rel
ol two reasons, first, failure of s
relay failure is because of three

protective relay is reliable, maintainﬂkv)!'e
rmal and abnormal (or faulty) conditions. The
a fault and must not operate if there is no fﬂ"ﬂ
tection of the power system. Some of them?

0 trip and clear the fault. The fault may not Pe cl e
ay maloperates. The circuit breaker failure is b¢¢

t line of defence. Such relays sense the faul;aﬂi_ s
2

upply 10 its trip coil and second, struck mechanical lever "

reasons such
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jay € il. In such 038‘98, a jsec.ond lllne of defence is provided by the back-up relays. These
olays have longffl opex.af;lng time even though they sense the fault along with the

_ Back-up relays ‘are arranged in two ways viz., they are located at the same
mary relay (10031' back-up) and operate the samé breaker or they a;e located at
s and operate different breakers. The latter scheme has higher reliability.

l} e ‘_
the pr?

ﬂ,Station . h d Iy d . 1 vqe
: pder to 2t the ‘fsﬁe 1te iability, the power system network is divided into different
. gones. The overall system protection is divided into (i) generator protection (ii)

- rotection (tz) bus protecﬁion (v) transmission line protection and (v) feeder protection.
d for prot(?.c'tlon of apparatus and transmission lines are (z) over-current
e relays (itf) under-frequency relays (iv) directional relays (v) thermal
elays such as negative sequence or zero sequence relays (vit) differential

_differential relays (viii) distance (or impedance) relays such as plane
tance i.e., Mho's

me
elays employe

. under-voltag
hase sequence I

s (Ui) P
' juding percentage

s 12 le impedance i
ance yelays, angle impedance 1.e., .ohm (or reactance) relays, angle admit
or restricted relays (Lx) pilot relays such as wire-pilot, carrier channel pilot or
relays. AH the EX.IS.tlng relaying schemes employ either one or more of these
Lemes with slight modifications.

The protective relays do not eliminate the possibility of fault occurrence on the power system
Jther their action s_tgrts only after the fault has occurred on the system. It would be ideal if
| otection could anticipate and prevent fault occurrence but this is obviously impossible except
' original cause of a fault creates some effect which can operate a protective relay. So
. only type of relay falls within this class, this is the gas detector (Buchholz relay) employed
‘ ection of transformers. Such a relay operates when the oil level in the conservator pipe
f a transformer s lowered due to accumulation of gas caused by a poor connection or by an
incipient preakdown of insulation (slowly developing fault).
The function of the protective relays, as already discussed, is to sense the fault and then to
energize the circuit breaker trip coil. Circuit breakers normally employed for protection of
{ansmission lines and equipment are () air circuit breakers (ii) oil circuit breakers (1iz) minimum-
il circuit breakers (i) air-blast circuit breakers (¢c) SFg circuit breakers and (vi) vacuum
awitches. All of these breakers have been described in chapter 5.
The first of the above 1s employed for the apparatus protection, the second is used for the
fecder protection and the third and the fourth are employed for the EHV/UHV transmission
ines. The air-blast circuit breakers on EHV/UHV lines have become standard practice. In place
of air, SF; is used and these SF circuit breakers have several advantages, as described in Art
5144, For important lines breakers are also provided with a reclosing feature.
The main features of a good protective relaying are (¢) reliability (if) selectivity (iii) sensitivity

1) simplicity (v) speed and (vi) economy, all have been described in Art 1.8.

ela)’ing 56

2 BASIC TERMINOLOGY
It is desirable to define and explain some important terms concerned with protective relaying

or the sake of familiarity.

frotective Relay. It is an electrical device designed to initiate isolation of a part of an electrical

stallation, or to operate an alarm signal, in the event of an abnormal condition or a fault.

nergizing Quantity. It is an electrical quantity, 1.e., current or voltage either alone or in

bmbination with other electrical quantities, required for the operation of the relay.

"zp Cirguit. It is a circuit that controls the cirenit breaker for opening operation and comprises
1P coil, relay contacts, auxiliary switch, seal-in-coil, battery supply etc.

r(rle' dcteristic Quantity. This is a quantity to which the relay is designed to respond, e.g.,
Nt in an over-current relay, impedance in an impedance relay, phase angle in a directional
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b auys have o oo ate wponse Lo one or more : .
oharne lays have a ealibratod respons Quantitj,

P Loristic quantitios, ‘d .
Derar) \ 1 ERINt i !
e ”“”N Foree or'l orque, 1y a forcoe (or torque) which tends to close the rej

Restrainimne I T ig o : : aycontac
o mng Foree or Torque. 11 is a force (or torque) which opposes the Operatjy
ar ) 4 Y
) and tondy (o prevent the closure of relay contacts, grﬂrqe(r
i

Settr . - - :
et :“”:‘.’- Hoas o netual value of the energizing or characteristic quantity
N Aesinoed (o opornte under givon conditions,

at whic}, th
Power O : _ _ efela.j
ver Consumption (or Burden) of a Relay. 1t.is the value of power consume |,

1 ™ A3} N vea . < s ) l

trewts at the rated curront on voltage and expressed in VA for ac and walts for de. y herelay
" AY A ~ \ . : 8 4 o .

