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CHAPTER - 1
INTRODUCTION

l.1 The huge capital investzent involved in a power
system for the generation, transsission and distridution

of electrical power is s0 great that proper precauiions must
be taken to epeure that the equirment not only operates as
nearly &8s possible at its peak efficiency but also that it
is proteoted from faulis and accidents ensuxing theredy
relisbility, depeniability, uninterrupted service of quality
ard loss of revenue. This faot hag all the more been scden-
tuated by ths complexity of system desigma fiwolved by large
scale intsrcomections coupled with it’s associated problems
of stability, autoreclosing, fazter fault clearing times,
higher degres of aoccuracy,speed and sensttivity.

1.2 Tranamission lines have air as it’s principal insue-
lation in addition to an inmulation of a high resistivity
material such as porcelain which is used as s mechanical
support to the structure caxrrying the line comductors. Ailr
insulation can be accidsntally short circuited by birds,
rodents, snakes, kitestrings, trae limds, creepsrs eto. or
reduced in insulation strength by ionisation dus to lightn-
ing, corona eto., Bomalun insulators say be dridged by
noiature with dixrt or salt and can become cracked. They may
even flashover due to atmospheric pollution such as 18 caused
by dust and soot deposits. Other disturbdbancesto the system
nay bs omused by power swings, loss of synchronism ete.



1.3 The protection of trensaisaion lines against all
sventuslities has desn and is still sngsging the attention

of powsr and relay enginecrs to attain the art of perfection
in the protection of transaission lines and so also has bsen
the contimuing development in the field of transmission line
fault locators. This is very much true a8 line patrolling to
locate & fault on an overhiead line is time consuming, expen~
sive and moyeso in bad weather, rough epmry on long extre
high voltage lines.

1.4 Thie 4issertation therefore reviews the developaent
in the f£ield of transmission line protection with partiocular
referenceto distance relaying and fault location methods. The
poseibilities in the development of a distance relay along
with a fault looator using analog and digital circuits has
besn indioated.

1.5 The historical Gevelopment of relays, both conven~
tional slectromegnetic and static have been Utriefly diascussed
and dealt with in Chapter 11, as also the rscent trends in
the application of microprocessors, miniocmputers and on-line
aag;m oomputers for distance »elaying puxposss.

1.6 The oharaoteristios of electromagnetic diastance
™lays and of the static distance relays are dealt with in
Chapter 1II, along with a discussion on the desiredble chare-
cteristices of the distance relays.



2.7 The historical development of the fault locators,
their different types that have been used and are deing
used, 1s treated in Chapter IV. Ths requiremsnts and
capabilities of a fault lovator as also the necessity of
having & fault locetor in service have alsc been spelt out
in the s3sid chapter.

1.8 The desigy possidilities in developing a distance
relay along with & fault locator having a digital dlsplny
whioh indicates directly the distance to the fault ia
detailed out at the end in Chapter ¥V along with the required
circuitry. A Yesume of digital principles and applications
of the sane for developing the relay and the fault locator
is treated in the eaxrlier part of the said chapter.

1.9 The conclusions drawn from this disasertation and the
‘soope for further work is made kmown in Chapter V1.




CHAP? “R-1X

JELAY FLEY0{23 THIIR TYPES AND HSCLi” DEVELOFMLIIES IN
DISWANCE HELAYING

2.1. 1IN TRODUCTION

The earlicsnt form of protection wos tho fuse which still
today 1o in use on distribution circuits ond lines because of
ite oimplicity and cheapness. It howover suffered from the dis-
advantage of not only requiring roplaceoent boforo powor supply
could be restored but also lacked in opeod of oporation, celeo-
tivity, dlocrimination ctc., and was thorefore replaced ultimately

by eloctromar-notic relays.
2+2+ CLECTROMACRETIC RELAYJ
2+2+1. Early developmont

he ecarlicst form of clceetromammotic xwloyo wore of the

attracted armature, solenoid and plungor, hinced oraature and
balanced benn types. These relays have a tendency to oporate in-
advortently on cudden charpes in circuit conditions and ao measur-
ing units are handicappod by inherently lov resdt/pick up ratios(1)
The attracted armature type relays are otill used for all auxiliary
relayoc such as anmunciators, semaphore indicators, nlorm reloys
atc., Tﬁe balanced beam type relay has beoon used oxtencively for
high speed difforential relays and impadanco rolays. Thic relay
provides a vory fast clearing time of the order of one cycle dbut
tends to overreach on faults, has a low rosetting value compared

to 4t'as opoerating value and is susceptible to the transients due

to the apymietrical 4.¢. in the curront uavo(l). It oay,howover,

be otatcd that the balanced beam type 40 o simplo and cconomical



rolay ond oo such hoe been extensively used in the relays
pamufectured by /3 Browm Bo weri Ltd.(2> and 1/5 ASEA(S)
with improved designs.

2.2+2. Subsequent Developmont
As povwer syotems increased in sizo and cooplexity it

wag necegssgary to cemploy wmore praecisce roloy uechanicns with
polectivity on aon inversoc current basis. Thic was nchioved
in tho induotion disc watthour metor which wac comverted into
o relay Dy substituting contatto for tho indicating regioter.
Thig resulted in the iuﬁerso timo overcurroent rclays which

ere still in use toduoy, although in an improved form.

2.2+.3. Tho induvetion roloy in it's improved form has a cup
chaped armature and i made for fant operation with roason-
able impunity £rom systonm trnnaienta and 1t'u'drap out ic
vithin a fow percont of it's pick up oo that it is used vhere
normal and abnormal conditions are very close to oneanother.
These relays con be of the 2 or 4 pole pingle phase or 8 pole
3 phase or a split cup 4 pole unit with shaded pole arrango-
manta(1). The 4 pole induction oup relay hag been widely used
by 1/3 Goneral Eleetric Co., and !/5 Westinghouse Co. Ltd. of
0.5.A.84¢5) 44 0o weld by 1/3 English Bleetric Co., of India
Ltd., Hadraﬁ(G) fLor diotonco protcotion owing to the following
ndvantages such as

(1) high opeed of operation,

(ii)  obsonco of second harmonic torgues due to transionts
(oYo) ié oncountered in the balaneod beanm type,

(411) low burden on C.T'oc and V.?'g,

(iv) uniformity in the torque produced during tho period
of oporation.



2.2+4. The 8 pole induction cup relay was first developed and
uced o a polyphase distance relay‘l) in 193¢ and waa’aubsequently
improved upon by Boeman ond Board in 1941. 14 was in 1934 thot

A.R.Vgn c.wnrrington(e)

attempted to reducc the number of roloys
by switching tho proper voltages on the occurrence of a foult by
neano of o phaoe selector rolay which discriminates betwoon
differont typos of fault. The involvomont of a phasoe solector
relay, did not f£ind much practical usc, for it'c cpplicability.
It wvao however in 1954 that the £irst polyphase distantce rolay
dovelopod by Govonko, Popas and Supiro(g) to operate correotly
on all interphase faults woo applicd to actual systems. In
1948(5). F/8 westinghouse Co., Ltd. developed a polyphage

relay for phnge faulto only and was Gubsequently modified to

the I=Dar Compomnsntor distance relaying scheme to cover all
typos of faults. The switched reactance relays to cover both
phose and ground faults is used currontly in the GSRR3V English
Electrioc Relaya(s).

2.2.5. Salient Fentures of Flectromasmotic Relayn
The saliont features of glectromgnetic relays usod

currently for distance protecetion may be summariced as follows -

(1) positivo operation because of rigid specifications
and quality control in the dosign and manufacture of
contacts, coils, bearings ond other mechanical compo-
nento backed by over 50 yoars of oxporionco in
mnpufacture.

(11) consistent operation as proved by fiold experionée

(411) <Zfast operating timo of thc ordor of,l/'% ayclo.



(1v) thoir uso as back up rolayn in connzction with carricr
protoction ocheuos.

(v) apathy on the part of power cngincers in our country to
go in for static relays but to roly hoavily on eloctro-
magnetic roluys moreso cut of consorvatism to dogond upon
time proved porformance, omoOrience gained in thoir
application, tooting, molntonance and alco pcrhapu.duc
to lack of kncwledge of olectronic uand transistor circuitry
to which our older ongincors ndver had an opportunity ofA

being oxposod to, oither, in thoedr curriculum or in tho

l’ield-
2,3.1. EIECTRCNIC RILAYS

26301

It ~np peaiisod ac long dback oo in 1948 in o papor(1°)

prosecnted by R.He FHe Fhorson ot ol that the doevolopmont in gyston
design high spood reclosing problcas conncctod with stobility
ond tho increasing decoand for highef dogroos of acecuracy,spood
ond dependability have accentuatod thogse problomg to @ peint vhore
tho inhoreat linsitations of clectromagnotic reiayn arc raising
barriors fo the achiovomonts of the dosired gonls, The increasing
us? Qf eloctronic circuits coupled with thoe groat stridos made
by eloctronics in azarly every fieud of onginesring and tho
vidoopread intercst in cloetronic dovicos of all kinds, pointed
out the way to protoction onginocors to uso clectroniC rmoano

for 1ifting these barriers, The soid papor roports that it wasg
in 1927 that lir. A.S5. Fitzorald dovolopsd an electronic pilot
rolaying oysten to ovaradmo the iimitationc of pilot wircs vhon



operating ovor long iinogs. Tho schome was abandonsd because

of th? short 1ifc and the high cost of the tubeé availablo thon,
But & somevhat gimilur schome is stil) in use todoy in the phage
comparison carrior current relayings. in 1931, Holf ﬂidoroe‘11J
of lLorwvay developed olectronle circuite for most of the common
protective rclayo using mhyratrsn tudbco vherein the undorvoltogo,
over current, powor directional and distance rolays usod input
eircuits conoisting of transformors, metal reetifiors, linear
resiotance, inductance, capncitance olcmonts to sum up ané coopare
functiono of gystem voltngs to form o resultant single voltnpo
for opsration of the thyratron tubo rolay. In 1932, in tho U.C.
o laboratory sampls reactance rolay wos built and tosted but

wvas not developod furthsr‘1°), bocouso the olectremagnotic rolay
was fully adoguate for tho ncods of tho induStry and no otops
wore talien to put tho cloctronic relay into production. This type
of celegtronic relay wayg built bocause it ombodiod all tho conzon
rolpy principlepg in a oiaglo rolay and hence prosented all tho
problons of the different types guch as ovor current, under ﬁoltnao
diraotionﬁl, aifforenticl and distance rolays. Tho exporionco
gained from this davolopmont wig destinod to become valunble for
all future developments.

2.3.2. Carricr rolaoying vasg the principal source of cxpericncd
vith tubos, In the carly doys, tubos had an irregular lifo,
roquired froquont roplacoment ond lod to the gonoral improssion
that the tripping of the circuit brookor ghould noi be dopendont
ypon tho oporation of tho tubo. Tho gradual ioprovemant in tubos

and roplacopont overaging onco a yoor roduced gkepticism that
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tripping via tubog was not nccpptublc.'Thc inlerost in oloctronic
tubos was oll the more arcused with the advent of long 1ife
tubos, consistent oporating time as woll ag consistent low operate
ing tinog covon at low currants for gore offective uso of instane
tanoous reclosing. It was also rcaliscd that the lack of inortia,
in tubos unlike 4in the case of clectropagnotic relays which tends
to oporate the rolay at the remoto end of a fault moro slowly,
would enable an olsctronic r¢lay with an oporating time totally
inderondent of the wagnitude of the currcont or location of the
fault and coassquontly would aloo onadlo simultansous tripping
of the breakors at both ends of the line,

2¢3¢3¢ 1he first relay using thermonic valves vap doscribod by

e FPherson ot al"n)

and vag opplied for distance protection,
vherein the 1ino voltage was compared with the iimy curront and
consisted of a gulsing circuit)mmasuring circuit and the tubo
cireuits, The pulsing circuit was used to genernte & pulse &t
the moment of maximum lins voltage and tho pulse wvao uosed to
ovarcome a largs grid bias of the tube allowing it to conduct.
Tho méasuring circult compared the 1line voltoge with the line
curront, The tube circuit was the sonsitive eloment wirich oade
responsive to slignals amanétins both from the pulsing circuit
and msasuring circvit, The response of the tube circuit ingitiated
tho tripping signal vhen the lupodanco being meosured fell belpw
tho sot valuo of the relay. The oporating time of this rolsy

wvap found to be instontanoous and the burdsn nogligible.

In 1954, Borgaeth“a) publishod & paper on direct phoge

comparison distanco acheme using 8 dlode co-~incldonce circuit,
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In tho cage year Kennady“3) dogeribed an eloctronic carrior

relaying scheme using no olectrumagnetic roeloy and oven tho

tripping was poerformed by the use of o heavy duty thyratron.

A rogums w29 8lso given in the same yoor by A.He Van C.déarringe

ton"h) on cloctronic protoctive relays.

dloctronic roloys howovor did not find much favour with

power onginoers though used extensively for carrier coomunication

ond relaying principally on account of:

i) large volumd of gpace occupied in assombling the circuitry
and its cost _

i1) fragility of electronic tubes and compononts

114) uncertainty in tho oporation of the tubos

iv) roquirements of anode supplicsn and cathods heator
requirenments,

v) problems encountered to ensure correct oporation during
transcient conditions, and

vi) the inability of electronic circuits and relays to surpass
tho quality and reliable porfomance of the woll ¢stabliohed
and cheap clectromagnetic relays which were backed by
geveral yeors of proven field experience.

2.3.6. Oparatiopnl :g._:_:_'un of Elgetronic relayg
Thoso rolays operationally claimod to have the following

advantagost |

1) low burden on C.T's and V.T's since operating powdr is fronm
an auxiliary d.c. supply.

11)

absence of mechanical inartio and coantact bounco.
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i11) vofy high spood of oporation « almoot instantanoous

iv) lov maintemnce, owing to tho abosence of moving parts,

2,4, SIATIC REIAYS
2,441, Dafinition of & ptatic rolny ,
Tho ASA definition of o static rolay ag published in IdiEx
Committoo chort(35) io " A rolny or (relay unit) in which thoro
1o no arﬁ&tuta or other mpoving oclemont, the designed responso
boinﬁ doveloped by electronic, solid s tato, mognetic or other
compononts withoutmochanical motion %,
2.4.2. As such a static protoctive relay refers to a relay in
vhich tho moasurement or comparison of electrical quaatities is
done in & static n2tvork which s designed to give an output
signal in the tripping condition when a threshold condition 1s
passed. The‘outyut éxgnal operstos o tripping device which npay

be electronic scni-conductor or clectronapgnotic.

2.k.3, Clangificotion
Static rolays arc classifiod according to tho type of

thc’measuring unit or the couparator and ore ap follous t=
1) Bleetronic rolays
i1) Transductor rolays
111) Rectificr bridge relays
iv) Transistor roloys
v) a1l offoet relays
vi) Gouss effoct roloys.
Amongsat the above rolays, the transistorisecd rolsyo
and roctifior bridpe relays aro tho cost widely accepted type of
otatic rolays oo much so that tho vord static relays is synonymous
with transistorised and somi-conductor relnya('S). Accordingly
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though oloctronic rclays do fall in the dozsin of static relays
thoy havo boen described earlier to revicw their historic devolope
mant. voni-conductor deviceo have overcome the linitations of
thermionic tubes and have eventually taken the prids of placc of
boing doocribod as static devicoag. |

L AL

(16)

»

In 1962, l.keufman reported the opinion of a comnjttoo

of oxports constituting tho countrios represonted by Belgium,Pranco,

Gormany, Polnnd, Switzorland, Owodon, Uske and Us.Deie conferring

the following advantages upon static rolays over the clectromagnotic

relays and are,

1) quichk rosponce, long life, high rosistanco to shock
and vibration

11) quick resct netion - & high rosot value and absence of
vov@raﬁoet which is oasily achicvad docause of the abgsence
of mechanical inortia and thomol storagc,. |

111)’ He bearing frictioa or contact troubles such as corrosion,
beuncing, wear and honce ninimising maint onnnco,

iv) sage of providing amplificotion thus enabling higher degroo
of pensitivity to be obtained,’ |

v) The lov cmergy levels roquired in the measuring circuits

| peroit miniaturisation and at the same time minimise

current tranoformor inaccuracles,

vi) Greatly dmproved pick up/ drop off ratio

vii) Tho basic building blocks of somiconductor circuitfy
poruit a greater degrec of éophistication in tho shaping
of oporating charactoristico cnabling the practical roalie
gation of relays with throshold characteristics more
¢logoely approaching the ideal roguiromonts.
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vii1) Uco of printed or intogratod circuits avoids wiring orrors
ond facilitotos rationalisotion of batch production,

2,4,5, Static rolays omploying tronoistors have thoir linitations
and vhich are ¢

1) variotion in thoir charactoristics with temparaturs and
ago

i1) _ depsndonco of reliability on & largo nupbor of suall
compononts and their olescotrical connsctions

111) lov ohort cimaugh time owvor load capacity as compared with -

eloctronagnetic relayo.

It has fortunately nouboccoms possible to compensate for
all of the abovo limitations. The uso of thormiotors ocliminate
tomporature orror, whilst agoing may be minimised by prospoking
for several hours at a rolatively high tomporsturo. The factors
(11) and (111) listod nbove are tho dosign featuros of tho cira

cuit and carcful dosign can conponsato 41f not oliminato thosgo
11m1tationa( 5,

In 1956, C, Adamson and Vedﬁpahl"7'18) doseribced the
dovelopmont of a I'ho distancoe rolay with junction transciotoro and
vag stylod " Dual Comparator {ho type relay”, The derived voltogc
inputs fronm the systom fault voltagos and curronts wore applied
to o coincidonco circuit. Thio roloy wap hovover not oxploitod
commorciully(19). ihs first wholly static diotanco rolay(zo) to bo
producsod commarcially was a trangistorigoed voraiod of tho eloetronic
lho relay dovolopad by lle Fhorgson ot a1l 10) in 1960, In 1966
K, Pafthsnrathy dovaioped a now 3 step polld state static rolay‘aﬁ)



ié

for distonco protoction ond as well ap o polyphano statie
(26). Subczquontly Sri Gupta S.C.(27) davolopod
and doaigned a polyphage ptatic distance relay in 1969 dacod on

dintanco rolay

tho rrinciple of phase sequonce poaguromant of the rolay termi-
nal voltoges and 4t 'oc performance vas ¢laimed to be much bettor
thon the earliocr polyphase stotic digtanco relays. In 1970,

s MeAnil Kumar‘za) suggosted in hio papor & polyphaoe rolaying
schoms basod on phapo sequonco dotection of the compensgated
voltages at the relay point ond also indicatod how diZforont
charactoristics may be obtalnod by modifying the rolay inputs,

2.4%,7 Hoanwhile documcnted vork en Rectifior bridgo comparoe
topo took place in ﬁbruay‘19) and Gormany. 7Thooo bapically
congist of tuo rectifior bridgos and o moving coil or polarisod
roalay and by voriation of tho taps or of ths comparator used,
difforont characteristics could bo obtainod. Those relays aro
widely uged today in U.K., U.S5.,A., Continental Duropo for

distance protoction,

2.,4,8 S8tatic rolays vith conic poction charactoristico and
quadriloteral characteristics have also been dovoloped bj

A. Vitanov'37) B,P, mhincks ot 01¢3%0%07 ars ansi kugar(@8)
and othoro. A comprchensive treatmont of thoss type of
charoctorigtics along with their dovolopment io given in
para 3.9 of Chapter 11I,

2.,4,9 A comprohongivo litoraturc on rolays boged on "Hall
Effoct™ and "Gouso Effoct™ rolays 46 givon by A.R.Van C.thrri.
ngton“g). The high coot of tho Hall eryotals, large temporo-

tupo error and low output have provonted it's comnmercial
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oxploitotion oxcopt in tho USSR(‘sjg 8inilarly eryotols bagod
on Cxuos Offoct havo not besn uscad bocauoo of it's prohibitivo

coste

RINORYanAonN AN Fha nsa ok ofntia M inyn

Though static rolays have sovoral inherent cdvantogos,
tho rosorvations of cortain utilitics in thoir uso have boon
oxpoood by tho AIEE Committos Boport in 19654227, noy an

vorder are

(1)  suscoptibility of static reloys to maloporatc on
transionts coused by oloctromagnetic and oloetrostatic
ooﬁpl&ng-

(11)  that they have on uppor ond lover amblont tooperaturo
vhoreas olectromagnotic rolayo operato at any tomporaturo.

(414) roquires a rooriontation in tho thinking and ths gervic.
ing practicas of relay ongincors, Ofton oxpongive test
equipzent is roguired slong with tho porvicos of
engincors with good cloctronic training.

(iv) failuro of diodos duo to high voltage on pilot wirog,
dotorioration of somiconductors duc to exccopive hoat,
follure resulting from ouitehing surges, inductivo |
kicks, and contact bounco of the olectromagnetic relays
vhen energining the trip coili of a circuit broakor, P |

The above odbjoctiono to a layrge oxtont have boon ovdgi ,
come and gtatic relaye are finding wido dpplacntion in tho //
relaying of BEV gystemo co as to provide o means for obt 1n5
the desired oveorall characteristico as also o have tho highest
Telinbility and tho hirhset possiblo aacurity'factor(aﬁ). Ag |
such they aro incroasingly boing used by cevoral utilities

e

pd



abyreoad as the moin primary protection,

2.5 , ,
2¢5.,1 Tho retont trend in the dovolopment of distance typo
of protection hao beon by tho application of on-lino digital

cooputer. Thoy eaploy tho predictive cosculotion of poak fault
curront and voltage from o muoder of ocompling values, %he
poooibilitios to oxplorc tho avenucs open for on-lino digital
computer ware omplorod by Barry J.tam and L.P, Morrisson®23’
in 1971, Thoy have in their papor devcribod the determination
of the trancnigssion lino impedance fyrom tho poak fault curront
and voltogo sanplo values to dotormine the progence of a fault
and have indicatod their oyporioncos on o modol trancmission
line follovod by suboojuent £iold tosts. Tho pcheze iaitially
sufferod froy sotbacks Gue to tho prosonco of d.¢.transionts
but vore puccegsfully ovorcono by onploying nimie inpsdancog,

Their analysis was don> only for o foultod single phase line,

2:5.2, Advontnnas of an- oA pul ors
Tno use of digital computers affords tho following

i

advantageo in pover gystem protection,

(1) decrensces foult cloaring timo

(11)  offords breaker failurc protection

(4141) tranoiont blocking

(4v)  out of stop blocking

(v) out of stop tripping

(vi) blocking tripping on gonorator dropping oy load dropping.

In this cdntext it must bo howovor montionad that
G*nbﬂgckrellor(agl in 1969 advocated the use of digitél
computors for protoctive roloying claiming that the hardwaro



i1

coot for o givon lovol of capability has beon dropping vhdlot
tho coftvare cophigtication and knoulodse hao boon advaneing
thug eaking it ideally suited for tho uoo of computers for
protection vhorover they arc installed for dato ocquisition,
dato storago and wonitoring., Hip papor wvoo in tho nature of o
fonoibility roport which prosontod tho reguircments and logic
of tho ceaputer to conso and locato foults, the input quaneiéies
rojuirod, tho spood of the computer, tho storago aapabil;tty- ond
algo 1t's reliadbility and ceconomics. H3 cloo c¢laimed that tho
computor opesd in initiating tripping vould bo o g, of b oo
for goworo faulto and o man.of 70 mo for codsrato or distont
faulto,

Tho 1485 Cermittco Ro;port(?’s) arongot other thingo such
0o aévocating colddptoto roloying hop alco cophasiscd the uco
of aigital computor to protcetivo rolaying ond guotod tho
progran dovolopod by ond utility to ecleulato and print oud
the ampodancoo coon by relayo durding foults incoption.

eJe3e p ddnn JArinnld Gomonfinge Frentoe-inn
2.5.3. Q Pirat :

(2%) ot al dogeribvos

A pubsoquont papor of Barry J. Fann
o digital computor programme for tho protoction of o 3 phacoe
troncaiatcion lino, Tho programme dotects ths prosonco of o
disturbanco or fault, ¢lapsifieg tho fault into ono of tho well
known oix typas and using tho impodance dotoction oothod docerie
bod in theiy earlior papor cloars tho foult. Tho mods of operae
tion 490 similar to an ordinary coavontioml distaneo rolgy in
vhich tho complox impodanco of o foultod lino 10 calculated
and tho valuo is usod as the final eriterion for ootabliching

the prosonco op obsonee of o fault, FTho computer prograsao
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dovolopod camples goquenticlly the throo 1ine cwrronto and
voltagos at the rato of WO samplog/ecyclo and t¢ho fntorval of
sompling is 8ot by o 2 UHZoceillator. I{ach woltage eanplo

i9 coaparod vith th? value of the provious complo and if tho
valuo difforonco is in oxcess of o ppocificd tolopnnce tho
counter of that particulor point 18 incrementod ond tho computor
Junpo iato tho fault dtorninntion subroutinons Tho ainm of tho
gubroutinop is to dotorminc vhich tvo of tho R, ¥, or B phopoo
o ground to be usocd to Gopive the oquivalont ginglo phago
guantity. In the monnor of omisting dictonce rolays doldto
quantitiecs arc ucod for phage foulto and volbtagoo and zevo
goquenco componoatod phnte currents for pround .foultse Tho
outhoro elain that after £inal dobugging tho progran vag togte
ed ouecopofully foy 1000 faulta and no progran indicated folooly
R, ¥ op B opr ground involvemont in a foult,

G, D.Reckfeller in hig subpejuont paperw“ doseribod
the tost rosults of an ogperimental gonsral purpbae proccos
control digital computor, which' providos high ope2od phaso and
ground distance fault protoction of o 230 KV ¢transmiooion lino.
Tho storcd progrommo porformo all tho functions of roloying
uoing the cutput of an onalog to digital convertor vhich reads

tho instantansous valuop of pover systen curronts & voltagoo.

205108 [ Ba.0
A Roport Ly CIORES Committee Yorkiwng GPoup 01 of Study
. Comnittco id.3l (Protoction) publiched in Jon, 1977320 arong
othor thin3s otatoo that rFocontly, tho hoovy £all in pricos

on tho seniconductopr marhkot and rapid progross in largo cealo
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intogration (13I) tochnflogy hao promotod furthor devolopment
in conputor rolayinge The relatively cheap oicroprocesgsers
nov availabls claim to offor ocononi¢ colutions, provided ac
tho ccrmittooc peport states that uwoers arc roady to pay addie
tional capital for the improved porformanco vhich the copputer

roloying can give compared with convontiomyl relayo,

205.5.%. Signficant advantagos over coaventional oquipmont 4o

ap follous 3

(1) grooter sophistication of protcotive charactoristico

(11) groater flexibility

(411) s51f monitoring of computer hordeare by diognostic
prograemo '

(iv)  ability to validate 1nput-data and eater for missing
or orronoous information.

(v) ouitablo input/output interfaces to ¢nabls communicaw
tion with othor monitoring or control dovices or tho
control ongincer

(vi)  high spoed analogue input periphorals allow instone

 tanoous valuos of a.¢. currents and voltages to bo
procossed, The actual instantancous valuog of coveral
cycles of power £rojuondy can be stored and printed
out aftor o fault. Ihis racording function providoso
a vory valuoble coono for foult annlyois or post cortcm

*OVioY,
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205.5.2 Jipndynntagnn |
(1) At prosont all inpute rmsot bo convorted from analoguo
to digital form o
(11) computors are more difficult for unorb-to'oparato and
- maintain -
(141) ¢he hordvare 1o subject to rapid obsolosconco.

Any computer based relaying schemo will have to meot
vory steingent requiremonto both as regards povor gystom protecs
tion and powor gystom oporation. Tho computer oyotes Af uscd
a0 main protection will hove to comyoto with the prosont

onalogue dovicos having operating timos ranging from i/a to

1} eyclos. fvertnoloss in the back up modo of protection,

the speed will naturally be mot betauso of tho inhorent opcod

of operation of computers. Seloctivity improvements vill rejuiro
bettor nodelling of the characteristics of tho protectod pouver |
gyoten plant and & larger tolorancs to orrors thot may bo

pregont in tho input information, if conventionnl inptrunsnt
tronsformers are to be usod as input courcos to computor baged
roloying systemse The tochniquo of moasuremont, the algorithmo
upod ond the hiorachy of tho syotem must be such that a groatey
cortainty of operation i1g availublo ap comparcd with vhat con

b0 achioved with medern analegus techniqueo and ojuipnent, Tho
total reliability of the computor oystom muot bo proved to bo
oqual to or oxcood tho reldability of cxtisting dovicos that
porforn oinilar dutieo; A pargin in favour of the lattop dovicos
vill putomatically lead to o dolicnto balanco botwion inprove.
ments ag rogards pouér syston protcction agpocts and dravbacko
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fron tho oyotom operation point of vicw. 7Tho dowatimo of tho
conputor must bo kopt doun to o oinimume Zho quality of tho
hardvare and 1t's conpatobility with pouor oystco onviromont
oust bo 600808504 with tho utnoat care and the softwarc must do
thoroughly chocked to avoid propgromming errors or progran 4ogrQe
dation, Tho true cost of o computor basoed rolay system i
rathor difficult to agsess and copecially co if the relaying
taoks form oaly a part of th? activitios of o loarger coaputor
installatien, |

2e547: Typesn aof Computoriand Vorsiopn
The present compoting computor vorsions in the markot

arc the ninl computers and QiCcroprocessors.

