£.10. OVER-CURRENT RELAYS
Depending upon the time of operation, already defined in Art 6.2, over-current relays may b

categarized as (1) instantaneous over-current relays (i) inverse-time over-current relay (ii)

define time over-current relay () inverse definite minimum time ( IDMT) over-current relay (1)
very inverse over-current relay and (ui) extremely inverse over-current relay.

—

it

.

() Instantaneous Over-Current Relay. An instantaneous over-current relay is one in which
no intentional time delay 18 provided for operation. In such a relay, the relay contacts close
smmediately after the current in the relay coil exceeds that for which it is set, Although there

will be a vhort time interval between the instant of pick-up and the closing of the relay contacts,
i \....1.;
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'nt(““i‘m“l l,inu:‘(luluy is provided. This characteristic can be achieved with the help of hinged
; l‘,m,,-e relays. Such relay has a unique advantage of reducing the time of operation to g
‘".l:]i(mum for l'nult,s' very (:.lose to the source where the fault current is the greatest. The
'mqlmxl;m(‘,m}ﬂ relay 18 effective On‘ly where the impedance between the relay and source is small
"n;m,“r(\.(l with the lpﬂ)(\.(lzln(:o of the section to be protected.
0 One of the 1}1()51. ln_mort,'nnt considerations in over-current and over-voltage protection is the
gpeed of operation. With hm_ge(l arma ture relays, the time of operation of 0.01 second at three
imes the .selimg. can be obtained, b}uzh relays are employed for restricted earth-fault and other
ypes of circulating current protection. With so fas(, an operation it is likely that the relay may
gperate on transien ts beyond the normal range of setling,
(i) [nverse-time Quer-Current Relay. An

verse time relay is one in which the operating l,

ime is approximately inversely proportional to the 2 T

magnitude of l,ho. acluating quantity. Fig. 6.9 N DEFINITE TIME |
illustrates the time-current, characteristics of an = AR \DMT
inverse-current relay. At values of current, less than s VT "
pick-up value, the relay never operates. At higher N N el Vegy ”

values, the operating time of the relay decrcases Z ~LE r};l,::ﬁ-..__‘_/eﬁss
steadily with the increase of current. The more = - €Lf’_’/vvé;?§ i
pronounced the effect is the more inverse the 5 TSRy
characteristic is said te be. In fact, all time-current I | : ;
curves are inverse to a greater or lesser degree. . b AT
They are normally more inverse near the pick-up —— MULTIPLES OF PLUG SETTING —»
value of Lh.e ;.10(,.uating quantity and become less Characteristics of Various Over-Current Relays
inverse as it is increased. Fig. 6.17

The operating time of all over-current relays
tends to become asymptotic to a definite minimum value with increase in the value of actuating
quantity. This is inherent in electro-inagnetic relays due lo saturation of the magnetic circu.it.
So by varying the point of saturation different characteristics are obtained. These are (i) definite
time (Z) inverse delinite minimum time (iir) very inverse and (iv) extremely inverse, as shown
in fig 6.17. ‘

These characteristics ce
explained i Art 6.6. _ N .
(i) If the core is made to saturate at a very _early stage, the time of operation remains same
over the working range. This characteristic 18 shown by curve I in tig .6. 17 and is ]:now; }zlxs
definite time characteristic. Such a relay operates after a specified time irrespective of the

magnitude of the fault current. o
The delinite-time relays are us?d in (@, _
back-up protection for other types of protection
current, due to source impedance. _ . . yepee o of in the time settings
Selectivity amongst such relays 1 obtained if there is difference of 0.5 § in
of the two successive relays. ' ]
)y 1§ 1SSIVE T8 ‘s one i which operating
(iv) Inverse Definite Miniimnum Time (IDMT) Relay‘S- Suc}tl sei(i}?)ﬁclli-ﬁnevahl and {))ec::mes
time is approximately inversely pI‘OI)Ofﬁon?l to faultlcurri(‘? rtlhe rélay as illustrated by curve II
substantially constant slightly above the pick-up vaiue ot 1 aenet, which gets saturated for
in fig 6.17. This is achieved by using a core of the electro-mag

urrents slightly greater than the pick-up curt St

in be obtained by induction disc and induction cup relays, already

) radial or loop circuits having a few §ec§ions (ii) as
and (iii) on systems with wide variations of fault
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(u) Very Inverse Relay. In such a relay the saturation of the core occurs at a yjj) late

as illustrated by curve III in fig 6.17. This curve is known as very inuverse characterislic iy

The time-current characteristic is inverse over a greater range and after saturatig, ecu%.

definite time. Relays with very inverse time-current characteristics are employed op, fee de:sds )

long sub-transmission lines.

