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1.1 	3h• huge Capital invest ent Involved In a power 
system for the generation, transmission and distribution 
of electrical power is so great that proper precautions suet 
be taken to ensure that the equipment not only operates an 
nesr34r as possible at its peak efficiency but also that it 
10 proteoted from faults and accidents ensuring thereby 
reliability, dependability., uninterrupted service of quality 
and loss of revenue. This fact has all the more been aoC.n 
tustad by the complexity of system duin i vo3.vad by large 
scale interconnections coupled with it's associated problems 
of stability#  outoreolosis , faster fault clearing ii..., 
higher degree of accuracy, speed and unaitivity. 

1.2 	MMISS1vn lines have air as It'* principal insu. 
lation in addition to an insulation of a high resistivity 
material such as porcelain which is used as a seobaniosi 
import to the structure 	 ng the line conductors. Air 
insulation can be accidentally short circuited by birds, 
rodents, snske , kiteetringst  trees limbs, creepers etc. or 
reduced In Insulation strength by ionisation due to lightn-
ing, corona etc., Poraobdu insulators say be bridged by 
moisture with dirt or salt WA can became cracked. They may 
even fl o"er Quo to ataospberia pollution such as Is caused 
by dust and soot deposits. Other dUatu rbcnoesto the system 
may be caused by power dugs, loss of synchronism etc. 
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1.3 	The protection of trensats4on .ices Must all 
to titles has boon and it still engaging th atten on 

of power and relay engineers to attain the art of perfection 
in the protection of transaison lines and so also has bean  
t continuing dsyslopaent in the field of trenr iecion line 
fault locators. This is vary nuch t o line petrofling to 
locate a fault an an ov'ut& 	line is time Gonssaing•  . 'n- 

r rso in bad Wither, rani country on long extra 
high voltage lines. 

1.4 	This dissertation therefore reviews the development 
In the field of transaission line protection with partheular  
reforonceto distance relaying and fault location methods. The 
possibilities In the devilopeent of a distance "lay along 
with a fault locator using analog a. digital circuits has 
'fin indicated. 

1.5 	Th. historical developmentof reams, both convec  
tioiisi electromagnetic and static have  been baiefly diecusesd 
and dealt with in Chapter 1.1, as also the recent trends In 
the application of aicroproosseox., sintoosputers and one- nr 
digital coaputIr. for distance relaying purposes. 

1.6 	The oharsoteriatics of electrosagri tic distance 

relays and of the static distance "lay* are dot with in 
Chapter 1719  along with a discussion on the desirable +icb -
cteri stioe of the distance relays. 
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1.7 	The historical development of the fault locators, 
their different types that have been used and are 'being 
used#  to treated In Chapter I. The zeqdrrnnte and 
oapsbiliti*s of a fault locator as also the necessity of 
having a fault locator In eere1cs have also been spelt out 
in the saidchapter. 

1#8 	The design posaibilttiss in deviloping a distance 
relayalong with a fault locator having a digital disp1 
which indicatea directly thø distance to the fault is 
detailed out at the end In Chapter Y along with th. required 
circuitry. A resume of digital principles and applications 
of the e1!' # for developing the relay and the fault locator 
to treated In the e sr par  of the said chapter. 

1.9 	The oouo1uaioe drawn from this dissertation and the 
scope tar further work is aa4ø known in Chapter fl. 
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2.1. II7TRODUMOil 

The garlic, t form of protection waO the fuse rhich still 
today is in use on distribution circuits and lino bocauoo of 
its Si! plicity and cheapness. It however 3uffcred from the dis-
advantage of not only requiring roplac000nt before pocror supply 
could be restored but also lacked in cpuod of operation, 3eleo-~ 

tivity, discrimination etc. and `c therefore replaced ultimately 
by elcctro a"notic relays. 

2.2. ;CZRO" Ctfl C RM Y3 
2.2.1. arlyovoppont 

The carlicet form of o1octror.3arzotic role yo worn of the 
attracted armature, solenoid and plunger, hincod armature and 
balanced beam typoo. Th000 relays havo a tendency to operate in-
adv-,rtently on cudden charges in circuit conditions and as mearJur-
ing units are handicapped by Inherently lot' reDc t/pi1Ir up ra tioo(1) 
The attracted ..armature type rolay3 arc {;till used for all auxiliary 
relays such as annunciators, semaphore indicutora, 0.3.E rolay3 
etc.,. The balanced beam type relay has boon used extensively for 
high speed differential relays and inpodanco relays. This relay 

provides a vary fait clearing time of the order of one cycle but 
tends to overreach on faults, has a lour rouotting value compared 
to it's operating value and is uuacoptiblo to the transients duo 

to the asy etrical d •c . In the current wavvo(1) . It aay, hor~over, 
be stated that the balanced beam type is a simple and economical 
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relay and no such has been extensively used in the relays 
inufaoturod by 1-1/J Brown Do vzeri Ltd. (2)  an 1 /5 ASEA(3  ) 
with improved des;ga3. 

2.2.2.   ubsogue t,..,. 1pPmo t 
As power ayotoms increased in size and complexity it 

.s necessary to employ more precise relay cueobanicts with 
solectivity on an inverse current basis. Thio woo achieved 
in the induction disc eatthour meter ,,hich tsaa converted into 
a relay by cubotituting contacts for tho indicating regiotor. 
This resulted in tbo invorso time ovorcurront relays which 
are still in use today,, although in an improved form. 

2.2.3 • Tho induction relay in it'' o Improved. form has a cup 
abaped armature and to made for fast operation with roason 
able immunity from oyatom transients and it's drop out is 
within a tow percent of it's pick up a* that it is used where 
normal and abnorn3. conditions are very close to oneanothor• 
Those relays can be of the 2 or 4 polo single phase or 8 polo 
3 phase or a split cup 4 polo unit with shaded polo arrango-
montae l  r . Th 4 polo induction cup relay has been widely used 
by I-1/d Oonoral 'Electric Co., and M/$ Westinghouse Co. Ltd. of 

and as well by NO'S English Elm tric Co.,, of India 
Ltd., Nad r 	) for di atanac protection owing to the following 
advantagoo ouch as 

(i) hiab opoed of operation, 
(ii) absence of cocond harmonic torques due to transients 

as to oxnoonstored in the balanood beam typo, 
(iii) low burden on C.?'o and 'V'.Tro, 
(iv) uniformity in the torque produced during the period 

of operation. . 
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2.2.4. The 8 polo induction cup relay dac first developed and 
uood an a polyphase distance relay 1)  in 193 and tias oubooquontly 
improved upon by, Boem sn and Board in 1941. It gran in 1934 that 
A . R. V n C. tiarrington(8)  attempted to reduce the number of relays 
by r i tohin,g the proper voltages on the occurrence of a fault by 
aeano of a phaco selector relay Bch diccriminotoo between 
difforent typos of fault. The involvomont of a phase selector 
relay#  did not find much practical use, for i.t' o applicability. 
It was however in 1954 that the first polyphase distance relay 
developed by Gavonlro, Popan and Sapiro 9)  to operate correctly 
on all intorphaco faults %=a appliod to actual systems. In 
l948, T1/3 l:'estinghouon Co., Ltd• developed a polyphaoo 
relay for phase faults only and was subsequently modified to 
the JtDar Compensator distance relaying scheme to cover all 
typos of faults. The switched reactance relays to cover both 
phase and ground. faults is used currently in the JSRR3V English 
Electric Relaya(6  . 

2.2.5. 5`a1ient ?oat 	a of 2loctromncticRo1ays 
The saliont features of o1ectroragnatic relays ucod 

currently for distance protection may be summariocd art follows 

(1) 	positive operation because of rigid opocifieationc 
and quality control in the design and manufacture of 
contacts,. coils, bearings and other mechanical compo-
nonto backed by over 50 years of experience in 
manufacture. 

(ii) consistent operation as proved by field experience 
(iii) fast operating time of the order of 1/ 	oycla. 
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(iv) thoir uco as back up ro lace in corinoction with carrier 
protection oul or oc . 

(v) apathy on the part of po r onginoern in our country to 
go in for static relays but to rely boavily on eloetro-
magnotic rolays irorcua cut of conservatism to dopond upon 
time proved porformnnce, oxiorionce gained in their 
application, tooting, s aintonanCO and also pork pO duo 
to lack of knc ,lodge at electronic and transistor circuitry 
to which our older on, moors n vor } ;d an opportunity of 
being exposed to,~ either, in their curriculum or in the 
field. 

2.3.1. 	O}7IC IAA  

2. 	

rr+N~rrrOnrlrrri~Yrll~r 

yr 1, Earl PP sm le YltEI t1. 

It 'o -pa,iisod ac long back as in 1948 in a pap~or(10 ) 
prosontod by R.H. i s Itoruon at al that the dovolop nt in cycto a 
dooign jhigb spood roclosing problczr connected rith otability 
and tho increasing l and for higher dogr000 of accuracy,cpeod 
and dopenbility havo accontu .tod th'-jsc probloes to a point; wh2ro 
the inherent : oltationo of olactrc agnotiO re;aya arc raising 
barrioro to the achi.ov000nts of the docired goals. The inoreacing 
U83 of electronic circuits coupled with the groat strides mad3 
by electronics in nearly every fie Ad of engineering and the 
vidoopread interest in electronic dovicoo of all Linde , pointed 
out the toy to protection engineers to use electronic moans 
for lifting thew barriers, iho said paper reports that it tan 
In 1927 that r, A-S. Fitacrald developed an electronic pilot 
rolaying system to ovorco a the : itations of pilot wires when 
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operatingovor Iona lingo. Tho Dchocto was abandoned because 
of th3 short life and tho high cost of the tubes available than. 
But a some bat a ilur schemeja still in uce today in the phase 
comparison carrier current relaying. In 1931,   holf Widoroo~ 11) 
of a:o y daV pod electronic circuits for most of the eon aon 
protective rolayc using thyratron tuboo tstiorein the undorvoitago,, 
over current, pour directional and distance ,rolays used input_ 
circutto conoisting of tranoforeorc, octal reotifioro, linear 
recictanco, inductances capacitance ol+t aonts to sum up and comparo 
funotionc of ogator voltage to form a resultant wiggle voltaro 
for operation of w'h t :yratron tabu relay. In 1932, in the U.. 
a laboratory oarplo reactance relay as built and tasted but 

s not developed furthr, because the Oloctrooagnotio relay 
was fully ado uato for the notch of tho industry and no otopc 

+ro t ion to putt the oloctron4.c relay into production. Thio type 
of electronic relay was built because it oribodiod all the common 
roluy prinotpleo in a aieg3e relay and honoo procontod all the 
probloas of the different types Duch as over currant$ under voltao 
directional, differential and ,distance relays, The experience 
gained from this dovolopmont ao dbstinod to becoeo valuable for 
all future developments, 
2.3.2. carrier rolaring ac the principal source of orerience 
with tubas, In the early days,} tubes had an irregular life, 
required frequent roplacoeont and led to the gonoral 3nproscion 
that the tripping of the circuit broakor should not be dependent 
upon the operation of tho tube* The gradual inprov3ztnt in tuboo 
and ropla0000nt avoraging once a year reduced skepticism that 
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tripping via tubou ws not accppta'blo. The in~oroct in oloctronic 
tubes , as all the tore arOUCcd with the advent, of long life 
tubas,, consistent operating time as well as consistent low operat. 
in, ti-a©s oven at low currents for more affective uco of inatan. 
tanvauS rcclosing. It was also rcalisod that the lack of inertia,, 
in tubos ur lilto in the case of olectrcagnottc relays which tendo 
to operate the relay at the remote end of a fault more slowly, 
would enable an electronic reley with an operatin time totally, 
inde ondent of the magnitude of the c zrrcnt or location of t 
fault and consequently would also enable sim.ulUan oua tripping 
of 'Jebroakore at both ends of the line. 

2.3.3. The first relay using thermonic aivoo ws described by 
14a Pherson at alb 10) and was applied for distance protection, 
wherein the lino voltaco was compared with the lire+, current and 
consisted of a pulsing circuit) m3acuring circuit and the tube 
circuits„ The pulsing circuit was used to generate a pulse at 
the moment of maximum line voltage and the pulse was used to 
overcome  a large grid bias of the tube allowing it to conduct. 
The measuring circuit compared the line voltage with the line 
current, The tube circuit was the scnsitivc clement tttQb made 
responsive to signals emanating both from the pulsing circuit 
and m3asuring circuit. The response of the tube circuit initiated 
the triyping signal when the impedance being mrnsured fell below 
the cot value of the relay. The uporating time of this relay 
was found to be instantanoous and the burden negligible* 
2•3,L, uhnaayak 	y  

In 1954,E Bargceth~ 42,E published a gaper on direct hnc3 
comparison distance cchome using a diode co4neidonee circuit* 
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In the came year 1onn3dy 13)  described an electronic carrier 
relaying scheme using no oloctr gnctic roiay and cvon tho 
tripping wau perfumed by the use of a heavy duty thyratron. 
A ronum t s also given in the ease year by A•ho Van C. erring.. 
ton( 14.)  on electronic protective relays. 

a 	• 	r 	M r 	a 	r 	4 	• 	♦! 	 t 

1octr-onic relays houavor did not find much favour r ith 
power on .inoern though uccd ortentvely for carrier co zninicat9on 
and relaying principally on account of* 
3)• large volume of space occupied in assembling the circuitry 

and its cost 
ii) fragility of electronic tubes and c pononts 
iii) uncertainty In the nporation of the tubas 
iv) requirements of anode supplies and cathode heater 

.re quirome nt s. 
v) problems encountered to ensure correct operation during 

transient conditions, and 
vi) the inability of electronic circuits and relays to surpass 

the quality and reliable pnrtornnnco of the woll octablictcd  
and cheap electromagnetic relays which woro backced, by 
several years of proven field experience. 

Those relays oporaticna2ly clad to have the following 
advantages s 
i) 	low burden on C*T'u and V. Vs since operating power in frcrn 

an auiriliary d.c. supply, 

absence of otchanicni inertia and contact bounce. 
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iii) very bigh spood of operation • aiaoot instantaneous 

iv) low oainte ranee, owing to the absence of moving parts„ 

2,4,  ;TATIC REL::4IYS 

2, ti 1  Ifjnitionf a n at 1.e ro.1  

The AA definition of a static relay as published in I 
CotoaittOO oport(35)  is " A relay or (relay unit) in which th ro 
i s no armature or other moving olmont, the designed response 
being dOvOloped by .electronic solid a tato,, natjnetic or other 
components uithout=chanical motion ". 
2,+.2. As such a static protoctivo relay refers to a relay In 
rihich the t aouremort or comparison of electrical quantities is 
done in a static nntork which is dociened to give an out Wt 
signal in the tripping condition uhhn a threshold condition is 
passed,, The output signal operates a tripping device ihicb may 
be electronic somi-conductor or eiectro3a,gnotic. 

2.I.3,  Class3f3.e tion 

Static relays are classified according to the type of 
the measuring unit or the camparator and are as follows z 
j) 	C1otonic relays 
ii) Transductor rolays 
iii) Rectifier bridge relays 
iv) Translator rolays 
v) Hall affect relays 
vi) Gauss effect relays. 

Amongst the above relays, the transistorisod relays 
and rectifier bridge relays are the cost widely accepted type of 
static relays so much so ttr t the word static relays is synonymous 
with transistorised and semi-conductor re2ayc( 't5)0  Accordingly 
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though electronic  relays do fall In the domain of static clays 
thoy hivo boon described earlier to roviou their historic dovol p.► 
cant. iomi--conductor devices have overcome the limitations of 
thermionic tubas and have eventually taken the j,rlde of place of 

being described as static dovicoc. 
2.4 • fir.  Lfl ,rro o d a i   

In 1962, : •.1 auf,nan( 16)  reported the opinion of a comittoo 
of o,rporto constituting the countries represented by' elgium,E'ranOO$  
Goroany, Poland, Switzerland, Gtodon, U.I. and U.O.iL. conferring; 
the following advantages upon static relays over the oloctrouagnotic 
relays and arc, 
i.) 	quick rosponce, long life, high resistance to shock 

and vibration 

ii) quick reset action .. a high reset value and absence of 
ovrsLet which is easily achieved because of the absence 
of mechanical inertia and tho!mal storage. 

iii) No bearing friction or contact troubles such as corrosion,%  
bouncing, war and hence aiflieisinG t airt onanco, 

iv) Taco of providing amplification thus enabling higher dogroo 
of sensitivity to be obtained, 

v) Tho lo v on rgy levels required in the measuring circuits 
por; it miniaturization and at the same time zinihiso 
current transformer inaccuracies. 

vi) Greatly inprovvod pick up/ drop off ratio 

vii.) 	The basic building bloats of soriconluctor circuitry 
permit a greater degree of sophistication in the shaping 
of operating characteristics enabling the practical roali* 
cation of relays with throshold characteristics more 
clocoly approaching the ideal roquirornonto# 
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viii) UCO of printed or ±ntogratod circuits avoids ' iring errors 
and £acilitatoe rationalication of batch production. 

2.4,5. static rolayo employing trans . stors have their lizitotiono 
and which are t 

ii 	variation in their charactoriction with tcmpproturo and. 
ago 

ii) 	dependence of reliability on a largo nu~bor of mall 
compononto and their olaatrfcal cony ctiona 

iii? low short r 	i timo ovor load capacity an compared with 
oioOtr agnst c relays,, 

It has fortunately nos bocomo possit io to cc aponsato for 
all of the above l3.nitotionc. The uco of thermiotors eliminate 
tomporaturo error, whilst agoin,3 day be minir icod by ,procoaking 
for several hours at a rclativcly high toeporaturo. The factors 
(#j) and (iii) listed abovo are tho dosign features of the cir-
cuit and careful design can compon3ato it not olininato those 
limitation,o 5 }. 
2.1 .6. 	lam 	T r~ra 

In 196, Co Adamson and Wedopol l(1?,18) describod tho  
dovelop ont of a t io dietanco rolay with junction tranoictoro and 
was styled " Dual Comparator fio typo relay"„ The derived volts o 
Inputs from the system fault voltages and currents ware applied 
to a coincidence circuit# This ro3oy woe however not o ,lol,tod 
co=orcially(19}, he first wholly static distance rolay(20) to bo 
produced cor orciaily was a transictoriood version of the electronic 
rho relay developed by tic Hhozraon of a 	in 1960. In 1966 

1 . Parthsarathy dove Loycd a now 3 stop solid state static rolay(25) 



for dictanco protoction and as -doll a0 a polyphaoa static 
d1otanco rolay(26  ), Stbcoquontly Sri Gupta S. C.('27)  c volopo4 
and designed a polyphase static diotanco relay in 1969 bracod on 
stria rinciplo of phase sequence moat nt. of the relay torti-► 
nal iroltageo and it 'a performance ta8 claimed to be much bettor 
than the + r Lion polyphaso static diotanco relays. In 1970, 
ria1.Arii1 Ku iar(28)  cuaaootod in his paper a polypbaoo ro3ayini 
ochoz based an phase ceiuonco detection of the componaatod 
voltages at the relay point and also indicated has, di. `orcnt 
charactor.istioc may be obtained by modifying the relay Inputs. - 

2*4.7 T` at hilo documented tzrh on Rootitior bridge comlarra-
tore took place in 11srvay(19)  and 0riny. Thoco basically 
consist of two rectifier bridges and a noving coil or polariood 
rely and by variation of the tape or of the comparator ucod$  
di toront characteristics could be obtained. Those relays era 
id.dely used today, in 	U.S.A., continental fluropo for 
dictanco protection. 

2.x.8 Static slays tiith conic ooctlon charactorictico and 
quadrilateral chsractoriotico have also boon dovolopod by 
A. itarov(37)9  B.?, RhinIaha of ai(39*0)  Sri Anil Kumar(28) 
and others. A comprehensive troatcont of those typo of 
oboractoriatics along with their dovoio ent is given in 
pare 34 of Chapter III. 

2.14.9 A comprohonoivo h .toraturo on relays based on 'mall 
Etfoct" and "Oauco I ffoct" relays is given by A,R,Van Q. t ►rri-
ngton(19  ). The high cost of the Bail crystals, large tempera.. 
taro error and lot output have prevented it' n ciimercial 
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o loitc Lion ozcopt in tho t SR(15  ). BiDiiarly cryotaalo baood 
on G2unn Moot havo not boon ucod bocauco of it 'o prohibitivo 
post. 

Though ctatic rolayn have sovoral .inherent advintagoo, 
the roearvationc of certain utiltion in Choir uuo have boon 
orpocod by the AIRJ Qontittoo tlport in 1965,(22) They in 
order are 

(i) euccoptibility of static roiayn to maloporato on 
transients Caused by oivctronadnotia and olootrostatto 
coup 1 j. 

(ii) that they have an upper and lower oobiont toeperaturo 
vhoreao oleatronarjn3ttc relays operate at any tomporaturo. 

(Ili) roquirec a rooriontation in the thinking and tin sorric.. 
Ong practices of relay onginoorn. Often orponcivo test 
equipment is roquired along with tho oorvieon of 
engineers with good electronic training. 

(it) 	.hire of diodoo due to high voltage on pilot triroog  
deterioration of coaiconductora duo to excessive host, 
failure resulting from avitching surges, inductive 
kicks, and contact bounca of the o ctroDagnotic relays 
vhan energising Cho trip coil of a c .rcuit broakor. // 

The above objections to a large extant have boon ovd 
come and static relays are finding tride application in the 

laying of ENV cyotomo co as to provide a wane for obto z  
the desired overall oh acteristico an also to havo the highest 
reliability and the high9ot possible security factor (21 }. An 
ouch they ore increasingly 'doing used by ;moral. utilities 



abroad as the main primary protection. 

2.5 	'C T 	F 	s 	(J 4C'- 

2.5.1 T recent trend in the dovo2opent of distanco typo 
of protection hag been by the application of on-lire digital 
oorputer. They +c aploy the predictive ca.*culation of posh fault 
current and voltage from a nutibox of ompling values. The 
possibilities to o lord the avenues open for on4ino digital 
computer tore o rp orod by Barry J.t'ann and l.I►. Iiorrioson 23 

In 19710 Tyr have in their paper d000ribod the determination 
of the trap riasion lire Impedance from the ,peak fault current 
and voltage caoplo values to dotoreino the proconoo of a fault 
and have indioatod their o*orionooc on a zodol trancmirnion 
line fo3.otsod by cubcoiuont field toots. The och 	initially 
aufforod from oetbacka duo to the proconco of d.o.tranoionto 
but wore ou0000sfully ovorco o by employing able impodanoomo 
Their analysis vac done only for a faulted einlo phaco line, 

fiI 
	

! 1` k l.4` ~ 	fig * ~ 	» ~ 	i~ • 	X _ . 	:. 	*fit " 	t .y ~ 

Tho use of digital computers affords tho follmsbng 
advantagec In potter system protection., 

U) 	deorc s fault cloar n time 

(ii) 	affords breaker failure protection 

Uii) transient blocking 

(iv) out of stop blocking 
(v) out of step tripping 

i 

(vi.) 	blocking tripping on generator dropping or load dropping, 

Zn this conto +t it must be howovor msntiond that 
0,D, ckfenor( ) in 1969 advocated the ins of digital 
computers for protective rolaybng claiming that the riardsiro 
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In 

coot for a givon 1ovo1 of Capability hao bcc n dropping t pilot 
tho cvftvaro cophisticat9on and ttriot,lo&o `hao boon advvanciri 
thug cal ina it ideally cuitod for the uco of computers for 
protection tftorover they arc inotallod for data aoqui.oition, 
data storago an I conito ing, oio paper MO in the naturo of a 
foaoibil .ty report tthich procontod the roquirconto and logic 
of the computor to conoo and locate toultc, the input quantitioo 
roluirod, the npood of th3 coaputor, tho vttora,go capability and 
ciao it'v reliability and 000noeico. Ho aloe ola&od that the 
computor opced in initiating trippir r auld be a ran,, of 4a no 
for covoro faulto and a mar.of 10 co for .odsrato or distant 
fauIto. 

The LL Cuiaittco tbort 	aconrat other things such 
ac advocating colidotato roAying pan alc3 cziphaciocd tho uco 
of digital computor to protoativo roicying and quoted the 
procrati dovolopod by one utility to calculate and print out 
the inpedancoo =on by rolayc during fault inception. 

2.5.3. 
A aubco uont paper of Sari a., tann(2  ) at al docoriboo 

a digitaX oomputor px'ogx'wzo for the protection of a 3 phaoo 
trans icoion lino. The pro a o detects the prosonoo of a 
disturbance or fault,, claoaifioc the fault into one of the uoll 
known cm n typos and uoing the impedance detection oothod doccri-
bod In their ozu*lior paper nloaro the fault. The reodo of opox a. 
tion is cicilxu to an ordinary convontionel diotaneo rol y in 
which the cornplou irDpodanco of a faultod In to calculated 
and the valuo is used as the final criterion for oatobliching 
the presence or absence of a fault,, The computer progr ao 
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do~rolopod c:~pleo coiuontialiy the throe 7lno curronto and 
vfoitcaa at tho rato of 4+0 oaploo/cyc3o and tho interval of 
cplinj is sot by a 2 LLEt3.lator, Caob voltago ctp10 
is co parod titb th value of the provioun oamplo and it tho 
value difforoitco is in o ceno of a opociflod bo3.or a,r oo tho 
counter of that particular point to iner000ntod and the computer 
ju pa into the fault d toroination cubroutinoo, Tho aim of the 
oubrcutinoc to to dotoroino uhich to of tho R, X, or B pha000 
or around to be ucod to 63rivo the oquiva nt cinglo , to 
quantity. Z the mannor of o pting diotanco roloyo delta 
quantities aro ucod i'cr phaco faulto and volts oc and Coro 
coquenco componcatod pinta curronto for ground 6,f aultce 'The 
authoro clam that after final debugging the pragrzz eo toot« 
ad cuececofui1y for 1000 faulto and no prograc Indicated falooly 
n o 7 or B or ,around in lvomont in a fault. 

0. D.Rockfcilor in his uboo .wont papor(54) doceribod 
the test roculto of an ozor1mental gontral pzrpoco procooc 
control digital computors, which providoo high speed phase and 
around distance fault protection of a 230 1V transznisoion lino. 
Tho otored pro caoo porformo all tho functions of relaying 
using the output of an analog to digital convertor esbich reads 
the inotantaneouc Valuate of power syotc currants 0 vcltagoot 

205#4s  

i ibport by GI02. ► Qozitt&e tkig Group 01 of Study 
Cb nittco ID. (Protection) public b6 in Jan* 19770 	n 
other thinto otatoo that rocontly D the heay fall in prices 
on the semiconductor sarhot and rapid progroco in . ego coalo 
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into3ration (L91) tochnloy has promotod turthhr devolopm+amt 
in coQputor rolaping. Tho rolativoy chop aicroprocooaoro 
no avaiiablo caii to offer economic colutionc, provdod as 
the cc mittoo report states that uoers are Toady to pay addis 
tional capital for the ioproovod portoz nanao uhicb tho computer 
ro layi ng can give compared uitb con ontional rolays. 

:.: 	1. € 	s — 1_ *. ! ,I !M R #?. a. a !r t a ? ` o 	~i 	M ! .11: _ f i $.• 9i . 	!. 

2,j.1. j.1. S of icant advantagoc over conventional oc1uipnont io 
ac fc slots $ 

U) 	greater opbiotiCation of protootivo charactoristica 

(it) 	.mater flsxib tty 
Aii3 ate' zonitorn of computer bard ro by diagnostic 

prograrno 
(ir) 	ability to validate input data and cater for xmisaing 

or erroneous information. 
4v) 	ouitablo Input/output interfaces to onablo c omomunica 

tion vith other ujonitoring or control dovieoo or tho 
control engineer 

(vi) 	high sped a l'gue input porlphox alo allow inotan- 
tanocuo valuoo of a.o. currents and voltages to be 
procoosod. The actual notantanoouo ualuoo of covrora3 
cycles of po 	;uoaoy can be stored and printed 
out aftor a fault. This rgcording function provi400 
a very valuable , anC for fault anairoic or post cortt 
r'ov o !'s. 
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(i) 	At procont all inputs must bo convortod from analoguo 
to digital form 

+iii) 	computorm are core difficult for uaoro to uporato and 
maintain 

(iii) the hrir@iare to aubjeot to rapid obsoiozconca. 

Any computer car based relaying schema dill have to moot 
vary otringerit requiremonto both as rogardc pater system protcc. 
tion and .po r ryctom operation. Trio computer ayotcm it ucod  
no main protentto tsiU ho to coóto withhe pr rant 

•analoguo dovicoa hang operating t3znas ranging from 1/2 to 
hi i ycioc. Lbvorthol000 in the back up mode of protection,, 
the speed w ,ll naturally be mat becau8o of the inherent cpc od 
of operation of computoro. Selectivity improvcmentc -dill re ;uirc 
bettor t2odoUing of the chtracterict ica of the protoctod power 
OroteD plant and a larger tolerance to orrora that may bo 
present in the input information,, if conventional inntru=- nt 
transformers are to be ucod as input courcoc to computer based 
relaying ey* tem o. The tocbniquo of moasur ont , the algorithms 
used and the biorachy of th systemmust to such that a greater 
certainty of operation is available as compared isith t rat can 
bo achieved with modern analogu techniques and oj,uipment• - o 
total reliability of the computer cy atom gust be proved to bo 
equal to or ozcood tho reliablity of existing dvricoo that 
perform similar duties. A margin in favour of the latter devices 
will automatical2 lead to a dolicato balance botwon improve-
muatn as rogardo power system protection aspects and dra ►acka 
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frori tho system operation point of viou,, 1IO dotmti io of the 
cooputor rust be kopt do ur to a i 	as The Quality of tho 
harditaro and it'c conpatability vitb pouor oyotcg c ironnant 
duct bo accoecod iith the utizoct care and the soft ro nuct be 

thoroughly chocked to avoid programming errors or pr+agrarn do a.. 
cation. Tho true cost of c computer bacod ro2ay aystcn 1c 
rather difficult to aesoco and oopecially it the rein 
tochc form only a part of th3 act vitios of a ergo computer 
insta ti.onw 

2,5,7. 	 : O 	fl . 