2:5.8. [Hps Computiexn

- Hini computers have boen available since tho oarly part
of 1960's and the rocent onos are fast, with & oyclic tinmo of
tho order of imovsge, aro povorful in calculation and are caoy
to handlo becauss of their highly dovolopod roftwarc. It'o
initinl hardwaro cost is gathor high ond it can poFforn only
ono arithrotic or logiec operation at o timo, Thio mckos 4t
difficult oven uith oud microsecond memory cyclos to match the
speod of modern §olid stato relays that vork in parallel, In
order to prevent hardware failuresg 1t iop aboolutely nocossary
to provide for duplicato computer oyotcas and ao such it'p cost
10 one ordor of magnitudo higher than that of convontional rolays,

2.9549,

tiliere procossors have been on the markets for about
four yoars. Thoy have lover processihg povor than nini computers,
but their lower cost poraito then o bo ucod as dodicated devicos
vhich vork in parallol, oach performing only & linited numbor
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of functions. This gystco hao the advantage of leso ccaplnniﬁy
and thorefore higher roliabdbility,

2.5,10, ESplution fo Relaving Frobhlonn

| Tho mathomatical troatmont and tho colution of rolaying
problons rolated to tho protoction of trancminsion linoo/foodorp
deponds to o largo oxtont on whethor the moasurement ip doing
carriod out vith tho knowladgo of only local quantitiocs or
whother inforpation 1o avoilable L£rom othor parts of the povor
pystcn and or vhnther provioion can bo mado to pinimioo tho
influonco of unvantod frojuoney conponsnts in o signal without
penzliping tho opsrating ¢imo and tho charactoristics of tho
computer to bo uood for tho tack.

The majority of tho vork dono on conputors in tho £icld
of protection 1p on ¢ fcodorp. Thio 1o partly because of tho
rolativo simplioity of the oquation doscridbing tho protectod
objcet,

Tho fcedor protection bagsed on inductanceo-rosistance
or impadancoe moasurcaonts enn bo achiovod by o numbor of
different tochniquos. R, Ponclot prosentod in his papor(33)

o method enployed in the formulation of o protoction programme
vhich 40 ag follous 3

(L) Pault dotoction

(41) Saloction of faulty phapoo
(111) lim> 1, distanco

{iv) Diseconnoction



2

In 1975 AH.Ranjbar and B.J.Cozy of tho Juporinl Collego,
london(3°) propogod digital mothods for the protoction of long
¢.heve 1indo on tronoient faults and tho mothed suggestod 4o
tho accurato determination of the rosistanco ond inductance of
tho lino so that any number of harmonics on tho curront ond
voltago waveformp aro eliminatod. 7Tho authors ¢laim that thio
method is suitable for the diotance protoction of trancaission
lines 0o as to cloar the foult in tho first cycle of it's occu-
frenco and the wothod 1o cloimod by HeChomin & G, Zleglér(32)
in tho olimination of hartonico of any ordor by tuccossivo
intogration over particulay ¢icmo intorvals,

In 1973, Hopo and ﬂﬁamaheahﬁaran‘Bh) hove also shovn
that the offects of harmonico can be totally climinated by
using Fourior Intogral method wusing orthogonal pain of functions.

Such os sino, cooine functions, odd and ovon SIUOTE YAVOD.

2.5.11 Othox Arplication of Computes

Tho other important computer applications ore that tho
result of stato estimation programs ¢an be usod for automatic
adjustmont of rolay sottings to the actual load flovw and infecd
conditions nnd to mark splitting pointo for load loos minimisce
tion. Automatle adjustoent of oporating settings to a now
gystem configuration, for inotance, aftor o major broakdown it
vill holp pointain sonpitivity and improve soloctivity during

notwork restoration,
2,6 COLCLU3IONS
%Tho trend in the dovolopment 4o to roturn to protoctive

equiipmont o oimilar to woll knowvm conventional egquipments but
vith oporation in o Aigital modo. Boftuare packages have beon



23

dovalopad foy noarly all protective functions, the majority
boing, howovor, only o tronsposition of analoguc rolay funte
tiono into dipital fbrm{3a). It must novorthaloss bo emphasicod
that tho application of conputors to relaying tasks requires
ecaraful gtudy of the pover system onvironmont vwith particulap
Poforonec to the effects of electric ond mognatic intarforoncoe and
to maintain prograns of both softuare and hordvaro. &orvicing
hoo hovovor been yondored onpior by rézatiVely sinmple incorporne
tion of solf cheeking features for fapt and accurato fault
diogonoois. To have a oneline digital computer excluoively for
protective relaying will work out to bo a vory costly affaip

If a computor is installod for other purposcs, thon tho functions
of protedtive reloying may b achicvod without any oxtro coste.
The ugo of microprocessors and mini computers oxelusivoly for
protoctive veolaying is equally e« costly affntr particularly in
our country vhere thome havo to bo importod, |

Thn following linos from A.R,Van C,Harringtont's bcok(’)
will sum up tho development and tronds in relaying. It 1o clesy
thot the future of protcctivo roleys still holds on intoresting
challongo to enginoors, since tho tochnigué of automatic protoce

tion has by no means gettled dova to a prodicﬁnbla puttarng)in
| fact ths nunbor of uncul#qd.prdblamo poemp to incrongoe each year.
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CHAPRIR=-II]

CHARACTERISTICS OF DISTANCH RELAYS

3+1. DISTAINCE RELAYS AS CONPARATORS

Al) distanco roloyo vhothor of tho clcotronagnotic
or of tho otatic type aro bnoicolly comparntors and thoy opornto
vhon an oelceotrical quantity of tho protoetod eircult oithor
changos fron it's normal value or changos itoc ratio and or phano
rolation with rospoet te cnothor olcetrical quantity of tho
circuit. Tho gexparieon io uauully ado in the olays by turpe
ing tho olootricnl quantities into foreos, torquen, oe.n.f's. or
c.n.f's. proportional to tho two quantitios coaparcd.

3.2, CLASSIPICASION OF CONPARATOR3

Rolay movemonts arc distinctly cosooiatod with the

charactoriction of tho relay nand cecordingly the covoronto are
clagoificd into two groups(l) -

1) Amplitudo Comprntorn
Igs a)‘ Balancod boon roloy
b) Induction diee cloment with ohodod pole dviving
coagnaoto |
¢) Oppoood roetifior bridgos
d) %rnastector rolays
11) Fhooo Cooparagors
IRe 0) Induction cup rolay
D) Imduction dice elecmont with wattnetrie typo of

driving oagzont
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(c) Induction dynaomonotor
(4) Polarisod roctifior bridgos
(o) Hnll offoct crystalo

Baoiceolly an inhoront amplitudo conparator boconos o
phaso comparator and vico voron A€ tho input quanti¢lon ore
chongoé to the oun ond difforento of tho original two input
quantitios. A comprohonoivo. trontoont of thic aospoot 1o given
in rofoponco eitod No.(1).

3.3.1. %ho two imput quantitioo in theso rolays produtos a

tomu2 in co~oporation and tho oguation for tho charcctoriotic
of tho rolay ot tho throshold of oporation undor otecdy stato
conditions whop plottod om & diogran whoso oxes oxo | % | Coo §
ang 3 l% | Sin § 410 of tho fora |

K] al2-1 |82 +|a] |B] Coold =0)= B'* = O

Yhoro A and B aro tho tuo oloetriecal quontitios boing compared,

K and ' oaro ccolar oconstanto

R** ip o oconstant roprosonting o biss which io o
Cachanical rostraint. |

® 40 tho phaso anglo dotworn A and B

€ 1g o prodotorninod firxcd anglo wvhich fn thoso roloys
$0 tho valuo of ( vhich providon mamd mun rolay torquo.

7ho abovo oquation reprosonts all tho cireuwlar aand
otraight 14n0 chwtanaﬁoa of clostronngnotic distance rolayo,
00 obtoincd from tyo eloctrical imput quantitioss
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FIG. 3.0 _GENERAL CASE OF VECTOR QUANTITIES FOR
SUPPLYING COMPARATORS
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FIG. 3.0 _THRESHOLD CHARACTERISTIC OF ANY PHASE
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I¢ cant howover bo contionod that RE°Y 4o o finico
quantity in oinslo quantity rolayo { lovol dotoctors) dut Lo
nado ocubstantially coro for conporators. Thus wo havo for dio-
tonco folays tho abovo oquation to bo of tho fomu)

£ ja]2 - &' |B]2 + |A] B} Coo (§ ~0) = O
Dividing throughout by 2'42 wo havo

K B 2 B Cot -
- | A | Kl -

Adéing (;%'—-)2 %<0 both sidop of tho abovo cquation and ro-

arranging tornmo we havo

!—%‘“lz-la‘l ..a_...LL_.)... e |2

A 21
i 2K
L
o —
20

¥ho above is tho coquation of & oirelo on o complox plano having
lf-— | Cos ¢ and 3| % | o4n § oo co-ordinatos, tho radiud being

" L——-ﬁ-—-—-;w ZE.  and tho comtre ot '5{??‘" from tho origin and ot

on onglo 6 fron tho roforenco anio {Rogor F13+5+0).
_ B B
©ho oxoo hovo boon dooigunted ap | = Ip ard § | 5| a

for l%-l Coo & and J | 5 E— | oan § roopeetivoly. Ip tho eaco
of diotanco wlayo A w11l bo curront nna B tho voltago ond the
ocoordinatos of tho diogran will bo ‘T | Cos & ang 3 lT" 8in

or H and JX. Tho diogran in which tho ¢humemrimic in plottod

¢
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on R opd JX oo co-ordinatos 4o callcd tho iopodonco diagron

or tho complox iopodonce planc or 2-plond. Sioilarly 17| %-I
i0 plottod tho dicgran has coordinntos G and JB and tho dio=-
geen 4o enlled the Adofttonco dicgrom ox Y-planc.

Je3.2. Admittanco io tho rociproonl of Inpodanco no that Y2el
Homeo 1f the locwd of Z 1o a eirclo, thon tho imvorso of 1t 48 a
otraight 1ino parnllcl to tho rosl axzsﬁgl). Again by invoroion
w0 hovo that 1€ thae locus 30 a eirvlc on on® planc, thon tho
locuo will nlso doceribo a oixlo on tho invorse plapo oxeopt in
<he opoelal eroo vhon tho oﬂblo pémcea through tho origin in
vhich case 4% will bo o straight 1inc. Thus from the generel
ogquation of tho clcotrosagnotic distanco rolays w@ havo tholr
characteristico desoribod by cireles or straight 1limoo, wvhom
drovn on the impodanco or admzttanco plnnc. Yhe rolay oporatec if
the tip of tho impedanco voctor na thc inpednneo plaone which 40
dntorminea by tho ratio of voltmg@ and curront applicd to tho
rolay torminglo in‘plncad within the livit of tho ropdion of coo=
plox planc limited by the rolay cﬁgractqriaﬁioa tYhen tho tip of
tho impodanco vootor 18 movod to anothor part of the comploxn

plane, the rolay docs not oberatafif tbiﬁ'part is outeido the
lioite of tho charactoristic oquatdbn in quostion.

It 18 by considoring ﬁho'operé%irg charnetoristies
drown in tho complox planc we can diotinguich or rather classify

tho folloving onin typoo of q;eo%ronagnetlc\u:ntnnco rolayo.
. \\
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3.3.3.(4) Don dixcattzagzigfatanao roloy vith o ciroular
charactoriostie vith itq&oriaxn called tho ' Iopedenco Rolay 's
Thus in thoe balanced boanm typo, 4f vo oudbatitute the current I
for A and the voltago ¥V for B wo havo tho rolay to oporato

vhan

212> & |v)2

or 1% 1% < 41
lz] < | E

H]

N B

Tho sbovo is tho aquntion of o circlo with origin ot
contre and rodius oqual to/YLV -

Such o rolay 18 oot %o oporato whon the iopodanco moo-
ourodby the roloy ic less than tho impodonco of tho protectod
line AB rof. FigeJ.1.

3.5.3.(41) Hon dirzcctional distonce rlny vith o otraight 1ino
charactoristic parallel to the roal avioc or (R-axis) in tho
inpodanco plenc callod the ' Roactanco Rolays

In 1928, r. A.R. Von C. Vaxrington dovoloped tho firot
induction dine typo diotenco rolay which ha@ o rosotive VA magmot
inotond of tho uoual potentinl rootrpining magnot, and oubsoe
quontly in 1934 4% woo doproved %o thp 4 pole induction cup inp-
tond of an induetion dioco to dooim thﬁ\firot high cpood pecetanco
ralay. Two oppooitc poleoo had currcnt w1;8§ngﬁ, vhile tho other
two had oprosof current nnd potentinl windihgu ouch that by
substituting dn tho gonoral choroetorintie odﬁ tion (1),
Ael,BoV, B o K''=0, 0 =90. Yo havo \\\

\

|

i
i
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12 + VI Cos (¢ = 90) = O

ma-m&iﬁq, mO
X =V 8in ¢

1%9—&- a K

Pho relay oporoton when i < K

1.00 whon £ < K. tho ohmie potting
of tho roloy

Thioc oquation givos o 'stmight linc charnoct¢orictio Pig.5.2

5.3.3.(414) Tho dircotional diotanco roloy with o circuloy
chorpetoristio, paocsing through tho origin e¢alled tho ' Iho rolay!
oy the Adnmiteanco Rolay.

S’h&d relay was doveloped yin 1932 by Ixs A.R. Van. C.
¥arrington. Tho rolay moamiyoo o componont of cdoittanco Y/@ and
tho rolay 40 nlso Imown oo tho Anglo Impcedonco rolay in U.8.A.

In thic rolay a 4 polo induction cup had potomtial wind=
ingo or two oppooito poles and or oppéacd currcnt and potontinl
umdingn on tho othexr ¢uo polosf. |

Thus in tho goneral charafitorictic oquation 4 » I,
"BeV, TR w0 | . {-,
~X'Y2 & VI coo({ =0) o O

or I Cos (§ =0) = X'V =0

% Coo (§ =) = I

%— 008 (§ -p) = KlorY con (P -0) o ff\’



%p Cos ( ¢ - 0)

or 5 = Keoo () -0)

%ho abovo $0 tho 'oqu;:uon of o cirele pasoing through the
origin vido €f1g.3.52 Tho xolay operntos vhon ¥ coo (¢ -0) » I*
or vhon Z £ & coo (§ =6).
5.3.3(4v) Oho Rolay
| Thio rolay measuros a pardicular cooponont of tho
Iopedanco 2/8 » $ho throohold charcetoriotde 4o o straight lino
on an iopedanco dicgroan k&gd-@ 1.0« in the gonoral charactoricic
oquotion

B el 00 Acl, B=V,

Tﬂz-Vzeua(Qﬁ-e)no

E = %— eoo ( & -0)

or 2 cos (@ «9) = K

The reolay operatos whem £ cos (§ -@) > E. I¢ 40 gom
from tho above that the recctanco rolay 10 o particular oace
ef tho e¢hn relay whom tho rolay noacurcs Z/ 90°.

5+303.(v) OfLoot Ihe Rolay -

Phis 40 the tora givon %0 a rolay vhoco circular charce~
terietlc in an iopedanco diagran doéés not paco through tho 6:1@1!:,
vide £ig.3.5. Thio charcctoriotic 1o ﬁbtuinod by adding curront
bino to o oho rolay. Sho bdiao providod\ an ontra I° torn and tho
genornl oquntion would bo of tho form -

I illz - I{'W]ze- IVl 1I]| coo (¢ =0) = O and thio roprosonts a circl
of rodtus ¢ = [T+ ZULY/2K' and contro ot a distanec from tho

1 v
\

: z
1
|
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origin givon by € = -%Er——- [© « The offsot cho rolay oharce=
toriotie vhon plottcd on am Adnittanco dicnran 1o ogain o eirolo
but 1¢0 rodius ond distanco of the contro from the origim oxo
invorsoly related to thono of tho eirelo drovm on on fopodanse
diogren.

Tho off c3% of tho impodanco cirelo 10 cecurcd ao doge-
eridod above by adding to tho 1ino potontial o biaocoing potontinl
EZM proportional to tho curront, which hop tho offcet of coving
the charaoctoriotie mpedanéc eircle bodily by on nmount 13,.

Thuo in the nho rolay charactoriotic cubstituting (V +1%,) for V w
havo .
- 1 (vaxz,)? 5 (V 422,) T coo (9 -0) = 0
Dividing throughout by 12 wo have
22 52

- ,Y,z 2V1z -—-5-‘L )003(@‘0)
& ( ::2 b __%___ ) +

- & (22 s 282, + 22 ) + (5 +2) con (9 -0) =0
- & (3 + 207 + (242,) con (§ -0) = O
(242,) [--K.' (2 +2) + coo (O -6)1

’ ’ “
or =K' (z»zb) +c08 (¢ -0) =0

B (2 +2y) © ggo'oq;x;)
3¢Zb o OK!‘ '

, 600 (O -0)
% | =19 R B
z - \

{

\\"
Thioc shovs the charaetoriotic cquation is similor to that of tho
ttho rolay oxcopt noved by tho lmpoﬂ:mca zb \m.mg& 5« Tho biospe-

ing potontial 48 obtainod by 1mmﬁucmg a x;\eansor in the¢ curront
cirould.

.
A
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Tho folloving arc various vays in vhich the standard impo.
danco, adnittanco and rcactance can bo modifiod. Thooo codificne
tions woro dono co that the distanco rolayo Qvelop bottor toloranc
to foult ropiotanco, and less guocoptibility to powor owings.

3&30’4‘0(1) Laaix 3o inpodanco noloy
The otandard impodanco rolay characteristic can bo povod
- outwards along the Heawis by current biaosing the potontinl cire
cuit with tho Ir drop across o rosistor so that it has moro
tolorance for fault rogistanco as shown in £iguro 3.¢6. Tho caxioun
posoibvlo offoot is when tho cirele passes through the origin.
Biaposing ooy aloo b0 dono in tho - X diroction ap woll ag in tho
Redirection go that n biggor impodanco ¢irelo rogsults vhich tondo
tovardo o roactanco characteristio, Thup in tho gonoral charace
- torigtics cquation of an Iopodonco relany, introducing the Ip
biag chanpog the oquation to
| uzf? —’jv vl 2 50
lK?Ia - 72 aIzrz -2V1r Coc @ = O
Dividing throgghout by = I wo have
2%+ 22r coo § - K2e v2 a0
Tho sbove 1o the equation of a circleo passing through
tho oriain vith its contre on ths R.asxls and digtanco I
£yom the origin if T o K ohns.



FIG. 3.6_MODIFIED IMPEDANCE CHARACTERISTIC ON
IMPEDANCE  DIAGRAM

6=0 R

FIG. 3.7 _PHASE ANGLE BIASSING OF mho RELAY (2-0)
TO INCREASE TOLERANCE TO FAULT RESISTANCE




By owivolling the pho rolaoy charactoristic 4in tho
loading dircetion, clockwiss in tho inpodanco diagron 1to
toloronce to fault resistantico can b incroased with logo wvule
norability to pover svings in tho modified impodanco rolay, In
the limiting pooition along thy Re-nxis 4t bocomos o " coaductanco
Relny ™. In the conductanco rolny thore 1 no chango in ths B0
lance eguation froo the aho relay, 1.0e 2 = K coo (¢ -8) oxcopt
that © 49 nov zoro instoad of tho norsal valuo of 60°, but the
ohmic totting of tho relay has o bo multipliod by Z/ (cos d)so
¢hat tho iupodance circle will still pass through the ohmic.
value Z /g . Refore Fig.3.7 for its charactoristie,

Theorotically, four foult dstoctors ond 18 cRasuring
units arc required for providing thrco time distance otopo for
tho ten variotios of phaaa to phose and phago to ground faultg,
The cost and tho sopaco tequirod,fbr instolling such largo unito
hog boon roduced 1h practico by uning vonsuring units far Loro

thon ond purposc,

The numbor of rwoaspuring units 1o sometimog reduccd to
throe by using the samo got for photo and ground faults. Tho
distanco pecouring units in podorn schowes of thig type aro
noreally connectod for phooc faults, that 45 with doltn potontial
and dolto curront ond ore switched to wyo connoctions only vhon
"o oinglo phaso to ground fault occurs, & schomo of thxa»type
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providos imsodinto cloaring of inter phooe foulto ond G

gmall doley in eloaring siaglo phnso to ground fauvlto. [LOVWOre

tholoso, tho oconocyy of using 6 singlo ncaouring unit hao to

o balanced opgaingt the felloving offecto,

(a) time dolay rogquirod for tho fault dotectors to cocoos
the typo of fault

{b) comploto loss of protoction if the switching contacts

 fa1l

{e) poeaible wrong tripping Af tho typo of foult changos
dnrxng oporation of the rolay ( cffoct of wind upon arc)

(d) inoecuracy due to difforing phaco impodanco ( offect of
unoymzotrical transposition of conductors)

{o) possible reduction in relinbility duo to dopondence upon

o nuobor of contoets in sorico,

The D2lta-byc swvitching is ugod for distonco rolays of
the impedance or adsnittance type witr tho timing unit otartod by
o poly phase over current or mho type feult doteetorfor phoco
faults and by a rosidual curront or powar rolay on ground faultso,

.Iha inter phaso switching consiots of ono vnit for phasc
foultn and one for ground faviis, thoso units being owitehcd to
the appropriate phaso or phago pair by tho fault dstectors. Thuo
the phaso and ground protoction nro two goparate oschom@o.

Foly phago distanco roloays aro no doubt idool for proe-
toeting o polyphns? systom thon singlo phase ralayo, but so far
4t hos not veen possidble to doviso tho circuitry for obtdining
uniforn porfornanto on all typoeo of fn.ulw(” s though consclderablo

offorts havo boon mado in this dairection by Gupta(27).
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3eke¥s  Tho moosuromont of inopodanco, reoctanco or onglo Odode
ttanco in static rolayo 1o dons by tho comparicon of tuo difforont
input corbimtions of curront and voltnge vnich gogult in cire
cular or ptraicht line chroctoristics an oxplained in tho carlior
part of thio chaptor undor cloctromagotic polays. HOvovor, §n o
static rolay the tuwo input quantitico must bo similar thnt 4o

tvo curronts or two voltageo bocouso they aro not cloctrically
geparato as in tho eago of oloetroragnotic relayo, A such in

o voltage comparator tho curront is turnod into o voltoge by
pasoing it through an impedonco Z, [© uhich 45 a roplica of

the impodanco of the protoctod lino sootion. Hore tho lins vole
tage 18 conpared with tho wvoltago drop ncross the roplicd inpte |
doneo, In tho curront comparator tho curront is dorived from the
voltago by connocting tho roplico iopadance in soriog with 4t
giving o current V/Z. vhich ip conparcod with tho lino current I,
The uno of tho replica impodonce is not only convoniont dus por-
pits foagt ¢ripping sinco it ociiminatos orrer due to transionts in
the fault curront, nnd 4c duo to tho fuoet that tho foult curront
pageing through tho line impadoncs products tho 2ard veltopgs wave
forn oo tho socondary curront passing through tho ropliea impedanoc
Thus any tronsionts thot appoar in tho priﬁ:sr.'y curront appoar
oqually in the voltago Y and Izg, and thus cancell out thoir offoet:
on tho inpsdanco rcoagurcnont.

3.4e2, Both nmplitudo and phage cooparators hove boon usod. 4n
amplitudo comprator couparos only the pognitudos of the iaput



38

a;unaln and ignoros thoir phioe angice The phoso cocparator

eh tho other hand rosponds only to tho phaso rolation bogwuoon

tho tus input quantitios irroopostivo of thoir mognitudos. For
limor and eircuiarchapacteristiep 4t operates whon 9o° > yr D ~90°
vhoro \\ 4a the angle betwoen the tud inputso,

3.4,3. ™o charocteristics of the static distance relays arc ag
in the ¢apo of sloctromagnetic roeloys .- plottod on tho Inpoe
doneo dingrom (RandiX azoo) ond Adnittanco diagram (G and §B axes),
The choractorictic io oithor o otraight 1lind ponoing
through tho oripgin or o cirele wvith ¢he origin at tho cantre doe
pending upon wvhothor a phose comparison or an anplitudo eompaéi-
son 18 nada ond furthor as to vhethor tho choractoristic 1o plow
ttod on an Iopadanco dicprom or on an Admittanco diagran, A cire
¢tular charactoristic not posging through tho origin of onc dis-
gran 46 a pociprocal cirele on tho othor diagram that 4o tho dica
tanco of cach point on omd circlo is tho reciprocal of tho dio-
tanco }rnm tho origin of tho corrogponding on the othor eirclo.
Furthormore each point will bo lagging oo much the rocoistanco
axis og the corrogponding peint oa tho other circlo vas Joading

the c¢conductoncs axls and vico versd.

3e%.5. In 1954, Borgaoth(qa) dogeribod thy means of obtaining

dictanco poloy charactoristie cuch os roactance; cho, elliptieal
ote, on tho iopadance plane ﬁning oleetronic peloys ond uwging tho
principle of phasce comparators, :
3o4.6, It wvap howovor in 1960, that C.G. Dowoy
pininad as to hov tho mochanical comploxity of ¢loctromagnotic

(k)

ot 3l o=
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roloyo cculd bo roplacad by transistoricod circuitry.:km;por-
forn tho doepived pochanicol functionss Tho logic gypbols of

AllD, DT, OR havo alpo beon oxplainod and block alngrons for
thoce funetiono ap applicable to phaoe comparicon principlo of
conpardng the instantansocus dircctiono of current flou ot oppooito
cndo of o tronsuiodion 14n3 using o pilot channol £0 80t out
thoroin. The succosoful rosults of laberatory and f1eld tosto

hno beon given 4n tho companion papor to tho abovo vido S.H.
Horowits ot alﬂ“gJ.

J.4,7s In 1963, Cutis Dowoy ot alﬁzﬂ) dosceribed tho necapoary
principlea and circuitry for directional comporison rolaying and
ptatic rolnying equipnont for transmicocion lincs vith who dige
tance unit circuits for tho timﬁ doloy unit on pick up and drop
out along with tho pulse atretchor oircuit to convort tho pulso
output, Tho succopnoful application of this schewo wro roportcd
in thoir compenion papa?(hé) as togtificd by ficld and loborotory
tosto, | .
34,8, In 1968, L, Jackoon ot 81$*7) reported tho eago with which
tronaistor copparaters for disctanco rolayp occn bo daéignad for
high spacd oparation taking into concidoration tho ovorall
position and integrity of oporaotion.It 1s roportod thoroin that
ﬁﬁe oporating opood cust be dofimed ovor the vhole working range
of tho rolay and that n2ither, tho spood nor the moasuring
aecuracy should bo unduly affoeted by the govero tronsionts
gencratod by modorn o.heve net works. Tho advantagos of trangiotor
cezparator which affords groator froodem of dasign for opecifie
lovs of opsration and/or charactoristico ombraeing froecdom of
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t

acopipn in both otatie and dynonic charactoristics has doon
oxnplificd. Tho bosicolly difforont cotheds of obtoining ugoful
charactoristics froo o compoarator circuit Lo confinod to tho
folloving 3 |

(1) block instantansous comparigon in which the duration of
polarity coincifonce dotorminoo tho output; Tho tripping eriterion
10 that tio duration of the £irst coincidonco ohould egcood o
aopacified tino usually ons quarter of o cyclo of tho powsr froe
quoncy pariod. '

(11)  Bleeck overage comparigon, a dovolopmont of tho adbove in
vhich th? duvation of polarity coincidonco 18 poaourcd on both
the holf eyeloo of the input oignals and tho avoraging valuo io
dotormined in an integrating cireuit, o trip signal veing pro-
ducod if o specified avorage valuo io nmaintoined for moro than
tho preserinhod dqurntion,

(141) pulso cenparison in vhich the polarity of ©no pignal is
measurod during & chort intorvel in ths cyclo of tho socond sige

nal, usually dbut not nocossarily at tho Inttor's peok,

The relative morits of proctical comparators of edch catoe-
gory have boen compared by considering phase angle compurators sinc
practical comparators undor (141) abovo have boon reslisod only
ag yhaso aagde eomparatora‘hy). A conpurison rovonls that the
ovorall chnraotariaticﬁ of circlo and stroight linso in the comploxn
plano can bo cagsily chtainod by all throo of tho obove cited
rothods vith bagically no difforenco in tho oteady stoto.Bowover
thoir conparicon 4n thoir dynamic static roveals that (1) ond
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(444) aro inhorontly suscoptidle to oyoten transionts and other
opurious signals by virtuo of their mndar instontancous oporation
ond unloss all unwanted surgos and transionts aro ronovod o ffoc-
tivoly, tho measuring accuracy cannot be'maintnincd undor dynamic
conditiono without sacrificing operating gpood. The dlock avorago
comparator as degeribod in (i1) howover has inhorent tranoiont
froe charactoristica and its oporating time 4o oignificontly
unaffoetod by the degroe of dece offsct transiont in the input
oignals. This has boon confirmod by th? author after oxtongivo
laboratnry'teata on a proto typo rolay that wnp dovolopod, Tho
vooic block dingram of the samo is 88 Shoun in Fige3.8. Tho rolay
porformance with o d.e. offsot in ono input only to tho comparde.
tor and subsoguontly with d.0. offsets in both inputs voro consi.
dored on the practical prototypo relay for difforont scurco-systen
impodance rotiecn. Their porformance curvos plotted as (1:) relay
occuracy agoinot systo m impedonce rotio 15 olmost o straight |
1ine oxcopt noar tho boundnry concditions vhore thoro 15 a marked
£oll in aceurccy. '
(11) rolay cporoting time agoinst roloy cccuracy vhich 1o al-
ront & otraight 1ino. Acccrdingly tho authors havo gspoll out tho
opocification of the dooipgn rogquiromonts for tho block average
combamtorn g -
i) pensuring accuracy » to b mainteined ovor the full
vorking rango .
11) tining charactoristic- should bo of the dofinito ninimun

type for all faults within the protected gone with on
operating time of the order of 1 cyclo of powor fro-

quancy being conaidornbly dosirablo.
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434) “tobility -~ should have inhovont rooictanco to high asplitu-
é2, short duration, systom pgonoratcd curgeg both with
rogard to maloperatlion and to curge dasoago.