! tek-up, \ relay is said (o pick up when it moves from the off position to the op, s
the aporation of the relay is eallod the relay pick-up. POsitign it

varufm;: or Pick-up Level. 11 is the value of actuating quantity (current or voltagg)
18 on threshold (border) above which the relay operates and closes its contacts. So Jop, Hhi
currentan the relay is less than the pick-up value, the relay does not operate and Lhe%ds e
controlled by it remaing in the closed position. Iowever, when the relay coil Currentjsreakm
or exceeds the pick-up value, the relay operates to energise the trip coil which openg the ‘.’ng
breaker, e
Drop-out or Reset Level, This is the value of current, or vol tage ete. below which relay
s contacts and comes back to its original position. The ratio of the drop-out or reset vaﬁ?:t
the pick-up or operating value is called the drop-out or reset ratio.
Flag or Target. I is a visual device, usually spring-or gravity-operated, for indicating {,
operation of a relay. c
Operating Time. I is given by the time which elapses between the instant when the actuatip,
. N N -}
quantity exceeds the pick-up value o the instant, when the relay contacts close.

Reset Time. It is given by the time which clapses between the instant when the actuatinz
quantity becomes less than the reset value to the instant when the relay returns to its originz!
position,

Seal-in-Coil. 1t is a coil that is provided not to allow the relay contacts to open when the
current is [lowing through them.

Maximum Torque Angle (MTA) or Characteristic Angle of Relay. This is the design angk
of the relay that will yield maximum torque.

QOuershoot Time. This is the time during which stored operating energy is dissipated after
characteristic quantity has been suddenly restored from a specified value to the value which
had at the initial position of the relay.

: ; : ‘ s
Fault Clearing Time. Time clapsed between the instant of occurrence of fault and inst®”
of final arc extinction in circuit breaker is called the fault clearing time.

. L L _ e it
Breaker Time. Time interval between closure of trip circuit and final arc extinction in &
breaker is called the breaker time.

. . . d edt'he.
Relay Time. The interval between occurrence of fault and closure of relay contacts 15 cal 2

4

relay time.
Relay time plus breaker time is equal to fault clearing time.

Consistency. It is accuracy with which the relay can repeat its electrical or time characte™
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r"‘ec
. _{ance relay operates wheneve i
di r the impedance seen by the relay is |
e he relay is less than a pre-

; mhie 1 . "
Ilﬂa-cf?pd aluc: This impedance or the corresponding dist: :
o) ' 2 distance is known as the reach of the
. pola relay may be defined as the limiting di o
P LR T ‘ g 1S1¢ H v
A hich are not within the reach of the ])f()los‘tc') nce covered by the protection, the faults
cction and should be covered by the other

| v .,‘

gt
REE The tendency of the rela )
| ngr're ’\:;;r-reach. This can occur v‘;ghtzo‘:rl:glﬁl_t(‘ila(, impedances larger than its setting is
: 1o t e 1gh speed relays i AT Gl
frequently the - Lap elays if the current ¢ )
?lsc]if Th(:* extr‘z}l’ im;:gzcrrmdumg the first few cycles following ﬂnft'l‘\llrl)fp]“'d et
ured by the relay ar;d(caues:tirto;] uced by an arc into the fault loop affects the
djstﬂnce " o may bo defined as the failur’(: de under-reach. Under—reach is just reverse of
é y of distance relay to operate within the set protected

RATING PRINCIPLE OF PROTECTIVE RELAYS
lays emp]oyed {or protection against short-circuits operate by virtue of the current and/
¢ voltagt supphqd to them by CTs or PTs. Failures in the system are ir)(li(':;tbtlllly‘ the
.dual or relative changes 1 the currents or voltages supplied to Lho. pr()u‘('},i\'(; relaying
t. For every type z_md location failure, there is some dist,inct,iv(; (lif['e.r‘cn(:(‘r in ‘Lhcst(‘!
there are various types of protective relays available, each of which 18 designed
lar difference and to operate in response to it. The difference may be in
hase angle, rate of change, harmonics or waveshape,

-
=
[
=
@D
-
Q

2¥%E
Y '_‘Qa
<

) uipm
{0 recognise 2 particu
Of he magnitUde, frequency, p

f the conditions ete.
The main principle employed in the operation of the relay is cither electro-magnetic attraction

or electro-magnetic induction. In an electro-magnetic attraction relay, a plunger is drawn Into

a solenoid or an armature 18 attracted to the poles of an electro-magnet. Such relays can be
ase of electro-magnetic induction relays, the principle of

operated either by dc or ac. In the ¢
induction motor 18 used and the torque is developed by electro-magnetic induction. Such relays

are operated by the ac quantities only.

' ¢4 CLASSIFICATION OF RELAYS
| The protective relay may be 70 TRIP OR
defined as an electrical device SIGNAL CIRCUIT
ir_\terposed between the main
' cireuit and the circuit breaker In
sich a manner that any
abnormality in the circuit acts on
the relay, which in turn, o B
abnormality is of a dangerous Basic Elements of a Relay
character, causes the breaker to Fig. 6.1
2{’:3 and so to isolate the faulty
be otint. The relay ensures ihe safety of the
Auefwlse caused by the fault.