The prevent competing computer vorelono In the market 
are the mini computers an 4 mioroproca_ 0corse 

2.5.8. 	pit 

Mini comput ore have been availablo since the oarly part 
of 1960's and the recent ones are tact, with a cyclic tine of 
the order of irmirwsoc, are itnrful in calculation and are racy 
to handle bec0ucQ of their highly dovo loped coft%aro. It 'e 
Initial hardware cost ie rather hit h and it can pcforr o&y 
one arithmetic or logic operation at a time, Tic mckoc it 
difficult oven tiith cub microsecond memory cycles to mates the 
opeod of modern solid state relays that e k in parallel. In 
order to prevent hardware failures it i.c absolutely nocosoary 
to provide for duplicate computer oyotco and as ouch it'e cost 
is one order of magnitude higher than that of conventional rol yc, 

2.5«9 *  U FDfl 

Micro procoocor'o have boon on the mrhetc for about 
four yoarc.. They have lower processing power than mini computers, 
but their lower coat parents them to bo ucod ac dedicated devices 
irhich tort In parallel, each perforaing only a united number 
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of function. This oyotcm has the advantage of loss cooplostity 
and t"hoioforo higher reliability. 

2 * 5, 10.  
`rho mathematical troatmont and t o col ition of relaying 

probiczo ro.iatod to the protection of trancmiooion linoojfoodorc 
depondc to a largo extent on hethor the ineacuroont to being 
carried out with the knot10 dgo of only local quantitioc or 
w then inforoation to av ail.hie from other part c of the ,;ouor 
oystcn and or i h th©r provioion can be nado to cininioo tho 
int3 onto of un antod frequency cocponento in a ai3z i °iithout 
peralioing the operating tie and the chrractorictica of the 
computer to be ucod for the tack. 

The ca3ority  of the ,irk cone on computers in the tiold 
of protection io on d fcodoro, `bio to pc rtly bccauoo of the 
relative olmpiiotty of the oquation doccribing the protected 
object, 

The feeder protection based on inductanco•rooi.otanco 
or impedance moaourcoutc can be achieved by a giber of 
different toohniquoc. A. Ponce' of procontod in hic paporr 3)  
a method ecp3.oyed in the formulation of a protection programs 
tshich Is no tollo zc 3 

(i) 	Fault detection 
(1i) 	Lioction of fau3ty phscoo 
(itt) L1w I#  distance 
IV) 1tconnection 
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In 19? 	A„14. 	,njbar and B,.J. 	► of tho Znp ri ,l t' al1ogo, 
nd ►n(30) p 	pocad digital methods for Uh faction of long 

n0b.v. n o on tranalont fauna and the nothod aujGoatod is 
the accurate dete'ninatjon of the rcciotanco and Inductance of 
tho lino so that any nu bur of harmonica on tho currant and 
vcltaao ravoformp are e2imiatod. The authors cla that Chic 
method is suitable for the diotanav protection of tranemiaaicn 
lines cc as to cloar the fault in the first cyclo of Lt' o ocau. 
trance and the mothz►4 is c mod by ti. pia & 0. zteglor 3 
in the olin►tion of hmcronico of any order by cuccoocivo 
integration over particular tine intorvaic . 

10 1973 Rope and Ebaahoshhasan( ) have also shot n 
that the effects of harmonica can be totally n.itA atod by 
using Penner Integral method using orthogonal Va4.n of functions. 
Such as €vino, nooine tuna ionag add and oven aquaro aiaa4 

'~ ~ ~ 	*~t 	• e. ~ :. 	•its !~.. 	~t. 

The other 1zportant computer applications are that the 
result of state estimation programs can be usod for automatic 
adjustment of rolay settings to the actual load tl ii and infeod 
conditions and to mark splitting point a for load loss minimiaa. 
tLon. Automatic adjustment of operating settings to a, no s 
terstem configuration, for inotanco, after a major broakdotm 'iL 

,il holy r€a.intain convitivity and improvo ooloutivity during 
network restoration. 

2.6  
The trend in the dovo3opmont in to return to protective 

ognftpmontn cicilar to troll rnon convontionai equipments but 
with operation In a digital modo. Bofo rs paakagec havo boon 
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dQVOlopod for noariq all protective functions, the rnajori ► 
boin,3, ho vor, only a trancpoeition of naioguo relay fun- 
tiono into digital to (32). It .must n vortholoea be o phaoicod 
that tho applicatiofl of coritoro to relaying taoko rouireo 
careful otudy of the uoz' syctom orviro !ont with particular 
?oforonco to the effects of electric and nonetiC interfo ranco and 
to maintain prograann of both software and hardiao, 	rvic1ng.  

has h wavor been rendered easier by 	 ? Uve1 ojupio incorporu 
tiara of calf checking features for faøt and accurate fault 
diagonroio1 To have a on1ine digital compute' ezelucively for 
protective relAytngwill work out to be a very costly affair 
If a computer is installed for other purposes, then the funtiono 
of protective relaying may be achieved ithout any outra cost. 
The use of microprocessors and mtnt cosputers o 3uatvo1? for 
protective relaying is equally cx ,  costly affair partioulariy in 
our country Ohara thevo bavo to be itportod, 

The $oi.iat,ing limos from 40 R, Van C,, i rington + c b0oh 3 

win sum u, the dcvclocnt and trends in relaying. It is clear 
that tho future of protective relays still holds an interesting 
challenge to enginoora, since the technique of automatic proton 
Lion has by no means cooled down to a prodictablo pattern in 

fact the nurbor of uncolvod problems ceox o to ncroaoa vaCh year* 
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CflAP2iRIu!lI 3, 

CflA I3OP I?I MAUC ' ACS 

3.1. 	C1 REL Y8 JS COMA 1 'fl 

All dittc%nco rolnyo abothor of tbo olootro~aaiotio 

or of t o otatia type +m baoioally Co aprr • tora and thoy oporato 
when ;rte electrical quantityof th protootod circuit of thor 
ohongoc troQ it' a nox of voluo or chonnos ite ratio and or pbwo 
relation with roopoct to another electrical quantity of the 

circuit. The char son io w,ually ido In the rolayc bi turn  

In the olootrioa qua titica Into forcoo, torqu000 r3.e.f'o. or 

Q.D.f' o. proportional to the two quontitioo copnroa. 

«3 2. tlLASIJ1&OrJ 9P 	4 i0R3 

Rolay move nonto are die hotly n0000iatod with the 

obar actorio ti co of the relay aM corL-in, ly the covoconto ore 
olwoifiod inte two gróupe 

i) Alit 	'Ct! mrn ore 

I' .* 	a) Bolaneod boon relay 
b) Induction dice olo nt with obidod polo drivinj3 

o) Oppocod rectifierbridjoa 
d) ¶?rw2u,tor rolaya 

ii) ,7o 	c =2PxG 

.. 	a) Induction cup relay 

b) Induction dice olomont tit 	tmetric typo of 
driving E3igODt  
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(o) Induction dyns noc otor 
(d) Polarisod rootifior bricIaoo 
Co) Rail of foot cryctalo 

Boiet11l3r an iuboront riip1 tutto conparator b000roo a 
phoao c:ox pastor and vivo voroa if tho input qu titioo arc 
ohan ad to the au m and difforono, of tho origin1 t input 
quaotittoa. A conprohonnivo - troataoot of thio oopoot io givon 
in roforonco oitod tio.(1). 

3.30 

3.3.1. 	o to input quat$.tioo in thoso rolayo produ oo a 
torqlzo in co'.oporaUon and the equation for tho obaructorXtic 
of the rlo7 at the throohold of operation under cteadr otato 
ooncitiono tihon plottoA on a dice wh000 ozoa aro I I Coo A 
and j 1 I Sin 0 io of tho form 

K I A 1 2 	.t° 11312   + I A, ) B, Coo( -O)- E" 0 0 

t!horo A and flare the tiro oloct cal q titioo boil cooparo8, 
R and 9' O Qoalar 00fl3t0flto 

I" is a oonotant roprol3ontiug a bias which it a 
ohaniOal roomt. 

0 io tho phaao LUajlo botsoe A and 13 
0 lo a prodotoroinod fizrd tnglo which in th000 rolaya  

lo tho ra,uo ofwhich providoo mait mum relay torquo. 
The obovo equation reprosonte all the circular and 

at fight lino ohoreotoriotioc of oloetronagnotic diotoneo rolr ro, 
no obtained from to electrical input quaotitio3. 
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A 	NT kiA4K 8 

8 	7, e 
A NZ B~K 

(Q) 

(b) 

FIG. 3.0_GENERAL CASE OF VECTOR QUANTITIES FOR 
SUPPLYING COMPARATORS 

FIG. 3.0 -THRESHOLD CHARACTERISTIC OF ANY PHASE 



It amot honor r bo p itionod that ICS f 90 n flntto 
quantity in ofn1i.o quantity rolayo ( lovol cooto+cto ) but 

mdo oubattntiauii soro• for coperitoro. 2huf o havo for 4i 

moo roloyo tho abovo oquation to bo of tho fox a ) 

K I ,2 -K' 11312 +IAI 1D{ Coo(►-o) p0 

Divid in throw pout by 11,42 t,o hco 

K' 

to both o'idoo of tho abovo oquation cad ro- 
2W 

arranging for 3o i1O hcivo 

	

o . 	#~ 1 	1 2 

	

i' 	2K' 

Tho abovo is tho oquation of t oirrolo on a ootpioz piano having 
I 	Coe t) and 31 	I cm +) ,ao coo natoo o tho idiuD being 

& + 4 	and the oontro at 	from tho origin and at 

an anglo 0 from tho f o co azic (Roger Pi C- 3.0) 

2ho oo ham boon dooinatoc. ao I fI V 	3 I I q 
for if i Coo +0 CM j f sirn 0 roopootjvo3y. in do caco 
of dint co rolayo A will be cur nt and 3 the voltago and the 
coordinatoa of the dlorcim trim. be if I Coo 0 end 3 Ifs Sit 0 

or R and 31. The di at in which tho eharcoteriotic I.o plo tod 
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on R and jX om too--ordinotoo io callcd the iapodanoo 6iaar & 
or tho ooaplo c japoda co p1ano or Z p1ano • 3ic iiar1y if I 	1 
jo plotto6 the diagram has coordinutoo G and 3'B and tho &1a-

in called the Adr tttcnco d1 c rr or "Y 'piano. 

3.3.2. Adoittanco is tho rootprooal of ic2podanOo co that YZ l 
Ronco if the locuo of Z to a circle, then tho invorno of it to a 
straight line paralioff, to the real mttoo 3l). A, ain by invoraf.on 
tro have that if the locuo to a cirolo on one piano0  thou tho 
lotus will also 4vac= DO a cizqlo on the inva.roo plcn ocopt in 
the apocial oaac rrhon tho oilblo pnaooo through the origin in 
which taco It w4l1 be a straight line. Thy from the general 
oguation of the olcotzaanottc diotanno roiaya to have their 
oharaotoriatloc d000ribod by ojroloo or straight lined, hoie 
drawn on the ipodanco or admtttancq plane. The relay oporataa If 
the tip of the iapedanco vector on the tepee 	co piano tthi ah io 
dotoratnod by the ratio of voitao - and onrront applied to the 
roll torratnalo to placed within tho hi.aLt of the roaion of co 
pia c piano ,1S. tod by the rolay ch raatoriatio. bhon the tip of 
tho iapo&earn vector is moved to anothor part of the oocpio 
piano,, the raloy does not oporcto if this part to outaida the 
Unite of the ohciraotoriotio oq ° Qf in gUoOtiofl. 

5.3.3. 

It Is by conoidoring the opora tng chorr, atoriatieo 
dram in the oomp]o2 piano ve can Biotin 4oh or rather claooify  
the foilot,1n8 Q .m type of olOCtr0D 34 notic 4intanao r+oiayo. 
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33.3.(t) Uon 6irootionç. dIattmo rolcy +pith a circular 
Centre ah 

ohractoritic with lto on n called the ' Icpedtao flo3.oy '. 
Thud in the balanced boar typo, It sio oubotituto the current I 
for A and the uolto o V for B 	havo the relay to operate 

x 1112  > K' I V12  

or if 2 < 4.1 
I2 I  , 

rho above to tho oquation of o circle t,itb origin at 
centre and radluo equal to 	• 

Such a roley to cot to operate aohon tho iopodcnoo boa-' 
ourodby the relay is loon than the icpodanco of the 'prrot©ctad , 
lima AD rot. 'Z . 3... 

3.3.3.(ii) Eton dirovtiau l &ts nco ey with a otr lGht line 
cheractoriotic pedal to the real exio or (R.--axis) in the 
i,3 odAnco piano callod the ' floactanco Ro a r. 

In 1928, t.. A.R. Van C. l or ington developed the fiarot 
Induction dine typo diotonoo role which had a reactive VA eanot 
inotoad of the uoual potential ro©trpinin zijnot, and nuboo-► 
quontly in 1934 it iac iaprovod to tbp 4 polo induction cup ino 
toad of an InCuction dime to doom tho',firot biah cpood reactance 

lay. Two oppoaito polaa had currant din+dingo, t►hiio the other 
two had opr,000d current and potential rfndi3o ouch that by 
ouhotituting in the ono 1 ohorctctorintio oqu tier (1), 
d . o 

 

1, a VO  k90 	L' "cog  a =9►o. tbo bavo 	\ 
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POLAR DIAGRAM 

ADMITTANCE OR CURRENT 	IMPEDANCE OR POTENTIAL 

FIG. 3.1_ IMPEDANCE RELAY CHARACTERISTIC 

FIG. 3.2_ REACTANCE RELAY CHARACTERISTIC 

FIG. 3.3_Mho RELAY CHARACTERISTIC, 
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In 

IM2 + VI Cosy ( — 90) 0 

i2 -VI sin J 00 
91 = v sin k 

Tho role3 oporaton t'bon Z ig) 	< 9 

i.e. 	'i2L3 . X < R. tho ohzio ao zt icing 

of the ro1~y 

Thio cqw Lion ivoc a straight line cthc otoriatio Pig.3.2 

3.3.3. (iii) 'ho drootioncl diotanoo relay with a ciroulcw 
oharactorio tio, paoaing through tho ortgin callod the • I= ,o relay'  
or the r dnitc oo Rolay. 

This relay 	developed in 1932 by F1r. A.R. Van. C. 
tiürzcin, o*. The relay oaa roe a cotpoaont Of Qdcitt=C0 Y and 
the relay Io also known no the /nglo Irrcdanco relay in U.8 .1k. 

In this relay a 4 polo induction cup had po outiol uind-~ 
inga or tiro appocito poloo and or oppoaod currant and potential 
tiindLng3 on the other to pole.. 

Thud In the gonoral Ohara toriotic equation A o I# 
B faV I ) KII Rn 0 

WOvv2 + VI COO -0) a 

'4r I Cos ( O) -- K''V c 0 

coo ( —a) Kf orY coo (  —o) 0 

~.i 



3? 
G 

it Coo ( 0 - O) 

or Z  

2ho above #o the equation of a Circle pacoing through the 
oritjin vido fig. }.3 Who rainy operatoowhen Y coo (4 ) > .9' 
ortbonZ< itCoo(4*ie) 
3.3.3(iv) 	cRoie 

hie rainy Mourne a particular cocponont of the 
Znpcdaneo 2 . 2bo tbroohold ohoractoriotlo Ia a at i t 3..no 
on on i; cdanco diagraa £ig.3•4 1,.0• In the general cbaractoricac 
oquation 

Z} = 1t, „Om A °lr B tV, 

f .' coo (! - 0) 

or Z zoo (+ -+) 	K 

T be roiny operntoo rbcn E coo (0 -0) > K. It to oo+ 
from tho above that the rroaotanao rainy to a particular once 
of the ohm rely shon the relay aoaouro a Z 90°. 

3 • 3 • (v) 	qpt 

'hio to the tore given to q\  relay 't borio Circular obara.' 
torietic in an inpodartco diagram does not paco through the origin, 
vide fig.3.5. Thto oharaotoriotic is obtainod by adding current 
'ciao to a obi► rolay. 2bo biao- providoc an ort I2  torn and tho 
general equation tiould be of tho fore 

C 1112  = 'N2 r 1 VI III coo (0 -0) = ,0 and thin roproaonta a cirri 
of raiuo r a f P17V and contra at a diataneo from the 
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ADMITTANCE OR CURRENT 	 ,IMPEDANCE OR POTENTIAL 

FIG. 3.4 ___Ohm RELAY CHARACTERISTIC 

(b) 

FIG. 3.5__ OFFSET mho RELAY CHARACTERISTIC 
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oriGiEiQivon by C 	 /. Tho off©ot rbo rolay oharcc- 

torlo is ahoy► plotted on an h6aittanco digjroi to ojain a otrolo 
but Ito radiuo and di otanoc of rho contra from the origin are 

invorsoly related to tb000 of the circle dracin on on iopo&inoo 
diocjrar. 

The off cot of the iopcanco circle to oocuroe no doe-

cribod abovo by addiniZ to the limo potential a biaooiv(j potential 

12b* proportional to the ourront tihich hac the effect of coving 

tho ch3raotoriotic iapedanco circle bodily by an amount l • 

Thus in the rho rolay eharacterio tics oubatituting (V +I Zb) for V m 
have 

- #C' (vii%)2 (V +Xzb) 1 1600 (0) -0) a 0 

Dividing throughout by 12 s+ have 
v , 	+ t 	— + 	)co©(O-'a) 

t 

.~ ' 	;-2ZZa + 2 9 + (Z + La) oo (0 -0) e 0 

- g' (z + %)2 + (Z + ). Can 	-0) t 0 

Z+d#) 
[..I'  

(z +z) 	oII t 	a 0 

	

or -IC' (: 	+ c OU t 	? , 0 

	

a' ( z 	Ego 
Z + 	: 

11' . 

'2hio oho tho charactoriotia oquatiov` Lo oic2ilar to that of tho 
11ho rolayr oEoopt r2OVOd by the itpoGanco Lb ,xof . Pi ge 3.5.« ho biaso-~ 
Ing potential. to obtainod by intro4uOing ,a ec or in the current 
circuit. 
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Tho fo11otint arc variouu t7D is thigh tho standard impo,. 
danao, adittanco and roactanco can mar modifio d. Thoco codi fica-
tions ro Bono co that the dictanco ro'ayo do lop bettor toloranc 
to fault rooiotanoc, and boo ouocoptibility to poor owinga. 

3,3.#, !i 	j 	IIfi1 	NMI1M'11~1 RI 

The standard ipodnco rolay characteristic can be tiovod 
outwards along tho Bad..by current bfaocing the potontiai. cir. 
cuLt t th tho Ir drop acr000 a roolotor co that It has moro 

toloranco for fault resistance as shown In f uro 3.6. 2 is as zl gum 
posoiblo offset is . en the circis pascon through the origin. 
B going a y alto bo dons in the • X direction as roUU ac In tho 
h-diroo ,ion so that a bigger impedance cola roculto which tends 
tondo 'a roactanco eharacteriotia. Thuc in the general charao.. 
toriotico equation of an 2epodaro rear, introducing tho Ir 
blue chafe the oquation. to 

1. 2 -IY'.Irl 2 = 0 
821 	1 -12r2 ,= 2TXr Coo 	0 

Dj ding thr+ t out by -. 12we have  

a2. 2Zr coo .K2. r2 

The above is the equation of a circle passing through 
the origin with its contra on the ILa do and diotanco T% 
from the origin If r s K ohms. 



IING LOCUS 

FIG. 3.6_MODIFIED IMPEDANCE CHARACTERISTIC ON 
IMPEDANCE DIAGRAM 

FIG. 3.7__ PHASE ANGLE BIASSING OF mho  RELAY (ø—&) 
TO INCREASE TOLERANCE TO FAULT RESISTANCE 



Ir ot,ivol1in the iho rolay cbc ractoriotic In tho 
1oadine cirocton, clookvioo In tho impodanco di Grao &to 
toloran a to fault rnolotanco can b, incroaaod with boo vu3 
norability to po r swings in tI modified impodanco rolay* In 
the liiitinj. position aiong tb R-axio It t cocoa a " cOnductr n, 
Ito y ". In the Conductance, rolayy there 1s no change In the bps. 

lance equation from the mho relays, i.o* Z a K coo (0 .) ozcopt 
that 9 to nrs7 zero in toad of the normal  nortual value, of 600, but the 
ohmic totting of the relay has to be oultipliod by Z Son 9) oo 
that the ipodanco n oIO isill at ill pass through tr ' otimic. 
value Z f .. ofor. Vig.3.7 for Ito charaotorictic. 

Theoretically, four fault detectors and IS ooAOlaring 
units are required for providing three tio distance chops for 
the ton variotoe of ph o to phnoe and phaoo to ground faulto. 
Tho coot and the space required for loot ailing such largo unite, 
.bas boon educed In practice by wing eoaouring unite, for hero 
than one urposo. 

Tho nu abor at ceanuring units in a+ etinoc reducod to 
three by using the crew cot for phon and around tculto. The 
di5tanco oeauuring unite in nodorn schema of tWWO typo are 
normally connected for phase faults, that Ia ritb delta potential. 
and delta current and arc stitchod to jyo connections on. y tshon 
a oingbv Sao to around fault occurs, A ocb000 of this typo 

475 
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gruvidon i diato c1orinj of inter phaoo f`nuito and a 
null dolzty in cloarinc single phnce to Ground faults. t: r. 
th31ocos, tho 0c+anc of uoing # ninalo oo ourina unit bas to 
bo balanced agninot this foilot,ing ottocto w 

	

(a) 	tip deter roquirod for the fault dotoetoro to noc000 

the typo of fault 

	

1a) 	ornploto lose of protection if  th3 L ritOh1.nfl contacts 
fail 

	

(a) 	poociblo wrong tripping If the typo of fault change o 
ring operation of the ro y ( affect of 44n4 upon are ) 

	

(d) 	inaccuracy duo to differing phaoo inpodancO ( o (fact of 
unoyeaotriOii. tr4nspocition of conduetor0 

	

o) 	possible reduction in reliability duo to dopondncO upon 
a number of contacts In oorioa, 

The tlta-.Wye a itcbinC in ucod for distance relays of 
the irapdance or ad ttttanco typo iti: the timing unit otArtod by 
a poly use over current or Oho typo fault dotoctorfor pimso  
faults and by a oeidual cU rront or pear rOla$ on ground faults. 

The inter phase switching convicts of one unit for phase 
ults and one for ground faults, those units being ctiitcbod to 

the appropriate p ee or pha, o pair by the fault detectors. Thug 
the phaSe and ground protection arc two separate cchoiGo, 

iy Wpeo  distance relays are no doubt ,i ra.i for pro. 
tocting a polyphase oyato r than single phase relays, but 8a tar 

it his not been possible to dories the circuitry for obtaining 
uniform porforoanco on all typos of faultn(l  ), thauj conoidor'hlo 

efforts hvo boon ado in this direction by Gupta(2  . 
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3, t • 	'a • fir" 	, 1 
	- 	jet ._ 

3.4-.1. ' o caouroont of icpodanco, rcactanno or anc.Lo adQi.. 
ttanoo in otatic roly,o io dono by tho couparicon of ttt difforont 

input Wabirritiano of currant znd voltatjo t4ch result in cir. 

cular or otrc4ght Limit oharactoriatiotc an o,#p1ained in tho Charlior 

part of thio obaptor under oloctro+ aotio roloyoa HO tor in a 
otatic rainy the to input quantitioo amuat boy oiwtlr that Ic 
two Curmnto or two volta~oo bocauoo they are not oloctricaUy 
onparato ac in tho caco of oloctrncgnot,io re lac, ,o ouch in 
a voltage comparator the currant in turnod into a ,oltaio by 
p %going it through an irnp3danco 4 L ihich to a replica of 
the impedarico of the protoctod 34no ction. iforo the lin3 val.. 
to I.a cooparod with the voltage drop across the replica ippo• 
dance. In tho current cornprator the current is c rivod from tho 

voltao by connecting the replica izpedancc in nezrioc with it 
giving a current V/Zr t hioh in norpar d with the Linn current x. 
The uzo of the replica impodancQ to not oa convenient but por-
cito fact tripping oinco it oiiminatoo orrcr due to tranoionto in 
the fault Arent 0 and to duo to tho ;fit that the fault current 
paooing through the line impedanco producoc the cco voltage varn 
form no the cocondary current paz oinn through the replica ivzipedancc 
`shun any trano onto th ►t appear In the prirary current appear 
oqually in the voltage V and I . and thuds Cahvicet1 out their offooti 
on the jopedanco cnaouramont. 
3,4.2, Both ampli,tudo and pbaco cooparators havo boon used. An 
awplitudo conprotor cocparec only the oagnitudoa of the Input 
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oign~►lo and ignores their phase anglo• The phase comparator 
on the other hand ro spondo only to the phew relation bottioon 

the , t input quantities irrespective of thoir magnitudes. for 
1near and circu charactoristico it oporatca then 9O> -> 9O 
vkioro + la the angio betiaon the ttz inputs. 

3,i.,3. 	o characteristics of the Static dictanco relays are an 
In the case of eloctromagnotic rolc s 	plottod an tho Izpo 
Banco darn (Rawd3X azoo) and Admittarzco diagram (0 and j.i +ads). 

The characteristic is either a straight lino passing 
through the origin or a circle rith the origin at the centre do-
pending upon ththor a. phase conparicon or an a"'pl3.tudo co npari- 
son is eado and further as to ehothor the characteristic is pio.. 
ttod on an Ipedanco f cgran or on an Adnittanco d agr'ac.• A otr 
cular characteristic not passing through the origin of one d1A-
gran to a reciprocal circle on the other di grain that is the dio. 
tanco of ouch point on one circle is the reciprocal of the die. 
tanco from the origin ' of the corresponding on the other circle.  
'orthormore each point vill be la is as much the resistance 
axis as the corrosponding point on the other circle tz lia4ing 

the conductanco axis and vice versa. 

3.L►.5„ In 1954,, Borgsoth 	described the z cans of obtaining 
distance relay characteristic ouch as reactance $ cho, elliptical 

etc.. on the inedanco plane using electronic relays and using the 

principle of phase coeparatoro. 
3,4.6. it o boiovor in 1960, that C * C . Lb y( ') at al o n•. 
plumed as to hoer the noohanical colplozity of oloctrocagnetic 
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ro3cyo could bo roplrcod by trancii toricod circuitry. Jo por. 
form tbo oirod noclanical functions. Tho lOt is oynboio of 
Arm, Mri t  OR io alto boon ozpininod and block dinarX3O for 
thoco funeticnc MO cpplicz blo to phaco not parioon principle of 
coopar ,nu thoinZtontnnoou3 diroctiono of ourrent ulou at oppocito 
onto of a trcncicoion 11n3 uoinC a pilot obinnol to not out 
thoroin. The ouccoccful roaultQ of 3zborc laboratory and field tocto 

o boon Givenn in tip con nion pp OT to the above vido S.H. 
!orowtt of +ii(45)•  

3.4.?. In 1963, C.u. r y ot ,ai.( 2U)'  doecribod t n30oeaary 
principico and circuitry for diroct3onal comparison rolaying and 
otatio rc yin,g Gquipaont for trana iooion liners with .ho tic 
tanoo unit circuits for the tic deloy unit on pick up and drop 
out alone ulth the pulse stretcher circuit to convort tho puleo 
output*  The cuccocoful application of this acho o v4o roportod 
in their conpanion gaper(  ) on teotifiod by field and laboratory 
toots,. 
3.I+.8. in 1968, L, Jactrcon of r 1( '7)  reported the eaco itb which 
transistor ootparatcrc for diotanco rolayo can be dosignod for 
high o rob oporat ion taking into conoidorotion the overall 
poit1on and integrity of operation. fl in roportod thoroin that 
the operating opocd not be defined over the sbolo working range 
of the ro2ay and t t neithor, the speed nor the ioacuring 
accuracy cbould be unduly ref€octod by the covoro trancionts 
,gonoratod by Dodorn o.b.v. r*e tsorka. ft r udvantagoo of translator 
ccparator rhich affords gro©°tor froodoe or design for opocifiC 
la so of opovat ion and for churactoristico oicbraciacj frocdoza of 
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dooit3n In both static and dynamic eharactorj.cticc has boon 
a anplifiod„ Tho basically difforont c3thodD of obtaining ucoful 

s harwctorjotje from a coaparator circuit is confined to tho 
following 

i) 	block ins tanta ou:a cc paricon in thioh thQ duration of 
polarity coincidonco dotorziinoo tho output. Tho tripping criterion 
is that to Aura :ion of the first coincidonco should oz ood, a 
s,scitied ti o uuua ,r ono quarter of a cycle or the powr fro.. 
,uoncy period. 
(ii) 	floc1 average nanpar con. a do olopeont of tho sbnvo in 
throb tho duration of polarity coincidonco is eoaourod on both 
the half cyoloc of the input oignalc and the averaging value is 
dotorcinod in an integrating circuit, a trip eigna . being pro.. 
ducod if a apoojflod average valuo is naintainod for noro than 
the preecribod duration* 
(lit) pulse cooparison in which the polarity of one signal. is 

acurod during a short intorval in the cycle of the Coco d Did« 
teal, usually 'brat, not no o ssarily at tho lattor' o peak. 

The rlativo merits of prectical co parators of each eatew 
tort' have boon compared by considering Aso anglo comparators sins 
practical comparators under (iii) above have boon ranlisod only 
no phase angle comparators( io A cacip 'icon rovoalu that the 
overall o2 ractoriatjns of circle and straight limo in the co plo 
piano can be oaoily obtained by all throo of the abovo cited 
t otbodo frith basically no difforonco in the steady otato,lauovor 
their cotparioun In their dynamic static reveals that (I.) and 
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(iii) aro inhoront2y Suncoptiblo to oyoten transionto and other 
opurious Oirnalo by virtuo of their mar in3tantar ous opQration 
and unions all urn,antod surges and transionto aro ronavod offoc.. 
tivoly, tho measuring accuracy cannot bo oaintainod under dynamic 
conditions without uaorificing oporating opood. 'l o block avora o 
comparator an doncribod in (ii) howovor ban inhoront tranoicat 
frog cbcLrctoriøtico and its operating time to gnificaniiy 
unaffoctod by the de tree of d.c. of `set tranotent in the Input 
oignalo. Thi o han boon confimodt by tho author after oho- noivo 
laboratory tc,ots on a proto typo relay that wao developed. Tho 
bank "look diagram at the or a is an nhoun in Pig.3,8. 'ho relay 
po for anoo with a d.c. offset in one input only to the coznpar.. 
tor and subsoquontly with d.c. offsets in both inputs voro Coni.. 
dared an the practical prototypo relay for difforont . svurco•oystoo 
ipo4ancO ration. Their portorran a coon plotted, an (i-) re y 
accuracy againat systo o 3.tpodcinai ratio ±0 a Lmost a 
Sine ozeopt *oar the boundary con .Bono ire thoro in a os rkod 
fail in accuracy. 
C ii) 	rainy operating time against rolny accuracy which in al. 
Loot a straight line, Accordingly the authors have 0polt out the 
opocificatton of thO +coign roquiromonts for tho + oh average 
comparatoro an I . 