3.4.9. In the saco yoar, P.G. Mcdavenu’m dooecribosd in hio

popor o campling techniquo dovelopoed vhich allows o conparison

of instantancous valuos dorivod ot differont inntanto of timo,
thoroby Gioponning with tho mod to phaco chift and miz signels
dorivod fyon the primary Qine quantitiocs, Howdvor the precoss of
olinination of phaso shifting roquiros o groator dogroc of nophiéw
tication in tho relay circuitry. But it achloveg on tho othar
hand, 2 saving in both space and cost. Tho sampling poriod 1s of
the ordor of 50 micro cocondo in each Mlf cycls ond havo beon
¢laggifiod by ths éuthor undor the follgwing hoadingos

1) those taking tho gero crosoing of line curront I; ag
tino rofarence and roforred to as curront polarised
rolays.

i) thoso taking tho zore croosing of V; as time reforsnco

ond rofersyod to oo voltago polurised relaya.

The blouck diagran of the curyont polariced rolay 19 o
shoun in fig.3.9« In thio if the curront and voliogo cignals aro
interchangod, tho voltage polarised rolay is obtoinod,

X < Zoro crossing datcotor 80 « bBgmpling rote’

D = Dolay Unit AV = Applituds/Pulse width
’ convartor

P« Pulgc unit 1 « Intogrator ond levol

P, - Pulce cacpling unit dotoctor

T « Thyristor
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Hore ZX @>tocts both tho +v0 nnd -v0 pgoing zoron and to oveid
duplication of thy circuitoc aftor tho moasuring goteo tho cige
nals apo poetifiod, The amplitude/ pulsoc width coMﬁer producen
u.pulso longth proportional to tho anmplitudo of the samplod guane
tity at tho snotant of poopling. Signale roprosonted by *RY arc
sostraining oignnlo cnd signal *0O' 4o tho oporating signal, The
cutput preducoo o gore puleo and fires a thyricteor eircuit or it
ean bo £fod to & leyel dotoctor and intogrator and thonce to tho
th:yrrb#or. Tho relaying schomo thoroforc roquirop =

-

1) gere crogsing dotector
i1) deloy or puloo unit
114) peaguring unit

iv) ABD pate

tnloperation duc to voltago spikes hao beon reported in tho pore
foreanee of those rolays. The rolay without an fntogrator hog o
tondoncy to over choot which hs boon stated to bo obout 155 but
this has boon conoidorably roduced by having the intogrator 4n
the circuit,

3.4.70. In 1969, KeS. tonte ot 01"*? goserived o now typo of
phnoc comparator which oporatos on Gouble tho normal angular
linito and vhich otrikes o particularly fine balanco botwaon
.gtatic oinglo and dunl phase comparctor during transiont condie
tiono. Tho roloy hoo on angular ovor ronch of logs than 5% and

an oporating timo of about 3/% cyclo. Tho rolay particularly
ovorcomds tho ovoreronch/undoryoach of stotic rolays during
tranoiont conditions, tho naturc of tho over-reach dapoending upon'
tho polarity of the d.c., offgsot, Junl comparators overcome tho
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cffoet but at tho cost of oporating tizs. Tho block diogran

of tho ochome is ag shown in £ig.3.10. Tho oporating principle

io that phato comparison iz carriod out both during tho +we and
=72 half cyeles and ths rosulting coincidence outputo aro OR
gatod, Tho output of the OR gate 1o intopgrated and fod to a

lovol Gotoctor and the quannhing of the imtogrator is corriod

out at the ond of cach pair of coincidones noanurononts; An
orrangosont of this kind vith a singdo intogrator will both ovor-
roach and undor~rcach daponding upon tho polarity of tho d.ce.
offset and the soquenco of phasc measuromonts, Tho dagroo of ovor
roach/undorronch 15 a function of tho ¥/R ratio of tho lino and th
aoeunt of d.c, offsot, Tho undor reach 45 avoidord by using tvo
intogrators and quonchors as shown, Tho tenst values of the ovore
reach/undor reoch valuss tabulatod indicatos that tho angular
ovor reach io lops than S§ evon in tho wvoret cacs of X/R ratio
oqual to unity,

3.4.11. In 1970, H.F. Knineho'™C) ot al docorived tho dovologaont
of amplitudz cooporcotor techniguos based on the iagtantancocusn

> conmparizon of the amplitude of tho cipnois dorivod from
prinary lias quantitioco. Ths block dingram of the schono 19 ag
chown 4n £1g.3.11. Tho scheme sllews oll tho convontionzl and
cpocial characteristics of the distancot rolays dy cuitablo
odjustnont of tho constants in tho rolay circuitry.

i Ramamoorthy ot 01(50) roportod in 1970 the new dovelope
monts in amplitudo and phaso comparison tochniquos for distanco
rolaying vith tho amplitude comparator having 1t8 bace of operatior
on tho intogrols of the roctified voltage and current wavefornm
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pbtaineﬂ at the ond of onch holf? eycle. The relay oporation
,:a shovm t¢ be icune €o high freguency cooponents and io
4¢ lpss depcndent on 4.6». trunsiont offootc. Cperational npli-

|
|
v-/:oﬁ I.C.'s will make $be roloy cixeults more cowpact and eco-

f;era have bom wied and the cuthor hnas suggeqtod that the uco

' pomical.

J+4.412 Typeo_of Static Distanee Noloys

Thezo ars classificd by theixr characterictico.

3+4.12(1) Dircetional Relay

Thic 40 strictly not a distance éaasur&ng roloay but
has been included as such (a) to complete tho mathematienl
pattern oince it 1o the dual of the impedance relay (d) beecause
1t 15 roquired forcome types of distanso rolays vhioch are nod
inherently dircetional.

Ite charactoeristio ia o strajght line passing through
the origin on either the impodonco or Admittance dinprams. The
charmcteriaticfxesulta from comparing the veoltezo 1npu%3‘V and
I1Z, in a phnse coaparator, and 18 alsp cqually obtained by
cooparing their ocum and difforence nansly ( V #-Izr) and (v-:zr)
in an aaplitudc comparator (Ref. Fig~3.12.) In (2) and (b)
Fhase Comparator trips when 90% > (¢ «8) »-90° and Amplitude
Comparator in (a) tripﬂ whon IZr+zl > ’szzi and in (b) wvhon
7,57 | > | Y, - Y|,

3+4.12(14) Anmlo Xmpedance Relny
I¢'s characteristic on en impedance diagram is offcet

from the origin by biasing the voltepge drop asrooso the replica
impedance. Refer Fig.3.13.
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In o phooo eomparator, tho roloy txipo whon 90° > ¢ » <90° whoro

o ﬁng [Br/(zr'zi] . In an coplitudo comparator tho =olay
¢ripo vhon |3 > |22,~3]

82 2

2
1.0 85> 4854282 +2

2, f z - ¥ Coo (¢ 4-9)];» 0
12, ’{f'mx, -V cCoo (¢ —e)} > 0o

On on ndéxeﬁaaca diapran ¢ho charaectoriotie 4o a cirelo prooing
through tho origin vhooo dlarotor 10 oquol in longth to tho
rociproeal of the porpondicevlar £ron the impcdrmec charmetoriotic
to the'origia Aﬁd to eouso tripping tho hond of theadmittoneo

vcotor mﬁat oxtond outsido ¢ho eirelo.

Thio charactoristic 4o alco obtaincd in tho poloricod
curront rolay uwndor ooopled diotnonoo rnlayo(al) by
xﬁ'cnd Yy at e? o2ter eurromt soro.

5.24.12(114) Renetoncg Rolny
This i85 o par%iculnr engo of tho Anglo Iupaaanne nainy_,

in vhioch tho yecotivo component of the 1mpedance ic moasured.
I¢'0 charactorictic 1o poarallol to thﬁlrbaiaﬁcnco axio on tho
sopodonco Giogran and o circlo pacsing through tho origin oo
tho Adaittanso ddopron. Rofor FigeSeld. |
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In tho phato eécoparantor tho quantity Iz&, io comparcd with
(12~V) ond the rolay tripo whom 5 > (¢ 8) > 0 4n both tho obovo
dlograno. Hero € 1o tho phagso anglo of thé raplica impedanco 32,.
:2 2, WOIO o purc roaotaneo thon - would bo 90%

In tho anplitudo compamtor on tho lopodaneco Diogran tho
rolay trips whon |2} < l%g**ﬁi and tho voltoge 4nputc to tho
cotparator axo V ond 2133, -2 IRE-V vhore RE, {0 nedo ogqual Co
tho rooistanso of tho roplica impodanoo, thuo loaving 412'c ro=-
aotive componont xg only, and 4n tho canc of tho Adnitinnoo 4iow-
gron 1¢ ¢trips wvhon {BY-BE | > | B, |« ®his charnctoris¢ic ic
oloo obtainod in tho curront polm 808 rolay under oomplod dio-
tance rolays'$!) vy compling I; and ¥, ot aigforons intorvale
of %800 Le0. Vp ot @ o O 0Rd I; ot 6 o

344,22 (4v) Reotrietod

el

Ronnetonod Rolay

A

Yho oharaetorintic on tho ippodanco Giagren 40 a otraiche
iinc bont ot o prodoteroincdpoints On tho cdmitiomeo diongzon tho
charactoriotic 1o a couple of cipoular aroo. Rofs Fige3.15.

“The inputo to this reloy arc oimilar to thooe of tho normal
rooetonee roloy and the tripping oritorion i ciodlar oxcopt that
tho liniting valucs of ¢ aro 2 A inotoad of 2 90°,

In o phasc comparator IZ, 46 conparcd with (xzx,»V) and in
tho caplitudo cocperator tho inputo axo | V| amd | 2I3~V].
9+4422({v)

It'o chornotorictic 40 o circlo at tho origin op both tho
Iopodenco end Adnitéonce diagrons. Rof. Pig.5.16.
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Icpodonee fo inherontly on asplitudo conparisoen of curront
ond voltage and tho rolay trips vhom |2] < lagt o that ¢ho fne
puto required for an armplitude cooporator arc V and IZE. Tho
phaso comparator prosents oortain difficulition and oo ouch 40

not usod 4in d4diotonco relaym('?)

Se8.12(vi)

On on adoittanco diogron the charactoriotic 1o o otraight
1ino offcot froo tho origin in the loaging quadront ao chowm
Rofor Fige3.17. On tho lmpedanco dicgram it 10 a oirscle paocoing
through the origin oo chotm and 48 the invoroo of the anglo
inpcdanco rolays nnfer§?§.17. T™ho nho charcctorinties can Bo
conveoniontly obtained with both the phaoce and tho amplitude cone

‘paratorce Tho inputc im tho phooo gomparaior oro cszrV) cnd
'V ond tho rolay trips whon 90° > . > -90% A produot devico

oporatoc whoen

v {sz cos (@ -8) -V" > 0 wvhoro § 4o tho angle botwoon
V ond I, 6 40 tha phaoo anglo of Ly

nearzanginé tho abavo ﬁexns wc havo tho rolay <o oporato

vhon % < 3, uob (¢ =g). Tho 1nyuto in the aoplitudo cooparctor
oro | 1%, I opernting ond | V-IS,, | rootraining ond ¢he

rolay ¢ripe when | 2Z-%, | < lag |« ©his charactoristic 15 aleo
obtadd nod in tho ?pltaao polariced zelays undor camplo§ 4io~
taneo zolnye(dw)/§§‘damp11ng vy ond I, ot 0% aftor voltasmo

{9 o
ﬁomo ." | .
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9.4.22(vis) 0£Lcos ho Rolay

Phis charcotoriotic 10 obtcdinod by bincing oithor tho
iopodango 2olay or the oho rolay with on additional xopiien
iopodonco 80 and thoe anount of biacing roquircd doeidoo tho
chofco of tho roloy to bo uscd. Both nogntive offooto L.Ce
charpotoriotic ovorlapping ¢ho origin ord pooitivo ofLcot 4.0
charcetoriotic with orvigin outsfdo tho oho circlo aan DO obw
tndnod.

The choractoriotics of tho offcot cho cirelo on tho
iopedancoe dicgren apd aduiteanco diogre aro ao chovn for
nogative offoots. Ref. Fig.3.10. Tho o roloy with nomitivo
offoot phnso eocparator trips vhen ($/2 @ ) » } > (n/2) in both
tho Jompodnneoand Adoittaneo diogrens. Howowver in tho onoo of
hoplitedo Comparator 1€ tripo vhon | 23-Z-8, | ¢ |8,~%, | 1n
tho Iocpodanco diogeon or whon | ¥ ¥, | < | amro-:fga An ¢ho
Adnittonco dingramm. In tho above zg 15 tho coecondoery Anpodaneo
of the protettod lino, ao thoe 3nmodﬁnco by which tho rho cirelo
10 offeot. I% 14 scon that the rondiuwo of tho eixdlo La the noan

of those impodontos A.0. <zgpz;y2> srd tho eontro GAcplacod
3.+ 3 ’
£ron thao origin by € o g: 0 -
I£ 2 1o any impedanco vhich ic om the threghold of oporating
tho rolay, tho oxtremity of vootor 2 will bo on the circlo.

1.00 | 2-Q | =
2. +2 2,4
Tho abovo &0 thelbharaoteristid oquation of tho offeot nhé
/
eircle on tho Impedonso disgmant. Multiplying ¢ho abovo oquotion

/

{

/

/
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throughout dy 2I, wo obtain the two inputsc to tho anmplitudo

conparator
(2, +3_)21 21(8.~3 )

|2V =x(242) | =] I(3;,~3,) |

For o phego comparator, At eon BO coon from the choractoriotie
en tho Iopedanco diagran that tho vector (z-q”) cuot o ot
right ongloo to tho voetor | Z=8, | £or 2 ¢o O on tho oirelo.
Henee ¢ho oquntion for tho throchold oporation of tho phaco
comparctor 10 whon (Z~z°) ‘Z-ﬁr’ cooh = 0

I2 5 10 ¢tho onglo botwoon the ¢wo voetors oporation occuro
vhon 2/0% > J > 90% in o reetifier dridge ceoparator or

180° > + > 0% 4o n optke and blook phooo cocparntor (oinowove).
The oltornativo oothod of dbias which gives tho positive offsot
1o obtaincd by polariscing tho voltago inputs of tho phaoo
cocparator to give inputs ( V-Izt) ond (v—:zo) cormcooponding

to oguntion.

v;xze -l%Z. o Vhlzo : ot throohold

r

or (2-Z.-2,) (2-2,) coo\ > 0 for tripping

Howovor tho charactoriotie for tho amplitudo couparator 1o that
tho bieo 48 applicd to only ono of tho imputs vhich oro 1%, ond
Ve zzg - 120 anéd txripping occuro wvhon

- X Ve
CBITRAL LIBRARY UXIVERSTTY %r ROORRER

®OORKER
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Zho charactorictices arc plotted on both thoe Xrps danco ond
Adnittonco dingronio oo chown. Bofe Fige3.29.

3.4.12 (v1i4) Rostriotod I'ho Rolay
Tho nho roloy choarcoteriotiec can bo nodificd by mbing

the oporating anglo of the phooo eompazxantor not cgunl ¢o

9095 Juot o8 4n tho ecaoo of %hé Roptrictod Rooetoneo Rolaye.

The o eirolo conointo of tvp cectorn of o ¢irelo vhich arc
gomi-cirelon vhen A o 90° paking an irpodonee charnetorictico
RoZ. P1g+3+20. thon N > 90° oo chowm ih fig ¢ho scotorn oro

looce then o cond-0irolo and tho iopodonce charsetoristie booonoo
narrow and nakoo tho rolay loco vulnorablo €0 povor owingo.

vhon A < 90° tho socetors cro largor than oomi-cirelec ond tho
iopedanco eharnctoriotio bocomos apple chapo providing roro tole
oronco for foult rooictanco vhich o cdvantaroous for ghort
liaéa and ground fanlto.

$.5. SPECIAL CBARACTERISTICS

35.1, I¢ wos in 1962 ¢that John B. Sludorm in hio papoxxty)
proposod o relay which vill provido nov types of pick up churce-
toris¢ies suoch ao conic, hyporbola, pornbola, ©0llipco by sicple
adjustoonte of the circuityry of tho cho and mho ralayo.

Zho mho pick up charroterdiatic has provod very vaoluablo
in protocting long trancuiooion linoe wvhich aro heoavily loanded
oo they aro loos likely to trip onm povor svings, than tho ohm
ond fopodanco unito. The ontonsion of thio ictridution indicoatod
thot o ¢liiptic piok up charnetcriatze wonldbo idenl hocowse
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i¢ 40 looo 1ikoly to ¢mip on powor cwings than o convontionnl
tho uni¢. Yith ¢hHo cnd An viow, ho in his papor outlinod tho
poooibility of canufecturing o ©olay in vhich tho opocial
chorpotoriotico oo cited abovo could BO ohbtained. It was hov-
over o novel idoo thom ond tho matheoatieal bacio oo prooontod

in his poper for tho various charaneteriotico ic ao followo.

The pick up charcctorictic of tho oho unit iov givon
by (Eleetroragnotie rolayno )

[Iﬂ - I coo (¢ -G)j a
whore - © 45 tho onglo of the relay charactoriotie

¢ anglo botwoon L ond I
I winding econotont

Dividi ng the oquation throughout Ly 22 wo have

R~ & Coo(§=0)o0

Zecos( H~0)a @

£ ® “Cos (0 =0)

Plotting tho nbove oquation on the ImpedmnoC dingecn wo obtain
o straight 1ino charactoriotic. Fige3.21(a). Howavor i€ o caprole
tor 15 adfcd in tho potontial eircuit to mako 6 = 90°, thon

K

¢ = %5in )

Thio givos o horicontal charceteriotie ou tho Iopedanco diogyan
Rof. Fig-S-a (h)-
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Dov roforring toPig.3.21(e) 1ot
4 = Senlay Leotor of proportionclity rotio
of curront im ond winding om ¢tho
rootraining polo
I {Polarioing curzogfw

B = pet. poo. voltogo

I = Vipnding constamt

BE'= Voltage equal &n magnitudo to E dbut in
phngo with I

0o a_bcalur faotor of proportionality

',t’ho oporating chumotcrmtxc of such o rolay would bo
[chaa (@-0) '--(E'-!r.dl)l a0

Dividing by 1 wo hove

B’t:t.Y -i-—-.-.:z
ZOcoa(@-e)-ﬂ+kd s 0

ol - &
[ecoa(@-—e)-l ]

. oy Eqn. (4)
fl‘ - © 000 («a-oﬂ

Zho a.bovo s.n o polnr oquation of o cono with cooontyicity o
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1£ tho voluo of 0 1o ndjustod to dbe leps than, cqual
or groator than 1 by m2ans of an auziliary transformor wo obtain
charaetorigtics ap follount

o > 1 equation (A) doseribes o hyperbola
¢ ot oguation(A) doscribes an allipco
o < 1 equation(d’) descridbes a parabolo,

Thooo havo boon roforrod-to as the conic charactoristics,
Ref, 3,21(4). |

A charactordstic for o=1 4o ohounthoro olliptical.
Tho major axis of tho ollipticoal ch&raeteristiciia inclined
at on onglo @ to tho Reordinato. .

Kd -« distanco from tho edge of vhe olliipsc to tho
origin or focuo,

d - can be adjusted to any valuoc by an auziliary C,.T,

¢ - can bo doterminod graphically ac thp ratio of tho
dintanco botwoon foci of tho ellipno to tho longth of the '
mojor oxis. It con blco bo dotoroincd by measuring tho leangths
of tho major and pinor axic.

lot ¢ = “Linoraxmo

Thon Q al1-é§"

Zronen (tripping) o & @ (1-250-)

Zoproeyt RONLTinPINg Jo K d‘%ﬁiﬁi )
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In tho obovo cot up 0ll juantiti0o can bHs caoily abtdimﬁ
oxcopt for B for vhich ho proposcd o clippor circuit, 4 cir
cuitry for the conie unit vao clso indicatod 4in tho aforocaid
21a3 o.c) o '

% a0 howovor tmt Parthacorthy K.¢36) 1n 1965

dosvoloped stotic circuito for theso Conic Distonco Relays,
baocd upon the above mathomaticol trostmont and tho coaparators

ucod fall in the catogory of multi-input cooparators,

A conic section i thé docus of a point vhich ooves
co that tho distanco from a fizod point, the focus boars a
conotant yotio to 140 distanco from & otraight ldnc, tho divechix.

An omplituda cozparntor vith suitable inputs con proe
ducz any *Bipc of conic socetion characteristie, These inputo cay
bo pioplo input nuontition such on V and I or they may bo
dorivations of ( V= Izr) uhorc Z, 4s o roplica iopodance. A
conic charactoriotic ic nlse cbinined with both current ond
voltago polarised relaye undor sanpled distanco mluys(‘*” .

3'902,(&) B A ALDEACH A

Tho production of this ;- r was first dogeridbed by
Draton and Eoolu‘) anginoors of liorway in thelr paper prosontod
to CIGHE in 1950 with multi input ( throo input comparators).
Tha throe inputs were (VeIZ,), (Ve IKZ.) and KI whoro Zp |
and Kz, wre replica inpodancas vith the semo phoso anglo and
the cormepond,tng bridge curranats wore !(V-Izt)/n ‘ .
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t

| l (v-mzl?)/a 8 and 1. Tho circuitry of tho sehoco €aployod by

thoo io ohoune Rof, 3,22.,By mablkng k& = ! (fr_;;_ifi) , tho

oquation for oporation boconoy

Va KI‘Z!, l < gI(ZrHL‘Zr)'
Dividing throughout by I, v@ hawo
rz,zb’+’z~mz?! < !z?*nzb'

An o0llipse 40 dofinod as the locus of points tho sun of vhooo

| VnIZt g *

digtancoo fron twp other points, tho foei 45 constant. Thus
tho abovo ogquntion dogeribes an ollipsc going through tho
origin in which the first tvo termo of tho abovo ogudtion
aro the dictancos of the tvo foci froo thy curves and tho third
tho major diametsr, By suitobly modifying thd iaputo on offpot
0llipso choracteristic with one focus ot tho origin ¢an bo
obtainsd wvhoso oquation 45 dogepibed by

3 z.zz,‘ + ! 2‘."(' 2 *anzri and 40 shown in Fg,322(¢)
Similarly by varying the constants othor contic soctions can
bo obtaincd ouch oo hyporbvola, parabols, limacons otc.

Conic poction nhnraéteriatica can also do obtainod
by using hybrid comparntors, Hybrid comparatort orc combinmie
tiono of amplitudo and phaso cozparators vhoroin ono type of
comparator is oupplicd vith ond of 1to inputs from o cooparator
of onothor typo. Th3 inputs Af selatod by tho following polar
ogquation will onoble to obtoin the dosiroed charactoriotico.
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:  §

1~Kcon{ g~80)

it < 1 it is an ellipss
LI 1 & parsbole.
b § & hyperbola

=« 0 a cirale

~ M O oM

The hybrid comparstors way eonsist of an amplitude
comparatory with an auxiliary phase coxparator in which ths
inputs are 15, ¥ fed direotly to the amplitude comparator
and XV cos { g~ 8) input obtained from an awxd liary phase oom-
pazrators Ths circuitry for the same i2 described dy Sri K.
Parthsarathy in hia paper' 26), fhe characteristics of the
sllipses are shown in Pige.3.22(a) and 3.22(e).

It is also possidle to obtain conic charatteristios using
s phase cowparstor with an auxiliary amplitude coxparator, and
thess give limncon or cardied charecteristics.
3.5.2.(b) Cugdrilaters] chsrgcteriastios

This is theoretically ths i1deal characteristio for
" distance relays so that it's characteristic is coincident with
| thp}i fault ares and would inclufe all conditions for which
txipring is undesiradle. The busis for the development of the
quadrilateral characteristic has been indicated by is. Vitanov
in his mpcr( 37) presonted %0 CIGRE in 1968. It is stated therein
that every two points for exawpls s point I’i and Pk in the
complex impedance plane are connsoted with en axe o £rom
which the segaent P, Py, 18 seen st an angle. (C - l----j>}<= L""'\)
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Xy = = o¥g ( Tgy / ayy )

Low Af °‘au = Tl er 0, tho ore is transforwod rospcetivoely
into o cogoont, or into tuo rays. Conmooting in this way Py

to 01l othor points doponding upon tho nuodboer of inputs to tho
comparators o quadeilatoral or o polygon charactoristic can
bo dbtainudg

Thus o quadrilateral charactoristic 45 obtainod by
- using four inputoc nowely

31 = Z‘sx 8y ~ ¢ - K1 ZO(IV
a2 = &l /6 -8

8y = 231{93_”5

8‘&- o K‘& {0(!3

To ontloso tho fault ares 2, = X3 Zy o R, and 2y o R +§X 02,

&

po that tho inputs aro

Si = Iz?—' v

al‘.,. e V

Thioc givos o composite charactoristic ns—shown vhieh i
roctangular, Howdver to obtain tho proforrod shops of o
parallolograt oo ghown mfg323tho inputs B, ond §, oust do
appliod as pulses, Vitanov( 31) hap suppootod to convort the
dnput signnls 1ntb roctangular pulosos boforo being fod to tho
phanc comparators. Tho circuitry dovelopod by him and his
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exporinontal rosults are ototod to bHo in conforoity vith
4t 's qualitios dogeribod ocarlior. |

3.5.3s 7Tho idon of instantonoocus amplitudo comparator and tho
pubooguont davolopmont of tho quadrilateral charactorictie of
pelays 4n ths Igpodance plone wvas roportod by Sele Basu&”

to havo boon dswolopod by o Japanase firm vido quoted roport

of Toguchi T. in Toghida Roviow in 1969 undor hig papor styled
"Rocont Tronds 4m oll Static Rolaying Equipoont®. Tho same
 principle wvas also dovelopod by Khinmcha HeFs ot 31(38039*%)

and o pods of tho comparison techniquen 'mn yrecontod in thois
pamr(”’h‘)) togothor vith o mathematieal thoory indiecating
thorcin as to hov sinplo oand practical circuits can bo &volope _
aqd by using o winioun nuobor of inputs to obfain Loproved pick
up and polor charactoristicg. fAccordingly thoir block gchoe
catic dingrams to obtain a parnllclogranm polar echmrocteristisc
and o juadrilatorol charactoristic oro as follownJRefer Fig 324@136)]

3e504. Sps Anst numur(‘?s; prooentod & mw tochniguo using
principlos of pultisignal rolaying for tho gynthosio of an
univoroal typo quadrilatornl polor characteristico., The mothod
congiotod 4n tho doteraination of tho phace psoquenco of o set
of voltofo phases and the provision of o trip signol for ono
goguence vhije bvlochking for tho othor. Tvs veroions using
forrito coxo logic and anothor using tronvistor logic voere
doperibed, Tho application of forritt coros with lov curie
tomporaturan in tho vicinity of roonm tomporaturcs to protoctive
rolaying vao deseribed by K Mura .‘l’.’s‘iﬁ’lﬁ!; in his puper‘hz}
woing !ne Cu ferritop with propor monufocturing procoss. |
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Thooo Loprito corcs claicod to Bo coro cocupact, noro ro}indlo
vithin tho patod tonporaturc, consunco loogs powor, hao 0O roe
ecil, occoncaically casy to momufaeturo and obovo 0ll had tho
norit of pinplicity without the roquiromonts of any d.c,
oupplye

Tho forritoc coroversion oo ecloinod in hwyspnr{gs’ ¥30
found to bo floxwidlo pormitting Andopendent control of tho
charactorictic on thy impedanco plan? by suitablo adjustoent
of roplica fupodoned anglos. The maxiows oporating tixmo of
thic vorsion 4o about 20 ms. for vll suitching angloc and
vith foults vithin 9557 of tho protoctod lino gootion nad tho
naxicun tranoiont ovor reach recordsd vao about 8%, The unit
uith forrito coro logic 1o poproduced moro in Fig 325

Tvs ferrito coroos with rectanpgular hystorioio loops
conotitutog the unit and both tho corop hove only ons cutput
vinding. Soroc 9 hao throo inputs vhilo core 2 has teo ioput
windings, Tho wvindings are connzetod to arbitrary signalo 2,¥,8
through diodos so that only ono half iAo offeetivo in ogwitching
tho coros. The input vindingo aro connoctod in oppolition,

4 positivo state of magnotisation 4o designated as +1 whilo

O indicatop the nogativo stato, In the cutput winding tho
ehangp‘frca nogative stato to tho positivo otnto of magrotie
oatipnriu roforrod £o as ¢1 whilo tho yoverse 1odna13§;d;aa
«%s ¥With thig convention oignal *x' 1o orranged to oot zoro

on both tho corep 4o tormod as tho roforenco oignale Th 04Qe
nal 'y! ooting on coro 1 only with o zoro gotéing is tho
polarioing signnl. Input *4' pignol vith o ¢ 9 on both cores

10 tepmod the roscotting signol. The wvindingo are co arranged to
fom tho following logics
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Stata
S8ignal Core 1 Coro 2
x . 0 0
y 0 : -
2 , 1 1

Bpacific signals 81,82,83 vhich moy bo the relaying cignols
con gubstitutc arbitrarily sigmils x,y,5 in any randon ponney
so that the choico of signals providing thoe resetting funce
tions docides the phacs sequenco undor vhich 6n output 16 pro-
ducecs A toble 1o also given for tho tripping phuso soquenco
for varicuo combimation of recotting and polarising signals.

7ho block pehematic of the oomi conductor vorpion is
ap followns Refer Fid 326()

Tho output wovoforms of the flip flop arc that with
L’Cd\i'r\é

the ; soguence,the pulso “iﬁfgz ore ogual and occur at tho gamo
instant of ti-c vhilo fﬁrk quencc thoy ore oithor difforont

or cscur ot difforont insteato. The discriminotion ic offocted
by the pulce width deteceting dons by a gingle n-pen trannigter,
The dizadvantage of the somi conductor flip flop unito oro the
roguirogonts of d.c. for transistor powor and theso sources

éét a8 o modiuw for tho transmipsion of parasitic signala,

heco soto add to tho bulk of ths roloying oquipmont and iopose
odditioml C.7, burdsn. But tho transicter oircuitry 4o accurato,

oengitive ond o close tolerance on tho couponont values is not

roquircod. The ferrite corcs on tho othar bhond can Bo built into
o moro coapaet dosign as it doos not Tequire ony deCe DUPPIYe
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But it dononds tho uso of elosoly controlled cores co that
thodir output valuos haw oqual haightc and any dsviation
fron tho dapired volues eausco maloporation. Tho factors
contridbuting to theso aro -

(a) inproper dssign of output vinding

(v) hystoriols lopps boing difforent froo boing rectangue

lar
(c) unsqual magnitude of input oignals and
(a) unequal slopos of BeH loops prior to soturation.