(vi) Extremely Inverse Relay. The curve IVin fig 6.17 i]lustr_ate extre{ngly 1nverse chary, -
i.c., core saturation occurs at a very late stage. The equation descrl_bmg the curyq Iy i[:is \
figure is approximately of the form 1% = K where I is the opo_ra?mg current ang y ; ::e
operating time. Such relays are quite suitable for the protection of transformers, Cableg g,
it is possible to achieve accurate discrimination with fuses and au@:o-_reclosures in thej, cé:s
which can seldom be made selective with standard IDMT relays. This 1S because of theiy ab'l'f'
to ride through starting currents and surges, providing at the same tlme_ fast Operatign undy
fault conditions. They are, thus more suitable for installations with large in-rush currentg aft::
an outage. o

Relays with inverse time-current characteristics are widely employed in _dlstnbution Netwyo
and industrial plant systems. Their relatively flat time-current characteristic permitg themy,
achieve reasonably fast operation over a wide range of short-circuit currents.

IDMT is the only characteristic which is specified by Indian Standards (IS: 3231-1965) the
remaining are all relative curves.

6.10.1 Induction Type Over-Current

PRIMARY WINDING
Relay. An induction type over-current relay -~"""7""""" TRIPCIRCUIT/
giving inverse-time operation with a definite : —o o— :
minimum time characteristic is shown in // » UPPER
fig. 6.18. It consists essentially of an ac : + ELECTRO-MAGKE
energy meter mechanism with slight - = .~ ALUMINIUMDIC
modification to give required characteristics. ! _ _ /
The relay has two electro-magnets. The upper I_[‘-AH—:[(; T /// :
clectro-magnet has two windings, one of these = Ead ! SECONDARY
is primary and is connected to the secondary , E_. | WINDING
of a CT in the line to be protected and is m T :
tapped at intervals. The tappings are : ' r i LOWER
connected to a plug setting bridge by which ! — — ‘ELECTR%“;?;N:T
the number of turns in use can be adjusted, : | : e
thereby giving the desired current setting, T T? = 5
The plug bridge is usually arranged ta give | L~
seven sections of tappings to give over— ! - :
current range from 50% to 200% in steps of . SECONDARY OF G T ;
25%. 1l the relay is required to response for =" 7 Tt et g v4
carth fault the steps are arranged to give a "dtction Type Non-Directional Over-Current Relet §
range {rom 10% to 70 % or 20 to 80% in Iig. 6.18 :

steps of 10%. The values assigned to each tap
rating of CT with which the relay
commences to rotate and fin
secondary current of CT m
current relay having

are expressed in terms of percentage of full-lofﬂ -
is associated and represents and value above which theaw&;-

ally closes the trip circuit. Thus pick-up current equals the f,q"; »
ultiplied by current setting. For example suppose that 8% ot §

ac s : AR hat g
1 current setting of 150% is connected to a supply circuit throug-wi“ '

(l) fr)og()éi s ?’50 XaItEd secondary current of CT is 5 A and therefore, the pick-up V&“° ofp)
0 29 Le, 1o A It means that with above current setting, the relay will actually opertes
a relay current equal to or greater than 7.5 A. ; ' |

Similarly for current settingS_Df 50.1003“ :
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ay will OPere f‘l’)‘ relay currents of 9,54 5 4
¢ setting 18 MATCC BY INSerting a pin bety I,lth and 10 A respectively. Adjustment of

el

WG
the
¥ .'11 .

Cmtl}:o tap vaIue l‘clquu'-ed‘ When the pin is withdrawny f,

ot Y L e the relay 1n service . n

1“0 W 1'1110 ) e . ) t’he le].a ca -

qrv is not open-cix cuited. y adopts higher setting, thus the CT's

50 " oond winding 1s energi . ) ’

he ré’fzgim o thg . 1r§1zed by induction from the primary, and i : :

ith the winding o = g agnet. By this arrangement leak ¥, and is connected in series

1ect1‘0"““g“et‘s ;ue sutficiently displaced in spac » leakage fluxes of upper and lower

the 3lunn¥nun? %:j(;::osr}:tinldleg Eetween Fhe two magnets, as in the shaded i ] i