1) 	oennuring accuracy .. - to be maintained over tbs full 
tor king tango 

ii) 	timing charaafOriotic- should be of the definite ainioum 
type for all faults within the protected zone with an 
operating do of the ardor of I cyclo of poor fro.. 
iuoncy bo inI3 conoidorably doaira'b . 
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111) 't ability - should havo intro rant ro nia tanco to high a~plit u-
d , short duration# nyctoi gnoratod nurgøo both olth 
roCar'd to caln, ztion and to ai:rgo daaago. 

304,,9. In the taco year, P.O. l cdaven(48 daccribad in his 
paper a. Cp1in3 tochr quo dovolopod uhich ai:Lotto a cot3parinon 

of instants neous valuon dorivod at di 'foron.t inntanto of timo,, 
thorob7 dicponaina frith the nood to phaco shift and min cignalo 
dorivo4 froz tho primary OQ quantitioc, Eovovor tho proco ca of 
o1ii inert ,on of phaco shifting roquiroc a groator dogroo of cophin«. 
t scat ion in the relay circuitry. But it c.chiovo.zz on the other 
hand, a caving_ in both space and coot. Tho rumpling period 1a of 
tho order of 50 micro cocondo in each half cycle and have boon 
ciacatfiod by tho author under the fo.1 fling hoadingc; 

i 	moo taking the zero cronoing of line currant 1L a€~ 
time rof2renco and roforrod to an current polarinod 
ro lay . 

ii) 	thono taking the noro crooning or VL as time reforo nao 

and roforrod to ao voltage polari.00d relayao 

The block dial of the current polaricod relay is as 

cbor n in `ig,34. In tin if the current and voita, o signals arc 

interchanged, the voltage polarisod relay is obtcinod. 

 fro crossing dotcctor 	S 	. baanpling vat* 
U 	D ley Unit 	 Ali 	Apliti do/Pul3o t idth 

convortar 
P 	. Puma *i it 	 I 	integrator and ]ravel 
P~  Pulco ctuipling unit  detector 

.Thyriator 
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ficro Vt 4toot a both tlr. +vo and -,o Coins aoroo and to avo14 

dUplicat rn of tt + cjc'culto aftor the noaourin(3 gatoc tho oig. 
c to aro roctif'jo4. The a p Et do/ pulzo width convortor producco 
a pulco longtb proportional to the oapiltud3 of the nmplod quasi• 
tity at tba instant of oaaputng. Stgn la roproontod by in' + 
roctrainig oignalo aM signal 'cif Is the aporatinB signal, The 
output prcdvcon a zero pulco and tired a- thyriotor circuit or It 
can, be fed to a lovo3. detector and integrator and thoncso to the 
th riato . The. relaying achomo therefore roquiro o 

i) zero studding detector 
ii) dolt' or puloo unit 
111) 	vaouriri unit  
IV) 	AND gate 

tla2oporatjon duo to voltgo mpilsoo hod boon reported in the per.. 
•to nce of thoco ; olayc. The relay isitbout an tntogratov boo a 
tondoncy to over shoot which hey boon atatod to be about 159' but 
thia bar, booi conoidorably reduced by hawing  the integrator in 
the circuit, cuci 

3.h.1 O, In 7969, a.s. ibhte cat a .( `) doecribod a no^i typo of 
:pots cooparator ishtob oporato o on double the normal angular 
Unite and retch otrioa a particularly tine balancO bot on 
,otatic oir~glo and dual phacO comparator during transtont condo,.. 
t ions... The relay baa an angular over roach o ` locO than 5 and  
an operating do of about 3/4 cycle. The relay particularly 
ovo omon the over rach/undorroach of statl.c rolaye durintj  
tranotont coedit ion, the nature of the over -ro cb + ponder upon 
the polarity of the doe,, otfoot. Dual o paratore overcome the 
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offout but at the cost of oporatintl tiz. Tho block diaGr 
of the ochomo to ao obotn► in fig.3.1O. The oporating principle 
.o that pmco cooparicon to carried out both dorm tho +vo and 
-VO half cycles and the rooultin coincidence out;utc arc OR 
gatod. The Output of the OR gate to integrated and fed to a 
1OVOI detector and the quenching of the integrator to carried 
out at the and of each pair of coincidence ooacur000nt s. Are 
arrangoc nt of this kind rrith a ninalo integrator will both or-
roach and under -roach dopending upon the polarity of the doe* 

offset and the sequence of phaco mcacuromontc, Tho degree of over.  
roach/undorroach is a function of the X/R ratio of tho lino and the 
amount of doe. offoot. The uodor reach is avoided by uoing tuo 
intogrators and quinc:horc an oho,n, The toot valuoc of the ovor. 
roach/under reach taluuo tabulated indioatoo that 'tho angular 
over roach l.e loon than 5 i oven in the worst, coos of XfR ratio 
equal to unity* 

3;)..11. in 19700  Hop* .atn*ha (4C)  Est al described the dovolopiont 
of amplitudb comparator techniquoc booed on the int tantanocuo 

'.comparion of the amplitude of the of ).e derived from 
pricary line a gnn,ntitioo. The block diAgraD of the vch000 is ac 
choun in fig.3.11. The ache allc,o all the convont3 ►r& . and 
opocial charactcriotica of the diotanco roiayn by cuitablo 
adjuotmnt of tIio constants in the relay circuitry. 

i1, Ra worthy of s1(5i)  roportod in 1970 the now dovolop. 
rant a In a!plit°udo and phase comparison technique c for dictanco 
relaying with the amplitude comparator having Its 'brae of operatioi 
on. the intogralo of the rectified vltagc and current 	fore 
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r y btnioed at the ofld of oaoh half Cycle. The relay operation 

; o shorn to be is no to high frequency components and is 
"I-1pas dependent on doe. tronsiont offooto. Cperationsi t vaplL-

f4 ero have boa uood and the author has sus; a t+ d tbat the urn 
off° I.C. o will e&to o roic circuits fir° co of and eOo 
no? is al. 

3.4.12 peq_of . i is Ditnrto flea o 
1 

These are classified by their characterietico. 

The is strictly not a distance aoasuring ro1ay but 
has been included as ouch (a) to cop1eto the mathematical 
pattern oince it im the dual of the lopedanco relay (b) because 
It is required -Poore types of distance rolayo hioh are not 
Inherently directional. 

Its char teristic Is a straight line passing throujh 
the origin on either the i aodanco or Adoittanco diaraiio. The 
ehareeterriatioroculto from comparing the voltage inputs V and 
IZ , in a plae comparator., and is also ortually obtained by 
comparing their sum and difrorence ne ly ( V + IZV) and ( -iZr) 
In an amplitude comparator (Ref. Pig.3.12.) In (a) and (b) 
1hrao Comparator trips when 900 > ( -8) >90°  and Amplitude 
Comparator in (a) trips when J Zr+Z j ) i Z j and In (b) t hon 
'r+YI> I 

3.4.12(ii) 	' o . ,....e nce.... gI 
We characteristic on cm impodenco diagriuu is off of 

from than origin by biasing the voltage drop corer the replica 
Lrrrpedance. Refer Pig.3.13• 
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In D pmcoo oovparctoL D tho rolc tripo tnion 9Q0 > >  

Are ~ ~1 - )] p In CM onp1ttudo co perctor tho rol4y  

tripo thorn l Z I> I 2Zf Z I 

1. o a 92 > 4 Sr2 .~. 4 Z,,Z + 92 

i.Q. Z, (Zr Z) > 0 

2r [Zr 	coo ( 	> 0 

or 	1g, fxz. -» V coo ( -4;1] > 0 

On on a&4ttonco tii€ron tho obaraotoriotio is a cirolo paaointj 
:row tho origin th000 diamtor is oqual in low to tho 
ciproca1 of tho porpndiou1or frot tho. ipo&ztoo charactoriotic 

to tho origin and to oauoo trippin( tho hoad of thonittcnao 
vootor :mot o ztond outsido tho cirolo. 

"Thlo charactoriatio io oic.3 obtains d in tho poicriaoE 
cent rolaq undor 000ploi2 diotonoo roiayo(~ ) by 
1 L and V at 0 of for curront voro. 

T .a io t particular ca co of the Anglo Iapo600 Bolo 
in c high tho rowotiao coDp000nt of tho iDpodancC is ooaad. 
1t' o ehQr:otoriot o io porllol to tho i sot to =10 on iI 
±cipodonco djutrar3 and a cirolo pacoing throvt#h the origin ors 
the Mb Lttana o dicron. Rotor Pike 3 .l4 o 
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x 

 

a 

 

7 

Eck 

FIG. 3.14 _ REACTANCE RELAY 

Zr-: 

29 	
z: i 

FIG. 3.15__RESTRICTED REACTANCE RELAY 
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In the phoco co arator tho quantity TZr,io cocperod t th  
(I Z V) cued the roloy tripe whom u > (- + 0) > 0 in both the abo a 

Uograno. Hero ID lc tho phaoo analo of the r p1ica iripodeuco Z$. 
if 	iro a pro roautrnco than + would be 9&. 

In the cinp1.ttuo comparator on  oi the Itpodauuo Dio ram the 
relay trips whon 1 Z f< I 2Xj.Z I czd tho 'ooltcrjo inputo to the 
o otiporator era V and 2I Z 	2 I l V thoro 	t o cado Cque l to 
'tho rooistazt o of the replica irpodauoo0 time I.oa rinG it' o rc 
antivo coapoiont 1E, onlrp tat d in the 00120 of tho A dDIM nco die 
GraE it trips whoa I2 -8L, 1 > I B L hio eharactorintic La 
elan obta.tno8 in the current polari cod relay under oar plod diC-
tenco roicyJ 4 ¶) by canpling IL and VL at different intortrala 
of tilDe if0. ' L at 0 = 0 and IZ at 0 o- 

3.4.12  (i 	eon c #+n t 	o car~e~o 

o cbaractcriotic an the izodErncc die rc3 10 a  

lino boat at a prodotorcincdpoint, On the admittauoo then the 
charactoriotic is a couple of oirclar area. Ref. l i g. 3.l5. 

Tho loputo to thin role y are cirailar to thooe of the nozirl  
roctotrinco relay and the tripping oritorion is sioflar olcopt that 
the liniting values of 	are x inotcad of + 90g. 

In a phaeo comparator I Z, S o coaparod ritb (I Z ') and in 
the c plitudo comparator the input❑  are I V) and I 2Z-1. 
3.442(v) 2(v) I nr.~+ 1 	0 io7t 

It' o oharactorictic La a circle at the oriC3n on both the 
Impoda o and Adaittauoo dierioc. Ref. Pi .3.1G. 



ADMITTANCE DIAGRAM 
	

IMPEDANCE DIAGRAM 

FIG, 3.16_IMPEDANCE RELAY 

G 
r 

' 

FIG. 3.17 ANGLE -ADMITTANCE (mho) RELAY 



1Gpodoo £0 inho1'ontly an op1ttudo aoapar`iacc of ourront 

and voltago and tho rolay tnf g 	tihon J Z J < { z~„j a0 that tho lia- 
puto z oqui rod for an amplitude conparator ara V and 12 ,4 2ho 

phnoo comparator proaenta contain difficultioo cod an ouch Lo 
not uoo@ in dicta co rcriaya ~i9) 

5.4 .12(vi) 	o 	an a or 1Thoj ij g 

On an adoittanco di ran tho oharactoniotio in Cl otraight 

lino offoot frot3 tho origin i s the l gina quadrant cc ahotin  

Ragor Pig.3.3 ',. On the Iapedanco diagram it is a circle p r,oci 
thro b tho origin cia ohotn and to the invarr o of the analo 
iopcdanoo rolr . fiofoz., .1?. 'xbo abc charactoniitico can bo 

oonvani ontl,q obtained tti tb both the phaao and tho amplitude a o - 

ratoroo Tho inputs in tho phnoo co 	,tor are (Z0 V) and 
V and the rolcr trips ¶ihon 900 > 	> -94°. IL product dovica 
oporataa dhon 

	

[,'Zr coo 	.e) V > 0 thorn t to the anglo 'bc trraa» 
V and 10 0 to the phaoo angle of Zl,.  

floarrangi7a the above tom e havo tho relay to oporcito 
'Ohon 9 < Z, o ( -e) • `"h.o iota iri the aoplitudo oociparator 

o I x Z I operating ►d 2ir-IZ8 I rootraining and tho 
relay tripe when I 2 $r I < I ZV I. S'hio charaetoriatic Is also 

ohtct nod in the !oltr ,t o lariood zolayo under oatplod 410- 
to o zolayn 	y .ccipling V and 	at 0° aftor volts a 

kj 

coro. 	 1A  
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5.4.12(v ) 29 "Cot riho Rai.a~t 

Shia ohrrotoriotio is obtc ,rod by biaotng oithor tho 

iopothnoo ro1ry or tho oho 'o1or tvith oa o itiona1 rop1tea 

impodsrneo 90 c nd the er.out of burin( roquiroa dooidoo the 

choice of the roloy to bo uaod. Both noCaUvo offooto i.e. 

ohc rt otorio$tc overlapping the o'i$,ac c d pooltivo offcct i.e 

eharcotor,otlo ith origin oiatatdo the oho circle oan bo oh 
talno1. 

o chart ctori n tic o of the of f cot oho circle o the 
iopod nao d crz r 	dittoro tiojrc iro co oho n for 
ioictivo offoato• tvf. Pig. 54 . xho tho roles tith ooCc tivo 
offoot phaao comparator tripo thou ($/2 z ) > + 3 (it/2) to both  
the Iopo&noozntt Adoittanco hires. foe or in the otico of 
Aopli tudo Copartor it trips czion { 	 I g zo I in 

the Iipc&nco diorcr or rhon I ' 'o--~' I < 12 YY0- Yrl In tho 
Moittanco dicp.ac,. In the obovo , la the coco rry topodanco 
of the protected 'Lino, Z0 the *t odcnco by which the cho circle 
to offoot. It is coon that the Ana of the circle to the ao~awa 
of theca iopodanooc i.e. (Z Z 2 ) and the contro dioplo cos 
f roc the origin by C + _,.. • 

If Z Io oiy impedonco sthioh to an the throobold of operating 
the ro1av, the ortremity of vector 2 till be on tiro circle. 

x,.04 	~-- 

Tho cil ro la the 0hmrQctoriotio equation of the otfcot 1 o 

eircio on the lm reds 4 4ie,► flu3.tiplying the cbovo equation 

r 

0 



r 

2 Y-Y{Yo 

'EDANCE DIAGIRAM 
	

ADMITTANCE DIAGRAM 

IG. 3.16 — Mho RELAY WITH NEGATIVE OFFSET 

IG. 3.19_ Mho RELAY WITH POSITIVE OFFSET 
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throngbout by 219.. io obtainn thO t ro inputo to rho r op I Ludo 
oouperator 

1 2V~-I (Z,+Z0) I. 

	 0I2(Z 	Z0 )I 

for a pheoo 000parator, it can bo coon from tho obaraotariotio 
on tho Iopodanoo flier= that tho voctor (z -8,,) =at bo aat 
right angloo to tho voctor 1 9.2o 1 for Z to Do on  o tho oirolo,, 
Hone* tho oqurtion for the throobold oporction of tho ph co 
comparator La hon (x-20) (Z Zr) coo + = 0 

It + io the nngio bot on the tt7o voctora oporation o00urc~ 
t hon 20 > + > 900. in a rootlfi or bridge corp irotor or 
380° ) + > 00 in a opik o and block patio cotpartator (oinoaawo). 
2ho oltornatjVo cothod of bic o trhich givoa tho po=i tivo offoot 
Jo obtcxinod by po1ariat g the voltogo i.nputt of the pIwao 
copnrator to givo inputo ( V-I) cnd (V-IZ0) co oopon&tn 
to ctuttion. 

V-lZo - lZr c V-.tZo 	at t iahoid 

or (Z-Zo4r) (Z--Z0) coo 4- ) 0 for tripping 

tIocuor tho aharootoriatto for the rnpiitudo co cmtor its that 
tho bias 'La applied to only one of the inputs cbich are I3, an 2 
V- 1Z, - 12 an . tripping oc euro t7Zon 

I Z I> I2i Ze,--•Z 1 

0 9k q 4"o G1TIul t1QM,RT 11f1YFRSM AF ROORKEr 
t AARK.EF, 



ADMITTANCE DIAGRAM 
	

IMPEDANCE DIAGRAM 

.20(a)_Mho RELAY WITH COMPARATOR THRESHOLD 
ANGLE > 900  

0(b).Mho RELAY WITH COMPARATOR THRESHOLD 
ANGLE < 90 
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.o eh3ractorir~tlea zwo plottod on both the Itx denoo cod 
i & tttanca 6ia oz3o ao u3otn. Rot. 1L.349. 

3.4.32 (v il) Rc njrja~Vj !Lhp„Rc . t 
The aho z'oloy charaotoriotic aan be aadiflod by r1zirtj 

the apc c ti nn o of tho phaco oomjx ,tor mot cquci to 
900,, 3uct as In the caco of the footnoted flocctcnco Relay. 

The Rho ciro1 oanoioto of ttz oeotorr of a circle doh arc 
mct-cixe1oo t1iot 	900 eating an it d neo otarnotonioticb 

Rog. Pig.3.20. ho 	> 900 CO o' .ir f f' tho Qcatono t o  
boo than a cow-ciroba ad the icafloa obaxractorictic b000 o 
narrow and .naIOC tho robot' loo vuluonablo to pogor of inCD. 
t 	A C 90~ the ocotoro cro larror than ooci-circloo and tho 
itapodmeo charaotorir do b000eoi apple chapo provid2ing core tel-
oranco for fault roai otanca Bch Jo advci tacoouo for short 
l nco and ground faulto. 

p.5. 	CHhRL. gM8T1 

3.5.1. It was in 1962 that John B. mdor in hia papor( 11~ 

propos3od a zlcy tihIah irill provide now types of pick up Oba - 
torintiao such as conic,, hyperbola, parabola, ollipco by cicapio 
adjuotoonta of the circuitry of the oho and tho rplayn. 

r,o w o pick up chareoteriotic boo provo t vary valuable 
in prctectin(I long transmiooio13 It OO which arc heavily loaded 
ac they are loco likely to trip on poor pain , than the ahu 
and inpodenco unito. The o tonoion of this d ctributi©n Indicatoo 
that an elliptic pick up charactoriotic rouldbo ideal bocaueo 



it is l000 liholy to trip on pctoz aalmz than a conventional 

Cho Unit• t1ith thbo orrd in viou, do in hie paper oiat1inod the 

pooathility of c.3aaturin a rolay in which tho op offal 

charc.otoriotioo ao citad above could be obtained. It woo howr-

o or a novel idoa thon and tho crtthooatieal baoio as pr000ntott 

In hie paper for the variouo oharactoriatica to no folloio. 

he pick up oharactoriotic of tho o&z unit io iivOD 
by (E1octro notic rolcgo 

iE-tcoo(G-o) J c0 

oro 	0 io the an .o of the relay charaetoriotic 
Q a Clo bot oon P. on t 1 
IC ttindin , conctant 

Dividing the oacition throuahout by 12 Wo havo 

I 	y boa ( 	~► +~) = n 

Zcoo( c -o)o K 

moo f 
1ottin the above ogwition on the Zrodanc0 tai arc to obtain 

a atraiah.t line charactoriotio. i 	a r ffo sovor if a oa i- 
for to read in the potential circuit to znaho 0 = 900, then 

Z 

Thin ivôc a horix3ontal charactoriotic on the Ic pcdanco diaaro  
Ref. pig.5aa (b). 
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J 

Dow rforina toria..3.21(©) lot 

a 	8c 1 factor of proportiotlulit3l, ratio 
of Curront In Ono r n4in on Sao 
rootr ix2tn polo 

I (PO1ortOix Na afi) 

11 m p.t. coo. ?olt 

2 = 11iid,tng constant 

L'i Volta  oqucl In =gnitudo to E but in 

phaDa with I 

t 	~ 	~ 7*rl.~ 	,~~~s a a• 	.e.i~ ~~~e 

.o oporatin& cha to 'tn do of oucb c =lay tiould box 

I 	of coo 	(E' 	°0 

l ivi disig by 1 wo hoa rd 

coo( ...o)- E° Zr6. I 0' 

But 	 0 z 

Zocoo(G~.+q) ,~2+ r4 ► 	0 

yr~rwiwr çt~rrt+.+rrr~a.r+w~rr~iiirrw 

[ocoo($O) 	 l 

0 coo (..0)] 

'Rho bovo 10 a polar oqwztion at a cono with 0000ntricit7 0 



If the vv1uo of 0 to aduotod to be loco than,, equal 

or Orator than I by man of an au lick tranatar r w obtain 
charactoriotico ac folloi,os 

	

a > I 	equation (A) d3ocriboa a 	 rbolck  

	

0 0 1 	ocWation(A) docaribon an a lipco 

	

0 < 9 	nquation(A) dooeriboo a parabaloo 

Th000 have boon roforrod •to as tho conic charactorictico. 
Ref. 3,21(d). 

A a aract. riati+c for o= i io Chown tharo niiiptioalo 
The manor aria of the olliptioal characteristic is jflCjflOd 
at an area 0 to the B-ordirr to . h 

Rd .. distance from the Gdao of the o .1ipeo to the 

origin or focus,. 
d, •~ can bo adjuatod to any value by an auxiliary C.2, 

c •• can btu doterminod graphically ac tbp ratio of the 
diotanco bat iroon foci of the elli.poo to the length of the 
major cntlo. It can bico be dotoroinod by rxoacurintj tho longtha 
of the major and oinor azie. 

Lot  0  àinora c 

Thon 	rx 	1 4• 
t 

Zrorab (tripping) 	1 d t 	9 
io 

' orroo non l ,e 	d t 1-a 
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In the abovo cot up all jUntit 103 can be aaoily obtaird 

oeopt for St for tthtoh ho proposed a. clipper circuit,, A oir. 
nuitry for the conic unit. uao ali o indicatod in the atoroc iid 
Paper* 

. s ho aver that Parthacarthy 1. ~) in 1965 
d volop3d static circuits for those Conic Diotanco a01a70, 
bawd upon the abovo nai1Datical troattaoni and the co paratorn 
trod fall in the catogo of multi-input cooparatorn. 

A conic Dection is trio 10CUO of a point which Doman 
co that the diatanco from a Fisted point,, the focus boars a 
constant rztio to Ito diotanco trcm a straight lino, the cliYecfrix . 

An oizplitud3 comparator with suitable input can prjo.. 
duce any typo of conic notion cb3ractericiic. Those inputs r, y 
be oiiplo Input ruantit too such as V and I or they may be 
dorivattons of C V. I%) fro 4, is a replica Impodanco. 1A 
conic etnractor,iotic in also obtained with both current and 
voltago polarlood relays undor nanpaad distance relays 

3.5«2, (a) 	 ~• 	rx 

The production of this t ., 'v tan first described by 

t raton and Boot (4) 	ginooro of itoz'tay in their paper proanntod 

to CXG13 In 1950 with riulti input C throo input ecnparatoro). 

Th throc inputs r ro ( V14%), (V.. 1K4) and Al t2Ore 

and I c ra replica iopodancec vitb the saeo phase anglo and 

the corresponding bridc currents tero C i •I ,fit 
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0 

.•~i ~ f t and L I. Tho circuitry of tho Oc' co 	.+rod by 
the 10 o ijp. fl of 3, 22*Bv bitng I a ( r R ) iota 

R 
equation for operation boco oo 

IVI% I + 	
V_ gigI < 111(z

r+*%Zr)l  

l3ix idinig thrcuGhout by I we hn 

1 12I 	< 

An o1lipan in dofinad on the locus of pointo thu grin of uhoco 
diataneoc trot troti two other points, the foal is coneoiant, own 
the above oquot on thcnriboo on ellipse ainG threu8h tho 
origin In tioh the first te terpo of the abovo oqr tion 
era theotancoii of the t feel fron the curve and the third 
the moor dinneter. 137 suitably nod 'ying thu Inputs an offeot 
olltpco characteristic with ens focus at the oriCin can bay 
Obtniriud Sao oquation La duenribed by 

c 	2 < 	„ + U 	and Is abfl 1v► F2.() 

Sitlari by varying the constants ether conic 8nntions carp 
ho obtc Ono t ouch ac hy'porboia, parabola,, li acno etc. 

Conic! cocoon nharactoriciics, can also be obtained 
by acing hybrid comparators* Hybridd comparators era conbir • 
boar of a nplitudo and phaco comp rotors uhoroin ono type of 
c np3rator La uuppiiod with one of ito inputo from a comparator 
of another type. Th9 inputs if related by the fn tying polar 
oqution will onablo to obtain the docirod nbar toriotinn. 
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FIG:-32 L, 	 FIG:- 3-2.2(C) 

FIG'-3-z2(d)-FOCUS AT ORIGIN. 	FIG:-3'22(e) - ELLIPSE PASSING 
THROUGH THE ORIGIN 
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z 	 a 

I * I * psrabol& 

I >1 abyperbola  
1 0 0 a c#*'cli 

. hybrid cosparator. .sy eoneist of an aap 	d• 
coaparator with auzilierV pia cosparator In wktch the 
inputs are V fed &treotly to the asplitude cosparator 
and IV cos 9) input o' 	*$u.d from an *wlisry phi c - 
*rstor, Tb. oil t for the sea. is described by 8r1 to 
Parthasrotby in his 	r(36). Tb. cheracteri sties of the, 
ellipses are shown In Pigs, .22(d) md 3.22(i). 

It is also possible to obtain manic characteristics using 
$ phase oo*parstor with an a xfli ry saspUtutti c+ 	.tar, eM 
thee. gie won or mod charsoteristice. 
3.5.2.(b)  

this is theoretically the Ideal characteristic  to* 
distence relays so that it's characteristic is **incident with 
thOh fault aria and would include all condition. for which 
tripDing Is undesirable. the pia for hr derelopasut of the 
quadrilateral ob w►oi ristit has been indicated by A. Vitano  
in hi. ps J 37 Presented to CI GRE in 1968. it is muted therein 
that .very two points for a 	1s a point P1 and Fit in th* 
complex iaipedszxe plans 	 connected with c 	frca  
wrLob th* eegseutP1 k 1artlranengle. (~ = i .... , ~t 	i....%) 
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FIG:•3.23 - QUADILATERAL 
(a) CHARACTERISTIC. 

N 

FIG:-3 -2-3(~J- PARALLELOGRAM. 

1L 
L[ MEASURING 

CIRCUIT 

vL I Ki Iz 

KL IL 	 I NSTANTANE COUS SHAPING 	'~ 	f . W. Y. 	
JCIRCUIT 	K~ ~L 	

AMPLITUDE 	J
COMP&R TOR 	Tri 

K21L 
~, 	{wr. 

K2 I2 

FIG:•3- 2A(c►}PARALLELOGRAM CHARACTERISTIC. 
(AMPLITUDE COMPARATOR) 

FIG:- 3.24(b)- PHASE COMPARATOR. 
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Tot, It °C, it, = TI or 0, tho arc in trannfas oc2 roopcctivo1jr 
Into a cccont, or into two rays, Con Oting in this may 1',, 
to 411 oth r p©.nto dap sndir upon tho nu sbor of Inputs to the 
Comparators a quadrilatoralor a. poljr on charactoriatje can 
bo obtainod. 