Inputs to obtain characteriotic DR gro [Refer Fig 3-26(b)]

51 = ILZ% - reforonco
| 32 s ILGa « polarigsing
83 0 V’L « rootraining

inputo to obtain characteristics DCB aro

S;, = 3L‘i’11 - I Zﬁ.3 - pofoyonco
8 = 14y, = I %, - pelorioing

36 = VL - IL-! IL%B - yagotiing

The reloy is diroctional ond tho roplica imp2danceos Z.M and
233 apc doaignotod as peactors with angles of 80° and 7o°

ZR, is roalised through a combination of the output of a
trancactor and o reosistanco drop teo give on angic of -20°, Tho
osccuracy of the rolay has beon quito food upto o sourco/lins,
inpadanco of 25 and has o minioun voltogo of 1.0 V for diroGe
tional oporation for all positiong. ©F ;mpeda@cn voetor.
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/

Fe5.5. Im 1973; Ayhan antlz(sl) desoribad the mode of opera-
¢iom of multiple input moving coil relay with fully rectified
inpﬁtt and with transistorised block average phase comparator

and rectifier bridge amplitude conparator. He has also analysed
the functioning and characteristics of the relay while desceribdbing
the apeciel threshold characteristios formed by the inter-section
of straight lines circle ste. Linear Anplitude Comparstor

is reslised by edding sdditional coils to & moving coil relay

and energising them from fully reotified signal sources. The
threhold conditions for the linear sultiples input-out amplitude
comparator is shown to be satisfied when the sum of the dis-
tances corresponding to the imputs connected 4in the positive
mamner 18 equal to the sum of the distancss corresponding to the
inputs comnected in the negative mammer. By arranging the loca=-
tion of theé points 21,22......a£n on the R-X diagram and chooasing
Ki, xé,...... Kh suitadbly, characteristics swh es elliptio,
hyperbolic, circular and other specially shaped are shown to be
obtained.

A blook diagram to obtain an elliptiec charactoristic
is shown in reference Fig.3.27 with three inputs. It 18 alwo
shown that non linear types of amplitude comparstors as is ob-
tained with a three input rectifier bridge and a transistor an-
plifier also give correspondingly the same results as with a
linear type of anplitude comparntor.
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3.6. REIAY RB3pose! /6)

Before we analyse the remction of a relay to a -ystgm
disturbance, or the relay response, it is worthwhils to conaider
the primary, secondary and system fmpedances.

Jebedle Px

The impedance measured dy a distance relay {s the
ratio of the voltage and current presented to it. Either primsry
or secondary quantitise may be considered, with corresponding
'or sscondary impedance'?

primary ' iapedance.' 2 the relation

P s’

between the two is
2y = zP (C.?. ratio)/ (V.T. ratio)

Relay calibration, characteristios and setting calculations
are in terns of sscondary iupedance, which is usually based
on 1 Amp. or 5 Amp., and 110 V.

54642+ System Impedance
The impedance of the power system mey be divided into

two parts. F&rptly; the impedance behind the relaying point,
including the gensrators, feeders, transformers, etc., forms the
source impsdance. The Soures impedence must be known, s) though
not nevessarily with great accaxaﬁy, to determine the foult
levels and impedance ratio of the aystem.

, The second part is the impedance to the fault in front
of the relaying point, which is governsd by the geometrical
arrangexent, sige, shape, spacing and material of the conduotors,
mutual coupling of parallel circuits end, for earth faults,
~ the pature of the return path to the systsm neutral point. th

/
{

/

i
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precision of distancs mcasuremsnt depends largely on the accu-
racy of the caloulstions and the izpedance data for the protected
feeder on which they are based.

$.6+.3. The repcction of a relay to a systez disturbance is

- deterained from the voltages and currents at the relaying point.

This may be done pheoretically using symmetrical components.

or practically uaing & network analyser, oxfyé)c’:"uputer studies.
For simplicity only three principal types of short-

cirouit are considered here. In the aimple circuit of Fig.3.28

the source impedance is ;z,_ and the impedance from the relaying

point to the fault 1is z‘.

3e6454(1) :m‘ Phuge Fgult

| Considering the three phase fault depicted in the
sequence diagram. Fig.3.28, the positive sequence voltage
and curront at the relaying point for phase A are

\ 2
The phase neutral voltoges are V = Vn, V’bu a v‘l

and vo = a’@‘al, the phase currentanrs I‘ - Iﬂ, Ib - a’-’:ﬂ,

Io = “Ial' If three single phase distance relays weres energiged
by these quantities each would measure the positive sequence
impedence, Bg. |

With delta connected c«t.0. and voltage circuits the
relays would measure yespeotively

(Vg = W)/ (g = 1)

(Vy = Vo) (I = I,) and

(Vo =V )/ (1,-1.)
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and coch of ¢hogo oxpronoionn 10 oquol to zfl.

If, howcvox, tho e.t.0. wroe otor conmneetcd ond tho
voltago eircuits dolto comnootod, tho throo clononts would

Deasuro
(Vo =Vy) /1,
(Vy =V, Iy
and (Vo =V I/ 1,
cach of which 10 oqual to Zom Y %
B+6.3(84) ¥

Tho coquoento disgram of P1g.3.28 4o for phaoo A and
6 B<C phaso fault, Ig==1,Co that X o0, I o= 51 .79
and X, = QI&V%

The pooitivo and nogntivo soquence fopodancon aro conci-
dorod ogual. This 18 ¢truc for static apporntus, but not for
rotating machinos. Tho variation (n positivo~coquonco roaotonco
of rototing nochinos introdueos ap orror, usunlly nogligidlo,
in tho source iaopedonec. I¢ is loant ot oppromimately the boun-
doxy of tho sub-transiont and ¢ranoiont roglons, conaequautnr
it 15 evon leso sipgnificont with high-speod diotamoe protection
than with lover-speod distanco protoction. In Pig.3.28, thoro-
foro, '

Vi oIg (285 ¢ 8,) and V5 o I 40,4
Consequengly,

Vo = 2y,(8, + )

v, =I,(c?22, -2,)

Vo 21,0828, «3.,)
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If the sevaral methods of connscting the current and
voltage circuits are considered, it is evident that with star-
conpected o.t.8. and delta~connected voltage circuits the relay
element energized by the fault current and the voltage between
the faulted phases measures 2 zti' The same relay ssasires
ztl if the cet.s. are delta connected. The two othér relays
neas re higher impedances, i.s. they under-reach.

With a delta connexion for both current and voltage
circults the relays measure positive-ssquence impedance, ztl'
for both three-phase and phass~phage short-circuits. If the
Ce.tese ars star comectesd and the voltage circuits delta conneo~
ted the relays must be set to memsurs Z,Y3, consequently the
three phase fault distance 13 correctly meamared, dut the re-
leys under-reach by a factor of Y3/2 for phass-phase faults.

3.6.3(111) Phase-Eprth Faulta

The earth-fault loop includes sero-sequence fmpedance,
the value of which depends on the path taken by the current.
Some current may return to the system neutral point through earth
wizres in tho case of overhead lines, and through sheaths in the
case of cables, the remainder peturns through the earth and is
considersd to flow in an imaginary conductor at a depth depend-
ing on the resiativity of the earth. The gerc sequente impedance
varies conaideradly with the feeder construction and the nature
of the terrain.

The position of the system neutral-sarth point has a
considerable effecot on the value of f{mpedance measured. This ip
shown in F1g.3.29, the mource iapedance is omitted for simplicity.



il
)
|
]
|

12:0 i Va- 0
|
|

Fault

Z2:11 L
> VW————

|
|
Ils | {0
|
|
|

I DO-‘O
1

Zo=2414

i | —

Relay . Fault

Relay Fault ,

(c)

FIG-329 EFFECT OF LOCATION OF NEUTRAL - EARTH
POINT ON EARTH FAULT IMPEDENCE

MEASUREMENT.




68

A% (o) tho oyston noutral 4o colidly carthod ot o romote point,
tho oouree ic ut tho rolayiag point ond tho carth Loude 4o
adjocont to the moutral-carth point, £rom the coquomco dingran
at the roloy location

Thorofore £ = V/I o Zl

A%t (b) tho oyston noutzal point 46 0olidly onrthod ag the zo-
laying point, and tho gystcd 4o oupplicd fron tho memoto
ond adjacont to vhieh io on carth fault, o¢ the rolay locaticn

Yy @ I 2, o 2xfx 2.4 znzl( coourdng o typionl voluo of

vuvl @V?_ +v0avl
and EeV/lno2d8
At (e¢) tho oyoton noutral point 40 colidly oarthcd at¢ tho ro=-
loying point and ¢the soured S0 alco ot this point, but tho carth
fanlt §5 romoto, at tho relay looation
!J'l = Iq (21 g ¢ 82) ) 4.41131 { aooumod By © 244 zl)
v c‘:Vl #VZ +rv° gvl
and 2 e V/1o1.47 2,

In o syston with moro ¢han ono noutenl-carth point ¢the
veluoes of impodanse mongurcdwould vary botwoon Z, and 1.47 2y
(Zo = 2.@ Zl)-
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Sarth-fault fiopodorce naooourenont 1o ondo indopondont
of tho nunbdor of mcutrol~oorth points, tho rolativo locotion of
thoco p ints, the rolaycend the foulto by applying »oniduanl

componsation.

. 'Residual conponcnation corrects corth=fault dictonoc xo=
layo for tho voriadble 4ivicion of coro-goquoncc curront botuoon
tho covoral noutral eac#®th pointe in o miltiple oarthed oyotom.
Prom tho typieal cireuit of Fig.3.30 4t com bo ocoom that o
fruation'er the renidual current 10 injootod into cnch ocarthefauld
digtance rolays. Tho phaoo=oarth voltaze oeasurcd ot tho roloying
point 18 '

I, 15 varinble dut equal to ono-third of tho rooidual curront,
Iroa. 30 ooy b wriiton thx’ 11 nvle end 31 < 32, thorcforo

V= 232 * Blone 5y/3

ho quantity to be noacurvd io gl and 1€ the voltoge 10 oxprooood

fata)

2y [211 +* I3+ (Bg1) X/ ]

it 18 ovident that ¢tho yolay currzont cust bo increaoood by

(Ey~21) 2205/3
Uith tho ¢yploal valw of nb e 2.4, tho compenontion
soquirod im each phooo 40 0.4( Izﬂa‘ ond tho ratio of tho reuidual
compenoation awidliory Ce.te.s¢ L8 1/0.47 A,
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3.6.3(v) Mutusl Induetion

WVhere two feoders run in olose proxiamity, e.g. doudble
circuit overhead lines, and the system layout is such that for
a foult on cne feeder mero-sequence currents can flow in the
other feeder, the sero-ssqusnce coupling detwsen tho two affects
impedance messurenents The small amount of positive and negative
. sequence coupling 18 negligidtle. Considering the faulted phase,
the voltage at the relay location may be axpresssd s

Ve Iidy +358 ¢1,° B, +1,'"%,

where Z., 15 the zero~-sequente mutual iapedmce of the two
ecirouits, and I 4! 48 the portion of gero-sequence current in the
healthy circuit.

In the preceding pers 3.6.%4r) a method of rvesiduml
conpensation is deecrided which overcomes the variable nature of
the Iowe torn. ComponZation can also bBe spplied to the current
circuit of the relays to eliminate the effect of Io" z‘Q. A
typieal circuit is shown in F1g.3.30, from which it can be seen
that the xesidual current in the parsllel line is meamired and
® fraction 138 injected into the reridusl compensation oirouit of
the feeder under consideraticn via a mutual compensation auxiliary
Cetoe

The sero-sequence current in the parallel line is I a"/
ons=third of the residual ocurrent in the parallel fesder, and
fg0 18 equal to K/ Z.l. vhere 2, is the positive sequonce Mpca-‘
dance of the faulted circuit. Therefore the induced voltage isa
Vg = Bufqloas’ '/3, and the amount of compensetion required is

| Knxzts' '/3.



11

In Pigure 3.350 a value of 2 is assumed for ‘i‘ To
provide the requisite compensstion of 21" gy’ 3s the ratio of
the mutual compsnsation suxilisry c.t. 1s made 1/1.43 A 80 that

the overall ratio of thia c.t. and the residusl corpenseation
Cetena(1/0.474) 48 1/0.67 A,

3,7.1. The desirable characteristics should have thres
selective functions namely ~ -

{(a) direction A
{b) diserinmination between fault rosistance and load
inpedance

{e) distance neasurement

Direction means confining the txipping gons to the
first quaﬁanntulalthaugh some incursions into the second and
fourth may at times be desirudle.

| Selectivity between faults and loads 18 one of the
major reguirenmesnts of a distance reloy particularly during
power swings. Distance measurekent dy relsys peﬁen saveral pro-
blems particularly due to the preasonce of arc resistance, tower
fobting resictance ete.

3+1.2. The ideal characteristic would however be a quadrie
lateral charscteristic with ito yeaches on the % and X axes
separately adjustable. Fevertheleas the characteristic should
cover the ippedances in question with some margin because the
inpedances oannot he stated exaotly beoguse the line impodance
may vary aleng the line snd as wali from time ¢to time and froms
phase to phase because of moderate steady stats errors in
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measuring transformers and relays and the practical limitation
in the setting of relays.

3¢1e3. The CIGRE Committee Report on Protection and Rozui.ns( 55)
has récommonded that the characteristic should as far as possi-
ble ensure sstisfactory operation in the presence of -

3.0+3.(1) additional resistances in arcs, tower footings
etc. measured in some Osses with important reactive componants.
This is the chief source of error in distance measurement pro-
blems. The fauit Tesistance has two components, the resistance
of the arc and the resiatance of the ground and in a fault bHot-
ween the phases only the arc is involved whilst in a fault to
the ground both are involved.

Acoording to Warrington formula, the fault arc resis-
tance is givon by the relationship

arc
I 10‘
wvhere 1 = lergth of the arc in feet in still air which
initially will de the conductor aspacing bdut
will inorease in the presence of a oross wing,
beoguse the arc has no inertis.
and 1 » is the fault current

The above forsuls whore time is involved becones

R - 1%0 +

are ) G '
where 8 - conduttor spacing
u « wind velocity in miles/hour
t ~ duration of time {n seconds.
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ihs above forculae havo boon elninod by tho authar(” to have boon
ronfircad by toots in [ussia, Franece, Usled.

Tho rogetanco orror io ;Qm_ oin ol whore 1A ip the
A

urront fod in from ond oad and of 1o the angle botween thit curront
\nd ths total foult curront, The larger the current fod in from the
>thor ond tho oo of opproaches the anglo betwoen tho two ocurronts
and tho groator tho {ic"u”rt‘ods reactance.But on tho othor hund

[ oL + 2 ) 40 a nansd angle bocouse () it 19 the angle botwoen tho
Qo voltagsn‘ut tho onds of tho protuctod scotion and (b) ths largor
in 45 tho gmaller are voltoso AQ,badauao it docrcagses as tho 1.b
)ouar vith curront magnitude, (Refer f 4 3-31) '

iho CIGHJ(32) Committos howover has reecomaonded for éimplia
F10d caloulntions in that the ore rosistanes bo assumod a8 0 COrw-
tain voltore 2 or 2.5 KV/mof arc longthdivided by the curront
through ths arc.

Towor footing rooiotance 4oponds vory mueh on the nature
»§ the ground topegrarhy, humidity ote. ond on tho use of ground
sires ote, and evon on the azpiitudo of the current,

Tho Conmittoo roport statos o distonce rolay 4s in many
000 unablic to peasure an ocdditional raaiatanee‘corroctiy but will
in cuch cases noacure this rosistance with an anplitudo factor,
raldlcd T and sonoticas callod with an anglo called &, Tho fmportant
valuas of ¥ and E cccur in aotworks with roactanco greounded noutrals
oF isolnted noutrals with faulto to earth frem one phase on ono
1inc and fron anothor phase on anothor linc and in notworks with
polidly pgrounded neutrals with phaso to carth typo faults. |
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Tho most offective way of preventing the fault resistanco
fron making tho distancs rolay undorercach 1s to design tho
raasuring unit to moasure tha w:mt‘ance rathor than thoe iopodance
of tho faultod circuit. [3vortheloss tho zone 1 should cnclose
as puch of tho 1l4no icpedance and the additional rosistoncos if
poosible vithout over poach nnd this concerns with the deoirabdblo
shapo of this part of tho characteristic, |

3e7ee(11) Enaldd Joagd Ampodanse -

ovon $f of tho sams ordor of magnitudo as the foult impoe
dones.In tho sirplo case of a l4no fooding a aistrict vith no
goparate powor supply, tho lond icpsdance wmay be limitod by tho
full drawn 1in28 ag chown in tho figure horo i5:32) vhere tho
uppor 1ine 1s, duo to th? pagnstiscing currant, ronlly a part of
8 large circio with tho centro 4in the lst quadrant ncar tho
+Feaxiv. In othsr casop tho loci for tho poximum load ooy diffor
gcoovimt from tho c¢ircleo in tho figurc. |

A fault condition will ulso oxist if the difforonCo in
phage anglo botwoon tvwo gtations with separato infeods oxcoods
on angle corrosponding to tho maxioum load condition. For linos
conazcting two notworiks, cach having a cortain pover production
th impodance loci aro 68 showa by ths circles in tho figuro 333

oshoun.

In this figure A and B are two stations with voltages
E) and By roopoctively, and 45 tho angle botwoen E, and &g,

If tha voltaps drop botuson the two stations exceods a
cortain valus { e.ge 203), tho impodunce loci ore then shown os
circloo on the top of tho figurc whore ‘the eirclo 0.8 correse
ponds to 205 voltage drop. The suppositions are as for thoe
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circloo to tho right. Tho rclay must thon be locatod somovhore
botweon 4 and B cnd tho impodance neatured by tho relay ore
givon by tho distanco frop that point to tho circle in quese
ticn. It cheuld, hoyover, %o romoudored that this impodanco, dbut
not th> chaps, nay diffor 4in cose of changos in tho notwork, The
mtvork condition inposing tho groatost limitation in tho otart
zoro ghould bo concidorob.

It 46 practicod in Gornany to have the impedanco roach
patcehod to the Changing load conditions by naliing the roach
roughly ianvorgoly proportional to tho curront C.g. from 2.9 tiooes
tho rateod curront down to o opall currcat. This mosns an |
incrcacc of tho pazicum oxtonoion of tho gtart zonc in the cose
of ool curronto., 4 furthor increcase can be obtainad ia tho cacd
of unoymmotricol faults by introducing curront componam 5 £ron
unfoulted phasos, In Gormany dopondanco on the anglo i alse
practicod,

3-?;h;(111) Fowor Swinpa

Tho 1m§edanco maaourcd ortsoon' by & distanco rolay dure
ing noroal 1oad 16 shown in the '33ys'figure. Yormally this would
Yo outpids tho tripping zono of tho distance relay but, onao
vory iong 1linc whoro tho longth of tho line in milos oxcoeds tho
oyoten BV, the circular impodonce Charactoristie ﬁay have to be
mAd? gp large as to invelvo the pciht Le Furthersoro os tho load
incrcason, L movos tovards the roloy charactoriotic in tho
dircotion of tho orrov and Guring o powdor owving, it msy ooeillate
~upto a point such ng Pe.v. whoro it may enter the tripping zono
of the rolay ovan on o medivo loagth line. To over come this

CENTRAL LIBRARY UNIVERSITY OF ROOKKEE
‘ COORKER -
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tho adnittanco {mho) rolay wao dovoloped, which 18 sonsitivo
only to & cooponont of curront ot about the sunmo phaoo anglo ag
that of tho pretootod line, oo that it 10 insonositive to high
powar factor curront conditions such aa loads and pover svings.
Subsaguont dovolopmonto have beon tho olliptical ond quodrie
latoral chorncteriotics. | )

Voetor diopgran of one phose of a powor gyston during o
powar puinge i3 shown  in f«‘g 3-35(5)

Pouer flown from the parts of the oystem with surplus
genaration to tho aroas with surplus lead. The concoguont flov
of curront throuph tho gyston causeo a voltago drop(rofor above
voctor diagram) wvhich, vhon tho oysten i sinplificd to tho
equiva:mnt two machino sysotonm, ciparatocs the two gouUrco Gemef. 's
&5 ond Sg by an ongle @ vhooo nagnitudo increases with tho load
transfop, i, Adl. Van €. aprington hog in hio paper( t9) givon
o grophical mothod of ostimating the performonee of digtanco
reloying during foults and powor Swings in G dotalled form,

From tho abowo vactar dmmam, tho swing current

thore
VA = totol gyston impodanco
Eg = sgonding ond voltage
En = Reeoiving ond voltapo

¥ {Ggle g then Ige T3 st &

Tha voltogo doerongss towards tho middle of tho gystem and this
roduction incronscs with @4 until the line voltage 1s zero ot tho
olcetrical contre of the gyston vhon 6; = 180°(Refor ¥ig. 330 ).
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Tho effeet of thio upen the igpodanco goon by o dietancé rolny
1o ohoun in tho Fig. 3 35 &,k ¥c

Sorcadly € doon not oxcood 150 and the rolays ore asglie
gibly affoctod, dbut during o powor owing 0g may oseillate upto
90°. Thoerctically n suing of woro than 90% should rosult in tho
gomerotors at A and B losing synchronism bocauso the synshronioing
torquo is proportional to in @g and honce decreasos whon O 7‘90°.
o origin of tho adovo dlaprem 43 shown at tho rolay location |
A so that tho inpodaneos 5oon by tho reloy arc moasurod from A,
This roloy would moagurc the impodanee value AB for a foult ot
By but in tho case of o povwor swing vith anglo @5 botwoon the
gonsrated voltogon it would poasurc tho impedsanco A0. As tho suing
bocones roro and more soveors, and the angle of sepiration incroapss
and tho impodance noasured by the rolay will docereace to o valuo
Ay which pay happen to be within tﬁe tripping charactoristic of
the rolay. Whoro 4t is found that the powor swing locus ponc-
tratas the peloy characteristic tho gubotitution of on olliptical
charcetoriotic nay provont undogiradlo tripping or altornativoly
to ad8d ohm units 0s blinders.

Tho effect of o power Owing upon distonce measuronont to
foult 40 ogquivelont to a load impodance Z connected in parallel
vith tho foult oinco the lend current goes through tho rolay
but not through tho ﬂault. Tho figuréia;ous ths impodance maaauted
by tho rolay as tho foult rooistanco varios from O to ay with
(o) tncoming powor (b) outgolng power, Referring to f"‘é 335, we hav
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With no foult ond o lond of o constant maznitude but varying
phaso anglo, tho locus of tho i-podanco socen by tho roloy at A
iy tho eirclo ‘*a', Uith a foult of rosictanco Bd and tho samo
load condition an for at, the leocus boeomss tho eielo 'bt,

Py smallo§ locus gives tho locus 'c', no lond gives the point *d¢
largor loods give tho loei ‘o' and £,

On thase loci the points parked 4 to 8 ropresont tho
sago phaco anglep of tho load cﬁrranﬁ o ssen by tho relay ot A,
For instance th? point 1 roprosents unity powor factor outpoing
powor, point 2 1o culpgdng KVARy point 3 meo;::ing R, ,point 6
inccaing KVaRe

Fron tho above it will do soon that the rolayo tond to
noasuro 1258 renctance and honeo to overereach with cutgoing
pover ond to undor.reach with inepning power. » mho roloy with
o circlo of diamoter AB would ovor roach for 1b¢us ‘e' vhich

hovevaer roproconto an onorsous load,

~ Undoreronching occurs in moost cagos. Ovorercaching oCcurs
in rolays with outpodng powor, but it 1o sorious only for o rolay
noar tho rocciving ond and with o hmh ragistance fault., Tho
quodrilatorsl charpcteriotic vould b2 cuch more vulnorablo than
tho ohio circie in this cngo,

dharong tho iopodonce nmengured by tho relay can bo
incroocod by the fault roesiotanco vhich is in corios with tho
1ino impodoneco 05 Shown in Fipg. 3 %%@)particnlarly with loads
in p-rollod) vith o foaultod lino. This would bo the cage with
@tngls ond food vhore o relay looks backeard through tho buo
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into two 1indo ono of which 40 foultod and tho other has o
lond. An example 40 that of tho third zone pho distanco roloy.

3-39(b)P1gurc chows the impedance seen by the relny in such o
eoso = tho fault 15 o colid Oro and tho unity powor factor lood
iz varicd frop poreo to tho marimum walue. Tho small cirelo
shous thz offoct of ?nryinu tho distance to the foult vith a
fixod ( coxirud) lond. . Those conditions can couse ovorsroocching
vhich 10 not undooirablo in the caso of a rovorsed third zomo
un;t. thore 4t 4o due to o haanvy ¢tap load on a vory long line
1t can couse ovorercaching of cone 1 and this must be ailowad for
in ito setting. Howovor in practico this error is considorably
rodueccd dy tho zcoro soguonzo componsation of tho relny ﬁince
tho zore cojuence curront is only aspocisted with the fault.

3a7+4%o(1v) Lutund Induction,

Iutual Induction at systen frogquoncy can cccur detwden
ono conductor and tho othorvtwo of o three phase linz, or botueen
on2 3 rhase lins ond anotkor, Tho wethod of compensating for tho
farmcf:is ptrajightforvard bocnues the ¢.t.'s of the other ghases
are availsble, but coopznsation for inductlon from o parallol
dine 15 not possiblo Af tho latter doco not terminato in the
ﬁame bio as ‘o lino affocteﬂ.

Oa on 4<donlly transpocad lino tho voltapo Vﬁ for a solid
pintlo phaseo fault to ground io givoa by

Vu o 1&23 + (Kb-ﬂc) :?.m

WMOre ;. polf impedanco of tho conductor botwoon e relay

and the foult
%a = 4its mutual iopedance to the othor two conductors.
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From the ahove squation we have

%g__, I, +(5 +I) gn,
v
or Z o a

I, 4(1;*'1‘6) %"

Dut Zy = % =2-72,
and Z, = 2s24
Solving for Z and &! we have |

221/3C22 ¢2,)

2= 1/3 (2, - 2;)
Sﬁbsueutim for Z and Z_ ve Mave -

v, = 1/3 [' 1,022-3,) + (1,45, )(2,2;) |

= 1/3 [1‘(221.301 s (3T-1,) (zo..zl)]

1,2 + 1,2, 2 )

! .
Z = N .

Z ~ Zy

From the above ejustion we can make perfect compensation for
sutusl induction from the other two phasges,

In the case of anuntransposed symmetrical line for a solid
single phase ground fault on phase ‘a' we have

v.=12‘+1bz.b¢1cqm
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ore 4y %mc is tho mutual dmpodance of tho faultod conductor
'at to conductors *d! and ‘e'. Honco tho couponsation fron tho

cound phagop will bo

Tn

I, ¢ -%fﬁ--xb + f%:-'. 1

It cay bo sontienod hore thot the golf and mutual 1ﬁpodancaa of
tho individual conductors are noldom known in practico and the
roeloays in the 3 phacop are get for tho game ispedanco and suppliod
with tho como proportion of currents from the other tuo phasos.
Undor thooo elrcumstancos tho diffovence botwon the reloy meosuros
oont of an untransposed linc with zoro soguonce campansation and
souné phaso conpencotion is leas than 25%. Heneo zoro saguence
conpengation 16 norrally coployed ap it reoquiros only ono auxie
liary cete

In 1970, Ueu. Humpago‘h3) wado a dotailed evaluatign of
tho errors in tho moagurezont of izmpodanco by dictance protoction
vhon oppited to OO KV doudlo circuit linos formod in tho widely
usod 1cop interconncetion, An accurato ssporation of the orrors
arising fron primary circuit intorphose and intorcircuit cutunl
coupling non-tronsposition of phaso conducters, and foult rosige
tance in dovolopod during the foult and prefault oporating
conditions, for vhich tho oproro have thoir groatost individual
and coobinnd effects arc foroulatod. Tho errors have bosn ovoluge
tod by coemputer programming on tho basis of which thoir conpoe
quances in rolation to tho fault oporating porformance of diotanna
protoction iz assesoed. Tho crror study hags.been hada for primary



82

oyoton foult voltasoo and currconto and honeo fox tho rolaying cige
nals dorivod fren than, vhioh arc oiminpidal guantitics nt oupply
£roquonoy. The OOUPcos of OXFOT in tho protectod circuit 4o collooi-
o4 in tho following forn -
1) intorpheso mutucl couplimy , 44) intorcircuit cutund

111) non-tronopooition of conductord, 1ggugg%§g replatanco
%“he errors have bdboon ecloulnted for tho folloving opocificd condie
tiona.

1) profoult trancfor of cotdvo and rocotive powor both in ool
tudo ond dircotion

1) ceifiod short circuit lovolo at the buodar torainations of
tho intorcomection

411) rotio of tho pooitivo coguonco ¢o tho nore ooquonco inopedaneo
of ocach infocding oource

iv)  type and location of tho faule

v) ratio of gouree impodanco to 1line inpedanco

The orrorn duc to intorphado and intercireuii couvpling hove boon
statod o be clinminnted by compensation mothods normally ouployndu
The rolaying orror ¥, Guo to lack of conductor tranoposition io

forned oo v v

ﬁhnza-xg‘%) donotes tho couponsated rolaying oigmal ¢alouvlatod on

the baois of an ascunecd tranoponition of oonductors and Ix(n} COrron=
pondo to the same gquantity colculated for a given 8ot of ianpadanco
paranatorn. 15 Iro(%) io tho azaetly coopongatod signol thon tho
orror Iy oricing f£ron thic courec 10 given by

v 4

wolt)
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The orror Fn‘dno to intorcircuil outunld coupling i1s givon by
(Ing ¢ Igp+ Igp) (=) Zp Xy ¢ Tyy + 1%y) 0 4y

Lot )

I?cu

<he orfror G6uo to foult rogistance 18 given by

' 1.8,
Ppn a—if._ﬁ.__
D ra (U )
Thus for sound phnsc cooponoation wo have tho sum total of oll

Qrrors as

k)
EA*FB“’FG*FD o _i&______,m{n*hn)%

r{n)

thero Z, 1o the colf impodanes par unit longth botwoon conductors
in the 'at'! and 'b' phosos with comxzon carth roturn,

For reaidual coupensation wo havo
v

Py ¢ By +Pg ¢+ Fy = -ﬁ—-—— - {a + lx) 2,

n)
thero 2@ 40 the &vo coquanco impodoace per unit longth of tho
foulted cireuvit, Tho orroro duc to lack of conductor transpesition
ars different for cach of phepgo ond 4t hap boon chown by tho
suthor that sonme® of the errcfo tond to cantol with ono another
and thot there is on intordspondanco betwoon thom.