1 Sthe I:elays have three essen
th;; aizlSlTl_g element, sometimes &’
2 o0 uating quantity; the current 1 &
With 5 prmp aring element serves to compa

e-selected relay setting.
.k up of the relay, accomplishes a sudden change in the control

30
quantiS’Ontrol! element on a pick 4
¥ such as closing of the operative current circuit.

duration O

" CONTROL
ELEMENT

circuit equipment from any damage which might

tial fundamental elements, as ilustrated in fig 6.1.
Jso called the measuring element, responds to the change

protected system in case of over-current relay.

ty on the relay

in
re the action of the actuating quanti

.-
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sical quantity the sensing eleme -
electrical quantity sych as cu%’ﬂ
locity of outflow of a liquyg o ’Trr(,nl

e

i Aok L ]()f )h.\'
Relave mav be classified as to which kind ol }

. aloetron actuated by s
1o and may be classed as electrical

wasure, Ve \

voltage power ete ). mechanical ‘f“'“mwd l\)'\. lm\;‘;lll:;i("(\:;. and other types of relayg ™ty
;hr.-;:;xi‘(::.-:‘u.uvd by heating effect), ,,],m.ull“”‘nnq‘( widely apphied are electriey) ype |

In power R nl!\l:‘:( ‘ll‘;l\'\ (“:m h(\l)r('):nll_\‘. classified into twa Cate 'Or?( ‘ -

1:;;.-..:.\‘1.._,_,1;‘\- speaking the ‘;h\:‘:z“‘:‘) l:i‘:‘l‘u‘ elavs. In this chapter Slmtl,t-()-mngnul,lc relayg “‘iﬁ'g

”u‘::s\%:lz“(,i\' x:l:i)“l:!:\srd;n:c krv!;!‘\'s will be taken up i chapter 7. :

e of aneration and construction the relays may be (:la.ssiﬁed such.
REUESE ™ REMICOHIA B GRa agnetic mduction type, electro-dynamic ¢ ¥
electro-magnetic attraction type, electro-magnetic induc e

livee aloctrothormal 1vae hvsico-electnie type and statie relays.
= \H o mpmr( rm:zl ‘-'\};H;-Pri],n-\- are of two types nnmnl_\' attracted armature
. “{[::I{:Z(\.:::{,(J; 1:,:.:“;.‘“,,~ tvpe relay operation (I(rp(nn_('ls on the moven .
fr!" "1'”;{5',; the influence of attractive force due to magnetic field 'Sef. up by the Currg
’1_ through the relay winding while in a soh'r{md !yp'n relay f)l)e{il'.l()ll (]L‘p_()nds on thy
movement of an wron plunger core along the axis of sol.(\,n()ld. l\;l()vmg 1ron, moving I’hmgc-;
:{:zr.sz‘za'-ii armature hinged. and balanced beam types of relays fall under this category, Such
relays are actuated by de or ac quantities,

In an electro-magnetic induction type relay operation depends on the movement of
drse or evhinder free 10 rotate by the interaction of induced currents and the
magnetie fields producing them

-~

e
3

Ype, Moy,
type ang
ent of

i metaly
altemaling

In an electro-dvnamuc type relay moving member consists of a coil free to rogate in
lectro-magnetic field as in case of a moving coll mstrument.

In a moung cotl type relay moving member consists of a coil free
of & permanent magnet

an

0

to rotate in the air gap

In an electro-thermal type relay movement de
the current flowing through the element of the

Buchholz relay 15 an example of physico-e

Static relays employ thermionic
the next chapter

pends up on the action of heat produced by
relay.

lectric relay.

valves, transistors or amplifiers and will be discussed in
According 1o their funetions 1n the rel

auxilary (or supplementary)

which respond to any change

Ay protective scheme, relayy may be divided into main.
and signal relays The main relays are the protective elements
_ in the actuating quantity. o current, voltage, power ete. The
auxiliary or supplementary relays are those which are controlled by other relays to perform

some auxibary or supplementary function such s mntroduction of i (jime delay, multiplying the
number of contacts. increasing the making or breaking ¢

apacity of the contacts of another relay
passing a command pul.ft* fmm one relay 1o another relay, acting upon a cireuit breaker closing
or opening coil, energizing a signal or an alarm, e(e Stgnal raldys function to register (by flag
or target) the operation of some relay or relay protection, and ('(mtr()‘l \\"lrhill 1 (visible) an
alarm (audible) signal devices. The choice of signal relay |~: K()\'(‘l:ll(‘(i by tl;(l im g‘brta‘nce of the
assocated switchgear, the method of control and the number of «'ll'.l rm indi ".ni;)ns Im b;: display
ro'1L:;\-::;;(i\i:1%;‘:)(;]cmmipg Quantity, ;fl(‘(f' rical relays are clnssiﬁ((!(l Into ('u.rren 1~, voltage, p(,‘;;er»
oo mpedancee, frequeney re avs,and, according the (lir(;('t{()ri of the change th!
:’: ”{:;n‘(j }:i}::(r:lx?:g:l:z :(;]:‘x'm.cln'r)‘und Maximum (over-.) relays. A maximum (or over-) rel(iri
the case of an nvér~cﬁrront rcdl(:\u"m‘*‘ auantity when it excepds g pre-determined value #
a4y which operages when the current exceeds a pre-deter™™

value A minimum (or under.) r : , iy
) relay s one whiel ates w : uanti®
drops below a pre- as i case (:fnperdt(!s when the value of actuating q hed

determined valye :
N - -\ . L4 ' 4 1 es “
the voltage falls balow a particular Jeye] " under-valtage Feiey which mg¥

Scanned with CamScanner




.o Re1ays
201

l
I?rt)f"c“
ne to the connection of S
t'cm(hn(v t) relays are thos]eOi E;enemg element, relays are classed
ppmary 1t are t whose sensi £ lassed as primary ¢
rt sensing (or measuring) elemedt mlmdl) g e
nts are directly con
sonnected

v S-
Y L euit t):;]izl]]((!‘l;‘;igt,ltohtel.:ve 1)(1"()l(?(5‘l., \}Vhile the secondary rolays aro 1
are ¢ he circuit they pr ys are those w -
"'Il\;m ()1":1]"1“.\' secondary relays zu‘iz lulseddpilnOLeCt through inerumentlfsz?d;}':siﬁe[?se ?El;r "
s)-  line voltages and currents. power system protection because ()f‘the h"ng?l:
the relays act upon the circuit breaker, they are subdivided into direct-acting