Thus a quadrilateral charactorintie Is cbtainod bV 
uain,3 four Inputs naoo1y 

ZiI /8 	 ____ 

a 	Z21 192 

3 	I 

To aHorn the fault area Z2 a ,; Z3 c , and a 

00 that tho inputs are 

Si I IZ~'V 

xr 
83 	rn 

s 0 v 

This givon a composite characteristic 	 t'bich to 
rectangular,, Eot avor to obtain the preferred ahap3 of a 
pra11o1ograo 00 ohoin fwf '3.23tho inputs 8, and S Duet bo 
appliod an pulses. Vitanov 37) has sugContod to convert tho 
Input sijnalo into roctangu ar pulses before heir ted to t o 
phano comparat or e a The circuitry d3volopQd by him and his 
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O3rporit3ontal roaulto arc otatod to be in conformity with 
It 10 quQILtioo bziorjbod earlier 

3 ,3. TIo idea of inatantano ous aapiit udo comparator and tho 
t ubcot wont dovolopcnt of th quadrilateral cb actoriotic of 
rolayo In tb3 1mpecbnco piano was reported 'b r 8* . 8a ' 0' , 
to havo boon . .d veloped by a to 	co fin. Vido quoted report 

of' ac i T. In Toshiba Rorio a in 1969 under his paper otyled 

"Roaont rOfld q is all £tatic fo laying XUipco nt''. The same 
principle o also developed by 1h1ztcha H,Fo of 0 (38,39, ) 

and a oode of the cOrparloon tochniquoc ao pro coated in their  
together with a mathematical thoory Indicatin 

therein i o to hot, simplo and practical circul to can be &ayslop. 
ad by uoina o. minituo nutbor of iriputo to obtain iDproVod pints 
up and polar o.baractoriat1cua Accordingly their block ocbo. 
vatic diorama to obtain a parollologron polar a raatorictio 
and a ;uadrilatoral characteristic are so follo .R~fr V,-.t 3'24(x) (b'J 

3.5e'.# Sri An g r(23) pr000r toc a v tochn L uo using 
principloc at oultioignal relaying for the cynthooic of an 
univorcal typo quadrilateral pow cMMracteriotico The method 
conoictod in the detormiraation of the ice coquence of a cot 
of voltage phaoaci and the provision of a trip oional for one 

coquonco tia blocking for the other, T unions uoing 
ferrite Coro logic ant .another using tronoistor logic t,orO 
doccribc . 'ho application of ferrite caroc tyitb ioti curie 
temperature In the vicinity of room toiporaturoc to protaotivo 
ro lay lag ao docc ribs 4 # by K 	:,eJ,,in bi paper ( 23  

uoisr t~n Cu ferritoo with proper oanu acturing process. 
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COINCIDENCE J 	INTEGRATOR 	
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FIG 324(b) QUADRILATERAL CHARACTERISTIC. 
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'tarn 3 ito coron claicz d to bo c a cctpact, noro r4in'blo 
tithin tho rated to poraturO q  conour oo boo po r, baa no ro4. 
toil,, Doom lly racy to nucure and above all had the 
iorit of Oir,p3.icity td.thout tho roquirocon o of an d.C. 
Quppa 

The ferrite core version as o2a1o8 in btopa r(28)  o 
found to be floribbo p rnitting Xndzpcndent control of tho 
charactorict.io on tb iipodaneo plano by auitab r adjuDtc ►nt 
of replica io danc an boo. The crovz oparatinC do of 
thin oroion is about 20 trns . for ;bb switching analoo and 
tttb faults r ithin 950 of tiro protected line section and the 
anxitrnr tronojont over reach recor 	sac about 8. The unit 
.th font+ corn 1013i0 in p duCO4 ro in Fri 3 25 

T`to ferrite coroo tb rootanular hyotoriolo .loops 
conatitut t too unit and both the co roc have only any output 
tindinao Ciro I han three inputs tibilo core 2 boo t input 

ndings, The i4ndingc arc oonfmotod to CrbitraTy signalo 2t,7 *C 
through dtoe s so that only one hail' is effective in owitchina 
the Corot, The input vindingo arc cone• otod in oppoottion, 
A poii.tivo state of inagno ioation ie decignatod ac +1 shiio 
0 indicn on the negative otato. In the output winding the 
c nao fro ► notivo stato to tho ponitivo otato of agneti. 
nation in referred to no +1 r hiio tho ro1vcrao is daait3 d as 
I. itb thin convention oignal 's' in arrannod, to cot zero 

an both the corao in toted as tho roforonco signal. Tso oig« 
nab 'y' noting on corn I only tsith a zoro netting is the 
po ario ng sigtml. Input '.Z nignab trith a + '-1 an both CO1OO 

Is torood the ronotting signal. The t,indingo are cz, arranged to 
form th folborii.ng logic* 
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Si nal 	 Core I 	Corn 2 

0 	 0 
S 	 0 

Sroifii O eriaio SI  S2  S3  vhich eay be the relaying cit czla 
can OubOtituto arbitrarily eignalc xgy,n In any random canter 
Co that the choice of Signals providing the roaotting fune-
tione docides the phac nequonco under which an output i0 pro-
duced* A table Is aloo given for t tripping phaco coquonco 
for Varicuc combs Lion of racotting and polarizing oignaio. 

The block cahomatic of  tb3 ea ci conductor Voraion in 
ac . 4 . t * Refer Fi 3-26(&) 

The output ,avotorav of the flip flop are that with 
tbe 4 ao1uon o , tho puieeo widths are equal and occur at the aao  
instant or. t i-  o uhilo for, sequence they are a $Lthor di ere nt 
or occur at different instnnto. The diacritinutton to affected 
by tho puice ^,idth detoetin dons by a cing3.o n-pin tranoictor,. 
The disadvantage of the norm conductor flip flop unite are the. 
rOWU onno of d.c., for trancictor power and thorn nourcon 
act as a medium for the Iran invion of praaitic 9tgnalo. 

Gags add to the bulk of the ralayina oquipDont and Lz,goae 
additio l C.Q.T. burden. But the translator circuitry,. is accur tee  
concitivo and a c c@ tolerawe ont the c=ponont values is not 
required. The ferrite cores on they other band can 'b® built Into 
a Maas cc pact: docian an it d000 not require any d.c. aupply. 
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But it dandn thQ two of 010301y controlled cores co that 
t1i it output valuos havo equal }i to and any deviation 
from tG dvpired valued eausou ilopration. Iho factors 
contri utinS to those arcs .» 
(a) Improper d3sUn of output ndi 

(b) by toriui s lopp8 boin different from being roctanau. 
br 

C 	ur qual magnitude of Input uignalo and 
3 	unnqu3l oiop or 	loops prior to cturatn. 

Inputs to obtain characteristic na are [Refer Fi 32(l)] 

8i = 1L 	 ~• roforouco 

82 a I L 2 	polariciu~ 

13 a V~ 	- reotraiuing 

Xnputo to obtain characteristics )CB arc 

= , rl i .• ZL Z(3 	ro tore nco 
8~ = L; 

2 
- IL ZRi - pclarlointj 

S6 ,, VL 	Y"'A3 ..- recotein 

The relay is directional and tho replica i ipedancoo % and 
3 arc ddojtgna od as reactors titth aa$ioo of 80° and 70 

2 xa roaliaod through a combination of the dugout of a 
trwwactor and a rosiatanco drop to Give an angle at -acP, The 
accuracy of the relay has boon quite rood upto a aourua/lino, 
impadanco of 2 and has a iinimum vo itago of 1.0 V for diroc«. 
tior l operation for all positiona.' Of inpodanco vector. 
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3.5.5. In l9r13, Ay u 	tro111 51)  described the node of opera 
tics of aul.ti jole Input moving Coil relay with fully rectified 
inputs and with transietorised block average phase comparator 
and rectifier bridge amplitude corpartitor. He has also analysed 
the functioning and characteristics of the relay while describing 
the special threshold characteristics formed by the iuterseotiou 
of straight lives, circle etc. Linear Amplitude Coupexator 
in realised by adding additional coils to a a coring coil relay 
and energising then from fully rectified signal sources. The 
thralsold conditions for the linear sultiple input-out amplitude 
comp ator is shown to be satisfied when the eta of the die- 
tances Corresponding to the inputs connected in the positive 
wanner In equal to the sun of the distances corresponding to the 
inputs connected in the negative manner. By arranging  the booa-
tiou of the points 21#Z2. «..... a  on the R-'X digit and choosing 

s, 	,...... L1  suitably,, characteristics such as elliptic, 
hyperbolic, circular and other specially shaped are shown to 
obtained 

A block diagram to obtain on elliptic characteristic 
is shown in reference ?ig.3.27 with three inputs, it is also 
ohon that non linear types of nrnplituds co orators as is oh-
tamed with a three input rectifier bridge and a transistor  am-
plifter also give correspondingly the same results as with a 
linear type of amplitude cooperator. 
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3 6.  WAY  BZL&T_RE9PONSE 16  

Before we analyst the reaction of a relay to a system 
disturbance, or the relay response, it is worthwhile to consider 
the primary,, secondary and system impedances. 

The impedance measured by a distance relay is the 
ratio of the voltage and current presented to it. Either primary 
or secondary givantitiIs may be considered, with corresponding 
primary  ' impedance .. * Z, 'or  secondary impedance' Sys; the relation 
between the two is 

►s  a 9p  (C.?. ratio)/ (V.T. ratio) 

Relay calibration, charsotoriaties and setting calculations 
are in tern of secondary impedance, which is usually based 
on. 1 Asp. or 5 Asp. and 310 V. 

3.6.2. 
The impedance of the power system may be divided into 

two parts. F it tly, the impedance behind the relaying point, 
including the generators#  feeders,, transformers, etc.,, forms the 
source i Banos. The source Impedance must be 'known, s]. though 
not necessarily with great accuracy, to detersive the fault 
levels and Impedance ratio of the system. 

The second part in the Impedance to the fault in front 
of the relaying point, which is governed by the geometrical 
arrangement, ei so, shape, spacing end materiel of the conductors, 
mutual coupling of parallel circuits and, for earth faults,, 
the nature of the return path to the system neutral point. the 
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precision of distance aeasurssent depends largely on the acct-
racy of the calculations and the ipedancs data for the protected 
feeder on which  they are based* 

3.6.3. The reaction of a relay to a System disturbance is 
determined from the voltages and currents at the relaying point. 
This aay be done eoreticalUy using syi etricc1 components• 
or practically  usin network analyser, p aputor studies. 

For simplicity only three princlpci types of chort-
circuit are considered her.. In the Simple circuit of Pig.3.28 
the source iipedance is :'W end the impedance from the relaying 
point to the fault is Z9. 

3.6.3.(i) Y,,_,.~e -PL&aeFau t 
Considering the three phase fault depicted in the 

sequence diagram. Pig.3.28, the positive sequence voltage 
and current at the relaying point for phase A are 

V 	*1 	8 and Zva r 	:f (Z3a + fl) 

The phase neutral voltages are V5 a V:al' 1J a2V 
and Vc a aV1, the phase cuz'renteara '11L a I jav lb a. 

Ic a Alm. If throe single phase distance relays were energised 
by these quantities each would measure the poe&tih scqucno. 
Impedance, Zfl  . 

With delta connected o.t.e. and voltage circuits the 
relays would measure respectively 

(►$ -VV)/(Ia - 1, ) 
(vb - V0 )/ (lb - l) and 

I 



66 

and aach of thoco aiproaoiono to equal to Z. 

If botTovor, tho c.t o. +era atcr connected and tho 
voit o ciraulto delta cODDOata4D  the throo oloconto caould 
aociouro  

(Vb VO A 11b  

and 	(V0 - Tc  ' 1c  

each of which to equal to E I' 3. 

2ho oquonoo di. rw of Pi 1.3.219 1a for phew A and 
a B-C p .00 fault0  I a -1 ,cc that 1►.a00 Ib a- 31011 
aid1 a,1  fs,  

fibo pooitivo and noutivo eoquenoe it podancoo arc wool-► 
da d equal. Thie 1s true for otatio appamtuo„ but not for 
rotating inachinco. The variation in pooittvo--c oquonoo reactance 
of rotating or ehinoo introdueoo an orror0  twuail negligible, 
in the courco iopodanco. It iø to t, at appro i tort the boun-
dar of the ub-tronotont and tranotont regions, conooquont,ly. 
it to oven loco significant with hiig peod dicta oc protection 
than tiitb lows speed diatonco protection. Zn Pig. 3.28, thoro -
fo ,, 

Vca  a In, (2Z + gul) and V a 1.OIZ 
Cone oq ntly, 

Va  a 21Ca(Z + Z) 

V'b  0 101(Q22Z - s ,) 

Vea 1al  (O2Zf1  •0 Z) 
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If the several aetbode of connecting the current and 
voltage circuits era considered, it is evident that with star-
come ted c. t. e. and delta-connected voltage circuits the "Jay 
.element energized by the fault current and the voltage began 
the feted phases measures 2 E . The ems relay sea~zrae 
St, if the o.t.a. are delta connected. The two other relays 
aeare higher iapedanoee. i.e.  they under-reach. 

With a delta eonnazion for both current and voltage 
circuits the relays measure positive"eequ.nce impedance,, Z, 
for both three-phase and phase-phase short-eirauits. If the 
c.t.s. are star connected and the voltage circuits delta connec-
ted the relays crust be not to measure 2 3, consequently the 
three phase fault distance is correctly meaenred, but the  re-
lays i der—reaaeh by a factor of '5/Z for phase-phase faults • 

3.6.3 .ii "mil a 	a th_ Fir 

The earth-fault loop include* aero-sequence impedance, 
the value of which depends on the path taken by the ant. 
Some current may return to the system neutral point through earth 
wires in the ease of ovexhea4 linea,, and through sheathe in the 
case of cables, the remainder teturna through the earth and in 
considered to flow in an imaginary conductor at a depth depend-
ing on the resistivity of the earth. the sec ► sequence impedance 
varies considerably with the feeder construction and the nature 
of the terrain. 

The position of the eyatem neutral-earth i paint has a 
considerable effect on the value of impedance measured. This is 
shown in P ig.3.29, the source impedance  i s omitted for simplicity. 
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F[G:-3.29 	'EFFECT OF LOCATION OF NEUTRAL - EARTH 
POINT ON EARTH FAULT IMPEDENCE 
MEASUREMENT. 



At (a) tho ayatoo neutral in ooiidly cartho& at a roxoto point, 
tho courco is at the rolayLng point and the cis fault IC 
adjacent to the noutra1-math point, from the s oquouco dia ao 
at the relay location 

'I a2i Z1 

VøV1 +V2 V01 

l3+12 t10 21, 

Therefore 9 = viz c 

At (b) tho cyoton neutral point Io oolId2.y► oarthod at the a - 
laying point, and tho apatc i ouppliod froD the reoto 
€ d adJaoont to thich Io an ash fault, at tho relay location 

'~) = 11020 m 	2.4 1. ( a+ Ong a 'ypioal V(31U0 of 

V *IV, 0V2 

I=11 ' 2+10 1a 

and 	ZmV/'z o2•4 91 

At (o) the ayatoo noutral point I o solid .y earthod at tho ro-
laying point end the co roo la alco at thin point, but the earth 
fault to roeoto,, at the relay location 

V1a11{21 +go +Z2)to4.4l1Z C accucodgo im2.42a) 

V tVI +V2 +V0 x`71 

I 	112 O 511 

and 	Z ► V/X -m 1.4i 

Zn a , oto ti&th noro than one noutrol-ash point the 
veluon of inpodanao naaaurothould va botoon ZI and 1«41 Z1 
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3rth-fculti iripodcrnco tcurozont I o LQo iidcpondont 
of tho nwjbor of nou ral-oartb pointov  tho roictivo location of 
th000 p fnto p  the ro1cyOtn tbo fcultc by applying;  nl4zo3. 

} conpaxaoratIon. 

Bold ). + or b+ ' 	aor ct ear -fault otmo 
1 qo for the vo rioblo 41ulcion of corocoqnonco currant bottsoon 
tho aol7oral nur3. oa b point a- in a coati to oortbo+ oyotaU« 
Prot the typical oixcuIt of Pig..3O It can bo coon that a 
fraction of the rooidui current is In ootoi into oaoh oth'4oult 
dintaiuc relay. ' o ph o •o t ; voltajo Doaourod at tho rolaying 
point so 

V = 11$1  + 1292  + 'logo  

10  Is rartablo but equal to ono'4hir of the rooidual current, 
1roow o  ° 	writes Y1  I]. a 12  and, Z, a 1120  therefore 

101  0 Z1/5 

and 	I a 2l +10  0 2Xi+I 

Tho quantity to be ecacurod 10 Z., cod if the viol t o to o 	000d 
+ao 

21 r 21, + I S+( -1) Imp 
It 10 evident that the relay owns cnot be i. roaoo6 by 

tlitb thot iol valu of 110 a 2.4, tho o poneatton 
; quirod in Qach phaeo to 0.4A 10  end the ratio of the reciducil 
oosipenoation +cam ory c.t.o. Ia 1/0.4'! A 
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3.6 3(v)  Mat l_Zn4eUon 

Where two feeders run in close prczisity, e.g. double 
circuit overhead dines, and the eyetea layout  is each that for 
a fault on one feeder zee-sequanoe currents can flow In the 
other feeder, the zero-sequence ce couplin between the two +acts 
i.spedenoe me sureent. The email secant of positive and negative 
sequence coupling Is negligible. Considering the faulted phase,. 
the volts at the relay location  y be eprssssd an 

V a 13.21 + 12Z2  + i0' £0  + 10' #980 

where , is the s.ros.quenee mutual izped ce of the two 
cite, and 11# is the portion of se -sequence drat in the 
healthy circuit. 

In the p eeling pare 3.6.3(iv) a setbod of residual 
compensation is described which overcosee the variable netur► of 
the 1 , L term. Co p nsatiox can also 	 applied to the ow nt 
circuit of the relays to eliminate the effect of IQ" * Z0. A 

typical circuit is shown in 'Uig.3..3O from which It can be seen. 
that the residual ant tn the p rallel line Is lee*red and 
a traction is Injected Into the residua.- compensation circuit of 
the feeder der consideration via a mutual cozpensetion +rnzIl 
c.t. 

The sew uence curt in the pars] is]. line is 
ones- tblyd of the residual current in the parallel feeder*  and 
SX© 

 
is equal to 	Z, Who" 	is the positive sequence lope- 

dance of the faulted circuit. Thertore the induced, voltage Is 

V1 a 	'/3, , and the amount of coensation required  ,I n 

veir , rse 
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In Figure 3.30 a value of 2 in scented for X. To 
provide the requisite ooepenastion of 21 00"0/3. the ratio of 
tbs Mutual coapencation auzilisTy cwt. 12 tade 1,/1.43 A so that  
the overall ratio of this Cat. and the zuidual cospensetion  
c.t.e.(1/O.4iA) is 1/0.67 A. 

3.1.1. The desirable characteristics should have three  
selective functions naniely 
(a) direction 
(b) disc urination between fault resistance eM load 

Ira ewe 

(c) di etinca aeasuiaasnt 

Direc ion. teens confining the tripping cone to the 
first cua8renta3 although son* incursions Into the second and  
fourth may at  times be desirable. 

Selectivity between faults and loads Is one of the 
jor nIreraents of a distance relay particularly during 

power swings. DItence raeaeurcaant by relays poses several pro  
bless particularly duo to the pa nonce of are 	+Awc*. tower 
foeting resIstance ate. 

3.1.2. The I eel characteristic would however be a quadric 
later characteristic with its TSaobes as the R and X axes 
separately adjustable. N verthaless the characteristic should 
cover the Impedances in question with some i gIn bsoene the 
irapedcse cannot be stated exactly because the line ispodanca 
may vary along the line and an well from tiaze to 'tIar and trot  
phase to phase because of moderate steady stets errors In 
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asseuring transforasre and reley. and the prsctioil limitation 
to the setting of rely. 

3 •'1.3• The CZGflB Ca .ttse Reportan Protection and Rel*yin€ 5 
has recosended that the charactarietic should as far as g -► 
hiS ensue satisfactory operation in the preienee of :- 

3.1.3 (i) additional resists In arcs, ter footings 
*to. seasu 4 in soft Oases with isportaut reactive coaponents. 
This Is the chief sir of error in distance as surd t 
bless. The fault ►8i otnDOe has two coaponeute, the resistance 
of the arc and the resistance of the ground and in a fault bet- 

+n the phases only the arc to Involve. whilst #x3 a fault to 
the ground both are involved. 

According to Wirth an foreu.ls., th* fault arc reds 
tance Is given by the relatI ship 

arc 
*4  

where I 	• leng th of the are in feet in still air which 
initially will be the aanuotor spacing but 

.will increase  in the presence of a arose winds, 
'Mauer the arc bow to Inertia. 

and 	I 	as is the fault current 

The above foreuls where time Is involved becoses 

	

where a 	conductor spacing 
u -wind velocity in silas/hour 

	

t 	duration . f time in seco d* # 
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abovo tornu1ao !rnvo boon o1ajcod by thi author(1) to bavo boon 
onfir 6 by toots in r.0 sia, Frar oo, U...A. 

z roactonoo error i o _____ cm n off, ihoro 1'. io the 

~uvDont fod in fpm or 	end and oC is the angle botween that current 
Ind Oct total fault currant, The larger the current fod in from the 
>ther cad the Eoro oC approacho o the anglo betwoon the two currants 
Ind the Bator tho fi chi flo-S roact nce • but on 61 other h"n1 

of + p) 1r a amaa l onto bocau a (a) It Ja the act 10 botwoon the 
)us voltagoi at the ondz of the ,prof ctod section and (b) the iorgor 
ID c the .sa31Qr are voltage .to, byoauco it decreases as the i.1+ 
$nrQr with currant ca nitu « (Refer f c 3.31) 

Tho oz+ ., (32) Coemit oo bo . vor has raoorr~e ndod for irpli.. 

Mod oalaul-bona in that the arc s tetanco be assucnod as a oar, 
tair oltao 2 or 24 KKVfm of are longthdivided by the Currant 
tbrcugb the are* 

Tower footiflg rootatanco oponds vary ouch on the nature 
t the Ground topograFhy, humidity utc. and on the use of around 

dirOa eta, and ovcn on the azplitudo of the current. 
The CoomXttoo report states a distance relay is In easy 

3acoo unable to aomoura an additional resistance correctly but will 
in ouch ewes c03ourc this resistance with an aoplitudo factor,$ 
:alto X and s oticea called with an angle called .xi.. The important. 
values of ` ar, E occur in two c with roactanoc grounded not tralo 
er iou tod neutrals with faulto to earth from one ,phase on are 
lid and frc another phase on another line and In networks with 
Qolidly grounded neutrals with phuco to earth typo faults. 
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Tha Qoct of `activo tray of preventing they fault revictanco 

`rosi aaUnC tP 3 diotarieo ralziy under•roach .i-S t© thnin tho 
c3aourifl unit to m asuro the reactance ratha,r than tho ingodanao 
of tho f u tot circuit. : vortholoas the zor)e I should oncioco 
ao much of tho Uno l podance and the additicral reniatancoo if 
poasiblo ulthout over roach and this c onderus wi.t h tb9 d lrablo 
VbApo of this part of the characteristic, 

3.?. . (il) 	l 1. _ Imo, d ImAl s rrc 	- 	 - 

cvtr tf of the saw order of rn3Crt.tudo an thO fault laps. 
danco.ln the vir4plo case of a lino feeding a district nth no 
aop rato .pe r supply.,, the load 1rp3danco may be United by the 
full drawn lines at chows In tho iguar hero 1(332) where the 

Up Pr line is, duo to thO cagn tiaing current, really a part at 
a .arse circle rjth the centre In the let quadrant near the 
.7•azLo. In other cased the loci for tho maximum load nay differ 
c c= ha+ 	the circia In the figure. 

A fault condition will also o. .st If the difforonco in 
phase culo bots on two atatioaa with saparato labods o oode 
an angle corrocporzdjng to the rnaziourn load condition. ior linos 
cone cting two not arko, each having a Certain potar production 
to ipodancc loci are as shown by tI circles (n the figure 3.33 
+shown a 

In this figure A and fl are ttro twostations with voltages 
E, and E roopootively, and 4 ie the angle between E, and E.. 

If the voltage drop hc,t c n the two stations ezc ods a 
certain value ( o., 2o), the Fnpodanco lad, are then shown as 
circles on the top of the figure whore the circle 0.8 corree. 
ponds to 2O voltage drop. The suppositions are as for the 
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circloo to t) rjoht. ho relay must thbn be located s000u oro 
botr on £ and 0 n4 tho tznpodanco 	urod by the relay are 
Ci n. by the diotanco fror that point to the circle in quoo•. 
tion. It chculd, ho vor, be r000borod that this iipndnco, but 
not thD oh p , any diUtr in cane of chantjaa in the network. The 

ttork condition iponinC the groatost 1 mitation in the otart 
nono should be oonei4erod. 

It io praotleod In Gornany to have the Impedance roach 
Datchod to tho Changing load conditions by riakinrj the roach 
roughly in,orooly proportional to the currant e.g. from 2.5 tiaoo 
the ratod currant down to a ocail current. This coanc an 
ncroaco of the aicue oxtonoion of the €tart sons in the case 

of ocaU curronto, A further incroace can be obtained In tho caco  
of unoyoetrical faults by intro©uotn current component a frog► 
unfaultod phanco. In Gorinany dopondonco on the angle in alas 
pr ,ctico6, 

3.?.t4.(iii)  

The lopodanco ineanurod or' 000n' by a distance rolay dur.. 
.ns normal. load in thorn in the - 3•3L p figure, t OrmCL ly this you  

be outside the tripping nono of tho distance rol.ay but, on a 
very long line hoard the longth of the line In nilon oxcoods the 
070tea LV, the circular iTpodanco characteristic cay have to be 
G3do cc largo as to involve the point i. *rthornoro as tho load 
increases, L covoo to rdo the roJay charactoriotic in the 
direction of the arrow and during a power owing,, It aay o00illato 
upto a point ouch as P..•. vitro it oay enter the tripping ,ono 
of the relay oven on a modiuc length lino, To over cone this 

tA1 LIBRARY UNIVERSITY OF ROORKEF 
nO E'9 
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ttii admittanea (Dho) row e s dovolopod, rhich is conmiti'VQ 
only to a caoporront of curxont at about the auao phaco anglo as 
that of tip protected line, uo that it is insenaittvo to high 
poor factor curror t conditions such as loads and poier suinna. 
Zub guont dvoiopetc have boon the elliptical and quadni. 
latoral cbractortot too. 

Voter diajraa of one phase of a power oystoca during a 
Dora? mming., 	 '  

Pour f3ortc from the parts of the system with ourpauc 
gs nc ration to tho aroan with surplus load. The consequent flow 
of current throuch tho o)rateD causes a valtago drop(rofcr above 
vector diagram) which, abaci the cycten is riiiplifiod to the 
equivalent two tachino system, cparatoD tho two source o.m.f.On 

4 and Lby an angle 0 whose ca,nitudo increases with the load 
transfer. t * t*R. Van -Goo k. rrin on has in his paper ig  ) given 
a graphical eothod of Debiting the perfo auncO of distance 
r03iying during faults and pc 11r swings in a detailed Lore. 

the above rector diarjraz2, the swing current 

2 

total cystoo impedance 
a Bonding end voltago  
a R.ocoiving and voltage 

It 1 	JI4 then 1, z Sid 2 2 
T voltaic docroason towards the middle of the ay-ston and this 
reduction incroasoc with 03  until the line voltage is zero at the 
olnetrie .i centre of the system when Q., = 18O°( for Fig. 3.36 ). 
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Preponderance G 	 G Preponderance 
of generation 	 of load 

Load 

i" 

Load 

Load 	 g 	Lood 
Zs 	 ZL 	 ZR S 
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(C) 

FICI 3.35 - POWER TRANSFER AND POWER SWINGS. 
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X 
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240 	210 
270 	

ELECTRICAL 
INCOMING POWER 300 	CENTRE '- 

- R 
 POWER SWING 

IMPEDANCE 
330 

LINE IMPEDANCE 
GENERATION 

(LEADING) END OF 
SYSTEM 

 (7'\)
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I 

IN- PHASE 	0 
POSITION (ZERO CURRENT 

RECEIVING (LAGGING) END 
OF SYSTEM 

~Bo LINE IMPDANCE 
150 

	

120 	OUTGOING POWER 

Os~ g 

7A A 
O 

RELAY Jl 

	

LOCATION 	30 

CHARGING CURRENT ONLY 

4 

FIG:- 3G- LOCUS OF IMPEDENCE SEEN BY DISTANCE 
RELAYS DURING POWER SWING. 

FIGS• 3-37- EFFECT OF FIXED LOAD AND VARYING FAULT 
RESISTANCE LOAD MEASURED AT 'B' 
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o offoct of this upon the ir2podancio coon by a diuts,rico rv]Ay 

to ohoun in tho Fig. 3-35 a > & % c 

oc3Uy Qo doou not o on6 1 ° and the rolays are a gil.. 
gtblp atibotod, but during a povor awing 83 mp oceillato upto 
$ • Th 	tica .ly a cuing of corn than 900 should result in the 
gn ratcrs at A awl B losing synchronism bocauso the DyrX3ht0fliDing 
torque in proportional to in gr and honco docrousoc 'thon 0 900. 
The origin of th abovo 41nCra--j is chown at tho relay location 
A so that tb irpo ncos coon by the relay are measured frow A, 
This relay would moanuro tho irapo ncu value AB for a fault at 
B, but In the Cane of a poor swing with anglo 9, between t he  
Son rated voltagoc it ouid , oaouro t . tmpdanco M. As the ouix:g, 
bocomos nDro and more savers, and the angle of sad,- :ration croacee 
and the impedance moaeurcd by the relay will recreate to a value 
A q which oup happen to be within the tripping characteristic of 
the relay. thoro it Is found that the ewer suing locus pane.. 
trratco the relay characteristic the subntitution of an oUipticsl 
ch ractnricttc nay proYont undocirablo tripping or altornitivolp 
to add ohm units as bijndorc. 

,o effect of a per swine upon distance measurement to 
fault in oqutvaio nt to a load mpodance Z connected in parallel. 
with the fault cinco t'ho load currant does through the rota 
but not through thn fault. T tiauroshows the ic►podanco r a cur d 
by the relay an the fult ra oio tanco v ar ie s from 0 to qP with 
(a) incoming power (b) outgoing pa r. Ref eyr►- 	4a Jic 3,3~, tive have 
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FIG:-3.38- EFFECT OF FIXED FAULT RESISTANCE AND 

VARYING LOAD 

Relay 

Power- Source 
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FIG:• 359-b- 
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- ith no `ault en2 a 2*ad of a constant magnitudd but varying 
phano anglo g tho 2 ua Of tho i--g danco moon by th, rolay at 
Io tho oirc2o 4a's ddith a fault of rosiotanco Ad and tho Cam 
-load condition as for 'a', thn locus b000QoC tho ciclo 'b'. 
A caflr locus gives tbo locus +C,, no load givon tho point Id" 
Largor loads givo the loci 'a' and 

O th oo loci tha points .c rkod $ to 8 represent tho 
Maio phaDO anbo t of tho load currant as seen by tho rolI'ay at A. 
ar instance tho point I roprosonts unity power factor outgoing  

powor, point 2 is cutC,ng t V#fl; Point 3 incasing 4,point 6 
in0 cir tVfl. 

F~ the above it i11 be soon that the relays tend to 
noasuro loan reactance and bonco to ovor.roach with outgoing 
poi r and to undor .roach uith mooning po' r. '.y a ho relay with 
a circle of dia€ to AD would owor roach for locus lo' which 
howo z' roprocntc an onornoun load. 

Undor.roachinQ occurs in cost oases. Ovor•.roaohing scours 
in relays with outgotnapotor, but it in serious only for a rolciy 
near tic receiving and and with a high rosiotanoo fault. Tho 
qt trilateral. characteristic would be such more vulnorablo than 
the ciio circle in this Case. 

ritaroaa the icpodanco aeasurod by the relay can be 
cro 	by t't fault resistance which in in scrim with the 

lino tpe&neo as Chore in 1ig.339(() rUcti1Ar ,r with loads 
in pra1lob with a faultod moo. This would ho tho case with 
ethnglo and food whore a relayy looks backard through the 'fiats 
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into tuo Ii no on of which to faultod and tho other has a 
load. An exanple to that of tho third zone oho diotanco ro y. 