Hovaver Bele whaalaw(ga} in tho papo yoor oxamintd the
cagao of significant putual eoupling impodancop bhetvson tho
tvo circuits in douvblo circuit ovor hand lincs. Bio study was .
conducted for difforent primaty circuit arrangocontc and for tho
condition vhen one circuit 10 out of porvice and earthed at both
ondo. The conclusions of hio otudy indicatc thot distonco
protoction may ovore.reach vhon detocting carthefaults if zoro
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cojucneo curronts flow in o parallol circuit in tho opposito
dircction to zore sojuonco comkonents of currcont in tho circuit
in vhich tho measurop2nt 40 mads. dovortholess tho extent to
yhich thig can occur in practico io govoroly limited by systenm
confipguration and o#er-rcachiug has boen shown noi to occur 4if
the doyblo circuit linsp aro connoctod to the same busbar ot
om2 cond only if a single phase carth foult occurs on ono of the
two circuits, It has nleo boon ghown fhﬂt a failure 4in dicerivinoe
tion duc to mutunl coupling effoats deponds upon the distribution
of gequones componints of fault currents and failure in discrie
mination i not likoly if inpodanco protections are set on the
baoio of eircuit colf inpodances in an intor-connactod zultiple
earthed gyston. Tho suthor hao ndvocated that it would bo prudoent
to rostriet zone cotting in certain particular cages vhere tho
total fault curront comprices almoot ontirely gero sequenct Conpo-

nont .

Ihe offect on diotunce relay porforcancs of oporating only
onz circuit with tho othor 1solotod and earthed at both ohda in
the casc of double circuit 1linos wip studied by W.D, Humpago
and Me8e Kanasl'93), 1t nos boon stotod thot relnying conditions
arisepoquiring a ropotting of tho forwvard roach gottings. sarth
fault conditions give risc to apparent impedanco: valuos which
arc ponorally lsec. Conputor otudics wore conductod by thon to
ovaluato tﬁa diocyininative porformanco of distanco protoctioh
undor carth fault conditiono both under single circuit and doudble
circuit vorkinge I was found that conditions neceasitatod‘in tha

‘solostion of tho forvard ronch gottingo of zono L rolays o as to
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pourd arainst those rolnyo vonpénding oxtornal to tho protocted
circuit, Tho orrors in tho waoctance messuromeont undor carth
fault conditions discounting the offects of foult ropisctanco
anountod to op much ao 205, Odviously tho prosenco of tho fault
regiotancd would necontyate thosse orror values,

On 0 deublo circuit lins with 1ittle or no gonoration
at tho far ond, a fault on one lino will Bo suppliod with a
substantisl amount of current via tho sound lino, This current
will induco o voltogo 4n the faoulted lins which will mako the
roloy undoreronch, in thot lino, This tendoncy will decroase ag
¢ho foult approochos, tho romoto bus, So thot undorercaching wili
not soricusly affoct thoe zono 1. A9 ocuch mutual cooponsation io
norsally naittaa‘19}q |
3.7+ (v) Zzanniont Brrops

thon & foult occurs, the current and voltage at tho
relﬁy’uné&rgo o ouddon change in ampl&tudb or phasgt anglo or
both., Thig sudfen change ¢austes the siruscidal curront to bo
offoot by o doenying d.¢. cooponent vhose amplitudo doponds
upon tho nooont fn the cycle at vhich tho fault cceurs and vhose
durcticn inercosos with the X/R (timo constant) ratio of the
circuit, Thoso transieénto take the form of a docaying d.ce
componsnt which eoffsety tho ecurront or potential wave go that
ono half of tho vave hap a groator -amplitude and o longor du{a-
tion than the othor, This will caude doecronoing altornito
pooitivo and nogative crrorg in both applitude and phacoc compora-
tors oo that thOy will toll to ovor reach during evory other
eycle wunlosc moans of providing averoge woasurcmont aro incore

poratod,
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In voltage copparison thoe 1ino voltage at tho roloy
location 40 comparcd with ¢the voltage drop aeross an inpodanco
vhaich io tho roplica of tho protected line soction on o cocondary
basis. For a faoult ot the ond of a protectod goction tho 14md
veltoge ot the rolay 4g producod by tho lino currant flowing
thrcugh tho iopodanco of the protoctod coction, Concojuontly,
itte trangiont bohavicur io idontical to that of tho woltogo
producod by tho saco curront floving through o roplica inpodanco
providod that tho gyotom impodanco Lo homogensous (tho gourso
inpodanco z 15 invariodbly coro lagging thon tho 1lin® impodanco
Z.Je In both anplitudo or phooo comparators (1Z,-V) 4p cone
porod with :zh or V. Cinco nll thoso tormo contain tho primnry
current tpansiont oqually roproducod, it cancels out in the
weagurcnont of inpodanco 4n o homogoncoup systom. On o none
homogensouc oyston vhoro tho gourco inpodance io poro lagging
than tho lino inpsdanes tho tranciont rosponso of tho.lino,
potontinl vill not bO tho cumd oo thog of tho curront. Honeo
tho currento or voltages compared in tho rolay will not bo
ratened for a foult at tho ond of tho protocted sodtion oo that
o fost rolay con ovor rooch if tho fault curront is considorably
offgot,. In practico this ic provontod by delaying tho reiny by
10 or 20 no for foult noor the put-off point of z2ono 1 co that
it*o oporating timo oxcocdn tho timo conotant of tho protocted
coction, In eﬁrront ceoponsation tho roplico iopedanco is
connoctod 4in poricn with tho potontinl ecircuit. Tho roloy
curront in both casos 4o 1 [Refer Figds 340 @) )]
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(2 $_Zr + Ry)

ip tho ralay inpodanco

o
]

By = ooriop reosistanco adjustod oo ns to mako tho
circuit havo a lovy $ic> constant

g vl 6 mo
1.0 [TE T H *

This lov tife constant provonts any trancioent orror duo to

dying oway of the curront in the pocondary of tho p.t. vithout
approciobly affoeting the conoitivity of the rolay oxcopt in
tho coco of BEV linao of oxmtromoly high JX/R ratio. In ouch
ences nerd roloy amplification may dC nceessary or lindar
couplols caom bo used.  Although ths voplica impedance matchos
tho 1lin2 dnpodance for o rolid fault, 4t doos not allov for
repiotanco 1a the fanlt. Thio is not so ipportant in o cho
rolay because any ovor roach morely nakes tho pho eirelo for
tranoiont moagurcmont to bulgoe sidoways and this cougtos an
irprovomont in 1to charactoriotic because it providna nszme
vhat moro toloranco for fault resiotance without 1ncroaninc

the dioctantos roach,.

3.8 In conclunion it pay be statod that tho comaonly

npod dictonco rolay charactopistico are quite satiofactory

in nony ©ncos, Chnractorietida\uith special nhd norc floe
wiblo chapas ore, howover, dosirablo in tho prosonce of
additional rooistoneos moasurcd in cood ¢as2n ag lorgo iopow
dnncao vwith inportant rosctivoe components, povdr oswingo, lond
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:l.mpeﬁancén of the sane order as the fauit iapesdancos,tran-
sient errors and/or infeed currents not moasured by the
relay in question, Honee no combination of characteristics
and no exict shope and setting rango can be atated as the
only correct ones £n all cases,
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Powor syoton transoigsion lind short circuits arc of froe
quont cccurance on an cxtonsively connoctod high voltoge oyse
ten. dheso disturbancog usually rosult froo liphtning or othor
cachanical causap or othor causas rogulting 4n failure of inou-
lation. In ocithor case it 1a Caoirable to locate and inopcet tho
sourac of trouble, Thioc 4o particularly truoc if tho ocutapo 4s
pormanant and cust be attonded to bofore scrvice ie rostorod, Iho

dotorasination of tho distanco to tho fault glso oncbleg in organi-

oing rapid ropair vork,

Fowsr Snginoors have boaen ongapgod oinco 1935 in tho proecocs
of analyﬁing tho maturo of foults and tho location of the faultoc.
Tho osgly documontod vork 4c roportod by Geds Georoll in his
paparcgsj vhoroin it 15 stoted that an automatic oseillograph
wac installed at o 66 KV subotation at Venico, Illinois and was
conncctadhto record thoe ground éurrent. A fault vhich cccurrod in
the systom was duly icolatod and the oscillographic rocords woro
analyacd. From a oot of goncral ejuntions which tho author haso
indicatsd in hio pager, tho probable locution of tho fault wap
detoruined and was gsubject to o physical iaspoction of the lino
ag a cuuater checliy 40tailed inspoction revoealed that at a point
3000 ft. avay from tho indicated location & insulators had
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flashod ovor on an insulator otring. Tho orror in the oscilio-
graph datoraination of thy iocotion of tho fault wag less than
L of tho total longth of the lino.Tho nothod of dxtorminntion
onablod the pouvar gyston onginoors tO have 4. proper poropoctivo
of the naturo of the transiont_fanit, circuit voltago and
curront cognitudos at fault incoption and emablod to havo proper
coordination of the protoctive syston.

he2.2, Similorly in 196, HeFe Duping and Webs Jacobs pube
lishod a papnr(57) doseribing o mothed dovelopad fer the dotore
nination of tho location of ground fuoults aftor oxtonsivo gtudies
conductod on a 160 KV grounded moutrali gystowm aftor obteining
oscillographic rocordo of the gystem £rem 1941 to 1§h5 invoiving
about 250 limo faulto out of vaich 965 of line faults involvog
ongngdzfp ggsjgs\to ground, ino mothod appliod to ground faults
inao Annutmlkof tvo or more parallel lin?s and 185 basod on tho
comparison of tho pagnitude of ground currents in tho foultod
circuit and 4n tho unfaulted circuits. +h3 oscillopgraphs woro
initiated by Aincgtantanscous undor veoltoge roldays coanoctod to

tho tho Kv ?;T’a:nnd by instantoncous UC's in thoe 140 KV noue
trals of the grounded trannformnr vanks. iho i{nitiating rolays
wore sot td ensure operation for at lsast twe oscillographa

for all faults within the nmotwork, Tho oﬂcilloarﬁﬁhs in sorvice
voro of tho 6 oclepont typo of vhich throo oleaents voro usod

to racord 1lins to noutral voltoge and the romaining throo to
rocord ground currento, Tho following factors wors used in tho

ground fault analysis,
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(a) magnituds ond rolativo vasuos of ground curronts
frcm each ond of tho faoultod eircuit with both ondo
clogod,
(v) ragnitude of arsund‘currénns in th2 faulted circuit
| after ono end opeﬁu
{c) rolative values and direction of ground currents

in unfaunltod circuito in parsilel with tho fuultod

circuit with |

4) both onds of tho foulted circuit closod, and

14) oftor ono cnd of tho faultod cprcuit opons
(a) gagnitude and relativo vaiuaes of cirrents in contrie-
buting circuits fron ground gourcos
(e) roecordod potontial
(£) changes in nagnitudo of ground fault currcat with
chanpos in the naturo of the fault that is5'one 1linz
to ground fault chanping over te two line to ground
foult,
(g) relay oporation concorning
1)  operating time of tim0 dolay rolays, and
11) pick up and oporating range of instantansous
rolayo.

The above factors wore utdsised in drawving up & coaw
piote sot of curvos congisting of impedance curvias, oaxioum ground
fault curront curvos and ratio curves, Thopo dats curves woro
uado up from the +vo, -vo and goro soguonce diagrams by calcue
Inting the +ve, -vo, and goro s2guonco fmpedances at a sufficiont

muciber of points botween tho tvo stations to ensure drawving of
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eurvos 5o ag to bo accurato canoughs iho colculaticnd wOre Oime

L4

plifiod by using limar vosuzs of impodance rathor than tho
cooplog B +3K quantity. Tho curront curves wordo ulod in Aotors
mining diroctly tho fault location ap thogo were plotted ap
curront ogoinot distance in oiles, andZ;:{%ticularly go Af tho
pagnitudo of the fault curronts hppsnad to bo noar the coxioun
valuog, The ratio curves wro plot.tt‘z:d using the curront in ono
circuit as the roferonco and the currcnts in ths othor eircuits
as a porcontage of the roferonco curront and these wore appliocd
for dotormining ground faults in parcllol circuits. 3he authors
claimod that with oscillographs nt cach station it was consise
tontly possidble for faulto to b0 leecited vithin a mile of ito
occurronco, Houwsvor this mothod also did not find faveur for
reasens stntod in para 4.2,6 ond olso the nethod applicd only
for locating ground faults. iho accuracy of the curves vas subjoct
to discrcpanéy ao tho effoct of towor footiag: rosistanto and

arec resistances vore neglocctoed.

he2.3s  In 1957, Mayashio taba'79? hag statod that tho fault
locators usod in Japan do not use tho mothed of moasuring curront
and voltago at tho tormianl of tho line because tho noutrals of |
most of tho power gystemo in Joapon oro groundod through roosistanto
cr ground fault noutralisers, Only in GHY tho noutroalsare
solidly grovndad and autoratic oscillographs are nods opplicadle
for fault locétion. An clectrenic countor providod slonpg with tho
cquipnont for distance indication has proved to bo guito rolinble
ond the cloctronic countcr hag boon used as 4 back up to tho

CRO, |
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B2 l, DDy Barnaéysgso roportc of tho uge in UsledeRe of
asutonatic osciliogropht with rocords boing maﬁa on cacora £ilm
to rocord the mature of Changos in the curronts, and veltogos
boforo and aftor the occurrence of a fault, 5o an to cmmuins the
otability of parailol oporation, typo of short circuit, soguoneo
of tripping or clooing of individuol torminatiens and aloo to
dotornins the fault distonco. The distanco to the? fault 1o
ostinatod frea o record of the £o0ro coquence curront fod freo
cach of tho faultcd 1lino, ond to opood up tho fault location
caleulations, opocinl nomogroms oro usod. Thogo ncmograns are usod
in conjunction vith fizing omcotoro connectod to récord tho goro
coguonce curront. Thoso fimng acmotors have thoir readingso
fiﬂnd by tho pointor boing procgsd dovn thuso lesving o pormancnt
rocord until roset ramually, Refe- Fids 44 and 4:2)

4e245e Tho CIGRS Conmittoo HOpurttﬁa) states that porturbogruph
and ©otalligod papor rocordors are norcally still boing usod by
utilitios the world ovor to rocord foult quantities. Calcultation

of thd distonco to tho foult froo theoo quantiticso 1o dono by
tochnical stoff,

Those foult location mothods did not find much favour
ag it involved obtaining tho oscillographic film of tho fault
-'quantitiou, unaiysis of tho cseiilographic filg which once again
dopendod upon human judgomont and ¢claoborato calculations wvhich
8ll couplod topothor iancroased both timo and labour - o condition
vhich vns cortainly not conducivo in tho ovent of a sustainod
foult,
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Gonorally only carth foulto oro located by recording
1ino zoro scguonce curront. <ho mathod rojuiros tho sorvicos
of npecialised toehnical stoff for cosculation and intorprotoe
tion of tho rocorded guantities causing dolay and errors in
fault location. Arc resistonco, d.c. componont and doublo cire
cuit line effects infilucnco the location of the fault and oo
such ecougds errors, Jeveral countrics, according to ClGhs

Committeo chort‘aa) raport of 905 of accurocy with this mothod,.

4.3,

In 198, Je5. lonlio and Kelle 444 dovolopod tho
L&nnncnp0(58)¢ The "linascopo™ is an oloctronic fault locater
wvhich uces an acho ranging cothod for dotoraining tha‘locncion
and mturo of tronsmission 1ino foults. Thic dovico was in uco
‘ then oﬁ open wiro teiophone eircuito for tho location of various
fault conditions including opon cnd phort circuits and high
rogistanco joints, Toostsworo porformod on heve troncmisoion
linos which wore iscinted for the gaid purposo and faults voro
locatod ot distancos oo far as at 300 miles, The ocquipmant
uosed tho application of a high froguoncy pulse insortod into tho
dine by moans of o heVe coupling capacitor, and the cuthor
proposad t£¢ hovo o photograpﬁic racording gear sLong vith tho
instrument for tho continnoun innpacﬁayn of live linoo in ordor
to locate tranoiont faults gsuch as would eccur with lightning
flosh ovor of lvo line inoculators. tho priaciple of this wathod
congiocted of the applicatioh of o voltase pulse of o short
duration of 25mierc poconds to the terminals of the trincaisolion
lin2, the voltago would in that caoc travel vith o certain
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voloeity doponding upon tho 1ind paracotors with nogiiglblo dice
tortion: and only clight attomntlon. low Af ot ony pofnt in tho
1inc there 419 an abrupt chango in tho iine ippodanco, then a
portion of th2 incident vavo 4s rofloetod hack towards the sourcoe
vhilo th? romainder of tho wavo centinues in 4t original 4iroce
tion. Th? echo puloan fcturnina froo any fault on tho line are
dioployed on o sultable timc basoe eathodo ray tubd seroocn, and

in ordsr to obtain o gteady vioual pattopn, tho pulsc 18 gonorated
ropetitivoly, The time rogquirod for tho poturn of any particular
aoho wag then moasured and honce the distance to tho source of
that ocho waé datoraincd. Tho maognitude and polarity of the

ceho gave information rogarding thy naturo of tho gourco of the

ochoe. For cxomple (1) U.Ss on lino

AT

0+Co % aflfC lncidont voltages &
' Hefleotod voltoge &

Zranomittod voltage O

«sche of gane polarity and of same .
soureo narnitude.

(14) 5.C4 on lino

¥ ' Incidont volta L
| s.c, >

. Roflocted voltofgo -4
Tronsmitted voltage = 0

Loeho of goamd magnitudo but rovorsod
in polarity. with source.
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thon locoting o fault on a powor lino, tho Jino 4o
firet decnorgised and grounds are applied as o osafety precaoue
tion. Tho linmaocope 1s thon cpplied to the 1ino directly to ono
conductor and th? othar to tho grounds The diotance to fault io
measured by using a calibrated milenpe scule laid along tho
foce of the CRO tuboe This mothod is still in voguo particularly
in tho ITI Fault socator type k01$59; The range of thio locator
18 200 miles, oporatos on 230 V, 50 Hz, and sonds out o pulse of
10 micro seconds duration during cach cycelo and rocsives back tho
ochog from thy fault. A oseillocecope 17 used to measurc tho time
betuoen traonsmitted and refloetod pulsos and honee tho distance
to the favlt. Tho omact distonco to fault is detormined by
counting thoe nugber of markors from thoe ouvtgoing puise upte tho
tip of tho hip. Lvory marker corrosponds to § miles longth of tho
lino.

The authors in thoir saparcsa) dlsn doseribed the uyse of
the " Linascope " as o transient foult Jocator as mentioned
ecarlior by application of a high.froquonny pulsc through o h,ve
coupling eapacitor. and an oscilloscope with o photographic
rocorders Tholr dxperlmontal rﬁsulta confirood that all open
circuited faulia and line to lins foults woro detormined to o
roeliable dogrec of accuraCy. Simiiarly in 1949 Spaulding and
CeSe ﬂlesmand(6°) confirmed the location of h,ve powdr ldne
foults by tho echo ranging means and indicated its uso ac o
transiont foult locator,

4,4, FAULT LOCATORS BASI

In 1948, Stovens and T.W. Springfiold doseribod in thair

(61)

papor a pothod of fauvlt location baced on the meaéurement
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of tho tinc reguired for a uave to travel Betwvoen the fauls
and a tnovn point and listod ths folloving threce mothods using
o goneral appreach,

1)  Tho " pulsc padar * mothod |
11) Tho * pmoduluated fyrogquoncy mothod "
111) dho © foult goncratod ourge mothod
Tho authoyo infora that " Tho fault gumorated surge wothod®
vas dmployod thon by tho Bonnovills Fowor Administration ucing
tuwo typoo both of vhich cako uco of fault pgensratod surges and
wero @eoignatod as Iypo A and Typo® B, to distinguish om frop tho
othor. Both tho typono are cutoematic ond sro capablo of bvoing
eouplqd to 1%vo 1indo and will comploto their peasurocents
voforo thoe fault are is oxtinguiohoedy and thoy loecate faulto
vhich are not nustainod. Tha typo 4 fault locator 43 accursto,
vap in sucesgoful operation but it thon roguired o photographic
film. A further treatment of those foult locators ic givon in
pora be8 and k.11,

4.5, G

4.5,1. In 1958, 4.C. 100'%2) govolopod o ground  fouwlt locator
which is nads to operate on ths rogiducl currcont through o
opceial faptrumoent and an instamtancous current rolay insertcd
in tho cocondary circult of tho curroat transformers at cach
ond of tho linoc. Tho principlc ucod hero 4o dbaged on tho foct
tiat tho distribution of zoro soquonco curront in o gystom
during ground fault deponds only on tho goro p2quoned mtwork
of tho syostom. Tho percontaoge of tho totul ground curront that
is contributad by coch end of o faulted lino 15 conastant for o
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-

givon point of foult and varios vith tho location of fault

along the lims. %ho peasuromont of tho goro soguonco curront ine

put to cach ond of lin2 at o dofinito chort tico aftor the

gtart of tho fault and th> ratio of input to oo end off tho

lino to tho total input 1o computod. Vith thio informution tho

location of tho fault 1o found vith roferencs to o precalculntod

plot of thio rotio apoinst tho diotanso to fault froo ono ond

| of the line, Iho oporation of ths ground foult locator followo

tho following coquonco of oporationsa,

(1) hon a ground fault occurs, tho instantandous curront
rolay onorgicoo o tlophono typo olov rolay vhich aftor
a dofinito tiro..dolay closog o seal in contaet oo asg to
cause o pointor locking coil to oporato, thorcby locking
the inctrumont pointor in tho position 4t ocecupico.

(41) A red bulb gloys vhon this oporation takos placo

(1i2) Tho 4inotantonoous curront roloy is an ordinary comaorcinl
rolay mountod oxtormilly. Tho roading obtolnod fron it
15 thon used op doderidbod obove to dotormine tho location
of the foult, | |

45,2, In 1962, fartin J. lants publiched a papor‘®3? cutiiniag
o pothod for locating ground faulto olmoot similar to tho ono
dovolopod by A.C. Ice‘éz), but by dotoroining tho curront dato
of tho phaso and yosidunl curronto fron o single torminal,
Ground faults locatod by ground fault current ratios that o
ratio of gréund curront frop ono torminal to tho totol ground
curront and comparing it vith procalculated valucs hao beens
quito succosoful, Howovor when data aro availablo from only ons
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end of tho 1in> such On vhen ono coasuring dovico foils to

rocord or vhon foults occur in o throo toroinal lino, tho ratio

of ground currconto cannot BS usod. lurthsr the valuoc of actuol
fcult curronts oro ucunlly not indicativo of the fault location
bocouse of the unknown offoet of tho foult reoioctanco. Thus tho
author proposdod o nev methoed to suppleoent the ground curront

ratio and in oony casog to onnblo the fault location to bO doture
pined fronm curront ponsuroconto of ono torminmal only. Tho pothod
roguiros tho voluoco of tho faulted phaso curreont and rosidudl

1line curront prior to th2 oponing of thco circuit breokors in tho
foul>d orca, Tho nothed 4o offoctivo for singls phaoe to ground
foults provided substantiol pooitivo cnd coro soquoncoe currend
compononta of difforont mapgnitudos aro flowing 4nto the ground,

Tho ratio of thy faultced phoso curront to the rosidunsl lno curront
is uscd. This ratlo nsutraliscoo tho offcet of fouwlt rosistanco
~wvnile using currcnt moacurenmonts Lroo ond toroiral only. I dato
are availablo froo both ends, the ratios of ground currant fron

ono end to tho total ground curront, ratio of phaso curront fron
ond ond to the ground curront from ond ond;, and ratio of phoco
currcnt fron opposito ond to tho ground current fros opposite ond %
can bo dotorminsd, Those ratios oro plottod against pcrcera agoe a,wﬂ
toanco of the linoc. 4 cot of gugplo curves dravn for Donnovillo o
Povor asdadntatration aro givon &n tho coid poepor and have beon /4
uood to drteraine tho foult location. Tho author hag aloo g;von»/

a formule for dircctly colculoating tho fault location if tho
circuit doos not involve cutuol coupling ond tho foroula exproscas
the fault location in terms of tho foult curront rotio of phaco /fg

ground from onc ond and tho c¢ircuit paracstors,
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tho fact that thoy vore moant only for lotSating ground faults.
Purthor odrrugra duo to foult rosistanco, ore fault rosistance
and thoso/to mutunl coupling did not give tho procise location,
‘Tho proboble uncortainty of tho curvep did not nlso holp in
locating the fault location precicoly or to o foir degreo of

acouracy.

4,6 GA] | ;
Foult location by noutral ommotors 4o sinilar to tho
nothod outlinod 4n para %.5. But thooo nethods aro no loajgor
boing coreied out ap this nothod particularly hag the samo
troublon with are rosiotonce, tovor footing rosistancs, mutual
-eoupling of doublo circuit linoo, d.¢, componants ote., ond it'p
accuracy in recording ig rothor poor. -Ag ocuch no futuro is
prodicted for thioc mothod by tho CIGNG Committco 682,

%,7. JPAULT LOCATION USYIG STAIDING (MVE M THODS

Tho stonding uvave mothbd(&m)ia baged on tho rogonanco
end impedance trancformation proportics of o quarter wavo tronge
oiocoton lino, The principle ucod is thot uben 8 ginucoldal voltago
of froquoncy *f', wavoe longth * X\ ', 45 applicd to the terminalo
of & lino, vhoge longth is an integral multiplo of A/k; with
tho 1linc torminated in o load &) which 15 difforent frop 4oy
tho characteristic impedanco, thon stonding wavo pattorns are oot
up on th? 1line. The forvard and roflecting wavop oxisting on tho
lino combind to produco nodal pattorno alternating with antinodop.

Euch linocs of longth ?\/h and intogral multiplics of A4 revoal
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tho proporty of ceting no inpodanco transfornors in thot tho load
inpodancs 4; io procontod to tho _:.ng.ut torminalo ao'an impodnnto
of valuo -2-%--, vhon the 1lino length hoppens to bo ony odd multiplo
of /b oand for ovon multiploo of 7‘/’4::.19 Z;, 1tcelf, Thuo for o
long l4no of 9‘/11-, an 0.C. at tho load oppsars tranoforsed ap o
5.Cs at the pouree toroinals ond o short circuit ot tho lood ond
appaarg a8 an 0.C. at the conding onds Tho offoet 1o likowiso
prosent vhon the lins longth 1o conntant and the fyoquoency of souree
is pradually incronsod. Howovor in practico thy constant longth
ooy take the form of distanco tx' botwoen gending ond and o foult
somevhore along tho lince, Ag the gonsrator froquoncy io:incrcasod
its wavo length 15 corrcopondingly dooroagod and papcos through -
values £4,55, fr.,..ufn otcs ouch that *x' tho fault distanco
bocomes cuceonoively equal to N, Ay M- - M ote.

Duo to attonuation tho S¢C. nnd Oevs appear 0s moxing and pinima,
If A f i3 the freoquoncy difforgonce botveen tvwo succossivo muxien

or minina and 'v' tho éclocity in oodium thoen

=72 y.y £
Honee this mothod cornoigsts in fooding the cutput of o ginowvavo
ooclllotor of very wide frojuoney range ianto the toroinals of tho
1ino, and to note the maximo or nintma on a high impodance volte
zoter ouch as a VIVM connoctod in tho circuit. (Refer Figs4-3xnd 47)
4.8, PADLT LOSATORS U3SLNG FREG.

In the Froquency lodulation mothod, ths froquency of o
hiph freguoncy carrior 4o mads to change linsarly in a sautooth
faphion and this pattern i¢ repoatod at modulating freguoncy and /

-7



is icpmcaﬁd on tho 1linc torminals, Tho wavo at 8 particulnr
froquency travels at o tice '¢,' onuardo, gets roflected, and
arrives at tho gendiag eand ot timo '$,'s Ino interwl (ty-ty) o=
pondo upon the distanco of tho fault and tho vave wolocity. uring
this timo, howsver, ths sourco frgéuaﬂcy io canstantly'ikangwg;énd
tha tinmo 'ﬁa' vill havo attoindd seme nowy valuc. Thus vo have ot
any inostant of tico, tuvo ﬂroqnoncias azintiﬁg at tho input tere
minals, one lagning in value‘rrom the othar by o small froguoney
difforenco. Thosno tud froquoncios are fod to o miver circuit

- vhora thoy beat with cach oth2y and producd? a bosat or Lroquoncy
differonco which Lo proportional to tho timo difforonce ond honto
tho distance to the fault. An intorosting dosign, develeopment and
tost results of such & fault locator is furnishod by Duvid R.Ctovon
ot ng(7?). Tho authors have dosepibod o simplo pulsc radar systeon
and hayeanalyscd the arrorp agoocictod vith 4t particularly thoso
duo to rocoivoer band width and noiso.The frojuoncy moduloted oys-
toms, acceording to the authorsnovar approachod boyond the onle
lytical otudios tpq; voro done in tho carly 1940's and the syoe
tep describod by them io stmliar to tho pulsc radar syStem-%n that
it rejuires a transoitter, a rocoivor, an antennuo and a rofleseting
torgot. This gsystop transapito o continuous sawtooth wavo form, |
which 10 ugsed on th? modulating signals This whsn usod as o tronge
oitting oignal varios lincarldy with timd for a given 1ntqrvgl

and thon ropeatos Thio eignal whon it reachos a reflocting tarpgot,
roturns to tho antennac, and tho 6ignalo pressnt at thq'antannne

areo an follovst
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2> TRANSMITTED

! BWEEP
VS ]
|
{EQUENCY AF l &F :
[Z KEFIECTED
J' SWEEP
o ™ 27 37 47— TiMe

Tho frojquency differoncs botwoon the tublwnvn fbfms is 0 conoe

tant froguency in tho tige sntorval a7 + T to (nid )T

for n = 1,243, eeseyeessli and T 10 the Time required for tho ¥IVo
to travol fron the trancoitbor to the target and back whilst T

is the gwveep duration. This constont froguoney differonce 10 otateg
to bo direetiy prOportionﬂl to tho distance to tho térget and tho
samo 1t given dby ths oguation.