] element acts mechani
. Y ‘nanic 4 ~ . 2
anically to operate a circuit breaker and indirect-acting
. ¢
to control the

n a

alul _
v\ to how

ontro
{rol element operates an auxiliary (operative) power source circuit

pelay whose C
relay whose con
- ireuit preaker
primary relays, des
employed only
h-voltag

pite the substantial simplificati .
in the simplestrscshnennll)cl;sfl f‘dxt'l?c;]\ngr:)}l]: pmt.e?mte se}}emes 2if"bl'd.e(l by
o circuits is render 4 dif age cu CU}LS. Ihe epphcatxon e(
- B _ e ficult by complications arisin fr h

Lo s of operation adjustm ; g arising from LNElE
- ond1t20 e : ) ent, checking, supervision at the high voltage)
prol ective schemes using indirect-acting primary relays need, furthermore, the use of :n 0 )or‘I;iV(;
current. Such zu‘rzlngemen_ts are bulky and costly. Direct-acting secondmiv relay_;; d(; not,[re(‘]uir(:
an opermive current, .theu-* armatures act directly upon the circuit breaker tripping device’
: 1’rotecti0ﬂ schemes using dlrect-ac‘ging' secondary relays, notwithstanding difficulty in checkir'lg;r

d ;1djustment, have found appli_eation because of their simple design. )

The relay r?ose frequently_ used 18 the indirect-acting secondary relay, notwithstanding the
grealet complexity of the protection scheme and the need for operative power. Such relays allow
changes 1Q he made in their settings and can be removed, or cut out of the circuit for repair
or checkin during operation of the circult element they protect. Such relays, furthermore,
possess a relatively high sensitivity and, due to the fact that the connections to the pmtected
circuit elements are made through instrument transformers, are clectrically isolated from the
high primary-eircuit voltage. They are also to a much lesser degree than primary relays subject
o the action of short-circuit currents.

As to time of action relays can be distinguished as rela
fall under the category

them are .
yrimary relays 0 hig
and servicing (

- an

ys without time delay and relays with

{ime delay. Among the relays which of non-time delay are non-intertia
lypes with operating times of several thousandths of a second (milli-seconds)- usually electronic
relays; quick-acting relays with operating {imes ranging from 5 to 40 ms, and ordinary relays
with operating times of 0.04 to 0.2 second. Among the time-delay or time-lag relays are relays
with non-regulable time delay, obtained mainly by ircuited windings; eddy-

termed time-

current sleeves etc., and also relays with regulable time delay. 1
se time-128 relays having tme delays ranging from about

}]“g relays. Protective relay schemes U
2supto 5 to 20 s. . :
As to type of contacts relays can be differentiated as relays with normally-open (n-0) and
e ts are called normally-open (n-o) if they arc open
ey are closed

a]ly-closed (n-¢) if th
elays provided with

ts. The relay contac
ised, and norm
operation close

n
(S(;'”mally.c]osed (n—c) contac
parated) when the relay winding 18 not energ '
ot energised. Use is also made of r

(in cont: '
contact) when the relay winding i8 1 ‘ '
d with sliding contacts (which during relay

rated, their contacts may close or open

‘ I'W()- i
" ;‘ %Y'Olf‘ double-throw contacts an

i rief interval of 11 Whe relays are 0pe
ing al of time. en ¥ A .
r‘;Sta“"aneousl}r or with time delay- Relay cont depending upon the type and function of the
Wi&y, as well as type and material of the contacts themselves, are capable of satisfactorily
2 tOStanding multitudes of operations ‘n operative circuits of the corresponding voltage (usually

220 V) and switch circuits handling power flows ranging from several to hundreds of volt-

ill’n
1 DEI‘QS (VA) .
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According to-applications the relays may be classified as : "
@ Over-Voltage, Over-Current and QOuver-Power Relay. The relay Operagy
voltage, current or power rises above a specified value. ' Wh@n l
(1) Under-Voltage, Under-Current and Under-Power Relay. The relay Opery
the voltage, current or power falls below a specified value. Ty
(i) Directionial or Reverse Current Relay. The relay operates when the applieq ,
assumes a specified phase displacement with respect to the applied voltage umi ”(' ey
1s compensated for fall in voltage. o Tely
(v) Directional or Reverse Power Relay. The relay operates when the applied ,
and voltage assume specified phase displacement and no compensation ig allowgg }rront
in voltage. Orfy)
() Differential Relay. The relay operates when some specified phase or magnitud,
between two or more electrical quantities occurs.
(v) Distance Relay. In this relay the operation depends upon the ratio of the volta
the current. B

)