3.39®Pjguro oho the Impedance seen by the relay In such a 
cat* = the fault io a solid Pro and the uni r powor factor load 
in va rjod troi zero to the oarium value. The small circa 
Chow* the effect of varying tho distance to the fault a ith a 
ft 	d C cazfrui) load,.. Those conditions can cause ovor.-roac'hir 
Bch is not undesirable in the cane of a rovoroed third zono 
unit, horo it is due to a heavy tap load on a very long lie 
it can cause ovor.rcaahinc of zone I and this nuat be .allowed for 

- In Ito Dotting. Howovor In ractico thin error is considerably 
reduced by tho Coro noquonco con3poraation of the relay since 
the zero ;uonco current in only aecociatod with the fault 

..?..)+.Ciii) tut ictorn 

I U uL I Induction at oyoten frequency can occur but en 
one conductor and the other two of a three phase lin3, or bo tueen 
one 3 phase line and another. The ,z,thod of coo,oagam , for th 

former is otrajihtforyard because the c. t.' o of the other . hazo 
aro available, but co penoation for induction from a paral.io l 
line is not poosiblo if the latter deco not terninato it the 
carzo bus an tho lino affected. 

On an Ideally transposed lino the voltage Va for a solid 
att to ph co fault to around in Civon by 

Va Z 2 + ( +I) 22 

ferc~  colt impedance of the conductor botr on the relay 
and the fault 
ito mutual impedance to the other two conduc ors. 
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?roa the above equation  vs have 

	

*(lb + 	3L 

or 	Z 
	Va 

a +( +Ic ) Z 

flut Z1 a 

SZ0 	Z + 2Z 

Solvingfor Z and 	vs have 

z*1/3(2 +Z0 ) 

= 1/3 (Z0 - Z1 ) 

Substitutingfor Z and 	vs have 

1/3 	~ 	~. 	+ ( xb+ia)(zO-zi) 

1/3 []~(2Z,-Zo)  + t,'o.'a) (Z0 Z ) 

m 1aZi + to (Zo 	)  
z 

z a 
14 + (  ) i~ 

From the above equation we can € ake psrfcct compensation for 

mutual induction from the other two phases* 

In the case of an ntran3posed syuetrical line for r solid 

single phase ground fault on phase 'a' vs have 



' oro Z,,: e io tho mutual impodanco of tho fi uitod con etor 

$all to eondueeetoro 'b' and to . Waco tho cotiponnat ian Zrcn tho 
cound phacoo will ho 

a116.YrIw9f~ ilw~rFr 	i +M~Irril nil 

It c y ho contiono8 here that the Colt and tnitual tcpodancas of 
the inividui conductors are coldon 'known in practice and tho 
relays in tho 3 Pbacon are set for the same i7pedanco and cupyliod 

th the co proportion or currents from the other two phaeos* 
Und3r theca circumctancoo tho difforonce botucori the relay 	surom 
font of an untrancpuc,d lino with taro ,cequancu co ponoation and 
aound ,Taco cccation is less than 2. Lionco zoro quunco 
coanzat1on In norm .y oriplayod an it roquiroo one one auk" 
liar` cite 

In i9 O,, tl.i. R . rso(43) taco a detailed evaluation of 

the erroro in tbo Qaaoureont of iripodanco by diotctnco protection 
v u app ►t 'to 400 IY double circuit linos foznad in the 
used loop intorconnoctiort, An accurate separation of the errors 

arioi . os primary circuit intorph so and intorcircuit mutual 
coupiin ,not transposition of phaco conductors, uctors, and fault Dosia.. 

tango is dovo1opd during the fault and pa fault operant 
conditions, for uhich the orroro have their groatoot individual 
and ccebinod affects are for ulatod. The orroro have been ovalua.. 
tad by com nitor pro,gra inc on tho basic of which their canon.. 
qunn005 in r, tion to the fault operating porforr anoo of distance 
protection, in assessed. The error study has - been made for pricary  
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oyotoc fault voltjoo and curronto and bunco' tor tbo rOlci7iflg Qi 
u to iorivod from thaw doh amrs oirnttidr1 qr~a itio at oupply 
froquoney The oo'urcoo of oar in tho px'otoctod circuit .Ic colloot' 
ad in tho f olU in far 

1) intor pbaoo nutual coup 	, i1) . ntorci ctiLt cuter 
ill) non ranopoaition of oond ito , IV) fault rocio' ancQ. 

he orrora bavo boon culcu3jto4 for tho toll in( crpocificd condi-
ti+nc f 
1) 	prafault trnnotor of cotivo and roaottvo poor both In ariuFF 

tudo and i ction 
11)ocifiod short circuit l olo at tho mbar tom n tiono of 

th 	
ao

a Interconnection ecti on 
111) ratio of the poottiiro ocqubnco to the cars aaquonoa , 2pcdnnoO 

of cr h infoodin ooul,00 
I'r) 	type and location of tho to. .+ 
v) 	rAtio of acurco I od Co to linoi odanco 

The Moro duo to  intorhaOO andintcrcireuit **%T— Ung bcvo boon 
atoll to be cliaintod by comWwatlw nothodz norco3.ly onpl©yodo 

The rolaying orxor VA duo to iao1 of conductor  'trana + t& to 
forced no 

vi 	 IT 

t'boro t 	donotco tho cocpnintcd rola.yin oigni calouletod on 
tho bade of an aocurnad tranopacition of conductors and X 	cor ran— 
panda to the cao quantity cczlcu2atod for a gLvn scat of iopcdanao  
Puraitota . If 1 ( ) 10 tim ozeetly cozporncetod oil than tho 
oar F. arioiva fran thiu courco to elven by. 



The error Lin  duo to Lntornirnnit rjiatuX cou,plinGie given by 

0  82' 	2) (1"10 	2 2#A1 + 	9 + I'0i ) a  " ,2 
PC  x 

z( t ) 

orrr due to Vault rociatan+c 1 is given by  

r D 	( t  

The for sound, ghaso co r. naation o have the sum total of oil 

+Fi3 + 	+Pp  

t,ie sr Zo 

 

in the coif lnpotbnco por unit 1 s tb botw on ennduetora 
in the Oaf and 'b' p azac with common oarth return. 
Per roaid. l cornponsation is havo  

v 
VÀ  + FS  + PC  + PD  

inn) 
thou 	is the o coquenco icpadcace per unit length of the 
faulted circuit. The orroro duo to 3ctt of conductor to napoottion 

are different ror each of phano and it has boon aboun by tho 
author that come of the errofo tend to cancOI a ith one another 
and tha t there in an intordGpon nCo '#mot or them« 

ffn er S.A-. t oo- lar(52)  in tho aamo year ozasinod the 

case t of sieni Heart datual coupling ipodanCoo bo tenon the 
tLo circuits in double circuit over bond lac. Uia study ae 
conducted for different primary circuit arrnjocento and for tho 
condition Than on circuit is out of corvico and cart d at both. 
undo. The conclusions of hit otudy indicate that dictarico 
protection car ov r -reach fin datocting aarth.fault O If zero 



coaunnco curro!tn flown in a paraliol circuit in tho oppoaito 
direction to zoro oóuonco components of aurront in the circuit 
in bicb tho mse sure nt in cads 4a rortholess tho extent to 
wtiich thin can occur in practice is csvoroy limited by syntea 
configuration and over.•roach .ng has been nho n not to occur,  
the doublo circuit 34,n3n are connected to the cams bulbar at 
on end only if a singe piiuo earth fault occurs on ono of the 
two circuits, it has also boon shown t o a failure in. diccritnin. 
Lion duo to mutual ccuplirig effects depends upon the distribution 
Of oOUoflcO o ponont of fault currents and failure in discri . 
oint1.on is not likoly if iipedanco protections are set on the 
baste of circuit coif lepodanenn in an inter4conunatod multiple 
eer hec1 cyaton. The Cut or has advocated that it would be prudent 
to restrict zone chatting In certain particular cases there the 
total fault currant earpricos a]coot entirely zero sequence cocpo. 
cent so. 

The affect on distance relay perfornaneo of operating only 
one circuit with the other isoln.tod and earthod at both ends in 
tho case of double circuit lines tae studied by W.1)•  iiumpago 
and XS. Tamil 3 ). it baa boon statod that relaying conceit ions 
aiirGquiring a resetting of the foruard roach settings, srth, 
fault uonditiono give rise to apparent impedaneoA vain which 
ore gonerl y locos Computer otudion unre conducted by thus to 
o!aluata the diacric,irmtive porformanco of distanco protoct ion 
under earth fault conditions both under single circuit and double  
circuit c thjag. It as found that conditions necessitated In the 
°coloeticn of the forward roach eattingo of zone I rolnyxi so as to 
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gourd acain t tb000 rolayo roopondina a ctornal to the protoctoa 
circuit* a orroro in tho reactance rio uro nt undr cartb 
fault conditions dicccunttn the ottooto of fault rooiotanco 
r ountod to ao much an 2O$. Obviously thh pr000nco of tho fault 

oiotarxco cold accentuate boos error values. 

On a doublo Circuit line uth little or no generation 
at tho far and, a fault on one line will be supplied with a 
oubo antiai amount of current via tho sound line • This current 

.il induce z6 voltaao in the faulted linoz which will make the  
relay unc r.roacb , in that line, is  tendency will decroase ac 
the fault a roaches, the roroto bun,#  no that under-roacbing wii ,. 
not z.rio of r affoct the zone 14 AD ouch mutual coap'onoation i0 

normally lttod(19  

Man a fault occurs, the current and voltage at tho 
relay undargo a ouddon change In anp3yitudo or phaso angle or 
both,. Thin sudden change causes the sinusoidal curront to bo 
otfcot by a decaying d.c. coriponont uhoco amplitude do ndo 
upon th 	ont In the 'cycle at which tho fault occurs an4 heso 
+o ration increased with the  Z#'L (tioc constant) ratio of the 
ci unit. moo transients take the form of a decaying d.c. 
copornnt which offoe r the current or potential wave so that  
one half or the w wo has a. iroator .amplitude and a longer dura. 
Lion than thO other. This till cause decroacing altorr to 
positive and negative errors in both amplitude and ph.3c0 oompara. 

torn cc that thOy will tcn4 to over reach during evoz other 
cycle unloso moans of providing average oaouz'oeont are tncor-
poratod.  



In01tarJo CO D3ari oon tho liry voltagQ at tbo rolay 
lo0atio z to coprod vith tho voltcio drop acraao an icpod3neo 
tfbict. I0 tho roplicarop1tca of tho protaotod line cction on a cocondar  
' sio. For a fault at tho and of a protected tetion the 'ljno 
volzaga at th roi y is prcducod by the lino curro t flowir 
trrcu tha ipo neo of the protootod motion« Conco ;wont: y, 
it O tranciont bObcviour ic I€ontical to that of the voltago  
produced by the co currant flojn through a roplica itdanco 
provided that the oyo om impedance to hozuogcnoouo (the courco 
bpodanco Z. is invariably core iagginZ than the 11n ixpodanco 
~)~► In both auplitudo or phaco c p atoro (IZ .V) i.e co -
pared r th I% or V0 Cinco and thorn tormo contain the priry  
currorit+ Vanoiont oqt liy roproducod, it canoe in out in the 

Gaouroont of iapoaanoo In a h000conoouo system, On a nonce 
'homogowouo cynton uhero tho co co inpdanco is core lagging 
than the lire inpoc nee the tranciont ronponce of the . lino 
potential utU not by tho cam ao that of the current. th nco 
the current a or voitagon compared  cotprod in the relay ii1i not bo 
izatched for a fault at the and of the protected nootion co that 
a fast relay can o r vouch if the fault current is conoidorabll 
offoot. In practice this i.e pro ntod by delaying than relay by 
10 or 20 no for fault noor the cut oft point of ,nano I co that 
it 'o operating tIo o cock the timo conciant of the protected 
coat ion, in curront cap 	Lion the roplica Inpodanoc in 
connected in corioc with the potential circuit. The relay 

current in both Canon is x LRefer Fs 3.40 (a) 



c.t 

ZR- Rebl icc. 
mpedonce 

FIG :• 3•40(0) -  VOLTAGE COMPARISON. 

c.t 

FIG:-3.40(b) CURRENT COMPARISON. 
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2 it t ao ro3ny ipodanco 

rot t snao ad, uctod no at. to maka tho  
circuit have loti ?tic constant 

J 6 fO 

This iori do Con ant provcnto any tranoiont error duo to 
ding ay of the cant in the co ararq of tho p. t. tgthaut 
ApprOciabi7 affecting t o contitivity of the rO1t v=q..pt .in 
thO cacti of 131W lima of ortromol7 high 	ratio, In 	cuch 
ac3f torø olty atplifiCatton 17 bO nococoz r or iin or 

coup lob can bo utod Although tho replica im pe nce aatchov 
the line 	 danOo for a colid fault, it doo c not allow 	 for 
rociatanco in the fa .t . This Is not so important in a oho 
rolay bee u..oa amOVQa .roach merely a oa th+O Cabo 01 10 for 
t noIDin coourccont to buffo aide ya and thio cauaea an 
uprovv ont in ito charactoriotic bocauto it prov$.d ao no=. 

that Toro tolerance for fault ronictanco without incrOaning 
the diotaneo roach. 

3.8 	In conciuoion it z y bo stated that to coion2y 
woad. diotanco relay charactorictica are quite rat intaCto ark.  

in natty cacov# Charaotorimtic0 with special and core tia- 
vmic oho a arc, zo 	ry egocirablo in do prosorte of 
additional oiotono )e noaturod in coO taco o at large poi. 
damov girth 1xportcnt Toact±vO coipononts, potr c. o,, load. 
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impedances of the ooze order as the fault i edancae,tran.. 
•ient error# and/or infeed currents not rnea3ured by the 
relay in queotion. Eonce no canbination or characteristics 
and no ect ahpo and setting rango can be stated as the 
only correct ones in all cases. 
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Poor cyotoo tranaoiawion iim o ort circuits aro of 
quont occuranco on on ontonsivoiy connaotod high VoltaCO 070 

ton. Thoso disturbancoc usually ronult from li, tnina or othor 

iochanical causao or othor caucoc rooulting in failure of inau.. 
lotion. In oithor case it in 0oirablo to locate and inspect tho 

courco of trouble, This io particularly true if tho outaz o i.n 
poroant nt and nuot be attendedd to boforo corvico iQ ro ntorod,. T 

determination of the diotar o to tho fault alto onabinc in or ni. 

sing rapid ropair cork. 

I'oc ar Snginoors have boon oncacod ainco 1935 in the prococn 

of analysing the naturo of Cault a and the location of tho fault o. 
Tho early documontod irk is roportod by G.4. O000U in his 

ja r(56 tihoroin it i.e stated that an automatic c cillo,raph 
mar: installed at a 66 1(V substation at Venice,, Illinois and was 

connoctod. to record t o around currant • A fault shich occurred In 

the &yrntoo was duly icolatod and the occillograpbic rocordn troro 
analsad. From a sot of gowral e uationo w1 .cb the author 'hen 

indicat9d in his paper, tho probable octtion of the fault ac 

dateruin d and as oubjcct to a physical i i; action of the lino 

as a cuuntor shoat. JoLailed inpopoctiori r v©alcd tYr.t at a point 

3000 ft. away from the Indicated location 6 insulators had 
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flashed 0170T on an i,nuul.ator string. ThO error in the oncillo.. 
,Graph d tormination of the .Location of the fault van lens tfn 
45 of tho total to th of tb3 r 	oothod of detQri tion 
onablod the purser oystoo on n~orn to have a- proper porapoutivo 

of the nature of the tranoi.ont fault # circuit voltago and 

current gnitudoo at fault Inception and on blod to bavo proper 
coordination of tb protective eyetoe. 

4.2.2. 	3ioIlariy in 196, H.P. itpino and ci.1 . Jacobs pub. 
lishod a paper(57) do3nribing a cothod dovolop3c9 for the doter. 
nination of tho location of ground faults after oxtanoivo otudjec 
conducted on a 140 KV gro t; ndo d rnut rai ny otom aftor obtaining, 
occil graphic rocords of ttar-, eyetct from 1941 to 1945 Invovirag  
about 254 lira faulto out of t,hich 96N of line faulto involvoG 
one or to phe •roc to around. Iho rathod applied to ground faults 

~YOU~ded' 	sysle v% 
in aAncutral,(o,f two or more par •U.oi linos and is baood on the 
comparison of Ctrs oagnitudo of ground currants in the faultod 
circuit and in the unfauitod circuits. 'ki3 oscillographo were 
initiated by inetantan3ous under voltage ro. ayc con.aoctod to 
tho 14O i(V P, T', and by instantaneaun (J(fl's In the 140 1W sou.. 

train of the grounded tranaforc r barks. 	Initiating roley a 

oro sot to ensure operation for at 3oaot to oaoil gr-aphe 
for all faulto within the network* Tha onciliographo In sorvice 
to ro of the 6 olocont typo of which three olc tita uero uand 
to record line to neutral voltage and the remaining throo to 
record ,around ourronto, The following facctoro core unad in the 
ground fault analyoto. 
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(a) nitui and ro a tivo vu.uOo of ^round current 

"rcm each end ci tho faultod circuit with both endo 
c loan d, 

(b) naanitudo of around currents in th faulted circuit 
after on and opona 

(c) zYoativo valuvc and direction of ground currents 
in ur aultOd Circuito in p raslo s.ih tho fuultod 
circuit with 
i both ends of tho faulted circuit c c ood,, and 

ii) after one end of to ultnd cprcuit opons 
(d) aajnitudc and rolativo iun of  c.rrorito in ccntri-

butinC circuit o fror3 around sources 

	

(0) 	roe ordod p0tontial 	 _ 

	

MCP) 	changes in oagnitudo of ground fault current with 
cingOn in the naturo of the  fault that is on© iir 
to ground fault changing over to two line to ground 
fault • 

	

J 	relay operation conccrni.ruj 
.) o errating time of tiro delay relays,#  and 

ii) pick up and operatiug rar gc of instantaneous 
ro lays. 

The above factory wore uti sed in drawing up a o . 
p.ioto sot of curves consisting of jpodance cur s , smut ground 
fault cur oft curves and ratio curves. Th000 date curves joro 

do up from this +o, ..vo and zero soqucnce diagrams by osier.. 
ting t'ho +,o, -ye, and zoro c3quonco is pedances at a sufficient 

nutbcr of points bottieon the t stations to ensure +rang of 
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nurvos Co an to bo accur to onou h. iha calculatis;na zro oir.. 

pligiod by uoiw irtar va4uuo of itnpodanoo ratbc r than the 

CO plan 11 +,X quantity* The curr t cumin earn ucod in dotox~• 
mining dtrontly the fault location an tho co torn plottod as 

currant against distance in Qlles, and 

 
Were.. 	no If tho 

1afnitudo of the fault curronto t pponed to bo roar the duD 

valuou. The ratio curvoc zero plotted urine the currant in one 
circuit as the roforonco and the currontn in the other circuits 
an a poreontago of the roforonoo currant and these tiara applied 
for detoriining around faults in prfloi uiroi.itn. Tha authors 
clairnod that vita onniflographs at oaoh station it a concia.. 
tontly possible for faults to be luc.3tod uithin a wile of ito 
occurrence. iloevor this ic3thod a..no did not find favour for 

reasons statod In pars )+..2.6 and also the oot od appliod on.1y 
for 1catina ground faults. iaho accuracy of the curvoc ran sub, ont 
to discroponcy an the effact of toter footiatj rosintanco and 

are resistancon 'faro nog octod. 

4.2.3 w 	In 1957, rt yashio Uaba 7th) has statsd that the fault 
locators usod in Japan do not uno the method of ranuring currant 
and voltage at tho turrninai of the lino because the nout rain of 
most of the poor oystomo in Japan aro grounded through ros .otanoo 
or around fault noutraiioorn, Onlyi in i;HtI tho noutraloaro 
solidly grounded and automatic osciUographs arc made appl cable 
for fault location„ An electronic counter provided along with the 
aguipaorat for diatanno indication ban provod to be quito roijablo 
and the oloctronie counter has boon unod as a back up to the 
# o. 
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(72) 
402„4* 	A4L3. Barre al€~o ropurto of th taco in 	of 
aotoxatiC onoil oaraphc with rocordu being i ado on catora film 
to rocord tho rrituro of cIanCoo in tho curront s, and voltacoo 
before and after the occurrence of a fault,, no ao to o in3 the 
otability of para:Llol uporation, typo of short circuit, coquonco 
of tripping or ciooing or individual torminzti.one and a1co to 
dotorijn the fault diotanco. The dictanco to the Vault in 
oati atod frame a record of the oro oo$uoaco curront Pod frcQ  
oach of the faultod line, and to cpood up tho fault location 

caleulat ions # opooial n000araca are ucod. 1hoco nomogx'ana are unoC 

in conjunction with firinc acetorc connoctod to rocord the zOro 
coquonco curront. Thoco Ciiiing attotorc havo their readirtgo 
find by tho pointor boirzg pronced dorm thus 1orvin a armanont 
record until rocot mnuallq. (!&e( 	is s 4.4 arJ 4-a) 

The CIQ11 Coozaittoo foport(68 ctaton tint porturboarLf-, 

and cotallicod papor rocordoro am normally still being ucod by 
utilition the t orld over to rocord fault quarntitioo. Ca .coltaticn 
of tho di otaaco to the fault from thoco quantit ion in dono by 
technical staff * 
-.2.6. 	ngcunL + ° 

Thoco fault location zothodn did not find much favour 
as it involved obtaining the occilloGra,.hic film of the fault 
quantitioc., analysis of the occiUojraybic film which oncO again: 
depended upon human judgomont and elaborate calculation* uhich 
all coupled togothor ineroaced both tiro and labour - a condition 
which .s certainly not conducive in the ovont of a cuotairted 
fault. 
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Gon3ral1y only earth faults aro located by rocordin 
line zero coquonco current. The metbod roquiroo the eorvtcoa 
of ep cie is ©d technical staff for caculation and intorprota- 
tion of thO recorded quantities causing rely and errors in 
fault location. Arc rocistance ,, doe-* component and double cir.. 
cult line effocto inluonco thO location of the fault and a~a 
such cauooa errors,* Javorai countrioO, according to G.LG 
t mittna fo ort(68) report of 9O of accuracy with this nothod. 

i1r1~AAwiM 

In 19ie8, 	Lee .io and *11. ILtdd dove loped the 
Liraaocopo 8 . They' nancopo" is an oloctron c fault locator 
which ucoo an echo rantjir: oothod for dotoreining the location 
and nature of tranamir3 aion line faults. Thic device gran in uco 
then on open tsiro to. opho o circuits for the location of various 
fault conditions including open ,crud short circuits and high 
rocistanca jointz . To Sao perfornod on b.v. trancm3 anion 
lines which Toro isolated for the said purpoco and faults wore 
located: at diotancon an far an at 300 iloa. The ncuipmont 
used the application of a, high froquancy pulse inxortod into the 
line by coana of a h,v, coupiin capacitor, and tho author 
proposed to have a photographic recording gear a.ong +4th the 
j1 n3tru3ont for the continuous inspection of live liaea in order 
to locate tranciont faults ouch as would occur with Ii htning 

flash over of live line insulators. The 	 c# 1e of this  thie method 

consisted of the application of a volts o puiza of a short 

duration of 25micro seconds to the terminals of the trnca1oojon 

lir, the voltao would In that case travel with a certain 



volocity dopondina, upon th 1.nn paracotoro with noaa.,ic1blo dio.. 
tortion; and only slight attor ation. t otr if at any po,tnt In the 
lino thero is an abrupt chanao in tho lino inpodanco, t o a 
portion of tho incident uavo is rof aotod back to rdo tho oourcoo 
tdijlo tho romaindor of tho uavo continues in Its original di roc.  
tion. lha echo uløoo returning from any fault on th lino are 

,opioyod on a suit :blo time base cathode ray tube ocroon, and 
in ardor to obtain a otood1 cual pattern, tho pulse io generated 
repetitively. The ti o roquiroi for the return of any particular 
echo uao then =sourod and honce the diotanco to the courco of 
that echo was datorainod. The i .gnitudo and polarity of the 
echo Savo Information regarding the nature of the source of tho 
echo, 'or ozc p Ic (i) U • • an lino 

0.c. Z =/L/C 	Inoidont voltage i 
totlootod voltage.► 

Truru3m .ttod v'oltAge 0 
-cho of =o polarity and of c 	. 
oourco rya.nitudo. 

(ii) 3.O. on lino 

Incident voltage C 
Rofloctod voltage 
ransiittod voltage = 0 

Echo of oam3 tagnitudo but reversed 
in polarity. with source. 
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than locating a fault on a po r lino, tho line to 
first deenergisn and grounds aro a pliod as a t3atety precau. 
tion. Tho I4tn ocopo Is ,bon applied to 1t htrio diroetly to on  
conductor and th other to the ground* The diotanco to fault in 
t a3urOd by using a calibrated of aga oca3s laid along the 
face of the C0 tube. This method i.e still in vogue ,particularly, 
In the XTl Fault Locator type 10155' )  ,̀'ho range of thie locator 
In 200 nllan, oporaton on 230 V, 50 Hz #  and condo out a pulse of 
10 micro seconds duration during each cycle and receives back the 
ocbao from the fault. A oscil oocopo in aced to moacurc the tin 
bet en transmitted and reflected pulses and hence tho distance 
to the fault. The exact diotanco to fault is determined by 
counting the number of narLoro from the outgoing puino upto the 
tip of thQ hip* Ivory markor corroepondo to 5` m lea length of the 
line. 

The a thorc in their papor(58  also doceribod the use of 
the " Linascope " un a transient fault locator as mentioned 
earlier by application of a high frequency puiso through a h.v. 

coupling capacitor. and An oectllo-scopo with a photographic 
recorder. 'heir oporieontal results confirmed that all open 
circuited faults and line to line faults wore detoreinod to a 
reliablo dagrec of accuracy. iii i arly in 19+9 Spaulding and. 
C.S. o ndt ) confirmed the location of h.v. pe r lire 
faults by the echo rung :ng means and indicated its use an a 
transient fault locator. 

).t, AVLT QcAT a BA&ED Q LX 	r F 	OF WWVa T 	R 	: i' 

In 19t8, Sons and T .W. : pringflold described in their 
`(67) a toothed of fault location based on the measure nt 
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of tho tins requirod for a t vo to trvo1 bttoon to fault 
and a trnoc n point and .lictad tho follotiinj throe cothoda ucie 
a aonoral approach« 

Tho " ,pulco radar 0 matizod 
ii) i1to bodutod froquoncy aot.hod " 

iii) 'he " fault Conarato4 aUrIO nvthod 

Tho authoro infor that "Iho fault 1;unoratod Our a motto O 
r s omp3oyod thon by tho Danaov111 kotor hdwiniatrat ion uain 

two typo both of hiob cako taco of fault Con'ratod ourgoc and 
sera dr oignatod asType A and Tyj B. to distiaguith on frog tho 
of aor. Both tho typos are automatic and aro capablo of bointj 
oouplod ,to livo linoo and till cc ploto their ceaourocento 
boforo the fault are is otjngujohodp and thoy lotto faulto 
which are not cuotainod. Th3 typo ;x fault locator is accurato, 
Esc in ouccerioful oration but it thon required a photographic 
film. A further treatment of th000 fault locators i.e given in 
p ra 1 ,3and4.1i. 
~$a, 	c 	i ,. 	nt ~"wl. .~ L 	:► ii. 	L1 	k+~i Z~. ,w' 

14°.5,1. in 1958, A.C. :co(+ ) ' o,.op3d a ground. fault locator 

.ch to c]ad3 to oporato on tho rocidual current through a 
opocial i.nptrucont and az jnotantanoouo CurrOrit rolay ia,orto4 

in tha cocandary circuit of tho cvrront trtnsfor arc at each  

and of tho lino. Tho princip.lo uc d h3ro to bawd on tlw •fact 
that the divtribution of Sara coqueno current in a uyotom 
during around fault doponda only on the vro aaquonco r tor 
of the Dyotot2• The peroontago of tho total (''round currant that 
is contributod by each and of a fiultod lino !a constant for a 
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clvon point of fault and varioo Frith the location of fault 
alon, the Uwe 	urotent of the zero co quo nco current In- 
put to each onn of lifle at a dafinito short the after the 
start of the fault and the ratio of input to or and o4 tho 
lino to the total input io coQputod. With thin inforUtton. the o 
location of the fault in found frith roforene3 to a proealculatod 
plot of thin ratio acainot the Biota o to fault froo onC and 
of the line. The operation of the around fault locator tollo n 
the follotyjng coquonco of oporationo. 
(1) 	M on a around fault o :uro$  the inotantaneouv current 

relay onorcicao a ta.ophono typo olcu relay which after 
a definite tice.: of ► clonoc a seal in contact co ao to 
cause a pointor baiting coil to operate, thereby r lacking 
the inctruuent pointer in the pocition it occupioc. 

i) A red bulb glow vhon this operation taikoc place 
(iii) The irtotanttnoouo current relay is an ordinary cot orcial 

relay r ountod ortornnlly.  . Tho reading obtained free it 
to then used as doocribed above to dotorzujno the location 
of the fault. 