The frequency &F and time T aro related by the equation

T
F —_— AT
e v

. cT 8p
* » d =
2 AP

The author has conpared the errors that'uould be produced in tho
frojuoney modulatod syotem with thoso of tho pulse radar gy sten
and has concludod, that the froguoncy modulatod systen 4s nmoro
aceurato. In addition tho froguoacy modulated systoms possegg

all the advantages of & pulss padar oystem with a highor signal to
noise ratio. The block diagram of o froquency modulatod fault
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location oyston as dovelop2d by hin 12 ag follows §
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Tho system consiste of a lincar sweop generation network
followed by a coupling/doooupling'netwurk to placo tho swoop on
the 1lino undor test. The coupling/docoupling olso providos o
cignal to the reocivor network which in turn supplios tho
froquoncy difforonco 0F to thoe frequoncy counting network. Tho
prototype of tho above fault locator wos subjeot to tests op o
sirulated line to obsorvoe the waveform at various points and
to photograph thom. Fiold tosts with tho frototypo indicated
that tho uncortainty in the moasurcment and by cclculations
wvao found to de of the ordor of 2.5 eyclos on o 200 milos linc
which corrosponde to about 0.1 mile of 530 f£L.

4.9 TPAULT LOCATORS BASED ON [MCASUREIEIR OF XIMPEDARCE

4.9.1 Fault Locators bopod on the mcasuroment of Smpodanco
have boon dovelopod by Sicmone Litd., in 1965-1966 nnd the samo
hao beoon publishod in the firm's reviow‘65'66>. Thooe fault
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locators are Qonﬁected permanently in the system and the fault
point i3 measured on the principle of distance measurcment. The
device is therefore fed with the fault current and the voltage
drop along the faulted conductor. The device determines the
quotient of the voltage and current and hence the distance of
the fault in the form of an adjustadble resistence. If the value
of this resistance is made equal to the fmpedance df the conduc~
tor on the line section to be supervised, the length of line |
section corresponds to 100 percent of the fault ecale deflection.
The firm manufactures two types one for supervising one single
line on any end and the other with an additiomal reley tc super-
vigse as many as four lines. (Qafw Fig 44)

4.9.2. The CIGRE committee(sa) has made the following observa-
tions on theae type of fault locators.

(a) the opening time of high speed circuit breakers

| 1 sufficient to allow the locator to measure the
distance to the fault)the requirement of which is
approximately 40 m.secs.

(v) arc resistance influences the measurement, dbut it
can be compensated by using one locator at each
iine terminal.

(c) double circuit lines require the same compensation
&8 18 required in the case of earth faults in
distance protection.

(a) the d.c.component of the fault current has a
negligidle effect.



106

(o) the error from user countries has been quoted as
anywhere between 3 percent to;;o percent and over
and these generally refer to liboratory testa.

(£) Artificial fault tests oamrried ocut at site to explore
operation of the locators have indicated errors greater
than 5 percent easpecially for faults near the fault
locator station.

4.10 _PAULT LOCATORS BASED ON MEASUREMEN® OF INDUCTARCE (Refer f54-5)

4.10.1 A locator based on the measurement of inductance has
been develeoped by M/S G.E.(. Meagurements of England(57). The
manufacturers claim that it ia ideally suited for short
circuit and flashing faults on overhead lines. The device
upon the occurrence of a fault measures the line inductance
between the fault and the relaying point before the circuit
breaker opens and stores thic information. This information
is retrieved from a plug=-in portable unit for interpretation
of the fault location after which the stored 1n£ornat16n is
erased. Two types namely XTF 31 ﬁnd XTPF 32 are avallable,
one of which namely XTF 31 is suitable for general use and
installation at relaying points while the other type is for
use on systems with autoreolosing facilities. In this type
the information stored is erased automatically upon the
occurrencs of subsequent faults and then any subsequent
information can be stored. The device requires two separate
unita to cover all typeas of faults - one to measure phase to
phase faults and the other to measure phase to earxrth faults.
The unit connected for measuring phase to earth faults requires

nn‘axtarnally mounted residual current compensating tranasformer.
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4.10.2 The principlo of meaourenont 45 Wsed om tho instan-

tancous oquation

o=l %%4-1& .
Q

Whore o, L, 1, ¢ and R havo/usuvnl moaning.

The reasurements arc takon at tico ¢ = 0 and honeo tho above
ocguation simplifics to

ecl-%%

Tho inductanco of tho lino 1o neaourcd by comparing tho
- inotantancous veltnso 'o' with tho roto of risc of curront
ai/4t nt curront coro nnd thooo two quantizios arc otorcd

in capacitors until tho nonsuring unit is ucod to mcasurc
tho ratio L ”(?1%%7 .

. 4+10.3 Tho principlo of mecapurcmont of the induectanco oli-
wimtes the effects of the arc reaistanco, é.c. componont,
towvor footing rosioctanco, and fault curront valuo. Howver
compensation 18 rogquired in tho easo of doudle ecircuit 1inoo.
Tho noasurement orrors according to laborntory oni £iold toato
do not oxcocd 3 percont occording to CIGRE rapomﬁcss)-

4.11 PULSE REFLECTION FAUL? LOCATORS (Radar Fault Loeators)
4,111 The puleo roflcetion locator cloooificd undor Redarxr
Locatorp ng doseribed in ¢ho CIGRE paporxﬁa) otatop thnt v.f.
cnorgy or d.c. 1o uood to ¢rigger tho timd boooe of a eathodo
oy oeci%logzaph. fhe zoflcotod pulcas aro chowm on tho
oscillogrph Just on as ia tho Bchormanaing type of fault
locator such %haﬁlthe diotance along the X-anin io proportional
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to the distance to the reflecting point on the line at the
point of fault. The trace can de expanded and shifted slong
the X~-axis to permit more detailed examination of interesting
sections. These traces are also compared with photographs
showing natural reflections from healthy line aeétions in oxder
to detect any additional reflections. The accuracy of these
fault locators is reported to be godd and & fault can b locat-
o within ¢+ 300 m to 600 ®» or within ¢ 1 percent to 2 percent
of the length of the line whichever 15 the greater. It is
mentioned that all countries use the pulse reflection looator
on dead lines and only for permanent faults.The coupling to

the feulted 1ine is ganerf}%y4ﬁ?ne by means of an 1nsu;at1ng
rod or a shunt capacitork The line traps have no asignificance
as they are bypassed. The locators may be used for single or
double cirocuit lines and are of course not influenced by arc
resistance. The locators are generally provided with arreasters
to safeguerd operating persommel. '

4.11.2 The following causes of umaloperation have been reported.

(1) faulty components especially with the equkpment
manufectured earlier and stil)l in use.

(i) power line onrricr signals.

(111) 1ce on conductors

(1v)  attenuation of the signal due to the coupling by
cables to the H.V.lines

{v) induotive disturbance from live busbers
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(vi) d1£ficultios 4n oxploring $-~1inoo and vorxy high
rosiatanco foults
(vis) niocuco of tho dovicos by operating porsonmcl

4.11.3 1I¢ 10 quite o wOll kpown fact that tronsmiosion linos
neross tho country nro probably tho most nolisy sotting oo for
oo 0 oigml of any type 1o conoidercd and another chornctoris-
tic of the line io tho attomation. Acsocliated with noioc and
attomuation 1o the limitod bond width availadblo for any signal
oppliod. Powor linoo carry not only tho powor froguonoy vol-
tago and currcnt but aloo highor froquoncioo which aro gomorxally
ugod for tolonotry, roluoying, cor—unication otc. The proscnec
of thoso highor fycoqueoncics licdi¢o the oveilablo froquoncy
roangeo Lor additiornnl eystons. Thus a foult lesotor plocod on
tho 1ino to oporato with tho lino in fho cnorgiocd conditlon
vill have covoro bandwvidth rostrictiono.

4.11.4 Tho puloo oyston dosoribod carlior is ossontially o
oleocd loop rodoar gyston because tho pulsc io trancmittod
olong tho lirno inotond of into tho atomogphozo and o roflectod
pulao 1o rcooived vhon o foult cniote onm tho linc. Tho sovoral
advantagoo of & puloo gysten are

(1) tho 6poad with which tho fault 1o leoatod

(11)  ¢ho ability to mako tho oystom mobilo

(114) =rzolotivo cioplicity of ¢ho syaten |

(1v) vory fov porsons arc vogquired to oporato the systom
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The ehic? dicodvantagoo of theo pulco oyoton are

(1) 1icitod band vidth of tho tranomisoion oyotomo
cousing the troncmi¢ting puloe to bo distortcd
(34) 1ilclthood of caloporation Guo to onugeo sush ap
the proconcc of carricr cignalo, attonuation oto.
(111) »olotivoly high coot.

4.11.5 %ho Foranti livo 1lino maniton‘ﬁa) onplores tho livp
1ino upon tho ocourronco of o fault with tho conitor owitehod
to ¢ho foultod linc by Li¢'c dictonco protcotion. Tho ronitop
locoteo fovlgs by using ¢ho prineiplo of padar diotanco mOOGUIrO=
contoc vhich 4in offoct conmsictoc of o ¢rancmitting o corico of
chort r.£. puloos of 1 M ¢/o along tho 1linc dboing nonitorcd and
any diceontimity caucos the pulso ¢o bo roflocoted baek ¢o tho
nonitor wceoivere Tho zocoived olgnal 4o Gioplayed as o trooo
on 0 cathedo oy tubo dioplaye. Linos domapge and opoh or short
circuit conditions enusc largo coalo puloo oflcetions that
aro caoily rcoognicod. Tho locntion of ¢he Lfault 1o ¢honm
oirply Goterminod by ¢tho oxomimation of tho ¢rneo, tho vholo
lonzth of tho X-amis roprosonting the wholo longth of tTho lino.
A poloroid ocmeora 10 ceootinos inmcorporated to provido autonatie
rocoxrding faocilitics. Field toots earricd out have givon
oncournging rosulto and on ortifieinl foult wao locotod wAth

o Eanicun orror of ome towor for o distanco of upto 70 milos.
Tho oquipront 10 rathor oxponoivo and problens oriocin 1t'c
coupling ¢o livo Hv 1linos as nles spocialisod ohift persomnol
aro roquired ot stotiono vhoro thoy aro inctalled. Honéo it'o
wso hoo beceone limited to opecial oQcoD.



B |

b3

4.11.6 The development of new types of raday fault looatora(sa)
use the transient quantities that arise during the ocourrence

of & fault. Three such new devices have been recently develop-
sd. The first of these utilises the high frequency fault
transient for detection and location of the fault. The transient
wavefora gencrated by a fault has

(1) a d.0. Component
(11) & group of high frequency components

N
-

hnd;pnn been demonatrated that the high frequency is inversely
proportional to the distance of the fault, and the fregquancy
also depends upon the type of fault. aecafda fron automatio
oscillographe in the U.S.A. indjcate a high harmonic content
for ground fault currents of less than 40 percent of current
transformer rating and the magnitude, frequency of the harmo-
nics depernds upon the ratio of the nonlinear resistance in the
circuit to the impedence and incrense considerably during s
fault wvith certain frequencies predonimating'12’. Thus the
new device measures the frequency of the fault transient, it's
szplitude and line current and operates under substation
computer control which in turn determines the type and location
of the fault. lLaboratory tests with thic device have indicated
encouraging results, and the conclusion is that these type of
fault locators merit further investigation on acoount of their
feasibility.

The second of these devices uaes the pulses from the
fault 1teelf. The first travelling wave that recches the end
station will start o time counter in the equipment, the wave
then refleots back from the station towards the foult and meets
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the arc. If this has a sufficiently low impedance, the wave
reflects again and reaches the end station for a second tine.
The time ccunter stops and the measured time will correspond

te twice the distance to the fault. Field tests on laboratory
prototypes have indicated succeasful locations to about 40 per-
cent only and 1limito it's proper functioning to lines without
any extra vcflection points.

The third device is siniler to the second device but
uses the time difference betwaen the receipt of the travelling
waves at both ends of the line. It has been stated that about
65 percent of all faults were located within 2 percent of
the length of the line with this type.

The CIGRE Comustéee’ 69) alao reports of the development
of a lecator which works from negative sesquence quantities. I¢
covers all types of faults except a thyee phase fzult. The
negative sequence gquantities Iah. YéA. Izn' 723 at the ends
of a faulted line AB have to be nmeasured. If '32' is the
impedance per KM and 'L' the length of line AB in KM, the
diastance 'x' between *A' mnt the fault is given by

X = .f__, 2‘,*) +« L Iaa-gg -
(I, +1,p) 2,

It%a accuracy is no better than 90 percent.

4.1% USE OF TRANSYSTORS IN FAULR LOCATORS |
The time avnileble for estimating the distance to

fault and leaving a record 15 the total clearing tims of the
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fault which, nowadays, is orly a few oycles and clearly ine
sufficient for electromagnetic movemont. But with transistor
circutory very fast messurement and recording is possible and
asue digtance relays already include a transistoxised fault
\1onu$or‘192

4.14 SURVEY OF MAIR TYPES OF PAULT? LOCATORS

In theixr survey of the main types of locators in use,
CIGRE Committee'$8) nas reported that the pulse reflection
locator is widely used owing to it's accuracy, it's low cost
and as one of the first to be produced by the industry. Many
countries use locators which measure directly the Gistsnce to
the fault by interpreting fault currents and voltages as supplisd
to distanos relays. The poor mccuracy of theéase locators has
been pointed out as due to the effects of arc resistance and
effects of mutual interference due te double circuit lines.

A few countries looate earth faults only by low inertia -
ammeters which are clamped autesatically at & fixed tice after
the occurrence of a fanwlt. The reading of the instrument s
follewod by caloulations done by the technical staff, and the
acouracy has dbeen acceptable only for single phasge faults.

4.15 IMPORTANCE OF A PAULT LOCATOR IN SERVICE
The ioportance of having @ fault locater in gervice are

(1) to give an idez to the despatcher when having to decide
whather to reenergise a tripped line or not.

(11) to indicate the patrol team to find the point of repair
as quickly as possidle.
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(441) with tho installation of foult locators, it 4o
sufficiont to patrol only that scootion of the
1ino oo indicated by the foult loeator.

4sv) 1ino patrolling froo the ground is rolatively olow
and oxponsive in dad woather or faugh country and
do not alvays loctato thc point of cccurrenco of o
tronciont foult. Seetionnlisod switehos by icoloat-
ing o pustaincd fault in o lino scotion simplifioo
the problom,but docs not altogothor solve tho
problom of locating the fault with tho minirmn
poogible timo. Thig is overcoms by having a fault
lccator in corvico.

(v) A foult locator in gorvico roducos pormonont outages
as timoly maintonance of trangicnt faulto can bo dono
and this thereforo onhancos ¢ho »eliadility of tho
oystem. |

4.16 REASOHS FOR RESTRICTED USE OF FAULT LOCATORS

Tho rostricted uso of tho foult locotors appoars $o
bo
(1) tho locators in uso are raother imaccurato

(11) the cost of now locators ies rather high.

Therc 19 howaver a genoral tondonoy to inoreass tho
upc of locators for pormanent and tranoiont faulto of any kind,
in ordor to lini¢ outagoo of ovorhcad lincs and provont pormn-
nont faults by choeking the gootions of tho lino whore ¢ronsient
foults have occurred in order to find end repalr weak spotdy
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(1)

(11)

(41%)

(iv)

(v)

(vi)

(vii)

Tho roquirements of an idoal foult loontor aro

It should couploto it's coasurceant boforo tho faultd

are 1o ontinguishad. In this way it will locato foults
vhich ar¢ not roootablished whonm tho 1ino ia roonorgiood
but which my,novertholoss have caugod demogo.

It should bo able to locate o fault to tho nocarost

towor or gpan.

It should bo denipgned for inotallation im an acococsibdlo
epot.

It schould not involve olov and cunbersono work cuch ao
dovoloping photographic £ilm0 boforc anowors axd
ovailablo.

Tho rosulto should bo in o forp o8 ocan bo intorprateod
roadily by any otation operator or linc foreman without
having to reocort to claborato, ¢imo consuming enleulations.
Tho equipmont chould opcrato with pafoty to porsonnol
end oorvico.

The equipmont should do simplo, rugged and rolativoly
inexponaivo.

4.18 CAPABILITY OF a FAUL? LocaTor( 11)

A Lault locator ohould bo capablo of dotecting and

locating tho difforent typos of faoult onocountorod and thooo aro

(1)

Homontary or tranciont faulte (an oxamplo is a lighining
flashovor of on insulatoxr which lcavos no pormanont
Gomago). Howovor theso faulto should bo looatod to
faecilitato inspection ard also for data collection
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purpogses for tho fuguro.

(11) Suotainod or pormancnt Laoults - Thoso includo grounfied
conduotors and 08 will os open and ghort circuits at
all lovels of tost voltage. %This typo of foult cust
bo opalrod as soon as possible to put tho system dback
into oporation.

(111) Bigh broakdowm foults - Thosc appoar ac faults to only
high vol¢ongos. An oxamplo 0 a £ollon lino that 1o
¢lood to but not touching tho ground. This crcaten
arcing grounds ond provonts circuit broalor roclosurc.
?poao foults ean aloo bo considerod o pormancnt ao
thoy zust bo cloared dbofore oystom oporation 1o
roatoxrod.

(iv) Latont foults - Those aro losalicod iopairsonto which
do naﬁlggggtgﬁauccoﬁcful oporation urder normal condi-
¢iono. Howover tho dosign faculation margin for curgos
and dynmanic ovorvoltages ic deogradod. This 10 o condi-
tion that dotorioratos with tims and chould bo losated
vith provontivo waintonanco in nind.

4.19 CONCLUSIONS

In concluocion it nuy bo statod that tho oxiosting typoo
of fault locatoro aseo rcliablo and hivo o 0 largo oxtent boom
succoosful with percanont faulto. %horo 10 a gonoral tondonoy
towardo tho groater upc of Loult locatoro fox locating both
porrancont arpd tryransiont Laulto. [ow motheds ond syotons of
foult locators ccom to offer good proopeets for locating both
pormancnt and tronsiont foults procisoly, satiefying tho
requiroront and capabilities of fault locators.



BYsLOPI T OF THS DISTALDS R A A LenG BITH THG
LN L0 Ha THG Al AGH /LG Lk b CIHCUIAE

91 LIRGDOCIION

A rolay or rolaying dovicos uﬁich in tho prosent engo io
tho foult locator oggontinlly havo the following four olomenta(72)
Thoso ore dotocting,nctuating, dolaying ond controlling clemonts,

The dotocting cloment rogponds to oxtornal variablos and
abruptly changos tho astate of the actuating olomont vhon tho
oxztornal vorioblos reach cortain valuos or oxcood cortain throshol
condit fong,

The timo doliny cloment introduces o time. lng in tho roloy
oporation,

The actuating olomunt £ it offects chanpos in tho pick
up settings of tho detocting cloments of othor dovicos such og
a tripping dovice, ip thon colled the controlling cleacnt,

592g i

The dotocting and actunting cloronts arc in & broad sonco
roforred to as tho Measuring Unit and the dolnoying eleaont 4o
inhorontly prosont in all such coasuring units, Uansuring units
nay b aloctromapgnetic or atatic, and o comparioon of thoos hag
boeﬁ trocatod in tho earlior Ghuptera. Although tho rolay and tho
fault locator proposed for dooign in thin chaptor doos fall
vithin tho domain of gtatie dovicos, yot it has boen troated
geparatoly and otyled as suceh ao digiéal cireuits doploy an
altorother difforent podo of oporation, using o ot of woll
cotablichod codos and circuitry vhich respond to legic govornad
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by Booloan Algobra. Ao such o posumo of tho codes, tho logic
circuito and functionsporforcod by them 1o lioted out Ln tho
paragraphs to follow,

5.3- 3

S¢3e1. A nuober systep i6 nothing morc than a codo roprosonte
ing quantity, and for cach diotinct quantity thoro 18 apsipncd
o gymbol, Thus in the docirald number gystem wo havo 10 bapjie
gyobols or digite from O thrcugh ¢, Howovor in & binary
numbor pystem vo have only tvo baoic oymbols mamoly O and 1.
In tho docical systom, aftor wo roach thoe numbor ¢ w2 foro
corbinations of doeimal digits to get numbors 10,11 ... Ofice
ond thoso aro obtoined by combining tho gsocond digit with tho
firgt and go on, Gimilarly 4n tho binary nuober syston vo ¢oRe
bino the socond digit with the firost tnd othors to obtais
biniry numbors 10,11, 101 seeecsscs OLC,

Tho baco or radix of o nuobor system rofors to tho
number of basic éyuboln usod. Honco tho dicimal pystom hap o
bage of 10, tho binary o baso of 2 and the octal o baso of 8,

De3e2+ Blpasx

Lach binary digit position has 2 value or woight wvaich
incroaoes from right to left io the ascending powsro of 2
commencing from 2°, Diagramotically the digit pocitions of o
binary number have tho following docimal waights

CtBecotonse Zh 23 22 21 20

OtCecoscase 16 8 L 2 1
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Honce 4n o bdbinory oystom Af thoro is o 1 in a particulur d4git
pooidtion w0 include tho veight of tbat pooition and if thoro is
o 0, ¥ digrogard tho woight of that position., Tho deciral
cquivalont 4o abtalmd thon by ndding the remaining voipghtse
Thios i8cchicved by dircetly weiting dbolow thy dimry nunber

tho docizal woipghto, otriking out thoso with O digit pooiticono
and thon afding tho romaining wights. Aa on oxawplo tho dciimal
oquivalont of 10104 o 168 21 = 164¢1 o 29

Howover in the cacs of binary fractions, tho wvaightso of coch

digit position to tho right of thodinary peint arc givenm by

. 2-'3 2’2 2-3 . 2'“ [ XY % J r?ozq ]
Binary point
Thus the doeimal oguivalont of 1013, 11 would be

(B0 +2+1) . (d+d ) 11.75

A}

Although thoro are pevoral pethodp availpble, tho
most popular ono 15 tho Didbblo.dadbblo nothod. In this method,
tho decical number 10 progrossively divided by 2, with tho
repainder being written scparately. The remainders taken in tho

roverpgo order form the binary nunbor,

As an ozemplo 2 L.2%.
| 2 12 remaindsr 9 |
2 | 6 romaindor 0O
2 | 3 regaindor O
2 1 remaindor 1
0 renaindor 1
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Thus tho binary cquivalont of 25 4o thoreforo 11001;'Houavar
in tho caso of fractions wd multiply by 2 ond record a carry
into tho intoger ponitidn. Tho carrico takon in the forvard
order Is tho binary fraction

48 on ozanple 0.625 x 2 = 1435 with a carry of %

0.25 =2 n 0.9 with o carry of 0
0.5 =2 o 1.0 with a corry of 1 i

Thoroforo the binary oquivalont of 0.625 = 0.101.
5.39’*. x :

Adaation Subtrostion
040 = 0 _ 0-0 = 0
0+t = 14 10 = §
140 © 1 1«1 =0
1+1 o 10 10-1 = 1

Addition of binary nuobers is done oapily by following tho
ordinary rulos of addition, Bowuavor subtraction 1o dono capily
by othor wethods vhich rocquire tho dofinition of 1'c complow
oont and 2'5 complexent of o binary nusbor. The 1's complonont
of @ binary numbor 1s the aumbor wo got when we chango oach
0 to 1, and oach 1 to o O, Thus tho 1's cogplemont of 1010 40
0101, | |

The 2's comploment of & binary nuzbor is whut ©o cbe
fain uvhon vwo add a 1 to the 1% conplomont,

Thus 2's complement = 1'0 coumplesent + 1.
The 2'g conploment and 1'0 compleaont are very usoful in oulbe
traction. In subtraction instond of subtracting o numbor o
odd tho 2's complement to it, and disregard tho last carty.
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Ao on Dxaoplo to sudtract 1070 from 1101

1'c eocmploment of 1010 1z 0101
2'p conplemont of 1010 = 0101 + 1 = 0110

e 1101 - 1090 = 1101 + 0110 = £ 001%
Disrogardiag the lact camy 1, tho solution 1o 0011,

The othor approach using tho 1's coaplowent ip
oinilarly done by adding the 1's complowont of th? nunhor,
Tho lact carry is thon addsd to tho nucbor to got ths £im)

anowar,

A0 an ozanplo to subtract 1010 £roo 1101
1*s coaplomont of 1010 4o O1ON

o, 1101 - 1010 = MO0
0010

*%
L

The carry 1 vhich wvao 4in tho lost pooition obtainod
aftor adding tho 1'0 couplenont 1o rooovod ond oddad it onlo
tho romainder 88 shown obovo, Thio is called tho ¥ End.Arcund
Corry ". The ond around carry nlso indicates 4f tho f£iml cnowor
18 ponitivo or nogative, If thore is oo cnﬁ around c¢arry, tho
f£inal anscar 10 nogative and 4t 45 4in tho 1'p cooplomont forn,
Othorviso with o corry,th> Gnowoy 40 V0 and romains 0g ouch,.
Ezomplo to oubtract 1101 frem 1010
1'0 cooploaent of 1101 = 0010

°

« » 1010 - 1101 o 1010
oo
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Thoro 18 np ond-arcund carry, ond 1100 odtainsd 15 in tho 1'g
conplonont forms E2nce the fimnl colution 1o tho 1'c cooplos
nent of $100 which 18 0011 and the angvor 1o acgativo. Thup tho
£inol anowor 46 -0011 by profiming tho -vo signe

90305. ALY

Tho rules for bdbimry cultiplicnation aro

(1) 0xr0 =0
(11) 0x1 = 0
(111) 120 = 0
(4v) itz = 1

fultiplication 4o dono op im ordinary olgobro wvhen loarge acshopo
ore pultiplicd,
division follows tho same pattopa as multiplieation,

Ag plrondy uontionadzgdrn 5e3s%. Octal numbers havo o
boco of 8, and tha digito of the octal oystom aro 0,1,2 through
7. Thooo dipite from O $o 7 hovo oxactly thoe samo BOANING'

oo in o doeiral gysten. Tho octol nuoborg beyond 7 aro countod
in the came maanor ag in tho binary systom, that is by cosbinfng
tho first digit vith the gecond digit and 50 on. Thus tho

octal numdbors beyond 7 will be

10’ 11. osaen 17g 20, 21' LR XS N J 27’ 30, LA XK R N 4 3? 0%@0
Thoe octol nunbors con algo bo obtaindd by writing doun tho

doelnnl nuebors and cancolling out thoso mmbors that contain
8 or 9. Tha rovaining numberp will thon bo the octal nunhoro,



123

Se3e70

In the octal pystem cach digit corroopondsto o fovds
of 8. Tho uaigﬁtn of cach digit position in nn octol nurhop
aro rochonod from right to left in tho asconding powar of §
econzoneing fron an idexg of Q. Hauévnr in tho caopo of fraceaoas,.
the woight of coch 4igit position 418 rockonod boyond tho pegtald
point fron loft to right in tho doscoading powsr of 8 coriChe
eing with an fndox of (=), Thus tho voights of tho digit
position 10 oo follows ¢

etCo ssse 82' 819 80 o 8-1, 8‘2 " 8’3 oress CUC,

Gctﬁl point .
Thuo to convort octal nuobor inte ito docioal eguivaloent wo
noed to only oultiply cach octal d@igit by 1to woight cnd add
the rosulting products.

Tuo 257 =2 (8%) +5(8") + 28% = 173,

A 416blo=dabblo mothod ap dooeribod undsr docimal to
binary converoion 1o vory useful e xcopt that tho number ig
progrepsively dividod by 8 and the remaindors takon 10 tho
poyoroe order give thy octal nuobor,

‘Bmamplo ¢ %o convort 175, to an octal number

8 1Az
8 21 rama indor 7
2 ropo indor 5
0 romaindor 2 |
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©ith dacical fraction v progrepoively nultiply by 8, writing
doun tho carry into tho intogor position. The carriocs tokon 4n
the foruard dircction pgivo the octal fractlon,

Bxamplb: To conwrt 0.2344 to octal froction

0e23 2 8 o 1,84 with carry 1 %
0.8+ 8 = 6.72 wuith corry 6
0,72 28 = 5,66 with corry 5 v

n'n 002310 = 0-1658 and 5o on

5.3.9. Stal o himry Converpiont?3’

Zhis 40 tho zoot important use of octal nunbers. The r0e
1ation botuooen cctal Aigito and dbinary digito 15 obtadnod by
uriting to 7 in cach gyston.

Binnry 000 001 010 011 100 101  §10 199

Oetal 0 i 2 3 b 5 6 7

From tho above tabulntion, any octal nmumbor upto 7, can bo
convorted inte it's binory equivalont, Tho baso 8 of octol nie
boes 49 tho third pouor of 2, tho btogo of binary numbdbors, ﬁ:szo
for numborg greator than 7. Yo poroly convort eno octol digdd
at o timo.

Cxamples 233 = (010 . 011}

Tho opace loft botwson onch group of throe digls makes 1t caosor
to road tho binary nusbor, Himd octal nuobors consisting of
integors and fraetions are also converted sinilarly.