(“m}an

| According to timing characteristics the relays can be divided into following clagses -
} (@) Instantaneous Relays. In these relays complete operation takes place after 4 v,
! short (negligible) time duration from the incidence of the current or othey qllﬂntitr‘y'
resulting in operation. The time of operation of such relays is lesser than 0.9 sécomj
() Definite Time Lag Relays. In these relays the time of operation is sensibly independey
of the magnitude of the current or of ether quantity causing operation.
(@) Inverse-Time Lag Relays. In these relays the time of operation is approximately
inversely proportional to the magnitude of the current or other quantity causing operation
@) Inverse-Definite Minimum Time (IDMT) Lag Relays. In these relays the time of
operation is approximately inversely proportional to the smaller values of current o
other quantity causing operation and tends to be a definite minimum time as the vale
increases without limit.
In induction type of relays the time
lag may be achieved by employing a

permanent magnet which is so arranged § TRIP
that the relay rotor cuts the flux between g SOt ; g THE
the poles of this magnet. Such a magnet , +— PLUNGER p CT TRIP COIL g :'l;*s':
is called the “drag magnet”. szdey  OIL DASH 5 ;
: PISTON —fiakis:
In other types of relays this may be POT
achieved in two ways. Firstly, when a (a) (b)
series connected overload trip coil is used, .
Fig. 6.2

an oil dash pot can be attached in which
is a piston connected to the lower end of the solenoid plunger of the relay. In case of fault whes
the plunger is pulled, the piston, immersed in the oil, retards plunger motion, thus provides ;
necessary drag or delay in the relay operation, as shown in fig. 6.2 (). 2

When the trip coil is transformer operated, time delay is achieved by connecting a2 um’
limit fuse across the trip coil i.e., in parallel. This fuse should have an inverse time-c% 1
characteristic and will normally carry the CT secondary current to by-pass the trip coi s’:be
when sufficient current occurs to “blow” this fuse, the whole current is then transferred ©
trip coil which operates to trip the circuit breaker. This is illustrated in fig. 6.2 (b)

6.5. ELECTRO.-MAGNETIC ATTRACTION RELAYS
These are the simplest type of relays and include plunger (or solenoid), hinged &

rmat‘”;’
g _1ay8 8 :
rotating armature (or balanced beam) and moving iron polarized relays—all such eld) -L
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Solen ’ T —’r'o CT ' coiL
: ectro-magne“c CIRCUIT CONTROL | ‘ee--nn
force oxerted ON MOVING seRING  L— LT ' t
t(})l, noving CONTACT J'X:SS rll
; is
emen a) Plunger T - l
p:'OPOI‘tional to the (@ ger Lype (b)Hinged Armature Type |
square of flux in the awr gap or the MOVING  MOVING CONTROL |
quare of the current flowing through ARMATURE  CONTACT  SPRING i
the coil. Tt s basically a single actuating 1 l i
i i FIXED
quantity relay. Such relays respond to o) 5 CONTACTS
both acand de because operating torque o—E - :_OI T—. 10
i proportional to the square of current = CRC;}ILNING OP%RS[ING = TRIP CIRCUIT
flowing through the coil. With dc the —o
torque developed is constant and if it CORE
exceeds the restraining torque or force
caused by the controlling spring, the (c) Balanced Beam Type
relay operates reliably. . TOTRIP FXED
In case of ac quantity the electro-magnetic force C'RCUZ‘\O CONTACTS
. N MOVING
eveloped is given as — CONTACT
‘ . 2
F =K [2=K(I,sm® t)
1. 12 2 6.1
== _ ..(6. MOVING
- 2 K [I max I max cos ?w t] ( ) ARMATURE
It shows that the electro-magnetic force conS}sts |
of two components, one constant independent of time ,
1 - “
(5 KI?,,,) and another dependent upon time and .t
: nc a
pulsating at double the supply frequenty (d) Polarized Moving Iron Type |
| : : e ¢ Relays
(EK Izmax cos 2 o £). The total electro-ma’z}rrletlc force: - pyoctro-Magnetic A;?'acg;n ArmeRrEE
uency- g o
ts}}ere&’re, pulsates at double the supply e in f ibrates at
cmCe the restraining force prOduCEd y t}(lie ng;pgd is pulsating, the relay agmaturé{ V; :jd also
Onsta R ic force ev rodi:ce nois ;
nt and the electro-magnetic : Jay to hum and pro Jiable operation of

doyl
“ouble the power supply frequency ntacts. This leads

is
asource of damage to the relay € ”
€ relav anarative rircuit COl’ltaCtS due to
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.« difficulty in ac electro-
vercame this ;lglr?}:: ﬂt}xx developing the
electro-magnetic force 1s sp.htte'd Jr}t()tprx;g ﬂhu;(;s
acting simultaneously but (llffgrlng in tin pha;
so that the resultant deflecting f()rcg is always

" ) i be easily achieved
positive and constant. This can .

: ] iy 0 windings on the electro—
cither by providing two winding hown
magnet having a phase shifting “9t“’°rk’ s 1
in fig 6.4 or by putting shading rings on th? pf) ;:S
of the electro-magnet, as shown in fl_g 6.5. The
latter method is more simple and is widely used.

Hinged armature relays are mainly employed
as auxiliary relays, e.g., tripping relays, ac and de
voltage and current relays.

In the case of a balanced beam typeorelay
shown in fig-6.3 (¢) two quantities | A |? an‘d
| B 12 are compared because electro-magnetic
forces developed vary as the square of the ampere-
turns. Ratio of reset/operating current for such
relays is low. If set for fast operation, it will
have a tendency to over-reach on transient
conditions.