J0lOF- This torq olled by t.he spiral spring and also so . aded pole mduct}on disc
the disc. The torque is given by the e metimes by a permanent magnet

rake on
T=KI*, -k,

is the current through the coil and K_ ;
! - ’ . 9 18 the restraining torque of the spring. The
isc gpindle carries a moving contact which bridges two fixed contactsq (trip circuilzzloft-acts)

L hen the disc has rotated. tl-n'ough a pre-set angle. The angle can be set t lue bet
 and 360° a}ld t.hereby glving desired time setting. This adjustment is kg i 26 tu - the'en
qwltiplier. Time multiplier setting is generally in the form of an ad‘ustabci‘ev% ask_w: e-s\?vhlinﬁ
Jecides the arc‘length through which the disc travels, by reducing Jthe len tlr?cof irc:\)rel tfle
pperating time 18 reduced. The time setting multiplier is calibrated from 0 togl in steps of 0.05
These figures do not represent the actual operating times but are multipliers to lfe use(i t(;
convert the time known from the relay name plate curve (time-PSM curve) into the actual
pperating time. Thus if time setting is 0.2 and the operating time obtained from the time-PSM
wrve of the relay is 5 seconds, then actual operating time of the relay will be equal to 0.2 X
5 i.e., 1 second.

Since the time required to rotate the disc through a pre-set angle depends upon the torque
“hich varies as the current in the primary circuit, therefore, more the torque lesser will be the
ime required. So the Telay has inverse-time characteristic.

In more recent designs the definite minimum time characteristic is obtained by saturating
iron in the upper electro-magnet so that there is practically no increase in flux after the current
os reached a certain value and any further increase in current will not affect the relay
pperation. : .

The ratio of reset to pick-up is inherently high in induction relays because their operation
does not involve any change in the air gap. It lies between 95% and 100%.

urrent-Time Characteristics of an Over-Current Induction Disc Relay. A set of typical
ime-current characteristics of the above relay is given in fig. 6.19. The horizontal scale is
harked in terms of plug-setting multiplier and represents the number of times the relay
urrent is in excess of the current setting. The vertical scale is marked in terms of the time
equired for relay operation. The abscissa is taken as multiple of pick-up value so that the same

furves can be used for any value of pick-up i.e., if the curves are\known for pick-up va.lue of
§ A, then the characteristics remain same for 9.5 A, 6.25 A, 175 A, 10 A or any other pick-up
alue. This is possible with induction type relays where the pick-up adjustment 18 by1 (30111,
€cause the ampere-turns at pick-up are the same for each tap and hence at a given multiple

¥ pick-up, the coil ampere-turns, and hence the torque are the same regardless of the tap used.
These curves are normally plotted on log-log gra

ph papers as illustrated in the ﬁgure_. The
- vantages of plotting the curves on Jog-log sheets is that £ the characteristic for one particular
I, “up value and one time multiplier setting 18

known, then the characteristics for any other
%-Up value and time multiplier setting

vhere Irm.s

<

s can be obtained.

\
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ically the time ordinates of these cupy e should
il 1 = 'S should he
at, il the times for a given ey e
) ¢ ! ) . ; ATTrent, are iv;
1—- . . N " (lr(‘ (]l I
QAN Ging to inertia of the dise whi vided by the TMS
. 9 SC w » al » C 118'] VO TV O
o ('!l'l (0 its steady speed at low value}‘1 I(Irh takes a little time for he (li'u:-l :(h(f e ”,h‘.ml'l
~lull‘15“ -in time which mi rhit alf; S Of current, they may not M',"",l e ","""“l"”"" from
me eree’ e u‘(; used to es%’ «ll ect the diserimination of the “; 'i) ('O}mmd“' GO
es are stimate not, . NC whole scheme,
only the operating time of the relay for a given multiple
srelay loragive iple

The curv ’
ck-up value and time multiplier setting bug aleg i | :

1c x f.‘?() 1L 18 possible to know how far the relay
1xed contacts within any time interval

- contact would have travelled towards the
" ’ av % .
her the relay will pick-up and how long it

oving 5o ol S

" ppis method 18 also useful in finding out whe

1o for the relay operation whe P .
will take fo ‘ P (i : en the actuating quantity is changing ag for example duri
i in.rush current period of starting a motor ol ; g as lor example durimg
Current-time characteristics of an IDMT relay are ¢

I proportion to the time multiplier

iven below:

Operating current expressed

Operating time i
. ) Jpe ime in se :
as @ mulliple of selling A in seconds al

the maximum lime selling

(TMS = 1.0)

20
9.9
10 1.0
5 4.0
2 10.0

Setting of Induction Relays. The setting for a phase-fault relay is usually of the order of 150-
900% of the full-load cu‘rr_ent. An induction relay will not operate at a current equal to or less
than its setting and minimum operating current of the relay must not exceed 130% of the
setting.