Emoplos  34.962g = 011 100 . 101 190 010 |
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5030 10, DAimDX

Thio convorpion 1o a rovorso of tho precoss doperibod
in pars F03.9« Tho dimary muzbor is regroupod in dits of throo's
coradoneing fyom right tn'the left and loft to tho right of tho
vinary point, If tho laot bito to tho oztrome right and lofh
do not oako a bit of 3'c, thon geros are addod to malkw it into
o bit of throc.

Dzacplos - 10%1. 01101, = 001 011 . 01 010,

503Q$1¢ ﬁd AL 5S

(1) (btoining dnformation Lo and oub of a digital systom io
capior. | ’ |

{(11) roquiros loos cxrcaitry bocouge it 18 caoicod to prograc,
pond, ond to print out octal aumbers than binary nuchoroe

{(411) Inrgo decimal numboro arc oapsily convorted into bimapry |
if wo firat convert to octal and thon to bimary. Tho rSocon
for this 4o thot o direct docimnl to binary conversien
vequiros many more divisions than & docinal to octal

convergion.

Bxamploe 3 To ovtain tho bimary equivalont of say 36310 0 400t
convort it ¢o octal to obtain 553g. This octal number on convore
sion to binary yielda Jo13 01011, , tho rEQuired binary cquivalont,
5. BINARK Cops(73e7)

54,1, Binary codos arc o compromise betuwoon the binary and Cocde
mal nuobop oystomo. Thoso are tnown ap binary-codod decinalo{DCD)
and combine sovo of the fonturcs of both the decimal and bimry
NumbOPs. THOTO GIO G ONOrmoUS nusber of codos of which tho voll

known sre the 8421, EZxcess 3 bit code and the Yray codo.
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ihooo codss aro usced to dioplay diroctly tho rogult of arithrotic
oporotions and honce nmost numoricoal dioplays intorfoce diroctly
vith decizal code reoprocontation,

Sek,2, Tho 8421 Codal?3s?)

The 8b21 codo oxprennos oach decinmal digit by it's
Yebit binary oquivolont. Tho process of changing cach docicnl
4igit into 1to hebit binary oquivalont 40 tormod as ‘encodind.
Por omnplo o decimal numdor izm 439 oncodon itcolf
into 1000 0101 1004 in the 8421 codv. The larpgoot L.bit bigoey
group usod in tho 8429 4o 100! vhich indicatoo that only 10
out of a poooible 16, 4=-bit groups arc used ond tho rogt are
not omployed, 45 such the 8421 codo 1p idontical to matural
binary through docinal number 9, It 15 becouso of thig, 4% 4o
callod the 8421 codo, the woipght in eoch group ore 8,4,2,1 4n
the ageending powsro of 2 fron a% ronding froo .H(é"\f.’*.lb -Iéﬁ(**- P
tho samo ag for aoburcl binsry nuobors. Sbove 9 tho 8421 codo
differs sharply fron tho dbimary codo. Iho odvantope of this ¢odd
is tho cagn of convorting to and from docimdl nunbors ag wo |
oncode only ono digit at o tice. A disadvantoge 4o that tho
rulos for binary oddition do not opply to tho ontiro 8421 nuhor
tut only to the individual b bit groupo. Decoding o 8429 nuzbor
10 noroly o rovorsal of the prooess of oncoding.
(73,7%)

%o oncod? o deeimal numbor into ito omcoss 3eform, vo
0dd 3 to oach dscimal digit boforo convorting to binmary, It 40
to bo notcd horo that vhon wvo ndd tho numbor 3, any carry obe
tainod 15 not carricd into tho noxt column, but 45 reteinod i
tho column i%£01f,



121
Lxomplo 8 To convopt 29 to an oxeono 3-hudbar we procood ag
follovs
2 9
+3 +3
5 12
vhogs binary ogquivalont is 0101 1100 and 15 tho requirod oncoos

3~ nunboy in tho oxcoos 3-bit codo. v

8) Ao in tho cano of tho 8421 codo tho oxeoon 3 bit Godo
uocoo only 10 out of tho poosiblo 16, four bit groupse

b) It 40 o o21f compensating codo vhich moans that 9'g
complomont of ony 3~nu§ber roproponts tho 9'# conplicoont
of the dociral numbor. ( The 9's complomont 4o obtoincd -
by cubtrocting cach decimal digit frow 9. For oxoplo O%g
coaplonont of 25 40 9925 = 7k).

e}~ Tho oxcoss 3-codo 10 an unwoightod codo.

ajd - dn the ogcops 3 codo vhenovor uﬁ odd tvo doeionl digilo
vhono sun 10 9 or lcag, an oxecosa 6 nupber reoulto o3
henee to return to excogs 3-c0do wo nust cubiract 3.

o) dhonevor wo nﬁd docimal digito vhoso sun oxesed 9, thero
will bo a carry from ono group into tho noxt, Hhonlhio
hoppons tho group that gproduced the carry will rovert to
8421 fora. To rostorc tho anowor to ozcoos 3I-c0do v2

- ouot add 3 to tho group that produced the carry,.

£) Tho chiof cdvantogo of an oxcass 3-bit codo 1o that 0l
oporationc in oddition uco ordimry binary additions,

_g) It hao oloo tho advantogoo that 1's and 2%0 conploronto

og used in binary scubtraction can 0leo bo uzod in Sulle

traction of oxcops 3- numbors.
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5.4, Tho Gray. Coga! 737 |
This codd also eallsd ap the ¥ Reflocted Binary Syoton ©
19 an unwightad code which 45 porticularly not suited for
arith-otic operations dbut is quite usoful in analog to dipgitol
convortors. It'sc main characteristics ars that cach numbor

aifforn from the precoding gray nuobor by a single bit only,

1) Tho firot groy digit 45 tho some as the first binary
digit

11) Bach pair of ndjocont bits are addod to got tho nent
groy digit ddorogarding any carrics that cccur, “

go“t‘h(ﬁ) shpveraaan i . (?3)

1) e first gray ond binory digit which are the gawd ap
rotained .

i1) Tho first binary digits and the noxt gray digits arc nddod
to obtain tho pgecond bimry disrogarding tho carriog, s
procoss of diapgonally adding 10 auntimxéd to get tho

. yopaining gray cods digito.

5.5 BOGIBAN ALGEBRA_AnD caTgs $73)

5.9.1. Boo. , |
HBoolean algobra 4c an algobra invented by George Beolo

. (1815.1864) to doseribo logie and thought. This olgobra gymbolieos

the logic of truth and falso statoments, ond 45 widoly usod in

dipital ayntemc and switching circuitﬂ.

A gato in digital eleecronma peans 8 circult with ono
sutput and tes or mors input channcls, An out.mit. aigﬁai ocours
for cortain couwbinations of fnput signals. A tavle of combinde
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nations for sovoral inputecutput poosidilitios for a iogic
circuit 3o callod a truth tablo, Thooo eircuits aro aigo |
known ag logic eircuito or Jigitol circuits op thoy acploy |
tho binary digits O and 1. Tho valuos ngoignod for G and 1
do.ond upon the type of logic gysten. In o positive logie
pyston, tho 1 ropreseats tho rare positive of tho two woltopd
levols vhilot in tho megative logie aystom, The % stands for
the morae nogative of tho two voltngos, Thoro 40 littlo to cooo
betwosn those tuvo logic oystome and os such for ail fupthor
roforence thd positivo lopgic oyston 10 onployod.

5.5+3. Tzma of Oogopt?)
Thore are oix booic oleetronic goton. Those are

(a) & (b) ABD (e) ICT (4) ¥CB (IXT OR) (o) HAND (DT AlD)
and (£) XOR (EXC.USIVE CR) |

The oyobolic reprosentation of thooo gatos basod on
tho tidlitary sorvicog ctondard oyobolopye !11l-3ID-8C6B oro
given in tho tablo vids FigeHols

50543001) g gazy (73574

In ths CR goto an output occurs w:m thore ig o pignal
in any onc of tho input channclo. It 45 therofore known os’oay
or all goto". A truth tablc for o two input OR gato 40 oo |
ghoun in Fig.5.2. | ,
If the numbor of inputs arc inercopod to thrdo, thin tho tyilh
table will havo 8 horizontal rows i.0., 23, Simflorly if tho
nucbor of inputs arc increasad to &, the nurbor of horizontcl
rovs vill be 16 or a"” in tha truth tablo, In gonsrsl Af thoge
are *n' inputs, the numbor of horizontal :rows will o 29,
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§.5.30(2) ALDBATE (73s7%) }

Tho AIID gato hoo on output only vwhen all tho iaputs 050
progont. It Lo thorefore known ag " all or nothing goto®, 4
truth toblo for o tvo input AUD gate 10 ap shown 4in Fig.5, 3.

Tho 7408 TTL/8SI¢7%? 45 an cmmplo of QUAD 2-1nput
ALD gato. |

5e503.(3) JRLGnto o Clreuarl?3s?)

This circuit has only ono input and cne output. All
that tho gote doos io o invort tho signal, Af tho input io
high, thy output 1o low ond vicoeveraan., 4o such it is oloo
enllod ao o “complonmontory circuit " or ¥ an Inverter " 4 truithe
table for ths [OT circuit 1o ap shoun in Fig.5.%. |

Tho %0k TT1/8618?8? 45 an emoplo of & Hosngomal

Invorter.

5.9.3.(%) Beolean Algobra differs fron ordinsry olgobro in coay
wvays. In ordimary olgobro vhonover ¥® colvo an oquation for abo
roots w got tho golution ap o roal numbor vhich may bo +vo,
«v0 or fractional. In othor vords the cot of nuobers that con
boe obtainod 40 infinito. Howovor 4n Booldoan Algebra when wo
oolve an equation @ get ecithor o O or o 1. No Gther anoworp
o0 postiblo ap tho sot of numbors incsudo only the binary
digiteo.
9¢9¢3.(5) Zhq OR_Additic ‘73) .

In Boplecan Algobra the + sign syobolioos the action
of tho O pgato. In othor words the CR gate iop an adding dovico
that conbinos 4 and B to give o reoult x (Ref, Fig.5.5).

Thuo in Booloan algebrn 4f A « B o 2 it wonng that 4 and
B are combined in the same vy that an OR gato combinoa A « B,
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Thuo vhon ©2 writo x o # + B it means that x = A or B ths logic

of tho G0 pgato. Tho + oign doop aot ptoand for algobroic oadéibion
but ocycbolicoo the action of the OR gato aceording to ito touth

tablo, Thic 40 toroed as OR gato addition,

Eonso T +9 =2 1in ordinary decinal nlgobra
1 +1 = 10 in bindry addition
1T+1 =% 4in Booloan Alpgobra sccording to €2
goto addition,

505035(6) ALLD Pl td

The multiplication oign x of. hoo o now meaning in
DBooloan nlgebra. Tho AlD gate ie & dovico that combimao with A
ond B to givo an output ze (Bofor Fig.5.6). Thus in Boolecan
algebra 4L ©O writo n =« A @ B or 4.B or pioply AB it nmoanc thnt
A nnd B arc combincd in such a oonner ap an ABD goto combiano
to givo an output 'z'. From tho truth tablo of aa AJD gato 48
follows that tho pultiplicotion oign has tho onme pooning in both
ordimry algobra and in Booloan algebra, |

5* Se 3. (7) K

In Beolcan olgobra the exprespion n = A poans that vo
arc changing A 4n the sams monnor ag a NOT circuit doos{Rof,
7ige9.7)e Tho bar ovor A impiies that va chongd or eomplammﬁ
the quantity to tho altornato digit.

Ge5¢3.(8)

Tho IOR gate is realicod by o HOT gato following on OR

goto. Rc[ Fig 5.g.1
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5.5. 30(9) Enad

ino [MID gato is ronlisod by o 10T gato follouins
on AUD gato. Refer Fig 582

iho 7400 T‘EVS&;WW 40 on oxamplo of o UAD 2 Anput
LALlD gotCe

§0543:(10) B lox

Thooo thoorono op0 widoly usod for tho intor«choanpoobility
of tho cowral poton.
(2)  Tho firot thooron ototop thot tho complcacnt of & mu
oguals tho product of tho conplomonts.
Shuoc A ¢B = A, B
(v) The poeond thoorop otates that tho complomont of o product
oqualo tooun of the complements, |

Thupo heB & A + B

7 h¢ intor-changoability of tho novoral gatos vhich ean bo
ronlisod by ths opplication of thy above thoorons é:mzen uo
to realinoc oinplafiod logic oyotems wsing 1058 herdwvaro thogchy
fooilitating choapor aad ongy conotruction., Thic simplificotion
A0 posoidio Af one Ao oloo avaro of the lows of Hoolcan
Algabroe |
5e5.36(11) loun of loan A
L Sronn ¢ Thoso are oimilar to lavo dn ordinary olgeben.
(b.) Comulativo low vhoroin the ordor of odding or multipiging
10 uninportant oo vo obtoin tho gsams yosult in any
oo Thuo A + B o B ¢ A 3 A.B = B.A,
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{b) Aocsociative lav whoroin grouping of amy two torm of ao

oun or of o produot 10 possiblo.

Thun A ¢ (B «0) = (A4B) + C, A{BC) = (AB) C
(c) Distridutivoe low vhorein exprecclionsdnay be expandcd multi-

plying torm by toro ond algo ioplics that footorisotion of

oxpragoiont is ponoiblo.

Zhue A (B«) = AB + AC
II _Grovp - 7These doal with tho oporntions of 0 and are gonorally
thourht in torms of OR and AND goteo wvhere A ond G nro tho imputs

Thus A + 0 = A in termy of an OR guto

opd A.0 = O in toros of an AliD gnto
Tho yoooining fdontitics in tho group doal with the operntions
of 1, and oro alep thought in ¢ornzof ¢the OR and AID gatoa.

Thuo Aelol, Al 2 A, A +4 2 A,

Ae & = A
A+R=l
| A.Teo \
5.5.3.(12) Tho Excluaivo OR sato ( AOR goto) (Rof. Fige5.9)

Tho X0R moy be realised in saevoral ways by the combinction
of AIiD, OR and NAID gatos. A truth tablo for a two input XOR
gato 4o as followd, and on output occurs only whon cither A o¥
B 48 equal to 1 but mot whon thoy are both cqunl to l. Thio
goto is also oalled the ' Hodulo -2 Addition ', tho rulan of
vhich aro similar to tho valuco chown §n tho truth toblo chown
hore bolov.

}
A TI B b S
o' o 0
S S G O . T
A 0 1
1 a1t oo
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Thooc ruloo aro tho 0252 oo for bianry ndditlon ozcopt that 4n
tho lost row, tho corry 40 diopopnrdad,
-n.(73J

56010 200 TndL_Addoy

Tho holf oddor oddo two binary digito ot g time, to
. produco o oun and o carry. Ihe sum 1o odbtained as the outpul
of an XOR rato to wvhich both tho inputo are fod. Tho caery
10 obtoinod op the output of an ANlD gate to which both tho
inputs ore fod. A pioplo eircuit of a half addar 4o ag choun
in Pip.5.90

Tho folloving 15 the truth toblo of a HALF ADDR,

i Capry 8un ‘

e : ;

0 ¢ 0 ¢ :

Q : | c 1 I

R i o0 ! o0 1 i
' % % 9 0

- A

The truth tablo indicatos At'hat tho BAlx wbm io
copabdle of doing binary additlon, for two binary digito only.
54642, T Pl Npnp(?3) |

Thdo 45 o circuit that con handle throo dinary dipgito
ot a tico in binary oddition, The Pull Addor 1o cobtainod by

connacting tvo hoalf addorsand an OR gato as shown 4in
Fine5.11,
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A truth toblo of 8 full oddor 1o as shown bolow ¢

A B c ? Carry % Sun
Lo 0 0 o 0
o 0 1 0 1
0 1 0 0 I
o 1 1 T e
) 0 0 0 1 ;
1 o 1 1 | o |
§ 1 0 R
1 1 1] v

56 6-’ 3.

A porallol binary oddor odds two binary nuchoroe ?!:fa‘
“eircult 40 obtainod by connscting full addrro and and holf |
oddorg. A& circuit arrangemont to add b bit bimry numbors Ao
thown in Fig.5.12. |

5-6.’*0 A aentiat b

A parallel bimry subtractor sﬁbtrwta ons binary
fron ancthor binary number. Tho circuit 43 obtainod by conmete
ing Pull Addoro and HALD gatop. The RAEND gatos ore usod o
obtain tho 1's cooplemont and tho pethod of subtraction 40 by
afding the 1's complogents and the ond around carry. Such o
gehome 4o shown .in. F.‘g..,S-B.' for subtracting o b bit bimyy
fron a sinilar binary nuuber.
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5¢6¢5+  Bimilarly by ccmbining E31f and Mull Addorsolong
with logic atos 4t 40 posoidlo to dovoiop An Bu21 Addor:, An
seogt 3 bit adder.., Half and Aull pudbtractors. Tho oddor and
subtynctors givo us the basic circuits for o binary oyoton [op
porforming arithmtic oporationn, Hultiplicotion and divioicn
can bo porforood by repeatod Addition and subtraction rogpciiie

volye

5.7, LIEEGRAZED Cracnagst?s)

Ge7e1e Typicolly an mtagmtod cdrcuit or I.C. conoioto of
transistors, registoro, and diodes otehnd into & semiconduetor
materinl, The matorinl 4s ususlly silicon and 48 finolly ucod
in the fornof o ¥ cfxip ", Sineo 0ll of tho componontsare fOIPie
cated on tho came chip, construction of an 1C 45 called on0m
lithic ", All of tho dovices ure intertonnooted to porforo: a
dofinite function or oporation, and 15 a complote circuit. %o
nako the iC packogo opornbdo, 4t nust bo connoctod to & pouvop
gourco, an input and an output.

Se7e26 Thore aro throo bosic IC packogoo n3moly tho tranointor
packago, tho flatepock (FP) ond the dualeineline packago (DiE),
.5'.?.3‘;. in tho tranoiotor packago, ths chip ic muvntcsd 1apido
a transistor cacd® ouch oo O ¢nn, and instoad of tho usual thpoo
lecds found in a transistor can, thero will be 10,12,1h and coro
leoads to nccommodate the *;arioua pouer source, input/output |
connsctions roquircd 4n a coumplete circuit,

Ye7e%.  In tho flat pack, the chip is cncopsulatod in a
roctanpulior ¢aso vith terminal lends extonding through the 0idag
and ondg,
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G676 In tho dual-inelim pachago, tha chip 18 oncapculatod
in o rcetongular eapo oimilor to thoe flnt pack but, longer Sinn
tho flat pock. In gonsrol tha DIP has roplaced tho FP for coch
opplications. |

5e7.6e 81LE

ALlthoupgh tho 5bAgic circuits ubad in IC's oro pinmilny
to thoco of diceroto tronpiotors, thore are cortalin difforonog,

For oxunplo, inductancso (coils) are mowor found ag part of on
1.C., oo it 4o iopoosible to forn o usaful inductancs oa & CO%OP4N.
that contains trancictors ond rosistors, idhewico larpo valns
eopaecitoro ( about 100 pF) are not formad oo part of an I.Ce
Yhonovor o large valuo capacitor or an inductonce is roquirédp

thogs conpononts aro pndd oo part of an ontornnl eircuit, Tranoio.

tors are ofton uted ia plnco of rosistors in IC pochngoss Unimily
guch o tyronoistor 4o o Field Effcet Transistor (FET) oiaco ¢hs
FET acto sonmevhat like a rasistor,

Thoro aro $wo typoo of integratod circuits nocoly
digltal.ﬁn& 1insar. | '
Ge78s 2initnd Xabala.

Digital 1.C.*0 are the intograted circuit equivalonto
of banic logic circuits om transistor circuits combining Sho
functions of logic to form circuito, Such ap multividbratoro,
counterg, dicodars otc. & digitol IC 1o a couploto functioning
logie natvork, uwounlly requiring nothing more tham on input,
output and & powdr courco, Digitol circuits are gonorally
apsocinted with only tvo Jevelo of voltago. Pigital circuito oro
conmereinlly butlt 4in threo oizos doponding upon the comploxity
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of the circuits and ore known asg large Scale I.C.'s (L.S.l4),
podiuo sealo 1.C.'s {U3I) and ooall ocalo I.Ceto (881), Mook
of the bBagic logice edrcuity such ap ARD, HAND, OR ote. atoo
aro availobls in tho 831 rango. |

Linonr I.C.'s oro tho intepgratod circuit oquivalorio
of bagio transistor circuits such aa'amplifiorn, oscillatorg,
mixors, ote. Although linsar I.C.%0 aro copplote functioning |
circuits, thoy ofton roquire additioml oxternnl compononts 49
addition to & powor osupply for gntisfactory oporation., A typieal
ozanple of ouch on oxtornal compenant 48 a rosistor to convops
a linoar amplifier into on oporational awplifier, idnsur 1,v.%C
are of tuo boaoic typos. Thoy con be worsatilo goneral purposo
dovicos that may bo odoptod to provide many aifferoat typos of
circuit functions, Altermtively they may b2 of the ape;xul.guv.
pose type for gpecific circuit functions. A furthor trontoont
of o basic lincar IC 1g given in pasa 5.1%.

5.8.1,  logic systems may bo built uoing & varioty of |
componants 1iko diodoa, and rooistors, or diodes and transiotoro,
or rosistors and tranoistorsc. It is because of those that logic
gystoms aro often clapsificd by tbo parts used, Thoreo aro oight
familico of logic,

(1) Ropistor-igangictor logic (RTL)

(11) 'nloae-Traneiotor L0gic (DTL)

(111) Transsiotor-Iranpistor ~ogic (ITL)

(av) Conplenontary Transistor sogic (CIL)

{v) Engttor Coupled logic (ECL)
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{vi) tatal Ouidr Sonfeconductor (H03) )
(vi1) Complenontory wotnleOxido Scai.conductor (C10S) , ong
(viil) Intograted Injootion logie (LZIL)

Thoy nll havo diffoyont characteristico, Amongot tho
eight typop, TTL, ECL, HOS, and CHOJ aro populardy used, in
GeSele and [lelals '
5e8e20

It 10 aluayo oppropriote to look ot tho gonrornl
characteriotics of tho IC logtc gatos beforo dosoribving tho

difforont typos, co that tho difforoncos botwoen ths sovorald
typos c¢an bo bottor appreciatod. These goneral choractorictiCo

are ap followns

1) Ihragheld welbacs

Tho voltoge 1bvol at the input of & circuit at which
the circuit changos froo on? otato to anothor 4o called tho
throshold voltago. Une approximotion of thio is thé voltage of
tho nmid-point of the tgancition botuoon tho tyn statoo.

Tho time delay botwaon the application of a lovold
chango ot the input snd the chango of state at the'output of
o circuit ip callod tho propagation doloay of tho circuit.
Gonorally thy propagntion of on IC gato 49 in tho rango of
2 to 50 no ( o ns=nanosccond = 10°7 of o ooc.)s Tho total
propogation doloy time of o logic gyston will bo tho 4olny
" por gote multiplicd dy the number of gates in sorics,
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111) Powor aingpotien.

Tho potor diooipotion of o logic cireuit 1o usunldly
dofinod oo tho suyply powrr roquirocd for tho gato to oporato
vith o 50 pereont twty eyclo at o oposific froquoncy ( 1.06
oqual tizmoo 4in tho O ond % otates), Tho povor dissipation of
o typical lopgie IC yangos fres & fovu microwatts to about 50
011iiwtto por goto doponding upon tho typo of carcuibse
iv) jad '

Tho difforonco botvoon thy oporating input-logic
voltago lovol and tho throghold voimao io callod tho Hoigo
Fargin of tho circuit. It ig thoroforo the goxisun coount of
deviation . €ron tho nomiml valuog of ¥(0) ond ¥(4) that tho
cireuit con tolorato vithout chinging otato. Tho eircuit for
ptable operation chould havo ogqual logiccl 0 ang logieal 1 nodco
parging,

v) Lagte gedtnm eyadn.

Tho voaluop for ths voltage levolo coyponponding £o
logic 1 ond logle O affoet covoral othor specificationn for
A gyoten cuch as pouwdr disoipation, opcod cnd nodse lomnitye
Tho probleo of voltogo levols ruot bo such that fntorfacing vith
othor oystens 18 posoidlo and this 410 mods pinpler by chooing
o fonlly of gatog that how tho gooo logic voltage levols apo tha
“gyoton to vhieh thoy rust intorfoco,.
v4) E\p=in.008 FApsons.

Tho fon-in of o logic oyotom 40 tho numbor of inputo
it 40 dooigned to havos It 10 o poosurement of how much that
input will lond 0 driving zourco. Tho faoneout of o logie gato
10 the nupbor of IC pateo that etn bo rolindly dreivom by ko
goto,



A1l IC pntog are comjsconductor Goviedp that ore tCoporoe

turd oonpitivo, Thoy pust Bo G20ipgnad to give o cotiofootory

porforanonco ovor o vwido rango of tooporaturc.

Tho gon2rol charnctoristios of tho oight 16 logie familiop

oro tobulated oo phoun. Voluoco quotod oro poprosontativo on o

coaparicon baoio,

logie Propagation Povor di00iw Typical iypical Typicol  Rolotivo
fonily g;r potion noino fone-in fan~on% eoot pop

130&0( gotol{nl Qa‘é,x‘;%;[u gato
RTL '5’01 10 0.2 3 & odtw

b1l 25 15 0.7 8 8 Hoddun
TTL 10 a0 Cob 8 12 lov
CTL § 50 Ot g 25 High
AN 2 50 0.t 5 23  Bign
108 250 1 2.9 10 g Yory lov
GLos 30 0405 Dopondo on 90 100 lov
Hicro Y ?nn
Tt K

1IL Lo 1 0,39 5 8 Yory lou

5.8.3. Tho Diroct Couplod Tranoiotor Logté(BwEL) ¥AD tﬁo
onrlioot to W dﬂv01opoé(?3). Thooo conoistod of ¢irecuits in
vhich tho input oignolo vare diroetly couplod into bagoo and
cutputo oignalo takon from the omittors or eolloctoro of

tranpiotoro. Thooe howevor ocuffored fron ourrdnt kogsing.

Purthor thore vao no duorontoo thot the i.v charactoristico of
tho bogos of thy transiotors would bo idonticnl thoroby thoro
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¥as & possibility of some of the bdases turaing on befbfo the
others., This serdous impsdiment prevented it's further exploi.
tation and as such has not been classified in ths avove logio
fanily. The RTL logic is an improvement over the DITL vherein
current hogging ie prevented by including resistors in the bassyg
of the trangistors, The resistcrs however degrade the switching
time and to improve the switching time capacitors are coannected
across the resistors., Ihese capacitors are called as speed up
capacitors and these circuits are sopetimes called ap Resistance
capacitence Transistor logi¢ (ROTL) which are only a aild varise
tion of RTL, The RTL logic has no doudt offered high performance,
but suffers from insufficient noise margins, and low fan-in and
fan-out capabilities -ITL logic on the othsr hand is slower, but
easier to use and has comparatively larges far-in and fan-out Capks«
bilities. They have been graduslly supersesed by TTL which

of fers higher aspesd, better noise imounity and driving capability,
Honge, by for the largest nusber of SSI gates are manufactured
with the TTL logic. CTL logic offers high speed at moderate cost
and power dissipation. ECL ioglc hovevey, offers the highest spee
and 48 the ultimate in choioe for very fast systema., MOS logic
offers greatiy increased complexity and low poer consumption hut
significantly less gpeed, CMOS offers extremely lov power cone
sunption when operated at low speed and it's speed 1is between TTL
and MO8, Finally, Iil logie which is & very recent development
aad has a packing denaity greater than HOS and simpler procasse
ing than all other technoiogies.

5«8.4.A8 mentioned above, becauss of it's high speed, low powmy
dissipation, sufficient noise pargins, high fan-in and fan.out and
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lov cost, TTL logic offers by for the largest number of standard
SSL gates. 1he most commonly nudww ITi/581 integrated circuit
series ia the sy Sk/SN 74 series where 8N stands for semi conductor
networke The S series are guarantsed in the fempsrature range
over «55 to 125°C and wers gonerally made for the military sarket |
where size, power consumption and reliadbility requirecents wers ef
paramount importance. The 74 serisas are guarantesd for a temperatu
range over 0°C tp 70°C and are primsrily meant for commercial use.
Thus the SN 54/7% ssries pmrm & complete rarngs of ready made
gates namely NAND, NOT, AND, NOR, OR, XOR, in addition to binary
adders and other arithastic cireuits.

549 MULTZBRATORS AND PLIP riorss$?3)

5+9ete A multivibrator is s regensrative oircuit with mé active
devices designsd so that one device conducts while the other cuts
off, Multivibratorscan stors binary nusbers, count electrical
pulses, control digital oircuits, synchroniss srithustic operae
tions, produce rectangular pulass snd do many other things that
are vital to modern digital systems.

5¢902 There are basically three types of multividratiors:

i)  Bistable ~ which has two stoble ststes, and a
circuit can stay in either state indefinitely

11) Astable - without sny stabls state and 1t means
that & circuit oscillates back and forth between
the two qstable states. |

114) Monostable - with only one stsble state and the

| cutput of & circuit oan remein indefinitely in
it's only stable state,



ll{ -

_ A% '_ - — A2 R
. B4 | J -
i : 1
v 4
camme [ J‘ caghr fJ‘L camgy MH
L_I L.r_f
4 ¢ I
Sy S< S1
FiG.-512- PAKALLEL EBINARY ACDLER.
— — A4 [. . A3 - re -- Al
' |
¢ Bbe r - ") r R Rl
r L™ M
\
11 Y 4
A e 3 X
"4 L o4 L -, d
i |- !
|
B ENU > AROUND  CARRY I) _ ? 3
¢ Y ¥ v
ie A3 %2 X1
Fia.-2'15- PAKALLEL BINAKY SUBTRACTOR
r 3 o B
SRR - VFLR FLOB . o .1l i L -
;{ E . ] a B . DO
10 [
A b D .
Fi3.-514 (a, - T-FLiP FLOP
B P S
RN ) i
— - Q- X
Fia.-S147) - ELOCK LIAGRAM OF T-FLiP FL
A B - L BF :
"1 ry ory 77 1 - -
O O T S, C w - 3
~ r 1 - -
-~ _.{L } = T-Fuk FLOP o, M Co
v
- _LE’ .1!‘!" . _ilL‘ £
A \F. AU '3
13 L
Fioao- 014 - LFFERENTIATING i L3IT




" 145

S5e9+3. Elp = Flops

A £1ip-flop is a bistables multividbrator vhose culput can
be either a high or & low voltage that is either & 1 or a O,state,
The cutput stays low or high until the circuit is driven by an
iaput, '

The ariving mpui to & flip-flop 43 called a trigger, The
trigger is a /4 sharp pulse of short duration which vhen driving
the flip-flop causss it to change it'satate, When a trigger
pulse arrives, the circuit flips to one state and upon the arrival
of a second pulse it flops back $o it's original state, Very often
in digital circuits, a £11p-flop has to be driven by & square wave
input, These sjuars waves are changed into triggersby using a
fuuuncl-napncuzanco combination of & differentisting circuit,
Flipeflops are also scmetises called as latches?