The sensitivity of the hinged armature relays
can be increased for de operation by the addition
of a permanent magnet, as illustrated in fig 6.3 SELE RN
(d). This is known as a polarized moving iron L
relay. 1t is more robust in construction ; most of
these employ leaf-spring supported armatures. Hinged Armature Ele

Modern attraction armature relays are Relay With a Shadding
compact, robust, reliable and fast. VA burden Fig. 6.5

depends on construction, setting ete. For a typical relay it is of the order of 0.2 to 0671
current range of 0.1 to 0.4 A. Such relays are usually Instantaneous type but can b;e m:L
definite time lag or inverse-time lag by using an oil dash pot, an air-escapement chamb;
clock-work mechanism or by placing a fuse in parallel with the relay. These relays do .
directional feature unless they are provided with additional polarized cojil

~ The attraction armature relays have fast operation and fast reset because of smalllez
of travel and light, moving parts. As these relays are fast and operate on de as well ase:

'Lhey are alfected by transients. The transients contain de component in addition to a¢ v
Therefore, though the steady-state val

| ; ' ue may be less than relays pick-up value, the relai
pick-up during transient state.
. ‘At,t,ra(:;,llon armature .rglays h ! applications in protection of ac and dc equip
they are, however, sensitive to starting currents, load fluctuations and current surg®
1ALt,ralctlon arrmgtu}lze relays can be designed to respond to over—and under-currert®
under voltage, for both de and ac gporeat: y ing or &
, 1 perations. They : ring Of
relays hey are employed as measuring

To o
magnetic attraction rela

Hinged Arinature Elecy,
Relay With Two w;
Fig. 6.4

O'M“gllet'
nd”lgs

7
¥ .:’;\

CtTO-Magnetic
Coil on the Pol

ave many

Balanced beam relay is diffie i use
: 4 e cult to be de ' becaus®
1S proportional to >gned over a wide range curre} )

0 square of current, . ) ut can
a definite time | Such relays are fast and instantaneous b

ag or Inverse—time lag by usi : . ment O &
Jockw : $ing an oil d ir-escape
a clock-work mechanism or by placing a £ 3 ash pot, an a sl

use in parallel with the relay. Such rel#™ R
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. (ime of the order of 0.02 sec :
1("'““n(ﬁx,])(smls on application. In (‘”m(.):ltl. High ratio of resetting qu .
it VA for 0.1 to 0.6 A current ' Ln.‘ balance type the VA L Ilmmu“" can be had. VA
: 6 A current range. This ype the VA burden i of , ,
{ ange. This relay is hoing lary wrden s of the order of 02,
i largely superseded by permanent

: 2 ) . » ay i[.‘ l)(.ll( l Ill(lll \\“ / ( ‘l‘
’ AL

gt
ELEC’I‘RO—I\'IAGI\‘E'I‘IC INDUCTION RELAYS
L (ic induction relavs are the mos i
ays are the most widely used relays for protective relaying purpos
. Live relnying purposes

magne
ac quantities. These relays . :
ays operate on the simple principle of split-phise induction
. : s . HEIH ' it

Bocr0”
le ly

i olving 01D o :
. Actuating force is developed on a moving element, ()
’ . . 1 » » SN A ' 'l ' i 4 i { i ‘ i d ( i
 pagnetic cur rent-condueting material (such mll may be o dise or other form ol
» fluxes with eddy currents that ar Lind as aluminium), by the nteraction of
o Torce ds developed i‘n ¢ in gu\tl in the rotor by these fluxes.
_ 15 develope a section of a rotor that s prere
- vious quaniilios areshown ' it is prerced by two
¢ ]gin(lr i:l ::::;;ng hl;(‘)\\;l Hl an instant when both fluxes are directed
sing agnitude. Sach flux indue melfin | ot
_ . b uce voltage around itsell i the rotor
~ ’ 11t o o 1 o o - "
is flow in .(Illm“mun}un(:;n the influence of the two voltages, The current produced
vacts W Y YN o y1p ¢ ' o .’
eacts with the other Hux, and vice-versa, to produce forces that act on the rotor.

g shown 1n fig 6.6 may be expressed as

|l
s 6 illustrat
djacent. ac fluxes. V

by one flux r
The quantitic
¢y = ¢ 1max sin !

¢y = ¢2 max sin (@f + 0)

angle by which ¢, leads ¢,

d with negligible error that the
paths In which the rotor currents flow have negligible
Lol inductance, and therefore rotor currents are in
phase with their respective induced voltages. The
phasor dia n in fig 6.7. Now

d ¢, .
o ¢) pax OS5 @ l

there 018 the
[t may be assume

gram 18 show
tion Relay

Production of Torque in An Induc

j. ox ey € —

L de e
Fig. 6.6

. d

Iy o€y & _C%Q— o Gy max €08 (t+0)

d are In opposition, as

| I,) develope
n the movable element

Since the two forces (I anc
illustrated in fig 6.6, therefore net foree acting 0
1S glven as
F=(Fy-F)) <dyiy — 1l
[cosint sin (! + 0) - sin w! cos (ol + 0)]
..(6.2

" or I o d)1 max 4)2 max sin 0
The following points may be noted from
@) The net force 1s same at every

ion for

involved in the expresst
es not depend

o ¢y max Lt’Qnmx

expression (6.2) |
instant as the term © [ 15 not
the force developed. 1t 18 most
upon the assumptions

significant. This {act does _ o
made in arriving at oxpression 6.2). The action of a rel(__n) under )
ive and free from vibration. ™

Phaser Diagrant

" tihe influence of such a force 18 posit o sl

) The greater t e 0 botween the tWO uxes, the greater '

groatar the phase angle ble element. Obviously the JFFor an Induction Relay
Iig. 6.7

is the net force applicable 0 {he mova isly
maximum when phase angle 0 is 90°.
o R of the annular ring 1s low

fore '
. ¢ developed will be ]
(i) Also the force developed will be more when the resistanc

the m()vnble el

ement must be of low resist-nce material such as

g R VI
because | « = 1.2,
R
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: atio point of view the mou. "
['rom torque-weight ratio pol 0vab),