The setting of the earth fault relays should be in the range of 20 to 80%. An earth fault
relay is subject to mal-operation if its setting is too low. This mal-operation can be due to
unbalance in load currents, unbalance in output of CTs, switching surges or saturation of CTs
during phase faults. As such, settings lower than 20% are not recommended. Also, the more
sensitive an earth fault relay, the greater will be the chances of its mal-operation.

A time interval of 0.4 to 0.5 second may be allowed in the time settings of two adjacent
induction relays for proper selectivity. Shorter interval of 0.35 second may be used with very
inverse over-current relays. . . '
Whenever a protective system comprises of a series of over-current relays with graded time
settings, it is imperative that the current-time characteristics of all such relays must flatten
out in the same fashion so that a flawless relay operation is ensured howsoever severe may be

the nature of the fault.

6.'10~2- Determination of Relay Operati
t{me of a relay, the data required 18 (¢) Time-
W) Fault current (v) CT ratio. .
The actual operating time of a relay 1s determined b
() Determination of relay current from fault current Iy

Y (6.3)

JESE g

Relay current, Iy = p”

ng Time. For determination of actual operating
PSM curve (it) Current setting (iif) Time setting

y following the steps given below :
and CT ratio x : y from the expression

() Determination of|relay current setting multiplier (i.e., PSM) which is given as

. Fault current in relay coil
pSM = Pick - up value
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Ig —
= Current setting x rated secondary current of Cg
[ IRxIOO If><100><.}' If><100
R - = =T
:‘—Ip—__" Ip X y xXI!) XYy xXIp (ﬁ{
XYy
100

' ; ' f the relay
where 1 is the per cent current setting o |
(127) %etermination of operating time of relay corresponding to calculated PS) fron T,
PSM curve. . o . |
(iv) Determination of actual operating time of relay by multiplying the time Obtamedinstep
(i7) by the time—-setting multiplier in use.
Example( 6.1. An IDMT type over-current relay is used to protect a feeder through 5001

: MS = Find the time of operation of the g,y
CT. Tt elay has a PS of 125% and TMS = 0.3. . rely
if a fa:xeltrcurrent of 5.000 A flows through the feeder. Make use of the following Charaﬂerisﬁc

PSM 2 3 5 8 10 16
Time for unity TMs 10 6 4.5 3.2 3 2.6
(100% current = 1A) [AM.LE. Sec B. Advanced Power Systems Summe 199
Solution: Fault current, I, = 5,000 A
CT ratio =500:1
1 5,00
Relay current, I, = ! - 5,000 =10A

CT ratio 500
Pick-up value of relay = Current setting X rated secondary current of (T

=125 1954
100
Plug setting multiplier of the relay, PSM = Fault .current In relay coil, Iy =10
Pickup value of relay 1.25

Time corresponding to the PSM of 8 from the given data is 3.2 seconds

So actual operating time = 3.2 x Time setting multiplier
=3.2x0.3=0.96 second Ans,

a 1A, 3s over-current relay having plug setti®f

supplying CT is rated 400:1 A and fault curre®
is given below :

10 5 3.3 Y

Example 6.2. Determine the time of operation of
of 125 per cent and a time multiplier of 0.6. The
is 4,000 A. The relay characteristic curve

PSM 1.3
Time of Operation 30
(in seconds)

[A.-M.1E. Sec B. Power System Protection ang Communication Summér i

Solution : Relay current, Ip = M = 4,000 .
- CTratic = 5o~ = 10A
1CR-up value of relay = Current setting x rated current of secondary of CT
=125 x1=129;5 '
PSM of relay = Ip = RO g . |

Pick—up value of reE 1.25 :
e for PSM of 8 s 3.3 seconds
=33 xTSM=33x 06 =1.0g seconds As

From the given data, the operating tim
Actual operating time of relay
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_ sponding to PS !
me corre M of 3.9¢
. g . . J f 5
~ Time getting for transformgp relay = ;Om PSM-time curve shown in fig 6.19 is 5.6 seconds
I (:l,llnl " ¢ i , ’ . .
= 0.9 4 ()‘l'_l)(;rnl.lm; time of feeder relay + timg grading margin
0 = 1.4 geconds

timo getting multiplier = 1.4

——

56 ~ 0.25 Ans.