4.5..2. .fin 1962, t rtin J. lantz publiahod a papor(63)  outlmniag 
a nothod for locating ground faults almost olmilar to the one 
dovoloped by A•C« LOe(62), but by detoroining the current data 
of the phaoo and rooidual currants froo a oingla tore final. 
around faults locatod by ground fault currant ratios that is 
ratio of around current free one toreinal to the total ground 
currant and comparing it t,ith pz'ocrlculatod valuoo has bee., 
quito oucc000ful. Aovavor, titan data are available Soon only one 
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or4 of tho 1tnn ouch an when ono coaouring dovico failo to 
record or vhon faulto occur in a three toroinal lint, the ratio 
of ground currontf cannot b3 ucod. kurthor the valuoc of actual 
fault curronto are uourill r not indicativo of the fault location 
bocauoo of the un srnoun offoct of tho fault rociotanco. Thus tho 
author propo od a nou octbod to cupplccaont the ground curront 
ratio and in oany cacoo to onablo the fault location to be dot:)r.-
ainod from curront ceacuroconto of oflO torminal only. Tho cotbd 
roquiroo tho va uou of the faulted phaco currant and ro oidu al 
line curront prior to the oponinG of the circuit brcakorc in tho 
fau3d area. Tho cathod to o ffocti ro for cinCle phaco to around 
faulto provided substantial pooitivo and Coro oequonco current 
co=ponontc of difforont 	itudosr aro floutntj into the around. 
The ratio of tho faulted phaOo Ouraront to tho ro idual line current-
is ucod. This ratio neutraliaoa the offoct of fault rocjctartco 
file using current ceacu rco nto fron one toraina1.. only. If data 

arc available fromi both undo, tho rdtioa of around currant from 
one and to the total around current, ratio of phano curront from 
one and to the ,ground currant from ono and and ratio of phaco 
currant from oppocito and to the around current from opposito and 
can bo dotorratned, 'hose ratios QVo plottod aGainot porcort ago dio«+i 
tanco of the lino. A cot of oaep3n curvoa drawn for aonnovjllo 
Yo r deiniotrcition arc divon in the caid paper and have boon / 
ucod to dotorDtno the fault location. T'ho author E n a1.Oo a„i,vau 
a formula for directly calculatin3 the fault location if the 
circuit does not involve autual coupling and the foroula omproccoo,>' 
the fault location In tormn of the fault currant ratio of phaco/~ cs~ 
around from one and and the circuit paractoro. 
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+.5.3. 
The above oo hodn did not find favour porhapn due to 

tho fact that thoy t O?O to ant only for bating grourd faultn. 
Purthhr orroro duo to fault rooitonco, arc fault rociotanc o 

duo 
and thoco/to mutual coupling did not (live tho procico location. 
Tho probobl.o uncertainty of the curvoc did not also hoip in 
locating tho fault location precico3y or to a fair dogreo of 
accuracy. 

Pauli location by noutral cnotora Io &ici3.ar to the 
nothod outlined in p aru 4. '. But tho.00 tt thodo are no longer 
being nar?iGd out as Chia nothod particularly r Dian the r a 
troubloo 4th are rooiotanee, toiior footing rocictanco, mutual  
coupling of doubly circuit lingo, d.o. ootnjononto ato. ari it to 
accuracy in recording io rather poor. Ac ouch no future is 
prodiated for Chic .+ oths d by the CXGL1L Comittco(68 , 

+.7. 	 `AUL LO 	On USI ; 3V ~ -pl y.Ci ; S~1 Vt M22l UAa 

The standing wave r„othod" '6)i:; based on the rosonanoo 
and i podanice transformation proportion of a quarter savo trans. 

©ioolon line. The principle uood is that wthOn a oinuooiddl vvoltagO 

of frequency st', iavo length 0 T 4 9 is appliod to the torminalo 

of a line, whose length io an integral multiplo of X j, with 

the line torojn itod in a load ZL rhich io different from 44, 

the charactoriotia iopedanco, then standing avo pattorns are cot 

up on the line. Th9 forvard and reflecting wavoo oxioting on the 

Zinc combing to produce nodal pattorno alternating with antinodoo. 

Such line o of longth 2\/14 and integral a u ltip] + a of 	j~+ reveal  
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th3 property of acting as i apodanco tranotorraoro in that tho to c2 
impodanco ji to procentod to tho Input torminala ac an impedance 

of vaiuo , tho n the line lontth happons to bo any odd cultiplo 
S 	 v i 

of 7'/t and for oven cultiploo of /in ZL itoeif. Thuc for a 
long lino of /`,4# an O.C. at the load appoaro tranoforcod an a 
S.C. at the courco torainalo and a ohort circuit at the Load and 
appearo an an 0.C, at the cording end. The effect in liftoujco 
pronont Thor the lice length in conotant and tho frequency of oourC 
In gradually incroasod. iota vor In practico the conotant length 
car take the fora of dintanco ',n' bot ►on cending and and a fault 
n000uhoro along the lino. Aa the generator frequency io• incrcanod 
Ito ova length in corroopondingly dociomovd and paocoo throw 
valuer t1,f 2, f3,,. 0 0 * ..tn etc. ouch that 'x' tho fault diotanco 
boccCn cuccoecivoly equal to 7i4 j?kx > 4 .. 	_ . • %otc. 

Duo to attenuation the *j •C. and Q.~. appear as tazjiia and cinii. 
If A P in the frrcquoncy diffor nco botuoon trio oucconoivo mina 
or minima and 'v' the velocity in cediu then 

fiance this method cordate in foodina the output of a einotavo 

oocillator of vary i4do frouoncy range into the toroinalo of the 
line, and to note the au rima or minima on a high icpoda- ace volt• 
motor ouch an a VTVZI connected in tho circuit. (1ZefQr bids 4•3•inci 4.7) 
4.8. ?41 	O AWIG U3V M, 	'•~ 	r 	1A, Off! 1 Q 

In the Prcquency Modulation method, the froquoncy of a 

high frequency carrier to made to change linearly in a nautooth 
fanhion and this pattern IC ropoated, at modulating frequoncy and/ 

0 
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is i,- proasod on 'rho lino terminals., Tho tavo at a particular 
froquoncy travola at a tic* 't i ' onaardos  Coto roflactod, and 
arrivoa at tho a ndina and at tioo 'ta'. 2xo intorval (t2..t1 ) do.. 
p0 ado upon the dictanco of tho fault and the t ve voloc ty.. rinZ  
this ti t, ho vor, th3 oourco fro uoncy i s constantly 	r, i►4 and 
th3 tiDO It2  vill havO attain d some now valuo. Thus t havo at 
any in.atant of tic tuo froquoncion ozictin; at the input ter- 
ztiinala, oflo Sag ing in value from the otter by a aaia l fr oncr 
difforenco, Thoco ttz froqucncioc arm fed to a Dinar circuit 
thorn they 'twat uith oath other and produco a boat or froquancy 
di ffc r nce which it, proportional to tho tic* difference and hence 
the diatanco to the fault. An 1.ntoroatin,; d3aian, d3va4.opmont and 
toot rooults of such a fault iocator to furniahod by Diid .:tovon 
Ot old 1). Tho authors havo doacrib d a stnplo pulse radar ayotom 
and hayear lyaad the orrorc aaoocirt0d . vitas it particularly thomo 
duo to r0c0ivor band width and ctoiaa..Thv fro uoaay modulated ayo-
toza t  according to the authors n3var approached beyond the any 
lytical ctudiva that tro done in the early i9 O's and tho aya., 
too doacribod by them is alailar to the puioo radar aystom -in th=at 
It reutroe a tranr,  aittor, a receiver, an antonruo and a rofhectic 
for t. This syntcn tranarita a continuous autootb travo form, 
which to used on the modulating eignai. This tjh9f used as a trans.• 
sitting signal varioa linearly with tie for a given Interval 
and then ropoata, This signal tihan it reaches a reflecting target,, 
roturno to the antennae,, and the atgnalo present at the antennae 
are an follotsi 
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Tha froquanoy difforonøo bote ►Qn the two tivo forms is a cone. 
'pant trouoncy in the tice intory i nT + r to ( Y► t'L )'1"' 
for n = 1 #2*39  f..*l ,....tJ and? i,o the Lime required for tho tpro 
to travel tr+z the 	i3• to the target and back r hiist T 
is the swoop duration. This constant troq,uancy difforonce is atatod 
to be dirct3.y proportional to the distance to the tarot and tho 
same 10 given by th`s aquatiox . 

The frequency £ F and time T are related by the equation 

-- A 

The author has compared the errors that voUld be produced in the 
freque y modulated system with those Of the pulse radar system 
and has concluded$  that tho fr3quoncy codalatod system in more  
accurate. In addition tiro .f quoncy modulatedsystems poaoo 
all the advantages of a pulse radar system with a highoj' signal to 
noise ratio. The block diagram of a frequency modulated. fault 



.location oyuton ao dovolopod by hici is as follouo $ 

u r J I 3 P 	 C0UPLXG G fl T 	,s :t~i;i~LI i t 	-~ - --)- TO 

Tho systemeonai ate of - 0 liner ouoop generation notsork 
followod by a ooupling/docoupling network to placo the swoop on 

the line under test. The coupli-ng/d000upling also providoo a 

signal to the r000ivor network which in turn supplies the 

frequency difference OF to the frequency counting network. The 

prototype of the above fault locator enao subject to toots on a 

ainulotod lire to observe the waveform at various points and 

to photograph thorn. Field teats with the frototypo indicated 

that tho uncertainty in the measurement and by calculations 

was found to be of the order of 2.5 cycles on a 200 make lino 

which oorroopondo to about 0.1 mils o 530 ft • 

4.9 VAULT LOCATORS BASE!) O 3'TtASUR '1. dx OP XT-PBDAI7CE 

4.9.1 Vault Locators booed. on the mcaaouros,ent of ispodanco 
have boon davolopad by Siomona Ltd., in 1965-1966 and the name 
bas boon publiahod in the firm's rev o r 65'66) "hose fruit 
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locators are connected permanently in the system and the fault 
point is measured on the principle of distance measurement. 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 adjustable resistance. if the value 
of this resistance to made equal to the impedance of the couduc-
tor on the line section to be supervised, the length of line 
section corresponds to 100 percent of the fault scale deflection. 
The firm manufactures two types oars for supervising one single 
line on any end and the other with an additional relay to super- 
vise as many as four lines. (,Ze. 	Rs, 444 
4.9.2. The MORE Comma ttee(b8)  has made the following obeerva--
tioue on these type of fault locat.orss 

(a) the opening time of high speed circuit breakers 
is sufficient to allow the locator to sea re the 
distance to the fault the requirement of which is 
approximately 40 m. sec s. 

(b) are resistance influences the measurement, but it 
can be compensated by using one locator at each 

line terminal. 
(c) double circuit lines require the same compensation 

as is required to the case of earth faults in 
distance protection. 

(d) the d.c •component of the fault current has a 
negligible effect. 
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e) 	the error from user countries has been quoted as 
anywhere between 3 percent to 0 percent and over 

and these generally refer to laboratory testa. 

	

(f) 	Artificial fault testa carried out at site to explore 
operation of the locators have indicated errors heater 
than 5 percent especially for faults near the fault 
locator station. 

4.10 F'AA' P LOCATORS BASED ON MEA3U1MENT OP INDUCTANCE(Re~er ' 4.5) 
4.10.1 A locator based on the measurement of Inductance has 
been developed by 11/8 G.1. C. l ea ourements of England(67) . The 
manufacturers claim that It Is 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 this information. Thin information 

is retrieved from a plug-in portable unit for Interpretation 
of the fault location after wb .oh the stored information is 
erased. Two types namely XTP 31 and X17 32 are available, 
one of which naz tamely XTE 31 is suitable for general use and 
installation at relaying points while the other type is for 
use an systems with autoreoloeing facilities. In this type 
the information stored is erased automatically upon the 
occurrence of subsequent faults and then any subsequent 

information can be stored. The device requires two separate 
unite to cover all types of faults - one to measure phase to 
phase faults and the other to measure phase to earth faults. 

The unit connected for measuring phase to earth faults requires 
an externally mounted residual current compensating transformer. 
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4.10.2 2ho principle of o ouromont io baoud on tho 4u3tan-
tanoauo equation 

o cL d +iR 
the 

liboro op L, I t and R have/u øual moaning• 

The eaoureaonto aro taken at tic, t = 0 and hence tho abovo 
aquatloza Oir*p fia3 to 

The inductance of tho Line is ecacuz'cd by oonpariu the 
Lnotrthnoouo 1Tol tago ' a" with tho rota of rioa of current 
dL/dt at currant corn and thoco tto qua tit .oa are otorod 
in capacitors until tho ocasuring unit is uaad to mcaouro 
tho ratio L=+ 	i • 

4.10.3 The principle of moaauro ont of tho inductance oil-
mi toe the effecto of the arc rooiotauaa, d.c. uo rponont,) 
touar footing roaiotancob and fault currant veluo. Roovor 
oompona tion Is roquirod: in tho caaa of doublo circuit line. 
Tho ac urer ut errors accordingto laboratory and field toot+ 
do not moodpercent according to MGRS rope(68). 

4,12 '13LQE. RI CTIOU PAUL " LOCATORS (Radar Fault Locator+) wir.+w.wnrww~r winr~~wr~wwwrrrirew.wrrrwww~ww 

4.11.1 The pulco rofleation locator claoslfied under Radar 
Locator+ so doncribod in the CIGRE pzipor(G8) otatoo that ref. 

energy or d.c. is mod to trigcor tho. do bacc of a cathodo 
ray occillograph. she roficotod pulco3 arc +hymn on the 

osoiflograph just on as in tho Eohoronging type of fault 

locator euch that the dictanco alon5 tho Xsazio is proportional 
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to the distance to the reflecting point on the line at the 
point of fault. The trace can be expanded and shifted along 

the I-ax a to permit more detailed examination'  of interesting 

sections. These traces are also compared with photographs 

showing natural reflections from healthy line sections in order 

to detect ai additional reflections. The accuracy of these 
fault locators in reported to be good and a fault can be boat-. 
ed within , 300 a to 600 m or within + i percent to 2 percent 
of the length of the line whichever is the greater. It Is 
mentioned that all countries use the pulse reflection locator 
on dead lines and only for permanent faults-Ire coupling to 
the faulted line In generally done by means of an insulating 

rod or a shunt capacitor, The line traps have no significance 

as they are bypassed. The locators may be used for single or 

double circuit lines and are of course not influenced by are 

resistance. The locators are generally provided with erre©stere 

to safeguard  oafeuard operating pereomel. 

4.11.2 The following causes of maloperation have been reported. 

(i.) 	faulty components especially with the ecjukpaent 

manufactured earlier and still in use. 

(ii) power line osier signals. 

(iii) lee on conductors  
(iv) attenuation of the signal due to the coupling by 

cables to the H V.ljnse 

v) 	inductive di.eturbance from live buebars 
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(vi) diffioultioo in Qirplorinl; 2 1inoo and very hi a 

roaiatanoo faults 

(vii) olcuoo of tho dovicov by operating porc3onnol 

4.11.3 It to quito a vo11 known fact that trnnamicaion linoc 

across the country are probably tho most no icy sottin co for 

as a oign3l of aty typo io oonoidorod and another oh otoric-

tia of the line is the attonurtion. Aoeaciatod iith noioo and 

attenuation to the linitod band tidth availablo for any sigal 

applied. Power linos ctrry not only the pot or froqu000y vol 

taco and ourront but aloe highor froquoncioo which a , onorai13T 

wood for toloaotry, ro2yivj0 cor unication oto • '~'ho presence 

of thoco higbor froquoncioo Belts the avoi.lablo froquonoy 

ranoo for oadditiox 1 cyotono. Theo a fault locator placed on 

the line to oporato w ,tb the lino in the onor iood condition 

will hz vo covoro banth7idth roatrictiono. 

4.11. Tho pulco oystoo docoribod o i rlior is 0000ntially a 

cl000d loop radar cyoton bocauco the pulco io trans ittod 
alone the line ins ood of into tho atnoophoro and a reflected 
pulco to received thou a fault dots on the lino. The óovoral  
advantagoo of a puico oyatcrn are  

(l.) 	tho opoed frith which the fault 10 locatod 

(,ii) 	the ability to rho the oya toe cobilo 

(iii) violative ciaplioity of tho nyotOZ3 

(iv) very towr porcona aro required to operate tho ©yotom 
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2ho chiof dic avantagoo of tho pulco oyotom arcs 

i a 	u n itod band t7idt# of the t 001,00ion oyotonc 
cauaiag to trance fitting pulco to bo dictortcd 

8i a 	lihoUhood of n i1oporatioi duo to caucoc such ac 
the procorico of carrier c1.gnaloa  attenuation etc. 

(111) rolati o.1,y high coot. 

4.11.5 Tho T?or nti. live lino no for 68}  oaploroo tho 1ivo 
limo upon the occurrenco of a fault riith the monitor otritohod 
to tho faultod lino by it' o diotonco protection. Tho monitor 
1caatoo faulte by using the principlo of radar diot o '000uro.» 

conto which in effect aon®iato of a trans ittLng a ooriou of 
chort a.f• pulcoo of I N c/o along the lino boiug nonitorod and 
and di000ntinuity oaucoo tho pulao to be roflootod back to the 
monitor rccoivar. The rocoivod aignal io dioplayod no a traoo 
on a cathode ray tube dioplay. Line do go and open or ohort 
circuit oonditioua cauoo logo cacao pulco rofloctiouo that 
are ccoily rocognicod. The location of the fault la than 
oinply dotorinod by the e,trrn1utiou of the trace, the trholo 
forth of tho X-ozio ropr000ntimg the shako length of tho lino. 
A polaroid am- cra iv oceoticoc ioorporated to provide aut atic 
recording facilitioo. Field tooto carried out have given 
encouraging sulto and on artificial fault taco located with 
a inicun orror of cue togs for a dir3tanoo of upto 10 z ilon. 
Tho oquipcont to rather oxponoi and probloca ariaoirn it'o 
coupling to live fly linos ®o ale* opoaialiood ohift porconnol 
are required at otatiouo tthoro they are metalled. fonco it' :o 
uco has bcoono lirattod to opoolal cacao. 
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4.12.6 The development of now types of radar fault i ato (66) 
use the transient quantities that arise during the occurrence 
of a fault. Three such now devices have been recently develops 
ed. The first of these utiliaea the high frequency fault 
transient for detection and location of the fault. The transient 
wavefora generated by a fault has 

1) 	a d.o.- component 
(ii) 	a group of high frequency components 

a 	s~ been demonstrated that the high frequency is nvereey  
proportional to the distance of the fault, and the frequency  

also depends upon the type of fault. Records from automatic 
oscillographa in the U.S .A. indicate a high harmonic content 
for ground fault currents of lees than 40 percent of current 
transformer rating and the inagni tude, frequency of the he. rmo-

niae depends upon the ratio of the nonlinear reel stance in the 
circuit to the impedance and increase considerably during a 
Ault with certain frequencies predominating~ 49) . Thus the 
now device measures the frequency of the fault transient, it's 
amplitude and line current and operates under substation 
corputer control which in turn determines the type and location 
of th. fault. laboratory toots with this device have indicated 
encouraging results, and the conclusion is that these type of 
fault locators merit further investigation on account of their 
feasibility. 

The second of thews devices uses the pulses from the 
fault Itself. The first travelling wave that reaches the end 
station will start a time counter in the equipment, the wave 
then reflects back from the station tome the fault and meets 
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the em. If this has a sufficiently low Impedance, the wave 
reflects again and reaches the e I station for a second time. 
The time counter stops and the seaaured time will correspond 
to twice the distance to the fault • Field tests on laboratory 
prototypes have Indicated successful locations to about 40 per-
cent only and limits it's proper functioning to lines without 
any extra reflection points. 

The third device ie similar to the second device but 
uses the time difference between 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 live with this type. 

4.12 PAJLLGCkPOR VAC G EOAtVE 	ENcEuAwrITxES 
The CZGRF Committee( 68) also reports of the development 

of a locator which works fros negative sequence quantities. It 
covers all types of faults except a three plane fault • The 

' negative sequence quantities I , V. i2B, V at the ends 
of a faulted line AB have to be measured. If 'Z2' is the 
impedance per ill and 'x' the length t of live AB in Jet, the 
distance 'r' between 'A' and the fault to given by 

..
2A

~{ ~I~IIM.~ w~lli~l 

(32A +12B)Z2 

It's accuracy is no better than 90 percent. 

4.13 SE OF Test 3 oR8 JIRpkuvr CA O S 
The time available for estimating the distance to 

fault and leaving a record in the total clearing time of the 



113 

fault which, nowadays, is only 4 few cycles and clearly in' 
sufficient for else t 	gnetic z3overient• But with transistor 
circutory Tory fastmeasurement and recording is possible and 
sS distance relays already  include a transiatorised fault 
locator i 

444 SUI V ' 4 ' MklN 'rt _ES OP PAUL?  3CATO 
In their survey of the min types of locators in use,, 

CIGRE Co .ttee('S°~ has reported that the pulse reflection 
-water 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 distance to 
toss fault by interpreting fault gents and voltages as supplied 
to di stance relays. The poor accuracy of thee. locators has 
been pointed out as due to the effects of am resistance and  

effects of autual Interference due to double circuit lines. 

A few couetrlee locate earth faults only by low inertia 
ammeters which are clamped autamatically at a !fixed time after 
the occurrence of a fault. The reading of the instrument in 
follewed by calculations done by the tacbnioal, staff, and the 
accuracy has been acceptable only for single phase faults. 

445 - MRTECE OF A PA ,fi l ,tCA?OR JN SERVICE 

The iaportanoe of having a fault locator in service are 
C l) 	to give an Idea to the despatcher when having to decide 

whether to re nergtae a tripped .line or net. 
(ii) 	to indicate the patrol team to find the point of repair 

as quickly as possible. 
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(iii) with the installation of fault looat000, It io 
sufficient to patrol only that 000tion of tho 

lino as indicated by the fault locator.. 

4iv) 	lino patrolling from tho round in rolativol.y olot 

and expansive In bid toathor or rough country and 

do not altaya locato tho point of occur once of a 

trauoiont fault. Sootio lisod s ,tcboc by loolat~- 

ing a cue ,nod fault in a line sootion atrnplifios 
the p blom,,but door not altogether oohs tho 

problom of locating the fault with tho minimum 
poosiblo timo. This is ovoraor by having a fault 

locator in osrrioo. 

(v) 	A fault locator in aorvioo roducoo porn nowt outages 

an timely ziintonanco of tranoi ont faults can be dons 

and this therefore onhancon the reliability of tho 

4.16 REASONS FOR i?IICEI) U31 OF VAULT LOcATOIt3 

Tho rontrictod use of tho fault locators appears to 
be 

(i) the locatoro in uoo arc rather inacourato 

(ii) the cost of no locators is rather high. 

There to hottever a general tondonoy to inoroaco tho 

use of locators for pore nont and tranoiorlt faulto of any kind0 

in order to licit outagoc of overhead linen and prevent porea-' 
uout faults by chocking the coctione of the line whore transient 
faulte have occurred in order to find and repair weak spo g 
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4.17 . U2 R: "i 1Et TS OF A PAUL LOCA?oR 61) 

The roquiro~onto of an Ido~31 fault locator are 

(i) 	It should cotploto it's c amwo=nt before tho fault 

aro io ottinguiohod. In this tray it will locate faulto 

i©h arc not roontabliabod rhon the lino is roonoralood, 

but + hich r y novorthol000 have caused damago. 

(1i) 	It should bo able to locate a fault to tho norost 

tower or span. 
(iii) It ohould ho dooig nob for inotallation in an aococsiblo 

opot• 

(iv) I t should not involve of oa and cuaboraoo rock ouch ao 

dovoloping pboto,~ rapbio filno t*foro anoioro are 

availablo. 

r 	"Who roulto should bo in a fora ao can be intoz'protod 

readily by any station operator or line for an without 
having to r000rt to elaborate, tiro caonoumin calculations. 

(vi) he oquipmont should operate with aafoty to porsonnol 

and corvioo. 

(vii) The equipment should be alop1o0 rugged and relatively 

4.18 	PAB11 t OT A AUL x,ocToR( 71) 

A fault locator ohould be capable of detecting and 

locating the different typos of fault encountered and th000 arc 

(i) 	'oinontnry or tranoi.ont faults (an oxamplo is a lightntng  

flashover of an insulator ihioh loavoo no por nont 

damage). However thoeo faults should bo located to 

facilitate inspection and also for data collection 
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p rpucoo for tho futuro. 
(ii) Suotainod or porr;anont faults - Th000 inoludo grcundod 

conduotors and as r 11 as open and ohort circuits at 
all lovoi,a of toot voltaaro. This typo of fault nuot 
be repaired as soon ao ponoiblo to put the cyotom back 
into oporotion. 

(iii) High bro*dom faults - Thono ajpoar an faulto to only 
high voltacoo. An ozamplo to a .fallen line that is 
rlocD to but not touching the ,round. This croatoo 
arcing ado and provonto circuit breaker rcc3.00uro. 
Those faults can also bo eonoidorod as porinnQnt an 
thof mast be cloud boforo oyston operation in 
restored. 

( iv) 	Lctont faults - Th000 are localiaod iapaircnto which 
ormit 

do no#/p 	cucc000ful operation under normal condi" 
tiono. Hower the dooign insulation rrgin for nurgoo 
and dynamo ovorvoltagon in degraded. This is a condi-
tion that dotorioratoo tDith tii and should be boated 
'0ith provontivo r tntonanoo in rand. 

4.19 f. ► I U3IOUS 
In conolunion it ma be otatod that tho ozi sting typos 

of fault locatoro are reliable and havo to a largo extent boon 
ouccooaf` ]. with pormnont faulto. T'horo is a gonoral tendency 
towards the greater + ao of fault locators for locating both 
porranont and tranolont faults. Dow methods and syotomo of 
fault locators ©ooY to offer good pro©pocts for locating both 
pormanont and tranniont faults precisely, satisfying the 
roquirocent and aapabilitieo of fault locatoro. 
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5.10  1RD11pXPfl  
A roil or ro in dovicac rhtch in th3 p sent cacv is 

tho fault locator 0000ntially have the tai vin four oiomonto 
Thoaa aro detoattn,actuatinj, dola+in and controll1hn elo=onto. 

The dr tocting a lomcnt responds to O.rtornal variables and 
abruptly chap a thQ state or the actucting aiot ont Who n tho 
czternr i variables reach certain values or oxcood certain throchol 
ca ndit ions 

The tins do lay a to a rat introduces a tine , lag In the relay 
operation. 

The actuating oiomant IX it affects chano In the pic1 
up settings of the detecting olooantn of other d ricoc o ch an 
a tripping dviQo, is than callod the aontro .lin-C oiacn.t. 

5.2, 	tg 

The detecting and actuating oloz onto are in a broad canoe 
referred to as the Measuring Unit and the delaying ole ont is 
Inh rently procant in all such taaquring units. ensuring units 
may be oiaetranagnotle or static,, and a co partoon of thoco has 
boon treated in t a earlier Chapters* Although the relay and the 
fault locator proposed for docign in this captor does tall. 
within the doer in of otatic dovicec, yet it has bran treated. 
separately and styled as swab as digital circuits d ploy an 
altoCathor different coda of operation, using a cot of voll 
eatablichod codas and circuitry * hich respond to logic govOrn d 
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by flooloan Al bra. Au such a ro ouz o of the coda o„ the 1o,ain 
circuitu and functionspogfor od by them to itetod out In tai 
paragrapba to foilcu. 

5.3 	 LQQThL 

5.3.1. A number oy ton 3o nothing more than a code roproc3nt•~ 
tg quantity, and for each distinct quantity thoro to auo&tjncd 
a oymbol. DSO in the oci •1 n=bor system have 10 bQoto 
oyob©la or digito from 0 through 9. Hor vor in a binary 
number cyoten uo have only tuo 'basic oyabolo n moiy 0 and 1, 
In the docic i systom, after wo roach the nunbor g 	foro  
aombinationo of decimal digito to .eat nuraboro 10.11 ....* otc. 
and thoso are obtained by combining the cocond digit with tho 
1' trot and oo can,. Similarly in the binaryr number oyotom t c 
biro the oeoond digit with the first znd othorn to obtain 
bins 	mbors 10,11,, 101 ......... otc„ 

The baco or radix of a number cyston roforo to the 
number of ' 	oic oy bola ucad.4 Wonco the docol ayotoc hoc a 
beoo of 10, the binary a baco of 2 and the octal a baco of 8. 

, +aeb binary digit posit inn ban o. value or ioigbt ?21 h 
incronoao from right to left in the ascending powera of 2 
commencing from 2°. DiagramoticaUy the digit pocitiono of a 
binary number have the following decimal l3igbtn I 
t to,.-a ..... 2 ` 	23 	22 	21 	20 

otn*- *,..... 16 	8 	14 	2 	1 
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fae~rco In a binary oyatozn if thoro it o I in a partIcu: r dirjit 

pocitiou, vo includa tho 3it ht of that pooition and if thoro i.c 

a 0, uO diO?0g3r4 tin  th t,Oii.tt of that position. Tho docical 

oquivaiont to obtained thin by adding the remaining ightce 

ihia i •thioved bq diroat2 r twiting bolot, th3 binary nu be 

tiro doci i ight a, trikinj out thoco with 0 digit pooi ►ono 
and then adding tho ronaining u3ighte. As an oaop10 tho &3c31 

oquiiaiont of 10101 	0 16 $ 4 1 1 a 1644+i m 21 

Roover in tho oavo of binary fractio rnw g trio igbt c of each 

digit position to tho right of thobina y point aro given bg 

• 2`1 	2"2 	2-3 	.2' M ....Soto. 

Binary point 

'mss tho dOoir: l a quivalout of 10119 11 would be 

(8 40 + 2 + 1) . (t +* ) za 11.75 

0 

Alt hough th3ro are cevo ral tho dt available, tho 

most popular Ono 113 tbo Dibb1oabb10 nothod. is this cot 20 

tho •deci a1 nunber is progrocoivaly divided by 2, frith tho 

remainder being written separately.. The romaindorc taken in tho 

r4vOrco order form the binary nuobor, 

A an ozap10 	2 Ljs_. 
2 	12 	re aindor 	9 ' 
2 6 r'omaindor 0 
23 recaindor 0 
2 Lt rer3nindor I 

0 roraiudor I 
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jhuw tho binary oquivalont of 25 in thorofora 11001. .fo rtvor 
in tho cano of .f'ractionn 	caultiply by 2 and record a ca 
Into tho intogoz' pooition. Tho carrion taKon in tho fortard 
order is .tho binary traction 

( c an O n=,P1O 	0.625 a 2 

0.25 a2 
0.5 22 

a 1 * 255 with a carry of 'I 
0« 5 ttithacarryoto 

a 1,0 uithacorryo1 

'" oroforo the binary oquiva1ont of 0.625 = 0.101„ 
5.3„)+. 	 t r 

0*0 =0 0•a =0 
0+1a1 1-0x1 

14001 1.10.0 

1*1=10 	 i01=1 

Addition of binary nuobero is done easily by foi1otinj tho. 
ordinary ruico of addition. Ibc vQr subtraction in dono oao2 y 
by other cot iodn which roquiro the definition of I'o comploQ 
coot and 24s cor p4crnent of a binary nur.  boo. The I'n comp1ct ont 
of a binary nuubor in the rnrnbor do Cat when we chanijo oaoh 
0 to 1, and each I to a 0. Thus the l's Cowp oont of 1010 a.o 
0101. 