L :
copper oF aluninium, o | . . - llhgh
should be of nlmnmll.um i f"] hence the direetion of motion of movable el“m&nl(e ¢

) 'l seoction of net, foree and hence 3

(tv) "The direct ‘

upon whieh flux i leading, have been used for obtaining the phage diffy, 3
Pha difforent, types of structures that has duction relays are (i) shaded pole strygy, ey,
tho Muxon mnd henee the operating torque ,lnll':u-lu'r‘p (disc type) and (i) induction cup g "l
io) @ witll-hour motor or doublo ;V”:(rl"”[iw(::“)l‘(: in.ihducti(m type relays. The ratip r‘)f!::a}“"{
High, low and adjustable speeds are pos BoeB A5 ed to attraction argy,,
pekeup i inhorently Jhmh in case of induction r‘,'l"l)hl;:: (:i:ﬂzf:; f the lnagnelj:r:;]i]r‘zlu'rmh";
as their operation does not involve any "h;?%(: 'm ] li)(')”u This is not perfecll}’ 100}']’l " R.E;
in the ense of latter. Ihe ratio lies between ')d- ; ,m(. l‘s' Jrir; s torque '°bec3.,‘.;
of the friction and imperfect. compensation of the u)nl,r(l)‘ { r rl’)r()tocti;-'e ol .
The accuracy of an induction Lype relay ”’"“mm(’lh"i’ llf )1'(5 ri§(r:'lti0n ()f(il}»mg‘ Purpe,
Such rolnys are ('tmnp:n'nl)lu in accuracy to meters employed for registre lectriey)

) - Engy
consumption. This accuracy is not a consequence of the induction principle, b‘ut.because Sk
I:(‘l'l\'H invariably employ jewel hearings and precision parts that minimize friction, %

X . v

Induction type relays are employed (:xl,(:nsivn!y for pr()t,.(r(:l,-i()n ngzu‘nst overloads, shonﬂm}i&
and earth faults on transmission/distribution lines and in industrial plants,

6.6.1. Shaded Pole Structure. The shaded-pole structure, il!ustruted in fig 68 =
actuated by current flowing in a single coil wound on a magnetic structure containing g, Y
gap. The air-gap [Mux produced by the actuating current is split into two fluxes displaced iy tins
and space by a so-called shading ring generally of copper, lhu% en(:lr_clgs part of the pole f,,
of each pole, as shown in fig 6.8, The disc is normally made of aluminium so as to have 5
mertia and, therefore, needs less deflecting torque for its movement. The two rings ha;,
currents induced in them by the alternating {lux of the electromagnet and the magnetic fislk
developed by these induced currents cause the flux, in the portions of the iron surrounded by
the rings to lag in phase by 40° to 50° behind the flux in the unshaded portions of the pole
already proved, the driving torque is given as

T o, ¢, sin 0

Assuming that, the flux in coiL SRADINGRING 4,

: . . N
the shaded portion of the pole, o i =
and the flux in the unshaded  jer o > [
d’h‘ and the tHux i the unshadec ACTUATING g ._L ,_L

portion of the pole, ¢, to be auanmiTy
proportional to the actuating ~ SOURCE o—
current in the coil, 1.
T I sin 0

i.c., the driving torque Shaded Pole Construction of Induction Disc Relay
varies as the square of the Fig. 6.8
currerit flowing through the relay coil.

The shading rings may be replaced by coils if ¢
18 desired. If the shading coils are short-circuited
be developed: but, if the coils are o
be no phase—splil,l,ing of the
required, which wil) be

~ The control torque is provided with the help of a con
Wll.h the movement, of the disc towards closing of the
with the winding of (hoe spring, The rol'lvkdi:" .
up position (closing of (:onl,a(:LS), (,he'ro‘ ¢ incro
" the actuating structure which ¢ :

ontrol of the operation of a shaded-pole “’h L,
eI by a contact of some other relay, torqué “45
pen-circuited, no torque will be developed because there™

- » g r
.ﬂu.\. Such torque control is used where directional featur®
described later.,

trol spring attached to the disc SP” d;
contacts spring torque increases 8 Gt
lay 1 50 shaped that, as it turns towards the l;d :
18 Increase in the area of the disc between the P W

auses increase in eddy 'currents and, therefore, incre k
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¢ iust balances the increase i :
| torau® th‘“'_-““" .bdll‘"%(.( " 3 “(] ‘m; e m_”"’. control spring torque. The shape of the
et v i (hat of a spirat.» ;“;"' )l'(' shape of disc is not perfectly circular, suitable 11.'11:1!‘100
» . 0 ) v aa o g ek, < ; t M 7.]
~ovided oD the part ol the disc w hich has smaller area. A permanent magnet of high

. ‘- ‘5 e ) | Y. ' 0 L) o . . ) .
M;hl.vi ¢ steel 18 provided to ;lzlv‘o ‘(‘dl('ly current braking to the disc. This is necessary to reduce
J am the overmun of the disc in case the current or voltage providing the drving

: l“\“ e oY « 3 ol . .
0 no oS pefore the ()pemh(:n has been f.()mplctn(l. A modern induction disc relay will have
o 7 of not more than 2 cycles on interruption of 20 times the setting quantity

p OO o induction disc relays are robust and reliable. VA burden

h‘()dc . . . Y . s . [ 4 T 7y v b
s upon cating. 1t is of the order of 2.5 VA The time-current  §

) \.n( . . S N v s ¢ 3 . .
"pl..l(-wrist,ws of induction relays are inverse characteristics, as shown 3
'h‘:..l: 6.9, 1.6 (he time reduces as current increases. The current setting &
l Y 1 3 H . . . -
! t{ chang(‘.d by taking the suitable number of turns. Higher current g
2
|