TIO!
The qon-directional relay discussed + POWER RELAY
i At 6.10.1 can operate for fauly U
ﬂOW n OithOI‘ direction. In order to rnlncmcug‘_ ». VOLTAGE COIL
(chicve operation for the fauly — / e
lowing in 2 specific direction, it ig SE%(F):P:,D_;_\RYE . /{LECTRQMAGNET
necessary _‘;0 add a directional po ‘i' 1 |, ALUMINIUM DISC
clement (fig 6.22) to the non- E L:J 5
dirgctional element. ; ,ﬁ%“— :

The directional (or reverse) power 5 —— T / cwwiima

: \ - T ELECTRO-MAG
relay operates when the power currentcoi - !
through the relay will be reversing 5 H

i o, generator supply to the network :
fails and the power from the other PLUG BRIDGE '
sources in the system try to feed the : = Ez&%_
power to this unit_in the reverse P —o o—|
direction. In the case of motors such e
a rolay e '
;;f(l)?é lrse\(jgll‘ls)llr?)go(tlht(}o Sf:;;?otnﬂﬁ Induction Type ??:;czﬂi;gal Power Relay
rotation. o

The principle of operation of this relay is similar to that of an over-current (non-directional)
induction relay shown in fig 6.18. The difference lies in the fact that in case of over-current
relay the torque 1s developed due to interaction of magnetic fields obtained from the current
in the circuit through CT, while in case of dircctional power relay the driving torque is derived
from the interaction of the fields produced from both voltage and current sources of the circuit
it protects. Since the relay has both voltage and current coils, the relay is essentially a
wattmeter and the direction of the torque developed in the relay depends upon the direction of
current in relation to the voltage with which it is associated i.e. the relay recognizes the phase

difference between voltage and current.
Constructional Details. The induction type directional power rplay is shown in fig 6.22. It
essentially consists of an aluminium disc which is free to rotate 1n between the poles. of two
electro-magnets. The upper electro-magnet has a winding, called the uoltqge or potential coil,
on the middle limb connected to the circuit voltage source through a potential transformer (PT).
The lower clectro-magnet has a separate winding, called the current coil, cpnnected to the
secondary of CT in the line to be protected. The current-coil is provided vath a number. of
tappings connected to the plug bridge, so as to give the desired current settng. The restraint
torque is provided by a spiral spring. ‘
?Deration. The torque developed on the di
0V1. When the power flows in the norma
¥ the spring tends to turn away the movin

one relay remains inoperative. A reversal of ¢
the disc and when this is large enough to oV

sc suspended between the two magnets 18 p}'opOrt1:onal
] direction, the torque developed on the disc assisted |
g contact from the fixed trip circuit contacts Thus
urrent in the circuit reverses the quueproduced

ercome the control spring torque, the disc rotates
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n the reverse direction and the moving contact closes the trip eireuit. This caugeg th '
of the circuit breaker to disconnect the laulty section. The relay can be made vpry .(3(
having a very light, control spring so that a very small reversal of power wi]] ¢ .
Lo operatoe.

)Der‘lliun

7 Sensj,
y

T . 1
Ihe relay can be a single phase or a 3-phase having two voltage and two curreny, o)
hike a 3-phase energy meter, ,

Operating Characteristics. Lot V be the voltage
applied to the relay through P and 1 be the relay
current through C'1. In phasor diagram (fig. 6.23) 1 is
shown leading the relay voltage V by an angle 0. Here
dy 15 the flux due to voltage coil and lags behind the
voltage by angle ¢ (about 60° to 70°) and ¢y is the {lux
due to the current coil and is in phase with current 1.
The net torque is produced due to the interaction of ¢,
and ¢y,

Torque, therefore, is given as
' T gy ¢psin (@ +0) Phasor Diagram For Directiong]
where ¢y o« Vand ¢ « | Fig. 6.23 Ehient
So the torque equation for the relay can be given as s

T =KVlIsin (¢ +0) (65)

The torque is maximum when the two fluxes are displaced by 90° ie. why,
(¢ + 0) = 90°. Here dotted line in the phasor diagram represents the desired position of 9y for
maximum torque. Since V is the reference quantity and ¢y, has fixed position with respect to
V for a particular design, the angle between the dotted line and the reference quantity Vis
known as the maximum torque angle and let it be denoted by t. Zero torque will occur when
sin(gp +0)=01ic., (¢ +0)=0"or 180° this being satisfigd when the relay current phasor lies
along the chain dotted line which is at right angles to the maximum torque line. The directional
clement will, therefore, operate provided the current phasor lies with in £+ 90° of the maximum
torque line. If the curreny phasor is displaced by more than 90° the directional element wil
restrain. The operating and the non-operating
regions are shown in the figure.