The 2's Co aploment of a binary number in what o cbo 
Lainuben t add a I to th3 1'o coop10 ont. 

Thus 2'a complement = 1a complement , i. 
The 2's occpinnent and I'n complemont are very uoofui in ot 
traction. In subtraction, inotoad of subtracting a nuabor 
add the 2's coop1eoont to it, and disregard the last cam. 
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Ac an lI ap10 to subtract 1010 from 1101 

I'D Conplomont of 1010 is 0101 
2'o cotp1emont of 1010 = 0101 + I = 0110 

1101 - 1010 	= 1101  + 0110 zz , 0011 

Dioroarditrj the last ctuty1 y  the solution to 0011. 

The other approach aaintj the I $a oncploriant to 
aoioi1arl r done by addina the Ito co plecont of the nu bor. 
The 1i at carry Is then added to the nunbor to got the tiui 
ancuer. 

Ac an o plo to subtract 1010 troy 1101 
l' a cotp1cont of 1010 is 0101 

9 "it31 
C!10 

The 	

0D 

carry I tstiicb en in th last -position obtatnxx 
after adding the I to no p .en.+ nb in roDovad and added it ontO 
the remainder as sho ►n aboiro. This! 10 caUod the " 1drcan  
Cc pry ", The and around carry also indicates if the final. nor 
is pocitivo or nagati.vo. f there is t end around Carry, the 
fir i1 anoc r in negative and it 1a In the Ito co p1000at too, 

Ohorvico rritb a carr, , Cam orator is 4VO and rota .nc ao ouch.. 
Cato plo to uubtract 1101 from 1010 
I I a cooplo cnt of 1101 a 0010 

1010 ,- 1101 	4010 
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Thoro is no ond-around carry$ and 1100 obtainzd is in tho Ito 
compioont to . rca tho final colution La tho I Is oo plc. 
moat of 1100 which is 0011 and the anatior is r gativo. 'Taco tho 
final arks 3r is .0011 by profs Bring the -ye sign. 

The tuba for bixt ry cultiplicat2.on are 

	

(i) 	0 Ir0 	l 

	

(11) 	d z 9 	s Q 

	

(iii) 	Ii0 

tultipl ication jo donor ate In ordinarp ai3obra 	n lingo 	o 
cro molt ip2icd. 

vic ion foUo sa tho asrio horn rya multipli ti,on. 

I.3.6. 	 r~_ 37~ 
In 

As a:troady r ontiono 	ra 5.3.1. Octal nuubw rc hao a 
baco of 80 and the dIgito or the octal oyotom arc 0,,1,2 t ztb 
7. ` 000 digits from 0 to 7 havo exactly the aamo maa A,i 
no in a 4ociI1l oyster. The octal nuaboro beyond ; are couia odt 
in the came r nnor an in the binary syotom,, that is by coo' i n . 
tho first digit Frith the a3cond digit and ao on. Thee the 
octal nuDbora b3yon 7 €ii.i be 

10, 11,, ..... 170 20, 21, ..... 270 30,E ..... 37 ate, 
The octal n=bora can also bo obtained by iting dotm tho 
deoloal nugboru and cancelling out those numboro that contain 
8 or 9.. Th3 raaaining numbara will than ho the octal. nu bona, 
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In the octal cyvtam each digit eorroopond5 to a or 
of 8. Tho  t331LhtO  of each dicit position in an octal riurft,ar 
aro roebo d from right to loft In the anconding por it of 0 
aoroflcifli3 frou an ida x of 0. liovQor In the co.00 of frac tle as 
the z ht of each digit position to roct ►nod beyond the octal 
point fron loft to nitbt  in the docconding potir of 8 cote 
cjng with an irndor of (.1)v Thua the ojhto of the di it 
positionn t.o an followss s 

etc..... e s 	gig  8 	81. 	8 2̀' , 	8 	4.* 0 0 etc. 
1 

Octal point. 
Thuc to convert octal nunbor into tto dectoal oquivalent ro 
need to Only multiply oath octal digit by Ito votgbt arid EL 
the resulting produet e, 

Thug 257 	= 2 (82) + 5(81) • ?(8)  

5.3.8. t&otn cQLJ1PI (73  

A dibb1odabblo mothod ao doocribod under decimal. to 
binAry conversion is vary useful a ccoy?t that the number to 
progrocs.tvoly dtvidod by 8 and the ye aiadorn ta.Ioa In the  
rOVOrOG Order give the octal nuabor. 

EraaplO $ o convent 17510 to an octal number 

8 1 remainder 7 it 
remainder 	5 

0 	romnindor 	2 
1?510 a 2578 
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E.ith d cizal traction 3 prOg DDivni7 aultiply by 8 riti 
don the carry into tb intogar position. The or  ion takon n 

thO forward direction givo the octal frz~otivn. 

C n plo # To convort 0.231 to octal QOtiofl 

0.23 a 8 = 1.8+ t ith cam 

0. + z 8 c 6.72 with carry 6 f 
0.72 a 8 = 5.66 	i.t s carry 5 

.» 0 	O.23 	x.1658 c nib won 

This is tho most important umr of octal nwiborc. The row 
1i tion b t on octal d ito and binary digito 'to obit inod 
riti to 7 in ouch cycto . 

BinLry 	000 	001 	010 	011 	100 	101 	110 	' 11 

Octal 	0 	1 	2 	3 	 5 	6 	7 

From t)o above tabulation, any octal riuibor upto 79, can be 
c nvoartod into it's binary nquivalo at. The base 8 of octal t -=. 
bor ja the third poror of 2, the baso of binary numborn. 1_vo 
for nus born Groator than 7. two naoroly convert one octal dust 
at a timo. 
Izamplo s 	238 es (010 	01 

The opaco loft botvoon onch croup of three d+ ibs natcns it oaoLo 
to road the binary nu bor. li d octal nunboro conoioting of 
into Oro and fractions are also converted sir it rly. 
rapids 3.562 = 011 100 , 101 110 010 
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Isio *onvorciOn In rovQrco of tho procvco doocntb1 

in p n 5b 3,9• Tho binary nubor in rOCiO upod In bitO of thco'o 
connonctng oi right to tho loft and loft to tho right or tho 
binary paint. U the last bits to the ortrome right and loft 
do not cako a bit of 3'c, tbon Eoron arc addod to nnito it into 
a bit of three. 

r. npao t - 1011k 011012 a 001 01" • 011 010 2 

i t 	A 	~t 	r 	r 	r 	♦ 	S 	r 	r 	. a 	+ a 	e 

(I) 	(btaininj infar t ion in and out of a digital oy ton in 

eanior. 	 + 

Ui) roquiron loon circuitry 1bocauno it IV eacior to progz 
road # aru2 to print out octal nurnborc than binary nuiXZ o. 
LArgo decimal nunbara are rash converted Into b . v 

o first convert to octal and then to ' binary. ry. o t acon 
for this Is that a direct docic al to binary convoroicn 

qre uiroo many more divic ono than a d3cioal to octal 
con ro o o 

C: plo s'o obtain tho binary equivalent of cay 36310 	'trot 
convert It to octal to obtain, 5538. This octal number an convor., 

+ n to binary ' 	'i ,LO t 11 ,tho required binary oqui lon . 

F~ 	rr~rrpinr•-r~- 

5 41 1. Binary codex are a coprontco betuoan the binary and oe1.  

mad, nudbor cyntomoa : no are hno n an binary codod doei ►alo(fCL)) 
and coobine scamp of the features of both the dcc. a , and binary 
numbo a, Those are an onoz'ciouc number of cocoa of wbicb the 	 r p 
kno are the 821, zcooc 3, bit codo and the 'ray code. 
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0 

ah000 corn arc uco+d to dioplay diroct tho rocult of arithctic  
oporatior s and hence noct nuuorical diapiayu xitorfcce UrcotIy 
* ith decizxi.coda rcprocontation. 

5*4o2# 7  

The 8421 coda o3tproQ000 each docicial digit by it' 
1+ bit binary equivalent. Tho procoac of changing Ouch dca1  
digit Into Ito .-btt binary oquiva2 t to for and as ' encodtn , 

Per o c plo a decimal nunbor like 1+39  oacudoo itcoif  
into 1000 0101 1001 in the 8421 coda. The lArgoOt 1+4)jt biizy  
group u sod in the 81+21 to 1001 which Indivato c that only 10  
out of a passible 16, bit gruupo are uood and the root aro 
not az3ployod. c such tho 8421 undo to identical to mural 
binary' through. do ical number 9.  It is bocauco of this, it 10 
called the 8421 coda,, the oi13ht  in each group arc 8.4,2.1 I t 
the aocuncuing po ro or 2 from et  reading true i i  
thetIm oao as for natural binary nuaborn. 4bovo 9 tho 8+21 coda 
dl ffers charpiy from the binary codoe bo advantage of thin CO 

to the taco of converting to and from docimal uumboro as uo 
encode only one digit at a ticie, A dicadvantago Jo that tho 
rule a for binary add it ion do not apply to the o nt o 8421 w .. b 
but only to the tndtvtdual 4 bit groupo. codtng a 6421 nr  
to noroly a r vorl of the pr000ac of encoding. 

.1+,3. 	 (3, ' ) 

T* encode a doeinl number Into it,a o 000 3 form, to 

add 3 to each d ei a digit 'afore convort.irig to binary. It o 
to be noted hero that ubon r u add the numbor 3, any carry tab 
tamed in not carried into the not column, but to retainod in 
tho column iteo t. 
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E p10 * 20 convert 29 to an c cO oO 3-numbor uo procood ao 
folio 

2 	9 
+3 + 3 

2 
ahoco biitiry o4uivzio nt in 0101 1100 and is tho roquirod o is oc 
3- nuz bor in tha o rca oo 3bi.t coo do .  

	

o) 	An in the cac of the 8421 codo tho o tcocm 3 bit co 
u000 only 10 out of tho pooaiblo 16, .our bit croupoo 

	

b) 	It to a coif coupons atin„ codo tihich coano that 1 to 
coup1ot' nt or any 3isnwnbor ropreconto tho 9'o coz plc3at 
of tho doci ai nuDbor. t The g'o cocp cunt io obtoitwz2 -  
b t subtract in each dooiia1 digit from 9 • For ozacp10 9 °o 
o pictoni of 25 in 99.25 a 71k). 

	

a) 	The c ots 3 do to an unvoi.ghtod codo. 

	

4) 	In the OE0o 00 3 coda do novor 	add two docical di{ it c 
000 ouo to 9 or loco, an o rco oc 6 nuobor ro cult o c 

benico to return to ozcoao 3-coca to cuot trabtrcct 3. 

	

0) 	ionovor 	odd docita1 digit o t bovo cu Or000d 9, cr o 
win be a carte frozn ono group Into the snort. Whonjo 
hap no the pup that roducod the cam triU covert to 
$121 form, To rootoro tho anctior to c coat 34PCodO to 

muot add 3 to the group that produced the carry. 

	

`) 	Tho chiot advantage of an oncono 3-bit code io that o ► 

oporationo in addition uco ordinary bin ax additionc. 
It baa aloe the advantagoc that l' o and 20 o ccmplecc o 
ac burg in binary subtraction can aloe be urns in c 
traction of ozc000 3. nuriboro. 
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`ibis code alto c iiod n.o the '0  Eoflaatod Biter otco h  
.ft an unc3iCbtod code which is particularly not suited for 
arithnotie operations but is quite ucaful in analog to dL t 
convorton. It 'c min c 	cterintice are that each nubor  
dttforn from the prcco&tntj grey numberby a single bit only. 

1) 	The first gray digit im the oao as the first bjnry  
digit  

ii) 	Saab pair of ad acen t bits are added to get the raft 
gray digit dc1oregar. ding any eases that occur. 

h first Gray and b1nry digit thich are the ca at 
retained . 

it) 	The fire% biro.ry digits and the noxt gray digits arc addd 
to obtain the second 'bury disroga. ding the carriov# im 
rocos of dtagonafl7 adding in continued to got the 
oeainlng Cray rode digite. 

5.5 WALALGBRLLM1GAVtS (73 ) 

Boolean algebra in an algebra invented by George 'bolo 
15.1 	to describe logic and thought. This algebra cyboZisoa 

the logic off' truth and fulco statomonta, and is tidoly ucod in 
digital cyatewo and a itching circuits. 
5.5.2  

A gate in digital electronics mcane a circuit Frith one 
output and t or core input channels* An output a.ignal occurs 

. for certain combinations of input signals. A table of cobina  
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n tjorn for covoral 1nput.output , oosibilitios for a lc3ia 
circuit in ca .hod a truth tab 2, h'hM Circuits aro a Loo 
knoua as bale circuit or A itai circutto as they c ,plop 
the bic t di ito 0 and 1* Tho veluos aoo guod (or 0 and I 
do.ond upon tho typo of io jic utoe. In a pooltivo 	,c 
cyot e, the 1 ropro as at o the a ro- poci.ttvo of tho t voltcre 
to lc uhilot in the n3CatiVo to cia sctoo 3 ' a I otarido tap 
tho Hero nogativo of the two vo ltatoo« ' arc is 11tt1i to ci Ewa 
between thor3o ttto logic cyoto and as ouch for an further  
reference the peaitivo logic Dytoij to ozployo4. 

Thera .arc otz bade oloetronte gatoc, Those are 
(a) c (b) ADD (a) 10T (4) IM (r0? On) (a) t ND (IOT Ai ) 

and (`) XOR (EXC4-UJIV OR ) 

The syabolic reprocontation of thorn gatoo bacod on 

the tiil,ital7 cery cOc standard t'mbo14Qt,» ZUL TD,8c6B are 

given In the table wise I'ig.5ei, 

In the OR Qato an output occuro hon thorG is a ~aie 
in any one of the input channelo. It in therefore knoua aunt 

or all gate". A truth table for a two input Ofl Cato to ao 

ohon. in Fiar5*2* 
If the riumbor of inputs aro iacroarod to three, then the trc 
table All have 8 horizontal roc i.e. 3, Simi rly if the 
nuebor of. inputs are incroasod to 4,, the uurber of hor ont 1 

rove will be 16 or 24 in the truth tab lo. In general it there 
aro 'n' input o, the number of her icontal .,.. i t'v s 'will' o f 
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5.5.3.(2) Ar:D 	Z +x'73►' } 	 I] 
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The 41D nato han an output only when all tho inputs c 
pro cont. it in there tare known Ac " all or nothing gate". A 
truth tablo for a tto input AND gate is as ahot n. in 'ig.5.3o 

Y im ?.D$ T ~,~S i( '6) , en cianplo of QUAD 2»input 
AGO ,gate. 

j.3,(3) L'~ an 	 73,71#) 

£hio circuit has only on input and one output. AU 
that tho Cate dooc is to invort the signal,,, it tho Input in 
high, th output is io a and v#cr.vorca« A ouch it is also 
called as a "coznpleciontary circuit "or " an Inverter "t t :;t 
table for than NOT circuit is as satin in Pig. , 

The AOSL/86I 0) is an o ploofalb ¢onal 

Invortor0 

'. j.3. QQ) Booloan Algebra d Utors fro i ordinary algobra in c3a7 
ys. In ordinary algobra t ho novor ip co lvO an equation. for ,t o 

ro a ter got the solution as a real numbor th1Ob ray 	;, 
,. or fractional* In otttor tiorda the cot of nuzboro that can 
be obtain d icy intinito. Botovor in .Booloen Algebra uhon uo 
sawn an  equation a got either a 0 or a 9s N thar ano ro 
are puaaible as the set of nudba a ins- do only the binary 
digits. 

In Booloan Algobra the + Siam sydboli008 the action 
of the OR Cato. In otter tordo the OR gate is an adding dovco 
that ccabin c A and 8 to give a result z (Hot* "i5.J.$ ) 

Thus In Booloan algebra If A . 0 ► z it woano that 4 and 
B are combined in the Mee ty that an OR gate ccmbirtoa A + o. 



A 
B 	 ox 

ig* 5.2 

11 

A 	B 	X 
0 	.0 	0 
0 	.1 	1 

3 

} 	r 

"LIIID 0 	 __ 

OOTFUT 
	 Input I oft i 

I 	I 	0 

Fig* 5.4. 



as vin to urito a a ' + B it meano that x a A or B t 10510 
of tho GZt natO. Tho + clan c2oon not stand for niobraic ad±, .on 
but a7cbv3jcoo tho action of tho OR nato accordng to its tzrztb 
tablo. Thio to toad no OR gato addition* 

rondo 	I + I a 2 in ordinary decionl aIobrc  
I + I a 10 In bin3ry addition 
I + I a I in Do clean Al bra accords to CZt 

Cato addition. 

Tho oultipiication Dign c or a has a no meaning in 
oloa .a3.ebra, Tha AfD gate is a dovieo that coobinoo with 4 

and 0 to jvo an output z. (Rotor ig.5.6) "moo in ►ol 
r ebaUt,oirito x a u or .B or tirnp2yABitooanctIzt 
A and 13 are co bincd in such a cionnor ao an M21 Cato coibinzo 
to give an 'output 'at'. From the truth table of an AMM gate It 
tøllatio that the oultip1cation sign has the cao ooa .nij irz txtb 
ordinr aljobra and in Booloan algebra. 

in Baolon olrjobra the oarprncoion ac = X ooanc that t 
are changing A In the o tanner ao a ROT circuit doc.s flof, 

' 	.► 	The bar ovor A implies that 	chzcgo or complomon 
the + nnntit to the altor to digit, 

Th 10R gate is realicod by a NOT Sato follo4ng an O 
Cato. R 	Fig; 5.g. 
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Th 	 "ltID gato .o rocaliaod by a T` t (Sato folio i , 
an AID nato.* Kete,e c ?; 5.g -2  

Tho 7404 TTW36, 0) to on o pia of a UAD a input 
VD Cato. 

Tha r tt orono arc '1d021 ucod for tho intorobanabUity 
of tho covoral tattycc, 

Tho first tbooroo ctatoo that tho coopicnorat of a 
oquckic tbo product of tho coop looao rat o 

Thu A. 	z Al,B 

(b) 	Tho cocond tbooroto otatec that tho uomplocont of a p mt 
oqualo tbuuri of the complcwentc0 

T ho jntorcbnr aoability of tho covoraal gatoc t hich can bo 
rozilicod by the application of the above thooroaz onabloc t.o 
to roaliao oiip3itio4 logic cy.atens using lase bardro tho?fir 
facilitating cheaper and oaoy conotructioa. Thic oinp U lest u 
is 000ibo 1 ' one 1c a1co afro of tho larva of ►off 

a Xha co arc cln i 1ar to lQtn in ur dirnr,7 a l o c . 
(a) 	tu3tivo mu tthoroin the order of adding or nultip lnt; 

la unimportant  unizportant ac t obtain tho ca r rocult in any 
c a cti o Thu o A + B B t 4; A, D a B4. 
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(b) Aocooicttivo lati riboroin grouping of any two tom of r 

ou or of a product io posolblo. 
Thuc A + (B 40) s (A4$) , CA  A(MO►") a (AB) C 

+off Diotributivo low ihoroin ezprcciontcay be oxp dod multi" 
plyingto: by term and aloo itipUot that faotoziotion of 
oitpreooiono is p000iblo. 
ThusA (3.0) 1D +AC 

Q 	— Those deal. tti th the oporat.ion of 0 and are gonorol3y 
thought in terms of OR and AID , .too horo A and 0 are the ioputo 

ThusA +  +OAintorofaOflgato 
and A.0 = 0 in tQXn of an ,tlD gate 

' o rozrnin&ng idontitice in the group doal vi.th the opor tiona 
of 11, and are abs thought in tGx iof the OR and LIh gatoo• 

Thuc 	A #I =1, A.l aA*  A +A =A,, 
A. A 	A 
A 

5.5.3.(12) 	o Jrc3 c_ 	( XOR geto) (Rof. 3`ig.5*9) 
The ICR may be roalieed in eavora1 inya by the Combination 

of 1 D, OR and UMIDCaton. A truth tablo for a two input XOR 
Cato to as folio, and an output occure only rihon dither A or 
B is equal to I but not rhon they are both equal to 1. Thio 
gate Is aloo oaflod the I Modulo 2 Addition ', the rube of 

iob are oitilaz' to the valuoo obot,n in the truth table chotm  
hero bolo. 
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Theoo ru3 o taro tho ccz' ao for binary r ddition o inapt that In 
tho last roe, tho carry to dioVOCard3. 

06  

Tho halt add&r addo to binary digits at a tiro, to 
. produce a run and a carry. The curs to obtainod an ti a output 
of an XOI nato to uhich both the inputo are Code The carry 
to obtainod ac the output of an AIU Cato to fah both tho 
inputo arc fad# A ci plo circuit of a half adder to as ohtn  
jfl 

The foiloiiing to the truth tablo of a Id" ADDR.. 

	

B 	carry f su 

0 	0 
0 1 0 1 

0 0 1 

L  9 0 ;. 

r t 

The truth table indicates that the HA ,hDD in 
capable of 6oin binary addiU ,on, for two binary digito on .. 

'5.6,2.. 	a1  A 	(?3 

Tau in a circuit that can handle three b2niry dtgito 
at a ti O in bind addition. The Full J ddor in Obtained 'b r 
connecting trc bait addorsand an OR Cato an ohntn in 

I 
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A truth tublo of a full addor to ac obown bolow t 

B C Carry Sur 

Q 1 0 9 11  
A parallol berry QddQr addo two binary nuoboro. ho 

circuit to obtained by connecting full add rc and an 
addoro. A circuit orrcncent to add a 'bit b± ry numborc to 
ohoun In e.5. i2. 

A parallel binary subtr cter oubtrae o one 'stns y 
from anothor binary number* The circuit is obtained by cruto -* 
inrj Full Addoro and WWZ atoo. The LUD gatco. are ucod to 
obtain tW its coogleoont and tho mOthDd of subtraction So by 
adding tho l's c mplo erito and the and around carry* Witch a 
c0hczo La shown Jn . Fri 3.13~ for subtracting a )+ bit bir. 
from a othilar. binary number, 
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 Similarly by ccinbintn Half and LIU tc1c1orsoXong 

with lstjic Data o it io poociblo to dOVo .Op tiro 8e21 Add:, ia 
cow 3 bit Add r.., zU f and I uU subtractoro. Tho add r an2 

eubtract ors Givo uo ttg, basic circt to for a binary C otoc 'O 
porfortn!j aritb tic op rat 1o•nno &'ultiplication and divit,tc 
can bo porfcrood by repoatod Addition and subtraction ronj)cct-i. 

Typically an integrated circuit or I.e, concioto a 
trancistore, rooistora, and di.odon otch~d into a semiconductor 
mater l.# The natorial Is usually njllcon and je finallyuczci 
in the fort or a " chip I'* Sinco all of tho conpononts arc 
catod on tbo came chip, conotruction of an IC in called ' oz o 

tbic 0. Aid. of the dovicee are intorconnoctod to portoro: a 
do! to function or o, ration, and in a complotc circuit.. e'o 
catty the I+ package oporablo, it nuot bo connoctod to a ~pocOr 

u co,, an i ut and an output. 

57.2. 	amore arc tbrea basic IC pac1 Agoo n ooly tho trAnabtor 
pacago,, tho fiat-packs (17P) and the alinlino packago (AU). 

Xn the tranoictor package,, tho chip in ountod inoldo 
a tranointor caco ouch no a can, and, inotoad of the usual tto 
loado found in a transistor can,, ere will be 1C ,12,, i1* and Caro 

a4o to occonodate the various pour ocurce,p input/output 
con c for m rouirod in a comp to circuit. 

In tho flat pack, the Chip to oncapoulatod in a 
rocta ular Coco uitb terminal  torttn1. le de ortandirig through the al p 
and Ono. 
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5'S7,5. 	In tho cal-in4ino p cha o , tha chip in aneapculatoc1 
in a rcctanular caco obilar to tho flat pads but, lonor tin 
tho flat acts. In ConDrol tho DIP has roplacod tho FP for cc 

applicat long. 

5.7.6. 
hlthouQh tbo abiajc circuits ucod in 1O' o arc c .~ 

to tktoco of dlocroto tranoiutoro,, thoro o.ro oortain z' fforo c 
1"or ort.plo, taductanco (coils) are notzr found as part of a 
I*C. p cc it in 3 3ccnib ? to fore a us3ful inductanco on a coria. 
that contoiria tranoiaturo and roniotura, it'levico lar 	Zzj..a 

paoitoro ( about 100 pP) arc not furod as part of an I.. 
onovor a brio value capeltor or an inductanco is roquir , 

thorn cc pon nt o arc rah cc part of an o tarry l circuit 0 rancio. 
tore are often uood in place of rociotorn In 10 pcckapo, Uctr U 
ouch a tranolotor to a iic3.d Effect Tranolntor (FST) oiaco tL 
PST ac to coot like a resistor*, 

Thoro are tt o typoc or intogratoa otrcujtc n=lv 
digital and " nDar'e 

iitjital 1*Gw'c are the integrated circuit oquivalorito 
of basic lot i:c uircuito on tranototor circuits combining tho 
functions of logic to tori oircuito5 SUcb an inultivibratoro, 
countoro,, docodaro etc. A digital 10 to a. co iploto tuuutior..nj 

sic n3tuOrlt, usually roqutrin nothing inoro than an inputo 
output, and a powor course, gital circuits are gonorcUU 
aococictod with only tto 3ovoio of voltago o Digital Circuito ao  
comuoreia11 bu It in three nicos depending upon the cooplo . ` 
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or th circuits and aro knoisn ao largo Scale i,.C.'o (L.S I,), 
Cadiva ooalO I.C..'D (.1MI) and affil ocalo i.C.'o (381 ). tact 
of the baoic logic circuito such as AM,, IAUD, OR ota. Ga oo 
aro availobló in the $31 rango~► 

Linear I.C.'c aro the intogratod circuit oqui.valoca 
of basictranoictor ,circuito such as plUioro, 000iUatorc0 
miss, oto. iltho b )inear I,C.'c aro comploto function4 
circuito, the7 ofton roquiro additional external cornpononto in 
addition to a pouOr supply for antiofactory oporation, A typical 
o 	to of ouch an oxtorna , compon3nt is a reactor to coVO t  

a linear amplifier into an operational aoplifior. lim"r 14,o to 
are of tto basic typos. .'hoy can be vorc• the go Harm pu 000 
device c that nay be adoptod to provide many different typon of 
circuit functions. Alternatively they may be of the opocia3 D; • 
pose type for specific circuit functiono. A further trootceaS 
of a bads linear IC is given in pro 5.11. 

5.8.1. 	Logic eyctans may bo built using a. variety of 
components iiko dodos,, and rociatoro, or diodes and tranoiotoroo 
or resistors and tranoistorco it is because of those that lock 

st©ec are often ciaosified by the parts used, o are eight 
families of logic. 
(i) &sictorte►Transistor logic (RTL) 

(ii) ►iodo-Tran0Lctor -ogiC (D i1) 

(iii) Tranoiotor.Tran.oistor +ogic (TT 14 

(iv) Complementary rrancietor cgjc (CTL) 

(v) ftittor Coupled logic (Q) 
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(vi) , tal Oiti4t 80ajbConduo for (13) 	 T 

(vii) Couplozcntary cotalOxido Scg.conductor (CI:0$) j, and 

(vii) 	Zntogratod In3oction rjic (tt L) 

They all havo dittooat obzrncterioticc. Acongot t 
eight typao, TTL, SOLD  QS9  and CM►O arc popularly unod0, th 

G.S,i* and il.3.i. 
• _ , 	1s s 	, # 	f_ A 	■ + DW 	. _ ] • '! 	, 	. ,r,.k 	III ` 	; 	4  

wjg 
it jo alaapo appropriate to look at the co moral. 

ctmrocteriotica of the IC 3ogs atop before doacribing t 
dit ront tyoon, co that the difforoncoa botwoen th sovor l 
typos can be bettor appreciated. Th000 general charactorictico 
are an folloun s 

Tho voItaso level at the input of a of cui at 	h 

the circuit changoo frog o otato to an th r in called the 
throahold voltago,► One appro dwat n of thin ja the voltado ct 
the id-point or the tranaltion botoon the t otatoo. 
$t}  

The tjjno delay bote3on the applicaticn Of a lovo3► 
change at the input and the chango of state,  at the output or 
a circuit in called the pr p ation delay of the circuit. 
Generally the propagation of an IC Sato I.o in the range of 
a to 50 no t a ns.nanoeoeorid = 10""9  of a coo.). The total 
propa t ion doZAy t ino of a iogtc cyctea will bo the delay 

i' gate multiplied by the number of gates in oGrioc« 
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o pot or dicnipat ion of a login circuit io usual 
'in d an tho ou)ply  Ivor roqui c2 for tho gate to oporato 

tsith a 50 p3rcont. luty cyclo at a opocifin frequency C i.e. 
equal boon in the 0 and I ctaton), The 	dinoipatiuu of 
a typical 3gic IC ; n oa frcn a Your raicrauatto to about O 
ailliratto pr Cato depending upon the typo of circuUU, 
iv) fl•itin 

ho difforonuo bott3on the operating input4ogio 
voltage level and the throchold voltage is callad tho t ojoo 
.argin of the circuit. It i.o theroforo the oatiuz acount of 

deviation •- free the noix jrtl valuoo of V(o) and V(I) that tto 
circuit Can tole to uitltDUt oh aging ntato, The circuit fot 
otable operation should havo oqual logical. 0 and 14gical I moo 
Oarginos 

The valucv for the voltage lovclo corroopondicg to 
logic I and onic 0 affect Dov ral otter specifications for 
a o3ratom cuch as potrer dicoipation, cpood and noico xeunity. 
The probloo of voltago lcvoln cant be such that interfacing tth 
other 073tcc o i.s pocciblo and this is eade oleplor by cbooiig  
a faciZy of gatea that have the c=o 3ogic voltage levclo ao tU3 
oyatoo to uhich they cunt intorfaco,, 

The fan ►in of a logic oyotoD to the numbor of tn, to 
it to dooi##nod to have o it to a coacuremant of hoc much that 
:input will load a driving courco. The fariiout of a logic gaao 
to the nuebor of IC gatoo that can be reliably driven by the  
gate. 