5#90“01?’”8 of Flj.p..ﬁ‘lop“s73)

The types in common use are the 7T flip flop, the R5 and
RET flip-flops, the JK f£lipfldp, etc., The JK, RS and RET fiip-
£lops are mostly manufacturenr ia TTIL/MSI Integrated ,cxteuus‘”’.-,

599»‘&(1) !hc 7 ?lipefup 3

In the diagram of Fig, F.4(a) vhen negative triggers arrive
at points A,B,C,D the T flip.flop changes to the opposite state,
Thus at péint A in time the cutput changes from s 0 to 1 and
remsains 50 until the next trigger arrives st B wi#n it changes
state from 9 to O, and so on, The T fiip-flop has one input and
two outputs. It is symdbolically reprssented by the bhlock diagram
~ shown in Fig, S.14(b). Tne ‘x’ output 1is somstimes called the
' putput and ‘x' the ‘of cutput, Since a T fiipflop nspbndu
only to the nogative triggor it divides the fregquency by 2 il a



1456
into sharp triggersby the uss of a differentiating cu:cuxt as
shown in Fig.5.1%(c)e Thus a scaler to divids successively the
inyut fregusncies by 2 can be developed by cascading several fllp
flops in series.

5.9.4(41) The RS and RST Fliporlops 73’

The RS 13 & reset-get flip-flop and has two inputs and two
output s, This £lipflip is obtained by mscdifying a T Llip«.flop 4n
regard to it's triggering. The set and raset inputs are mads te
respond to ensure that if the 'x* cutput is 1 duc to & pouiﬁn
trigger on the set input, then a positive trigger on the resst
input ensures that the *x' out put wiil be & zer0e ... Th® RS
flip~-fiop is symdolically repressnted by the following block dise
gram of Fig. 5.15. The RS flip-flop i# also known as & S-R lateh,

A RST flipeflop combines an RS flip-flop and & T Lflipeflop
The RST flip-flop can set, reset and oan trigger. The trigger
input vesponds to negative-going voltages whilst the set and ruit
inputs respond to po‘nifin going voltages, When negative pulses
are s plied to the trigger inputs, the flip-flop tO.ggles back
and forth betwsen 1t's two steble atates, When a positive pulse
arrives at the set input, the 'x' cutjut becomss a 1 4f it is not
alresdy & 1; when a positive pulse hits the resst input, the *x*
output becomes a O Af it is not already & O, The RST flip.flop
can be built in many vays, All thrse inputs can be made to vesgpor
tc positive triggers or perhaps to negative triggers or to & come
bination of positive and negative triggers, Thw RET flip.flop
is symbolically reprasented by the foliowing bicck diagram of
Fig. 5.15(b). |

S,
.

2 o R
2 e
“ g
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5eQebo(114) 2

Tho JR flip flop hao throo inputs ond tuﬁzggta. Tho niddlo
input ic ecallod the trigoor or clock input and tho othor inputo
are the J and & inputo. Tho £ip flop o gymdolicoliy roprocontod
by tho following dlock dingrno of Pig.9.16, Tho flip-flop rospeccd
18 dotorninod by the values of J and K at tho invtont that ths
trigpor or clock pulse arrivoo., Thore oro four coges to doneridbcd.
(a) hend = 1, & = 9, th> flip flop toggles cach tino o tpig op

onr Blochk pulsc arrivos and thus acta lihn 6 T £lipef.opn.

(b) +¢hend = ¥, K = 0, tho filp~flop will got on tho noxt cloch
pulse, Gn auencodiﬂa trigonors tho flip-flop otaye oot and
thus oeto liko potting o KRB flipflop.

(¢) thon J =04 K = ¥, thy flipeflop will roset on tho noxt
trigger:nnd thoy otay rogot on succooding clock pulscso
ond thug acto like roooctting o BS flip-flop,

(4) Whend =0, K = 0, the flipflop roooins ia vhotovor otato
it 15 in

The above actlons of the J«R flip-flop aro gunzargsod bolow 4n
& truth table, Here 'b? 15 tho volno of tho output Just boforoc

tho trigger or olock pulso arrivoug,

J K Catput aftor triggor

o 0 b (game)
) 1 € (ropot)
1 0 1 (cot)

1 1 T (togglo)
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Tho eircuit of tho pastor slave flipflop is baoicolly
tuo latchos connocted sorinliy. he firot latch 40 called tho
thetor and the occond 40 torcod tho slavo,
5eGoMelV) & pigpat ™)

Tha d.¢e or 0400 tripggored clock 4o ono that eousos
£1lip flip oporation ot a porticulay voltage whon oithor o poostivd
(positivo edgo triggor) or o nogative ( asgative odpe tripgor)
transition occurs, Bithor ono or tho othor o rocogaisod, but ol
both, for any choton dovico. This type of elock onablos tho dnto
inputs and tranofors tho datn to tho output sioulianscusly,
ragulting 4n & high 0pood clocking tochniquo that 1o rolativoly
indopandont of tho clock rigo and foll timce,

Tho Schmit trig or 46 o bistoblo puitivibrator, Tho circuil
10 an amplitudo oonoitvo ¢ircuit. Tho output voltogo vhieh juopo
from o low valys to o hipgh vaiuo i1 conlled the uppor trip point
{UIF) and tho corrosponding voltage vhioch jumps froom o high
valuo to 0 lov valuo 1o callod the lowor trip point (ifk), Unco
tho tnput voltoge oxecoods tho UTE, tho cutput veltage goco frem
& low valuc to o bigh value 1,0, from o O to & 1. When the iaput
voltage drops bolou tho ITF, tho output voltngo drops fren o ¢
te o 0, It 195 bocauso of thio thnt o Schmiticircuit can b0 uped
to dotoct vhon tho input voltago ercacos certoin voltogo 'mvolag
It 9 0loo to Bo notod that um o Schnstt trigoor eireuit 4o
driven by o poriodic signol vhooo pook value oxecocdo the UTPR, $ho
output will bo o roctongular wavoforn. Ao Such tho Schmitt
triyzor 40 ® scaotices knoun 0o a "Squaring Circuit® ond tho
output froguoney 10 ocdual to tkn tnout Creaunnnaw.
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The Aptoblo vibrator hno two otobos, dut 1s otablo in
noithor. It oseillatos back and forth betwoon thoso two statog,
producing o oguaro wave output, Honco tho astablo gultivibratos
30 o cquores.wgve osciliator,

Ofton 4in Jdigital gyotoms a gingle astabdle multivibrator
koops olld tho difforont circuit oporations in ptop with ono
anothsr, This pultivibrator 4s thon like o goster clock that
synchroniocs all parts of the digitol system, This proporty
hog enablod an aotablo pultivibrator to bo hnovn as a "elock®,

vnotabdlo fn tho othop, Hhon 4t 10 trigoorod it geos from the
gtoblo astato into the unstablo ototo, 1t romuins in the unstadbio
state tomportrily and thea returas to thoe stoblo otato,

The dingrons of Fip.5,.16 show tho gonoral 1d%a of nonogtabh?n
nultivibrator. At poiat A in timo o trigger hits tho input. Thio
cauoss tho “output voltage to go £ron a lov to o high valuo, Tho
high state 1 an unstable otato, oo that after o ahilé the
output voltage roturns to tho low state, Ihe ocutput remains in
tho low state until tho noxt triggor arrives at point B in timo,
Agoain tho ocutput Junpo to tha hipgh stato and after a vhile rotuen
te tho lov otote, whoro 4t staye until the terigeor concs in ot
point € ia tinc, Thus for cach input triggor thoro is ons roGe
tangulor output puloo. It 10 docawso of this proporty that o
monootablo multivibrator io ofton ¢nlled as & "onseshot® cultie
vibrator, 4 oquare wave can drive & oncephot multi-vibrotor pro=
vided wo difforontinto the square wave input. Tho onosshot nultie
vibrator is uéafel for reshoping roggod pulses, for introducing
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5410,

5- 10-1: ts J

Plip-flopn connactod 4in concado noréa ao an oleetronic
countor.(Rofor Fig.5.,17J)s 4,8 and C oro throo flip.flopo
connected ia caccadd oo shouvns A aguare wvd alrs cnllod tho
felock® pignal drivos the A fiip-flop,The ocutput of tho A
flip~flop drivop tho D £lip-flop and it 4in turn drives tho
G flip-flop. Lot all flip-flops bo initiolly in tio O ototo,
Whon o clock puled comos 4a,the 4 flip.flop changos on the
nsgative going part of tho puloo and it thorofore changesn it's
otatc onch tino the clock changes from o 1 to O. Tho B flip.flop
toggles on negative going chargon. It thorofore changos itn stoto
ouch timo that A goos froa o 1 t0 a4 0 ag choun ia Figs 517
Similarly.tha C flip=Tlcop togdoo cnch timo B gooo from a 1 to
0., Thus o guecooding flip-flop tognics only if tho £lip-flop
to the right has changed from a 1 to 0. |

Thus initislly if CBA = 000

Then at tho ond of tho 1ot pulco CBA o 001, ( A ghug o frea
0 to

at the ond of 2nd pulso CBA = 010, ( A changos fron
. : i to 0, B changos
from 0 S0} )

ot the ond of 3rd pulso , A chargeo from ¢ to 1

c.. CBA = 011 and 8o on
Tho ahovo oporntions con bo pcucpmoaricod in o truth toblo
vhich dneidontally givos tho count.
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' ™ CBA

¢ B A Count
o o | 0 0 !
o ! 0 § 1 1 i
0 i 1 o 2

o | 1 ; 1 3

| i 0 : 0 4

1, 0© 1 5

» | o |

1 ) ) | 1

o ' 0 0 8

Tho waluc of CBA chown ao count in tho truth tablo indicatos
tho pyoton of o binory countery Prop O to 7 and on rocolpt of ko
oigbth puloo CBA poturns to 000 bocouoo oll £iip-flops rasot to

It ip ohown in poro 5.10.1 that vy eonm#tms £flip-flops
in caoendo vo obtain a binary countor, 3ho capacity of & bimary
gountoy canha i.ncrczaaéd, by including mero flip~flopo. Thup i1f
four flip-flops aro usod, vd havo o binary countor that can count
from 0000 through 1119 bofore it resoto, thot is thore ore 16
distinct ototoo. In gonoral 4f wd cnocadd 'n' flip.flops togothcy ¢
got 2% stotes,
5410430 Bianln Conptox’?37%)

1t vap dogerided in pure 5.10.1 that tho output of omo
flip-flop drivoo the output of the noxt £iip-flop. Such o countor
46 collod o ® ripplc ceountor ?, thoroin tho flﬁp«finp to tho
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Fipght Af the onc in quostion rust chongo 1to otato boforo tho
flip~flop that io considored con chanro ito otatoe Tho triprors
cove thourh tho flip-flops or tho countor 1iko o ripprle An
vaters Heneo tho nora ' ripplo countor '. & ripple countoer con
bo conatructed with RIZ or JE £1lipflopo.

5:10.4. A _Dc@ndg Countor (13)

The familiarity of deciral mumboro hes resulted in the
dovolopnont of a decndo countor. A docodo countor hao 0 diotinot
otatos corrosponding to the 10 nunbers of a docingl counte I8
4 £lip-flops are used, thon 16 distinet otates arc obtainod. In
ordor to obtain the 10 distinct siates required for o docode
countor sore of tho atatos have to bo sikipped throvsghe Thic fo
achieved by providing o feed back from tho D flip-flop to tho
B and 'C £18p flops an shown in Fipg.%.18. Btarting with DCBA=0DOO,
tho countor cdvances to the noxt binary nunmber vhon cach c¢lock
puleo comes in. The foed back doos nothing for tho firot coven
counts, that 1o DUBA chonges during tho first coven olock pulses
as follow? upto the natural binary oount covon.

0600, 0001, 0010, 0011, 0100,0101, 0110, 0111. Upon
rocoipt of the oighth pulso, DCBA chanpeo £ron 0111 to 1000. Thie
1000 ctate 46 only tebpoxary becouso tho D output‘hnu changed
frooa o 0O to 1,Va positive chanoe This_paaiﬁiva chango goos back
to the sot inputo of D and C flip flopo, thercby forcing these
flipflops to chango stote fron a O to 1. Thus tho value of DCBA
nov becosos 1110. The counter has now sikipped through cono of
1t'0 notural otatec. Thus tho count 1110 stando for oight. Upon
rocoipt of tho mont oclock puloo, DCBA becomos 111l vhich otondo

tbr count 9 ond on tho noxt or tonth ¢lock puloo DCBA roeots
to Q000.



5.10.5. 8421 BOD Deerdo Goungor’ O+ 14)

Tho 8421 BCD code has o natural binary progeosoion upto
ninoc aud thom tho count resoto. Thio mqnénea can bo obtainod
as thown in Fig.5.19. Tho oyston acto as a otraight binary
oequonse upto the doeionl nunbor 2. At this point DCBA < 1001.
hen tho tenth olock pulee comog in, DOUBA Boconos 1010, Bug thio
condition 1o only ¢coporary oo tho poaitive chango of B £1ipflop
15 fod to tho rooot sinput of D £lipflop cavoing D to chonge fronm
o 1 to 0, that 40 DCBA in nov 48 0010, Tho ¥ output which hao
changed €ron n O to 1 oos borol to the B flip flop couning B ¢o
chaneo from o 1 to O« Thorcfore DUBA novw boconas CDO0.

The 1490 9@/331“3) io an excnplo of decado counter consic
ting of four dual rank mastor olave flipflops which aro commoetod
intornally.
5.10.6+ Bocodinn a Ceungor' (Je 14) |

A very sinplo oothod of deeoding o countor 4o by comncod-
ing lomps to the ougput of cach flip~flop. If tho output of o
flip~-Lliop L6 1, the loup will glow ond 4f 14’ outpus ia 0 it
vill not glow. But this hau the dicadvantope that tho docimnl
nuober hag to bo decodod wmontnlly which 0 not dopireble.

I% ie howover possiblo €0 convert tho BCD mucbor otored
in the countor into ito docimal equivalont uoing logic ecircuito
o0 that on disploy wo road deoirnl nuodsrs. A sizpleo mothod of
dogoding o countor 1sby tho nco of ton AUD gatos and eoch AITD
coto 18 nade woo of to drive o punbored lamp. Bach ADD gate
hno for impute commoeted £ron the £1ip flopa. For mmﬁmo
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(117+5.20 a), tho AD cato for lamp O, has ito four inputs

connoctod to A,B,0,D, 6o thot whom tho output DCBA is 0000,

tho laop glows boccuso oll inputs to tho AND gato aro TUHR = 1111 whi
ennbles £t to drive the loop. Simdlarly for lamp ¢, tho output of
the flipflops is O1lll, so that tho input to 1¢'a AUD gato will

bo TCBA = 1111 to cnable AUD & thus drivo tho lanp.

Earlior instoad of using 10 goparate lamps, a single larp
known as o * nixnic tuby ' was uscd. It contoino the numbors O Shroupsd
9, otackod on top of each othor. Thoro are 10 input loads to tho
nixio tubo, and vhon o voltngd i applicd to onc of theoo inputs,
the docimal munbor associnted with that nunbor 18 1it.

~Hixso tubes hovo gradunlly boonm roplaced by LED's (Li~ht
onitting diodoes). Tho LED's aro arranged to form a figuro of oipht
a8 Shown 4n Fig.5.20b. It has seven inputo corresponding to tho
soven LED's a,b,e,4,0,f,5 which axo conconly rofeorrcd to as the
sevon cegnments. Thus for instance 1f tho binary count atored 1o
0, the seruwents a,b,c,d,¢, and £ aro onagbled to be 1lit by a combi-
nation of logic circuits ¢o obtaim the figure of O. Sinmilarly for
a count of 1, gogments o,b and ¢ arc 1it to givo tho figwro of 7.

the 7448 7ep/s1¢ '€) 16 o BED to 7 oogmomt docoder. It consiot:

of BAID gatos ond sevon AllD-OR-INVERT gates copnecctod intormally.
§+10.({+ Cancodiny Decado Counter Units

Docade countore are cascaded to increaso tho capacify of
a counter. For inotanco, 1f vo want to count from O through 999
w0 nood only cascade throe docado countor unito (DCU'a) as chown
in PLge5.21.
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If at tho boginning of tho count, all JCU's oro rosot to O,
thon whon nino cleck pulaed ﬁavﬁ arrived, tho DCU's will roed 009. |
On the arrival of the tonth clock puloe, the D flipflop in tho
'Unite' DCU will change froo a 1 to O. Thio negativoe change goeo
into the ' tens' DCU, causing it tocdvonco by one count. Thus aftor
10 clock pulses tho CU's read 010. 4c additionnl clock puloos
orrive, the units CU advancos one count for cach clock pulsc.
Evory tino tho units DCU rosets to O, it producoo o nogative chango
that cdvancos theo tens ICU. After 99 olock pulaoo havo arrived,
tho DCU's read 099. Upon receipt of tho 100th clock pulso, tho
tona DCU resots o O. This ﬁroduces a nogative chonpo that trigoers
tho hundradth ICU advancing it by ono count, Honeo aftor 100 clock
pulcos hove arrived tho DCU'oc rood 100. In this wny the oyotom con
handlo upto 999 clock pulooo.
5.10.8._Divido by 'H' Coungorn’”

It hos boon doocribed in parao 5.10.2 and 5.10.3, that thoe
total nuaber of couﬁta or disercto ototes throush which thoe countor
can progreos io given by 2® wbore 'n' Lo tho tatal punbor of £flip~
flops ucod. Thus a dinary ripple counter with 4 flip-flopo is
capable of counting through 16 dinoroto states. Such a counter
io ofton roferrcd to ao ! Hodulus =~ 16 ' countor or juct Hod=16
countor. The modilucoef o countor definec tho totol nunbor of states
through which thocountor can prosgrosst.

It o ofton dooirable to have countors vhich hove nodulid
othor than 2,4,8,16 «eeces. A tmallor podulus countor con alvayo .
be constructod from o larger codulvo countor by oldpping otatoo.
This hno rosultod im the Divide-by- N counters.
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4 gonoral procoduro for dosipgning o divide=by«l ripplo
countor woing JE flip-flops with prosot 15 oo followd.

1) Dotormino tho nunbor "n' of flipflops by tho eguntion
no Q x.oga I‘f; vhore tho gyubol Eloga Hj donoteo theo
smllest integor that 10 equel to or grostor thon

[0, 8]

44)  Commoot tho 'n' fiip-flops oo & ripple countor.
i111) Dotermine tho dinory ropregontation of(V-1)
iv) Comneot all flip-~flop outputs that aro 1, ot tho ecﬁntor
D=} ao inputs to n HAHD gate. The clock puloo is aloo
to de ied to tho DAID mto.
v) Cormeot the UMD gate output $o the prosot inputo
of all tho flip-flopo for which § = 0 at the count li=l.
Yho countor rosots in tho followinp nannor. At the pod tivo poing
edge of tho pth elock pulso all flip-flops are provtent to tho
1 ctates. On tho tz'aiung odge of the sano eleock pulsoe sll
£flip=flopo count to the 0 stato. |
An exaaple of a Docado (Divido by 10 or Hodulo~10) riprlo
counter i8 ao follows. ° '
For i = 10, n nEiogz 107 = [ 3.332 o 4.
Thus we use four J-I negative cdpo triggorod £lip flops and
connect then as o ripple countey. Sinco Il = 910 = 10512, outputo
Qp and Q. ore comnected to tho IIAID gate whose output io fed to
tho preoot's of tho flip-flopo. Thic docade countor Lo schown
in P&p.5.22.
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5.10.9. Pazallol or Synchromous Countexel ‘3+74)

The riprio counter thmougzh simplo to build, hno cortnin
linitotions on it's highost operating froguerey. Dach fiip=flop
hne o cortain delay time. In o ripple countor theso dolay timeo
arc additive ond the total sotiing time for tho countor i
approximately the dolay timo the totnl numbor of flip-flopo.

“hig opoed limitation can bo ovorocone by a synchronous or pnrullall
countor. ovory flip-flop 4in such o countor Sotrippgorod by tho
clock and thus thoy all make their truncifions sicultoncously.

Thore aro basically twvo mothods of flip-flop control in
synchronous counters ono with riprlo corry and tho other with
paralle]l carry or carry look-ahesnd. Tho latter 1s the fagtor of tho
tvo wmethods. But as the muabor of stacos in o oynchronous countor
with parallel carry increasos, tho flip=flops cuot 4rive on over
incrcasing nunber of HAND ratos and tho number of inputo por
control gato also increasc. |

Two 4-bit gynchronouo countexs using J-I positive cdge
triggored £1ip-flops are chown in P1g.5.23(a) amt {b) for theso
counters with riprlo carry and for parnllel cnrry.

The output of the £iip-flopo A and B when 1t io high
causcs the output of the WAID gatos te go low. Thie output is
inverted and fed to the inpute of the suceceding flip-flop €,
and in cacoede with anothor NANRD and WOT gnte to flip-flop D
in tho zippla counﬁer while in the parellol) countor tho input
to J 40 in parallol with tho output of A, B ond C f1ipflopos

~ Synchronous countors can aloo be modified as deseribed
in para 5.10.8 to form coumtors of difforont nodulii.
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5¢10.10. Dovn Countors

The counters dioeusned co for arc unidircotionnl counting
up. Sobe applications oquirc countors which oon count in o dovn-
ward soquonce. Any of the binnry countors diseucced co Loy eon
bo used to irplecnont o down countor.

4 throe-flip-flop riprle countexr anlong with tho waveformo
and o truth tablo 4o shown in Pine5.24+« Tho wove forss alwm
Bhow_tha outputs of the *0' sidon of tho £iip~flop. Iikowivo in
the truth-tablo tho normal count coquonso from O through { io
dhovm undor ' COUNT * correaponding to %he otato of tho output 1
- sido of the flip flops A, B and C. %ho '0' sidos of the flid-
flopo ore oimply the nepntivo of the ) oides snd thoso aroe shovn
under 7, B ang¢ T and thoir bimary states are shown under ' Tount.'

1t 1o coon fromvtha téuth tablo thet tho count seguonco
undor count progrost in o downward £oohion (I=6=Sejed==l=0).

Thup thdo countor could be decoded to ﬁruviﬂa a sount=~down pequeneo
of waveforus. A parallol or gynchronous Up/Dowm countoy cay also

bo formed an doscrided im para 5.10. Pipr.%5.29(a)} and (b) shovs

the J-I £1ip-flop roalicetions of four-stasze up/down docade counter
8421 one vith parallel carry and the other vith ripple carry.

$.11. OPERATIONAL AVPLIFIER3 ( opw-htmpn)

The nost common ford of linoar IC 4o tho oporationnl ampli-
fior. Theso amplifiers are high gein, dlrcot coupled circuits
vhere the gain snd froquoney rospongo are controlled by cxtornal
foed bock notworko. The most connon type of linoor IC op=-amp wsos
o balanced difforential cixcuit. IC op~-aupo gonoxanlly uce sovoral
difforent stagos in cascade to provido comoon mode rejection nnd

A
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high gain, Thus they generally require both positive and
negative pover supplies, The powsr supplies are usually
oqual ar symmetrical such as *9 V snd = 9¥ o +15 ¥ and

=15 ¥, The figwre of 5,26 represents the block diagram
of & typieal op-up.(”ﬁ)

5,12 DPSIGN OF THR PROPOSED EELAY ARD PAULTY LOCATOR
5.2, The design problam conasists of the following two
subd=problens,

($) 2tme fault detection problem
sné (11) the fault location prodlem,

The first sud-problem is the determination of
vhether o not sy of a mrescribed list of faults which
nay inclule all possidle aingle faults and multiple faults
has ocourred, This is achieved by the develomment of »
distance relpy using snalog end digitsl oircuits, The
dtatancs relay proposed is a mho reley as seversl reley
asmufacturers saploy the zho relay as the fault detecting
wmit or the third gsone starting relay.

The second guhprodlex is the dstermination of the
location of the distence to the fault so that the diatance
to the fault is yead directly from a digital display, Thse
fault locator is also proposed for deing developed uaing
snelog snd digital circuits,.

5.12,2 Frinciple of ation of the Rel
5.,12,2{(1) The principle of operaiion is essily explained

vith reference to the schematic dlook Aiugeam of f£ig. 5.27,
This blook Giagran enclomes within dotted lines two blocks
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Multivibrator or & One Shot Monostable Multividewator whioh
supplies the gating pulse to both the Freguenoy Comnters,
Ihuring the period of the gating time, the counter counts
the number of pulses, At the end of the gating time the
comter stops comting, snd the number stored in 1t i

the nuwber of pulses comted in the interval of the gsting
tize. GSince the gating time is the same for both the
coumters, the nmder of pul.iat stored in the cowmters
corresponds to the ssme interval of time,

If the gating frequemoy is 1KHz, then the gating
time L9 1/1000 = 1 x 10°> secs. |

ar gating time = t/F 'whnre P 4s the gating -
fraquency,
Ist n, nd n, be the number of pulves stored in
the frequenoy counters,

Then ny = %xf.' or fy=¥n,  em, (6)
wd n, = % x £, or £, = P, om, (7)

5.12.2(5) Digitel Comparater

The dizital compereator proposed 40 be used s a
two 4 Dit vord comparstor having inputs A and B, ZThis
camparatsr gives thres outpute namely, A > B, A = B and
A < B, The stored puloes ng and n, are fed to the inputs
A mnd B of the comparator.

The output A < B 1 fed to the tripping device
to cauwe the operation of the rolay.
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5.12,35(1) Current Measurement -
The cwrrent to be measured is converted. to . wo-

partional voltage using s replics hpem- 5, &8 shown, so

&8 to give & voltage drop Vg = I, &, Where I, is the current

in the foulted circult. This voltage Vg 12’3 rbfé""{o & linesr

: voltm to freguency converdar to om " quy ‘s’

Thus
1

1

5.12.3(2) Voltage Hesmoenent
The uemﬁm voltage V, of the faulted cirouit

“+o- gelhev veckted and
sd the voltage Vg avre S, el 10 & linesr voltage to
Srequancy convertor to obiain s fresquency ‘4" such that

(vf b ?g) Il ‘1"

5.42 w?") gmuu ‘10 ?mlt ﬂﬂmm
The frequency signal 'f,° which is proportional

to the current is divided by an integer ¥ so as to obtain
& tining vave 'f,/¥’ as shown in the timing weve dlasrem
ﬁf’im %29

The signal "1‘2", is also gated through the AND
gate 1T slong vith the inverted timing vave,

The aimal ‘f,' i gated thcroug: the ARD gatl ) 4
along with 'tho timing wavs ‘28",
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The cutputs of the AND gates I end II are CRed,
Ths output of AND gete I is an envelope containing pulses
of frequency ‘f,' in the sscond helf or negative hslf of
the timing wvave as shown in Pig, 5.2, The output of AND
gate II is an envelope centaining pulses of frequency £, in
the positive or firat half of the timing wave,

Since the outputs of the AND gate I and IX arve
ORed, the output of the (N gate will comsist of frequancies
£/ ond £, as shown in the timing dlegram. The output of the
CR gate is fed %0 & mmum deciads comter, The bi~
directional comter comta up or down depending upm the eam-ol
signal fed to the UP/IN terminal of the comnter, The UR/IN
signal is obtained from the timing vave £,/N. Then comter
ocounts UP in the positive half cycle with a fresquency 'f“ mé
DOVE in the negative half cycle with & frequency f,. At the
end of each oycle of the timing wave, the coumter stares the
difference of the pulses (n) obtained in bLoth halves of a eycle.

The period of the timing vave is given by

/X £
The differencve of m@u (n) is given by
meny -

Whexe n,.:maw of pulses countsd UP
By = mmber of pulees comted IN

n-a,-vnz
- X

/
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Yhere z, is the impellance to the fault,
Bov since ¥ and Z' are constant we have
3: u" n

Proo the above it is olesr that the impedsnce to the mn ie
proportional to the number of puleses stared,
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The fault locatar {f 1¢ iw to zive the distance to
the fault dirsctly, then the inpedance to the fault &‘ wiil
heve t0 be divided by the impedence of the line per XM length
of the line. Iet L'l be the impedance per XM length of the line,

Shen L, the &istance to the fault in XMS is given by

Zg
-
But at"% .ﬁ,)n
g.q. I‘t‘(g‘.&)n
N z,f

How 42 the number of pulasss stored wnd subsequently displayed
is to indicate directly the distance to the fault then the
quantity ( 5— . % ) should be made squal to wity,

m:z(i—.i Ya 1, then L, = n that is the
* s

Gistance to the feult in XM5 directly indicated by the digital
- ddwplay of 'n' the nmber of pulses stored,

In the mﬁﬁ(% . % )s %) the impedsnce/EM
length of the line is a comstant.

e R ”
2 .
and thersfors by adjusting N/2 with the value of Z{s the sbove
equation of 7, may be nsde trus and henocs the valus of % BAy
bs fixed, in relstion to ¥ ang Iy,
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