——

ol )¢ . , »
A will require smaller number of turns so as to give fixed ampere- :
L CHUP VALUE

{

oting W ; : _
Arns mqulrc(} for (l()y(}]()l)lng the minimum torque for the movement of
he disc. The tlm(z'sul.t:mg .an be changed by changing the relative position .

of contacts by adjusting the \(.-,ngt.h of travel of moving contacts. This is  [neerse Characteristic
known a8 fme mu.l,l.lplwr.S(zH'L.n;,’. The higl‘mr the time multipher setting Fig 6.9

the greater is the ()|)(n.“;\l,1ng time. The effect of de offset may be neglected with imverse time
single quantity induction relays, because they are generally slow. The de offset may affect fast
relays. Ratio of reset to pick-up is high (above 95%) because operation does not involve any

change in air-gap.

A
e QURARENT =

—

6.6.2. Watthour-Meter Structure. Watthour Pdian MAGHNE T

meter type induction dise relay gives the same [ - /1/ RELAY COR
: n 4 .

results as given by a shaded pole type. The | /1

construction of this relay is gimilar to the watthour o = SECOMOARY

meter commonly used everywhere. It consist of an con

E-shaped olectro-magnet and a U-shaped electro- l
magnet with a disc free to rotate n between. A
10 TRP

:
)] —
phase displacement between the fluxes produced L i
DISC .,__——Xo CRCAT
p—-ﬁ

by the two magnets 18 obtained either by having —
different. resistance and inductance for the two

circuits or by energizing them from two different -——'E
sources whose outputs are relatively displaced in
phase. Many variations in the design anc

— |

construction are possible to suit the required <
conditions. LOWER MAGNET

The E-shaped electromagnet carries (wo Watthour Meter Type Induction
windings; the primary and the secondary. The Dise Relay

primary winding carries relay current Il.wh-lle the Fig. 6.10
secondary winding 18 connected to the wmd_mgs of ‘
U-shaped electro-magnet (fig 6.10). The primary current induces emf in the secondary and so
circulates a current I, in it. The flux ¢, induced in the U-shaped or lower magnet by the
current, in the secondary winding of the [2-shaped or upper magnet will lag behind flux §, by
an'angle 0. The two fluxes o, and ¢, induced in upper and lower magnets respectively di 1°
in phase by angle 0 will develop & driving torque on the disc proportional to é,. ¢ Sdmm i
Most of the modern induction relays are of this type. The advantage of this type (l)f cgn !
‘ is that it can provide larger phase angle bel\.\-'cen ¢, and ¢, and thus higher torg st
proportional to sin 0. An important feature of relay of this type is that its operati
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controlled by opening or closing the secondary winding circuit. If this Clreyjy ; |

. q : ati 1§
torque will be developed and thus the relay can be made inoperative, ODQ"&q
n[}(

6.6.3. Induction-Cup (Electro-magnetic) Relay. These IRON Cor ‘
relays operate on the same principle as the induction .motor. (STAnoNA,fy)

The relay has two, four or more electromagnets energized by

the relay coils. A stationary iron core is placed between these
clectromagnets (four in number) as illustrated in fig. 6.11. 0
The rotor is a hollow metallic eylindrical cup which is free to
rotate in the gap between the clectromagnets and  the
stationary iron core. The rotating field is produced by two
pairs of coils wound on four poles as shown. The rotating field
induces currents in the cup causing it to rotate in the same
direction. The rotation depends on the direction of rotation of

Col, ‘

the field and the magnitude of the applied voltage and /or | |
currents and the phase angle between them. A control spring, oL / ‘
and the back stop or closing of the contacts carried on an ECTRO-MAGNET |
arm are attached to the spindle of the cup so as to prevent In ducm
the continuous rotation. Fie. 6.1, elay

The operating time characteristic depends on the type of i
structure. These relays have inverse-time characteristics.

Induction cup structures are more efficient torque producers than either the shaded-p,
the watthour—meter structures. Therefore, such relays are very fast in operation angd may}];\c:
an operating time of less that 0.01 second. )
6.7. PERMANENT MAGNET MOVING COIL RELAY

The arrangement is shown in {ig 6.12. In this relay, the coil is free
to rotate in the magnetic field of a permanent magnet. The torque is FIXED CONTACT
developed by the interaction between the field of the permanent magnet
and the coil field developed due to flow of actuating current in the coil.
The time—current characteristic of such relays is an inverse-time
characteristic. The relay responds to dec only but it can be used with
ac in conjunction with a rectifier. The characteristic can be varied by
adjusting the control spring. The time setting is obtained by adjusting PERMANENT WAGET
the position of the contact. Permanent Magnd
The operating torque is proportional to the actuating current. Such Moving-Coil Rt
a relay has uniform torque for different positions of the coil and Fig. 6.2
therefore, can be accurately set. Theoretically the reset
value is equal to the operating value. AXIALLY

6.7.1. Moving Coil Relay With Axial Moving Coil, | | ; SUPESETED
]
sesessssesesss

Suph arelay is shown in fig. 6.13. The coil is supported
ax1€1].l¥ and moves horizontally when energized by the
actuating current. Such relay is faster than the rotating
coil type owing to small travel and lighter parts. Relay
of. this type may have an operating time of the order
of 0.03 second. Sensitivity can be made as small as 0 1
mW. These relays ar al

¢ delicate and so require careful I |
handling. 2quire careful

Moving Coil Relay With Auial
Fig. 6.13
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