2
ZERO TORQUE LINE <o% \

[t may be seen that 5\‘\0‘&(\1\%’@
or ¢ =90° — 1 ..(6.6) N
and the torque equation becomes .’
T=KVIsin@®+ 90" -1 LA
=KVIcos@©-1) ..(6.7)
Wh_cn the re'luy is about to start, ZONE TO ACCOUNT
neglecting the spring constant, SPRING TORQUE
Viecos ®-1) =0
or 0 —t =90 Polar Characteristic of Directional Relay
or® =1+ 90° ..(6.8) Fig. 6.24
This is the equation describing the polar
characteristic (fig 6.24) of the directional relay. w,-que.If

The zone between the dotted line and the line parallel to it corresponds to the Spfi“gan onct -
the current phasor lies within these lines the torque developed is less than spring quue'ng rqué.
the relay does not operate. If the current phasor crosses the dotted line the operati"s. etfor |

. . ; - will reset o
exceeds the spring torque and hence the relay operates. Relay will not pick-up or it will |
any current phasor lying in the negative torque region. 2 '
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- be pOted({fig tl};(;;};;teer;le;:urrenlt usually lags behind the system voltage but the
I qrrent 18 made U . relay vo tage by inserting resistance or capacitance or a
rcli‘fC o of the two in series with the voltage or potential coil.

comblzf;] claysarevery sultable for protection of parallel feeders. The directional over-current relay
' f‘ ;S' -om the drawb:dC_.k Lhigt the feede'r voltage falls to a much lower value when a fault occurs
qufl® g into non.-Op_erdUOﬂ of the relay. This short-coming may be overcome by compensating the
fcsu,;;ec ondary winding on the lower magnet. The compensating winding ampere-turns on the lower
f“h:f,,e ¢ opPOSES the amp ere-turns produced by the current coil. Therefore turns of current coil will
P approprlfltely increased. When the voltage falls due to the fault on the feeder, the resultant
pave e provided by the windings on the lower electro-magnet jointly increase, compensating

a}mrii Juced ampere-turns provided by the voltage coil.
he

12 INDUCTION TYPE DIBECTIQNAL OVER-CURRENT AND EARTH-FAULT RELAY.
T'he directional power rglgy, dlS'C}ISSGd in Art 6.11, cannot be employed as a directional protective
rolay under short-CIrCU(;t EOl'ldflthHS because under shoxjt-circuit conditions the system voltage
rops 40 a_lowr\"ﬂhle an tl erefore the torque dGV_GIOD(;d in the relay may be insufficient to cause
s operation- This difficu ‘ty is overcome in the directional over-current relay which is designed
1o be almost independent of system voltage and power factor.

Constructional Details. Constructional details of a typical induction type directional over-
qurent and earth-fault rg_lay are .sho“./n in fig 6.25. 1t consists of two relay elements. viz., ()
directional element gnd @) npn-dwec_honal element, mounted in a common case.

Directional element is essentially a directional power relay, already discussed in Art 6.11. The
voltage coil of this element is connected to the circuit voltage through a PT while its current coil is
energized through a CT by circuit current. This winding is carried over the upper magnet of the
non-directional clement. The trip contacts of the directional element are connected in series with
the secondary circuit of the over-current
oement. Thus over-current element cannot :  OVER-CURRENT
start to operate until its secondary circuit is [ ELEMENT
completed i.e., the directional element must }
operate first in order to operate the over-current =
clement. : I

Non-directional element is an over-current L EfiS———1T8 o
dement similar in all respects to a non- : y :
lirectional over-current relay described in Axt

6.10.1. The spindle of the disc of this element ! 8

tarries a moving contact which closes the trip-

Circuit contacts after the operation of : _—_-:T_E_T TT T

directional element,. The tappings are provided

over the upper magnet of the over-current :

‘Clement and are connected to the bridge, : : =0 e
reby provide facility for current setting.
O“Hr‘l(_ler normal opera_t'mg conditions, power ’ — 1| D rewen &
Dr(lte;tml the normal direction in t}.le circuit .
Owe reo(l by the relay. Thus the directional : i L——o |} seconoary
t lay (lower element) does not operate, | L ——— T

trel - . ‘
UDpe;y keeping the over-current element f.oiooooooooceoeommmreerei e Over-Cin |
th element) unenergised. But as soon as Induction Type Directionat Uver- .unent;

ore g . P ]
dise lald reversal of currcnt or power the and Ear l.lb-lffz‘zl.lt Relay
e reverse power relay (lower element) Fig. 6.25
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Switchgear g p
rtueclifé
ement. Due to OVer-Currep h
a

thereby enabling the circuit(b My,
Pgq) -
akgt

-_2
'"lrl T l l . . . ¢ l
l .. . 1 ()V(;] (,tl] r(;nt -

dise and the action €
and isolate the faulty section.
lement is made as gensitive d
20% of the power in the reverse (!it'(EC!,i()ﬂ .Qpcrat,.e
direction of current is in reverse direction (11) cu.rl’ en nie
set value and (it0) eveessive currerl (greater than the pr

than tts time setling. _ .
' : ‘ , ; o features:
wetional relays must have the f()ll()wm.b. .
Directional rela ensitivity (@ir) adequate short-time thermg] rating('
)

oyl -ati '+ high s
(i) high speed of operation (i) g 3 or . i
ability to operate with low values of voltage ) burden mulit ?Otzobif :l)scesslve and (y;) the:
should be no voltage and current creep 1.C., l_f either the vo ldl{f ¢ one or the Currentmﬁ
alono is encrgized with the other one denergized there should be no movement,

ts and are, therefore, very DPopular

Induction cup units satisfy the above requiremen , th . .
Such relays are employed when graded time over]oafl prpt;ectlop is a'pphed to ring majp .
interconnected networks, since fault current can flow 1n either direction.

6.12.1. Directional Over-Current Relay Connections. Relay connections must be mpg,
applied to the relay during different fault conditions which m59
arise on the protected circuit section afford the relay a positive and sufficiently lai‘ge.operaﬁii
To achieve this for all types of faults the relays cannot be connected to operate on {y,
ill be extremely small and also the power factor wile]
ible small torque. To overcome this difficulty, ang
cach relay is supplied with current and voltag,

starts, rot
loses the

is produced in the
S possiblo to ensure positive Operatj,

s it. The relay operates only Whenn(')e"ﬁn
)y,

{ in the reverse direction excee t

alue) persists for durati, lcc)p'e‘
ng{‘r

to operate
The directional ¢

that the currents and voltages

Ltorque.
walts since for some faults the voltage w

he very small which will result in a neglig
thus ensure that sufficient torque 1s available,

as described below.
There are two types of relay connections in use. Directional element connections are conveniently

and popularly described in terms of the angle by which unity power factor (UPF) balanced load
current flowing in the tripping direction leads the applied voltage applied to the relay voltage il
with due consideration given to the polarity of the relay coils.

The two types of relay connections used are:

@ The 30°-relay with a maximum torque angle of (°.
(1) The 90%-relay with a maximum torque angle of 45°, N

The relay angle is defined as the angle o
between the voltage and current supplied to the
relay under balanced three phase unity power
factor conditions.

In phasor diagram for (7 directional relay
with zero maximum torque angle shown in fig.
6.26 Iy, Iy, Iy and Vg, Vy, Vy represent the
phase currents, and phase voltages of a 3-phase
lmlup(l:(a(l system with unity power factor
(r:::;(lll)ll:(‘)lzz ::)11‘11’332 VR# r't:presenl,ing the sysl,_em
Thacore 1 u‘nd ’ .1)13 5(1):(, voltage lags behind
o l'nl 8 Vi Ll Let the relay element
s pp 110.( ‘\nt..h current I, and voltage Vg In

e rel: as s i ’
phase relation as shown 1e., I, leads Vg by

;,lii)‘:,;(; ’}1;;;::311 ecuions are, therefore, referred to . . o it
) hasor Diagram For 0° Directional Reloy
Zero Maximum Torque Angle
Fig. 6.26
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ngle between the cu_rrnnl and voltage L
. to the relay for maximum torque, T is
e -

b (hat the position of the relay current phasor R

ys0 L A . o : 2K N

’ aximum torque W l'n"l)(‘. along Vi Alsosinee 7( e

. pding 10 equation (6.7). .

() m oo 1 r o i )

e =KVIcos(® -1 . S

=KVIecosO fort=0 " TORGUE
Now for unity power factor condition ie | system v,
1 - .

in phase with system voltage, the relay . ‘5') v
leads the relay voltage Vi, by 307 ie ~

that torque developed i

T=KVIcos 30°=0866 KV (69

Wwhile if system (:m)'rnnt. I lags behind the %,

} 4 ‘ 8 .

ystom voltage Vi by 307, the relay current I, will ~

be in phase with relay voltage Vi, so that 6 = (© LB

and the torque developed will be maximum and s *

r]‘h(! M

upl

Phasor Diwagram For 907 Directional Relay With

givcn as .
=KV (6 10) 453° Maximum Torque Angle
On occurrence of fault, I, may lag Vi say by Fig 627

q(F, and In such case 0 will be 60” and the torque developed will be 057

We thus see that the initial lead of 30° makes the relay more sensitive at low power factors,
Guch relays are usually satisfactory for plain feeders
The phasor diagram for the 90°relay with a maximum torque angle of 15° 15 shownn [ig 6 27.
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» il be developed dye
If & relay consists of all the three elements u;r i :: N e o el z&&,ﬁ
Py - ¢ 2l will be gwven |
cavses and therefore, its torgue 0 ﬂf”; s KVIe KVIiem® -0+ K §
“.:': '\] ‘ h . . . -
e 1@ the merha o,
where K. K.. K. are tap settings of constants of 1and Vand K, LT m,,% |
K, K, Ky _ |
due o epring or gravity — and Ieiting othe »
Hy 'L:mi;'mnk’ plus of mmus sgns o ceviam of the !‘?ﬂ’:fsmﬁ:ﬁﬁ'“ nl:ﬂ tv. 5 b o, x |
v A 2 - » .
sometimes by adding other similar terme, the operating characis TPeR of pe

7

relave can be olstamed W = K. = 0 berause of ab
w0 of an over-current relay K, = K, = 0 because of abasncy o
For example 1 ca :
. s ANesS
windings and therefore torque equation ".‘T‘ ~®
[ = h‘,f"' ' h, , fn
ve sign 1s assigned to K, as the torque produced by ‘I’T“‘f"‘ ";’:"’;-‘""‘;! e .
' ' se X L = ) o torgue developed wil] be
Similarly, for directional relay K, = K, - "'n'?_‘h " ’ Even
T=K,VIiem@ -9 -K, %

F

Axw

6.14, DISTANCE PROTECTION
Distance protection w the name given (o the protecton. whose action depends upon the rou

of the feeding point (o the fault. The time of operation of such a protection = 2 fusetgn o |

rato of voltage and current s o impedance Thie mmpedance between the relay gnd the L
depends upon the elecirical distance between them

Dhstance relay group w perhaps the mast mieresting and versatile family of relays F—
types of distance relays are (1) impedance relays (u) reactance relays () sdmitianes < _—
relays

Distance relays difler in prinaple from other forme of protection m that thew pettormance

w not governed by the magnutude of the current or the voltage i the peoterted cxreus b 2l
an the ratio of these two quantities Distance relays are actually double Actusling quasss

relays with one carl energized by voltage and the other eol by current The current slemes

produces a positive or pick-up torque while the voltage element prosluces a negative or ree

torque The relay operates only when the V1 ratso falls below a predetermined vale or w
value) Dunng a fanlt on a transmission hine the fault current increases and the voltage o e
fault pant decreases The V1 ratio is measured at the location of CTs and PTe The velag

at PT location depends on the distance between PT and the fault If the faull o soes
measured voltage s lesser and of the fault s farther measured voltage s more Henes sssamsg |

constant fnult impedance each value of V1 measured from relav location corresponds to dstase
between relaying point and the faul along the bne Hence such protection s ealled the desne
protechion or impedance profection.

Dhistance protecthon s non-unit type protection the Profection zne s not exsct The detan®
protection s high speed protection and 1s sumply to apply It can be employed as a prmas ®
well as back-up protection 1t can be employed in carner aded distance schemes and m WS
reclosing schemes Distance protecton 1 very commonly used in protection of tramsmsso®
hnes

Distance relays are used where over-curn
Distance relays are used for both phase faul
higher speeds for clearing faulis than ov
of changes n magnitude of the short
changes in the generation capacity and
clearing times for faults near the power

ent relaying is too slow and is aet s sl
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tand ground fauly protection and M',‘ i
er-current relays  Distanee relays ane alw “’1 i
“Cireunt currents and henee they are MM% 3

the system configuration. Thus MML# '
i sources required by over-current relays i#"’ -4
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