L U I0 atoc aro C i-cDnc ctor aoviecio that aro tctorc• 
taro conoitivo, They a at bC 	t3iQnc2 to ivo a cati ]ThctorT 

port + ran raneo ova ► a usdo rar o of tocporatume 

Tho gotoral cbaractorioticD of tho oiaht 10 io c tariLiov 
aro tabulatod cc cboun. Vaiuor quotod aro roproocntativo on a 

coz3pari con bclo, 

£oaic 	PropatjationPot 3r dtcci `" rpic1picz 1 ':picas flolat is . 
`amI27 ti nor ption 	 ' r notco 	o n.• 	 ~ ran-otat coat S 

, 	to(tb) flatO(M r in Aga a 

RTL 50 10 0.2 3 M)diu 
15 07 3 8 M)dl an 

TTL 10 20 O 8 12 lots 
CTL f 50 0.4 $ High 

50 0. 5 25 
1106 `0 1 2.5 10 5 Vow'` I*s 
Cr'03 30 0005 r-orrdo on 10 100 4a+ r 

is  
X Ioa] 45S 
Of DD 

it L 	40 	. I 	 0.35 	I 	8 	Vorp 

5.8.3. Tho Dioot Coupio6 Trinciotor WGIO( VV) to ►c 
aarlioot to bo devalvod(?3). Th co con ictod of circuito in 
v hio1 tbo input Oigaa&o taro diroctly coupiod into ba000 and 
outputo cignaiz takori From tho ov ittoro or eoUoctarc of 
traaojotoro. Thoco ho ovor cufforod fr±ct ourroytIogtnj, 
Purwr thorn vo no guarantoo that the i.. obaraotoriotice of 
tho bacon of do tranciotorc you d bo idonticai, throby thoro  
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was a possibility of some of the bases turning on before the 
others. 'his e.r6ous impedis,nt prevented  it's further explo#. 
tatton and as such has not been classified In the Above logic 
family* The RTL logic is an teprovement 	T the I 'L vb*rein 
current hogging to prevented by including reelators in the bases 
of the transistors. The resistors however degrade the switching 
time and to Improve the switching ties capacitors are connected 
across the resistors. These captoitorsar. card as speed up 
capacitors and these circuits are soesti.►s card as Resistsri 
capacitance: andator lo ft (flOT,&) which are only a mild vans. 
Lion of RV, The ItTL logic has no doubt offered high pertar *c., 
but suffers from insufficient noise rains, and low ten-in and 
far—out capabilities • UL logic on th. other band is slower, but 
easier to use and has coparativsly large 'a in and tart-out caps. 
bj li is d, They have been gradually  su r e, d by TTL which 
otters higher aids  'bettor noise immunity and driving ng capability. 
Hence, by t the largest niter of 81 gates its *.ufaetured 
with the ' L logic. CVs, logic offers high speed, at moderate cost 
and power diselpatiari. S L logic bovivs, offers the highest epos 
and Is the ultimate in choice for vsz fast hems. 	9 logi 
offers great Ly increased complexity and low poer Consu aptiou, but 
significantly less speed# CMOS otters extra e. y Icw power coma 
sumptLau when operated at low speed and it** speed Is between TTY. 
and KOS 'inail7, LUG. ;Log ia which is a very "cent developa*nt 

has a packing density greater than NOS and simpler process. 
ing than all other tecbnoogisa. 

5#8& #As mentioned above#, because of it 'a high speed, +e power 
di eipatlon, sufficient noise mgins, high fan in and tan.ou and 
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lour cost, TTY. 910 Otters by Or the Mr st masher at atsnsr4 

L gates. the most cp on. t sedt? `, ' ',i '38Z Integrated circuit 
series is the 88 5h/ 74 series 	r SS stands for seal condo for 
network. 	• series are guaranteed is the temperature ran$► 
oear 4 to 12500 and were genersU made for the iditsr7 sari 
where size, power consumption arid rsLisbility requirements were of 
paramount importance « The 7t  series are guaranteed tar a teaperatu 
range over 00C tp 7000 and are primarily meant for coamercisi us.. 
Thus the Sit 5)+/7i.  aeries provide a complete range of ready made 
gates ply 	O  1)T, AND, :*)R, Cit, ZOR, in addition to binary  
adders and other arithmetic circuits. 

5•9XV 	RS AND  

.9.i. A multiibrator is a regenerative circuit with two aotivs  
devices designed so that erie device conducts whils the other cuts 
o 't« 	ltivibrators can stare binary numbers, count a ectr2oss 
pulses,, control digital circuits, .synchronuss aritlaistia opera.  
tions, produce rectsn, al4r p us and do many other things s that 
are vital to modern digital systems. 

5..9.2 Thee are bascal1yr three typos. of sultivibratiorsi 

1) 	Bistabs - which has two stabl. states, and a 
circuit can stay in either state infirdt* ► 

11) Astebie » without any .stab) state and it means 
that a circuit o i; t*s back and forth "between 
the two t..stabs states. 

i.i) Monostable - with only one stable stats and the 
output of a circuit can remain indstinitsly in 
It's only stable eats. 
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v.9.3„  
A flip.tlop is a bistabis ault .w 	for 	$s output can 

be either a high or a low voltage that is either a I or a O,eta .. 
The output stays low or high until the circuit is driven by an 
input. 

Thar driving input to a f1ip43op is ea &led a trigger. The 
trigger is a , sharp pulse of short durattcn which when driving 
the flip-flop causes it to *bangs it's*ate, When a trigger 
pulse arri ►s$  the circuit flips to one state and upon the arrival 
of a second pulse It flips back to it's origil state. Very often 
in digital circuits, a flip-flop has to be driven by a square r v. 
input. These square waves ars changed into tai, trs'by using a 

sistsncs,.oapaoLtance cornbinati.on of a dUferenttiting circuit.  
F pwtlops are also soweti.es called as !&taboo$ 

of flip-Flops(73) 

TM types in common use are the T f lip flop, the ES and 
fiST ` . ip-f pig, the , U f Pt p, Ott* The JK, ES and EST flip. 
t .opU are mostly eanutactur.z4 in TTWMZ Integrated  ,,mutts ' .. 

► . 0(1) The T flip.flip 

-in the dial of View .*(&) when nigstjv triggers arrive 
at points A,B,, , D the T fliptlçp changes to the opposite state, 
Thus at pètnt A in time the output changes free a 0 to I and 
remains ao until the next trigger arrives at B vh.n It changes 
state troi. I to Of, and so on. 	tltp.flop has one input and  
ti outputs. it is symbolically represented by eh* bl. k diagras 
shown in Fig*5014b)* The 'x' output is soettses cal3sd the 

output aM ' t #04  outp .. Since a T fliptlop respun 
only to the negative trigger it divides the tr,usncy by 2 it a 
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into sharp triggers by the use or a di " are ntiating circuit an 

shown in 	r*i o ). Thus a scaler to divide successiv.Iy the 
input frequencies by 2 can be developed by c&*t ng several Z11p 
flogs in series* 

5.9.L4(ii) The, as and R  

The ES is a reset.-.rest flip-flap and has two inputs and two 
output s. This fliptijp is obtained by Modifying a T ! 	flop Ilk 
regard to it 'a triggering. The sot and reset inputs are made to 
respond to ensure that If the 'r.' output is i due to a positive 
t rigger on the set input, than a positive trigger on the reset 
input ensures  that the 'i' out put w1 l be a so, « .. The 
flip-flop Is qabolicall7 represented by the fol2ovtng block di 
gras of Fig*. 5,15*  Tbe UU tip-flop is also known as a 	Latch. 

A RST tlip.tiop cosbines an 118 tip4.tlop and a X tp!lop  
The RfT flip-MV can set, reset and can tsar. The trigger 
input responds to negative .going vultags, whilst the met and reset 
inputs: respond to positive going voltages. Whin negative pul WS 

are al: ?piled to the trigger inputs, the tlip4lap tt gdl+ n back 
and forth between its two stable states* When a positive pulse 
arrives at the set input # the #x' output becomes a I if it is not 
already a 11 when a positive pulse hits the reset Input, the 'x 
output becomoe a 0 if it is not already a 0. The RSA` flip4lop 
can be built in many ways. All throe inputs can be eMs to r*s r 
to positive trigger# or perhaps to negative triggers or to a c 
bi nation of positive and negative triggers. T 	! fliPht2Op 
to symbolicallyrepresented by the following block diagram of 
`jg. 5* I5(b ). 
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out 
o JRR flip flap hcia tbrco an to and tut o. o midd 

input in Cal d the tri aar or clop input and tbc othor input ► 
azo thO J and I inputo* T flip flop a apbolicoU7 roproconto 
b tho to1iotin block diarco of Pig,g.96, The I lip.flop rocpcc 
to dotoroind by t 3 raluoc of ) and it at the inn tcint t t t 
tri.~eor or c ett pulse r oce T, .ere arcs tour caceo to doccri'bc , 
(a) ihen J a " . 	I, t flip flop to loc stub U o a id 

on ►lock pu3Mo Arrivan as thus acto Zj10 a ' flip -fop. 

(b) ien Ja 1, i = 0, the ip4lair will cot on the next c1oct 
pulse0 On ouccooding triggorc the t ,p$30,p otcrm cot ant2 
thus acts :moo setting a RS "liptlop. 

(c) • Erman 0 a () iS 1# the tlipi flop 4U moot on to east 
trigger and they star resot on succeeding clock p  soo 
and thus acto line rocetting a R Ili -flop. 

4) When J a 0 .= Olt the flipflop roaainc in hcitor atato 
it in in 

The above actions of the wK flip-flop are a iriod boli Xn  
a truth table* Here • ' is the value of the output aunt bOforo 
the trigger or o ooit pulse cirri c, 

a 	Output attar trigger 

0 	0 	b (caw) 
0 	1 	0 (reset) 

1 	 I(cot)  
T (toc lo) 
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5, 9,ti . (IV)  

Tho circuit of tho orator s. vo fliptlop is baoicaiiy 
tuo iatcboo connoctod ortal4, o firot latch to called the 
t- ator and tho aocond to tcrcd the Jlavo, 

Cv) 	 . 	} 

l a 4 0, or o o tri rod clock to ono that ca red 
flip flip oporatton at a particular voltage thorn o thor a pooittwa 
(panitivo edGo trijer) or a no,3attvo ( egati o odco trt or) 
transition occuro. Either ono or the other to roc r cod, but tzo 
both, for any oh000n device. This type of clock onablen the data 
inputs aci6 tranoforo the data to the output 	ultanoouoly, 
reculting in a high opood oloot in tochniue that is relativolq 
indopndont of the clock r oo and fall ti o. 

the ichit trio ;or is a bistablo mu. tivibrator, The c ouit 
to t an aepLttudo oono .tvo circuit*  The output voitogo trbich ju apo 

W val*3 to a blab Va uO to called the uppor trip point 
(' P) and the corroopondinj votago ich , umpo troy a bt 
vat► to a u valuc to called the Lotr trip point ( 	, 
tho input voltaO o dodo mho UTE, the output voltaGo oaoo from 
a low vaiuo to o..  high value i.e. from a 0 to a I. 4beci the input 
voltage Bros be lot to L2P, the output voltage dropo from a I 
to a 0, It is bocaua of thic that a 8CbiitLclxcutt can be uoe+ 
to ddtoot ion the input voltage ercacoc certain voltage levol 
It in oleo to bo noted that ubn a $ebittrtggor circuit to 
driven by a periodic oignal sthaco peak Vo1UO ozeoodo the UP, to 
output will be a roctanglr avoforee  ! o . Ouch the }3chnttt 
tr*or to A scot aao kno"n ao a "Sz uaring Circuit" and thO  

output frequency in o u 1 to the intent frunnit_ 
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cm 

The , ntab1 r vibrator ban tio otatoo 9, but in otablo in 
noitbOr, it onciflaton back and forth bot on thorn tue otatoa 
producing a cquaro uvo output. ROnci th antab muitivibrato 
is a cquaro vo .onci .3 tor. 

Ofton in. Iigita1 oyoterne a cinglo actable eultivibratar 
koopo all the difgoront Circuit e,paraffena in atopwith ono 
another, Thin xutv1brator in tb n liho a znartor clack that 
nynebroritcoc all parts of the digital cyotern, Thin property 
hart em biod an aotab3 + oultivibzeator to be tnon co a  

Thin iulti.vibrator in otablo in on2 ono otuto but is 
unotablo in ttt other, tJh3n it to tiggorod It goon troo the 

stab etablo auto into the unatabio otato, It 	ins in the untabV  
state toporarily and then roturno to tho ntcblo otato, 

The diAgraec of Figi,i6 oboe the general Idea of oon atab 
tultivibrator, At point A In time a trigger hits the Input* Thin 
onu000 the "Out, t voltage to go from a low to a high value,, The 
sigh atato to an unstable otato p .co that after a. uiiilo the 
output voltage : turns to the low. ato.te. The output recaino in 
the for otato until the next trigger arrivon at point 8 in ti , 
AgAin the output juepo to Cho high otato and after a while 	 u n  
to the low dote, fro it tye Until the trigger comae in  
point ► in tno0 'Thus fOr each input trigger there la on ooD 
tangular output pulco. it in bocauco of thin proportl that a 
mor ntablo eultivibrater to of ton called an a "o.no•~ctot" Culti. 
vibrator. A oquaro tvo can dro ono.nhot multi-vibrator pro  
vidod uo dtftorontiAto tW oquare uavo input .6 The ono.shot multi 
vibrator in uooful for reohaping ragged pubes, for introducing  
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11p4 Lops connctod in caccadi uorVO ao an o loctronic 
oountor, (flofor P# .5.17 ). A,B and C aro two t ] ip. flopc 

~+ tOd .a cac a$o ao shou o A +equaro 'avt ait oaUod t 

"clock" oign xl cirivos tho A tiipflop.1ho output of the A 
flip.flop driven tho D flip-flop and It in turn driven tho 
C f ltp•flop, Lot all flip.flops be initially in tin 0 etato, 
WhO a a loci $uic cocoa in Atha 4 tL.p..glop chngoo on the 

gativo Going part or tho puma and It ° horotoro char m tt #$ 
ntato Oath time tho clocb changee from a I to 00 Tho B flipf lop 
toggles on nogativo goLna chargo. It therefore char os Ito ntcto 
each time that A goon from a I to a 0 an ohot n In ?in. 5.17 
Sim ply the C flip-flop togIoo each tho 8 goo from a I to 
0.. Thus a oucc000tng flip-f lop toggloo only I ' the Clip-flop 
do the right has chanood Froz a I to 0. 

'l us initially if CBA a 000 
Then at tho and o ' tho l of pulco CBAs 001, ( A charigon froi 

O to I ) 
at the and of 2nd pu n 	tic x 0109 (A ebanos from 

I to i, 3 char a 
from 0 Qo 3 3 

at the endof3rdpuloo 	A change c from 0 to 
• 

• . 	OBA 	Oil and no on 
The above oporationo can ho cu aar1C*d In a truth table 

which incido nt ally given the count. 
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C 	 A r count 

0 	0 	0 	0 
0 	0 	2. 	1 
0 	1 	0 	2 
0 	 1 	3 
1 	0 	0 	4 

b 

t 0 

Tho va o of CBA ohan ao Count in tb truth tablD Indic too 
tho cyotori of a binary countor from' to 7 and on rocoipt of tho 

otgkxthpulco CM roturn to 000 bocauaa all f lip t1opa rocot to 

0. 
nn 

It i.e oboun In para 5.10.1 tb t by c nctiY f3ip.f lops 
in caccado to obtain a binary countor, ho capacity of a binary 
counter canbo incrQaood, by including coro flip..tlopD. ' uo If 
four t1ip..fiop arc ucods 	No a binary countor that can count  

from 0000 through 1111 botore it reactor  that is th3ro arc 16 
6i tifCt otatoO. In genoral U "f3 cacoa 'n' f11.pi.tlop3 to(;othct t 

Got 2n  g'tatoa 

At a as dacr'ibed in para 5.10.1 that th output of of 
tlip.flcp drtvoc t output of tin nort flip4lop. Such a countor  

to oaUod. a " ripplo counter 	in tho tlip.f.p to tho 
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right (if the one in quootion Est chzno Ito otc to boforo the 

flip-flop that is connidorod corn chanr*o ito otato,. The tri(r;oro 
zovo tboub thelip-2lopo or the oountor like a ripplo In 
motor. fence the MM I ripple counter I . A ripplo counter Can 
try oco3tructed sith 1,137 or JR flip opo 

5.10.4. A Dc or, Countor v~ 
wirwnnrr~+r. rwrrnn mrirnt 

ho !oniliarity of dccit=l aumbozo hen rocultod in the 
do lop•nt of a decade counter. A. hoc ido counter boo 'gyp dioti no t 
otatoo corDo2pondin8 to tho 10 nuaber of a docia1 count. It 
4 flip-~ opa are uacd, then 16 diotinot otatoa aro obt rood. In 
order to obtain the 10 distinct Otates raquiroA for a dac:.do 
co for coto of the atatoo have to be skipped throx* h. 'hio to 
achieved by rovI dint a feed b ch from the 1) flip-flop to the 
B and ' C flip flops an shown in ?!R* 5.l8. Starting with ]CB1L=0000, 
the coaster c.dvoncco to the not binary number rhon each clock 
pvlso comes ire. The food back c 000 nothing for the firot coven 
counts, that io DOBA changoa during the fie t coven clock pulaoo 
as tolloua upto the natural binary count coven. 

00000 0001, 00200, 00110 0100,01010 0110, 0111. Upon 

receipt of the oighV pulco, DCBA ohanjoa from 0111 to 1000. This 
1000 otato is only tooporary bccauric tho D output ha acs chanced 
tree a 0 to 1, a positive cbun o. hie_ pocitiv'o chance goee back 
to the cot inpute of 13 and 0 flip flops, thereby forcing theco 

.ipflopa to chojo otato free a 0 to 1 • ?hue the value of DO i 
not hooe oc 1110. The counter has now alcippod throuch ooaa of 
l t' o natural ata!en. Thus the count 1110 ataodo for eight. Upon 
rocot of the nort clock pvloo. 1X1A beoo o 3,1' 1 tbtcb eta o 
for count 9 and on the next or tenth clock pulco 	A roects 
to 0010. 
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5.10.5. ~. t D CS .'dg 	+ 4 14 ) 

. o 8421 BCD code has c nturc1 bin7 pro oUion UptO 
Dina ind then tho count roBoto • kto coquonco can ha obtainoc1 

ao a o in Pig. 5.19. Tho cyoton .meta ac a otrai bt binary 
ocqucnoo upta the dooioz1 nuabor 9. 't thia point DCBA o 1001. 
Men the tenth clock pvl.ea cor oo In„ DOBA born n 1010. But thin 
condition .i0 only t porory ao tho poaitivo ch o of B fiipflop 
In fad to tho r000t input of 1) flip. ap cauoing 1) to chago from 
a .1 to O, that iO I)CZ1 io now IS 0010. ''ho 	output which bao 
cbnnod froa a 0 to I .coos bcoir to tbo 13 flip flop cauoiu ; 8 to 
óbano from a 1 to 0. 2harrforo DCBA no boco o 0000. 

The `1490 ' L/33l (.18) 10 to o plc off' 4ea to counter oonoic 
tine of four duni tank Qatar claia fliptiopo tthioh arm onnooto 
intarno .y. 

5.10.6. 	pin 	t sou t r (x139743 

A very aiopio not od of doeodin o co for Ic by con oct-
Ina 1 po to the output of each flip-flop. If tho output of a 

ip-flop IS It the lamp will Clow and It It's output 10 0 it 
+ L11 not Clow. But tbIO han the d odi'ontago that the dorm, 
number )iao to ho deaodod cost ly which to not doni ble. 

It 10 hottovor pooaiblo to con rt tho .BCD nu bor otorod 
in the countor into ito docioal oqui1vlont uoin 3 ló8ic circuits 
40 that on 4 ploy tie roiid dooloal nun't ra. A ample nothod ' of 
r1OOadiTC a count+? iaby tho uco of ton JI7D, ato0 and oath AND 

Coto is Cade uoo of to drivo a nuoborod lamp. icb JUIh Cato 
&o for inputs connected from the flip flop+ • For iuott oo 
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(Ii!-,•5.2O a)r  the A17D g.atc for 1 cp 0, has it fou Inputs 
connected to , , , i  co that rbon the output IBt to 0000, 
the 1 s p 	oc w o cal . inputs to the Itfl) gate aro 	a U 
enables It to drive the leap. $llarly for lamp 1, the output of 
tho fpfiopo is 0111, so that the input to i.t'o MID nato will 
be CBA = ,11.1. to enable Atf & thus drive the lop. 

E r1ior instead of using 10 coparuto lwzipc, a single lamp 
1 nown as a I ni i.e tube ' ttsn used. I t oontoitc the nur born 0 Ahroup.I 
9,, ataclrod on top of each of r. faro are 10 input loads to the 
nixio tube,, and thou a voltage is applied to one of thooc inputs, 
the 4o mal number associatedwith that nurabor in lit. 

xio tubes have , ct8tan3 ,y boon roplaoo+d by 1 'o (Li'ht 
emitting dada). The L` "a are Win, d to forD a to r! of oirht 
as shown in Pig.5.ZOb. It has seven inputo corresponding to the 
seven LED's a,b,e,d,o,f,g ihich are oo sly referred to as the 
coven oo.00nto. buo for in tanoe if the binary count stored 10 
0, the acrnOnts a b, c, d„ e, and, t are enabled to be lit by a Ooxob -
nation of logic circuits to obta1s the figure of 0. St ilaz ly for 
a count of 1, aeento al b and a are lit to give the figure of 7. 

The 7448 T,/431 6)  is a BCD to I aegeout docader. It cons1otr 
of I A D gatoo and seven AflD.OR-ZIWEIt gatco connected intbrna$.ly. 
5.10,1. t 	+M s 7 e+ a c+ o t+ 

Decade countors are ouocade to morocco the capacity of 
a counter. For instance, If we want to count freD 0 through 999 
iwo need Only cascade throe docado Counter unite ( d W o) as ohm 
In Fi g. 5. . 

10 
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It at tho ba nning of the count, all Cfl' o oro rocot to 0., 

then when nino clock pulooc have arrived, tho DCU'o will road 009. 
On the arrival of the tonth clock puled, the ) fllpflop in the 
'Unite' 1)CU will channo froo a I to 0. Thin nogvtivo chance Coon 

into the ' tons' DCU, causing it to cdvonoo by one count. 2iflio after 
10 clock pulses tho DCC's read 010. Ao additional clock pulooa 
arrive, the unite ;C= a(;vancoa coo count for each clock pu oc. 
Every tiro the unite DCU rosets to 0, it prc.ucoo a negative cboneo 
thatodvonoo.o the tons 3 U. After 99 clock pul000 hrwo arrived, 
the DCU' a read 099. Upon r000tpt of the 1000 clock puloo, the 
tong 1)CU reocto to 0. This producoe a nogativo eban(ro that tri, j ors 
the hundredth DCU advancing it by one count# fence aStor 100 clock 
puloco have arrived the VCU'o road 100. In thi.o way the oyatoa data 
h nd10 upto "9 clock puloco. 

.1O.B. 	g.  .r  'El' Co toro(74-)  

Itboo boon doocri bed in paroc 540.2 and 5.10.3, that th0 
total nuabor of counto or di dorete otatao tbrcu which the counter 
on pro doe to given by 2a  whore 'n' io tho total nuabor of flip- 
flops uood. Tbua a binary ripple counter with 4 .ip' lope is 
ca abio of cun tine through 3.6 dtsicroto otatoo.Such a counter 
to ofton referred to ac ' othi1ue - 16 ' counter or uct t1od-l6 
counter. The moluooS a cater dofinoo tho total nuabor of otaton 
through which thocountor can progrooc. 

It is ofton dooi ble to have countora which havo eadulti 
other than 2,4,,8,16 ...... A o ollor eoduluo countor can afar o 
be constructed from a larger codulue countor by skipping atatoa. 
This bao roculto8 in the Divide-by- N counters. 
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A. oiorol procoanro for doo ing a divide-by4I rlppla 
counter uoing JIt flip-flopo ait'h pr000t i as foil o. 

Dotoziaino the mbar 'n' of fUpflopo by the equation 
n J log2  2j share the oymbol loi! u J donotea the 

.oat Integer that lo equal to or Bator than 
."1Og2 n3 

Li) 	Correct the 'n' flip-flops a a ripple counter. 
111) Dotormino the binar 	pz'oOntation of('V—I) 
IV) 	Connect afl dip- f"iop outpute that a lor at the counter 

-1- as inputs to a fAI2D gate. The clock pulao La also 
to be fed to the 17AflD g ato. 

v 	Conncot the ffM ID flato output to the pr000t inputo 
of all the rupu .opo for ,thich Q i► 0 at the count t -l. 

o counter r000te in the follo ing char.. it the pont tivo of as 
Oda* of the t7th  clock puloo all flip.11opo are pr000nt to the 
I otat+ o. On the trailing edge of the cane clock pulse all 
flip-flopa count to the 0 +toter 

An eza plo of a Decado (Divide by 10 or ti!o Lo 10) ripple 
counter La no fo1ioo. 

o f a 10,', n a 1og2  10) 	3.332j 	4. 

"hue WO use four J. flegativo Mao trigorod flip flopo and 
Connect them.  ani a ripple counter. Siveo 11 a ' 1O ` 10012k  outputt 
Q and. + C  car connected to the !Atfl) gate trhooe output Ia fed to 
the pr000t'a of the flip4 'lops. Thin decade counter in chain 
in Fier 5.22. 
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5.10.9  'n 	r .__off_ 	ehr ±pug Ca t r  G .74) 

The .Apple Counter though oID to to build, hco cortcin 
limitations on it' c highoet operating froquenoy. Each flip-flop 

a certain dai.oy time. In a ripple counter theoc c1ciy tiro 
areadditive and tbo total aetting tine for the counter is 
approximately the dolay time the total number of flip-. opo • 
This opoed limitation can ho ovaxooco by a o ehz'u'nouo or prclio1 
counter. èvory flip-flop in stgh a counter iotri 	d by the 
clock and thus they all make their tronoiiona oitu1toneoua1y. 

There are basically two r thoan of flip.4lop control in 
synebroneuc cite one with ripple CZ3 r tand the other c ith 
parallel carry or carry look-ahoud. The latter Ia the fuator of the 
two mothoda. But no the number of otagoc . in n cynobronouc countor 
with pztroJ3.ol carry Inoreaaoo, tho flip-lop auot drive an over 
increasing number of N 11D ratoe and the number of inputo per 
control , to aloo increase •. 

Tto 4ubit rrnchronouo countoro using J--lt positive edge 
tri; gored. f p-flopo are nbown in Pig. •23(a) and (b) for thoao 
countor with ripple  ca and for parallel care. 

The output of the fl1pf1opo A and B when it in high 
oausoa the output of the RAM , too to go low. ` h a output iS 

inverted and fed to the inputo of the succeeding flip-flop 0,. 
and In aaceedo with another 171tf}) and U0 ' gate to flip-flop 1) 
in the ripple counter while in the parallel counter the input 

to ) i c in parallel with the output of A,, B and C fllpflopo. 
Syzlhr ,ciao oountra can aloe be modified na described 

in pare 5.10.8 to form countor3 of different modulil. 
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5.10.10. JDon o ar0 

bo countorz iocu1Dod cc far ore unjtttrcotjonc1 countin 
up. Some applications oquiro counto s tiicb ccn count in a don 
bard aequonco. Andy of the binary euuntcr3 diouocod CO far can 
bo used to iip1coont a dotn counter* 

A throe-flip-flop ripple counter a1on dth the avOfor o 
and a truth table io shotm in riC.5.24. The ao forc3 o2co 
chutr the outputs of the '09 aidou of the flipif1p. L kkoaioo in 
the truthtab10 the no1 count aot uonco from 0 through I is 
Ghottn under I COW ` * co opondin to the otato of tho output I 
side of the flip flops A, B and C, ' bo #0 aidoc of the f11D 

flaps are pimply the neCativo of tho I oido and th000 arc oho n 
under 1, and T and their binary atatos arc ahotin under ' 

It is coon from the truth teals that tho count soquonco 
undercat projraeo in a downward fonhion (1-6-5-4.3-2 1..0). 
Thus the counter could be decoded to provide a count-dote sequence 
of saveforms. A parallel or oyuah noes ,/Don counter cry aloe 
bo formed as described in pare 5.10. i'ir* 5.25(a) and (b) eb 
the JC flip.4lop roalicatiuno of fot Est a up/6crvn d0c+ dv counter 
$421 one with parallel cars and the other t&ith rtpplo carry, 

5.11.. ~3FM&TIO.TIAL A ~T.!t, U (op A o) 
The most co=on form of linear IC is the operational a1 ." 

fi,or. Tho3o amplifiers are hit gain, diroot coupled cix ui.tc 
,hero the Gain and frequency rooponco =0 controlled by external 
food baor notiorko. The moot con= type of linoc3r TO cp-ar p u3os 
a balanced differential a ircuit. IC op'atipe gano=34 nee several 
different ataoc in cascade to provide come mode rejection and 
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him gain, ?hum they generally require both positive and 
yt.gsttV power supplies. The power supplies ers ucmaUy 
•qusl or eys*eiriosl such as #9 V and w 9Y ' +'15 V and 
x-15 1* The figs of 5.26 rejr.aenta the block dLaWaa 

of a t3rpieai O S&P0 5)  

5.12 P.80? TIfl OP!ED RELAY M D PADIL0CAT 
5.12„1. The designproblemotsiete of the following two 

the fault detectit p'obt 
and i D the fault locatie ► ambles. 

The fiat sulvoMoblas Is the detaainat1im of 
whether not my of a prescribed list of faults which 
may . cl .e all possible yen&. faults and *ultipl• faults 
has 000gr.4, This is achis by the deielo*ant of a 
distance i using analog and digital circuits.  The 
disc o. relay proposed Is a she relay as several relay 
*#n 	' rl2's eaploy the who relay as the fault detecting 
imtt or + t third s ie starting relay. 

The second aig'abia, is the drt.rainati+ & of the 

tocstLct of the distance to .s fault so that the distance 

to the fault Is "ad directly trot a digital display, The 
fault locator Is also propossd for being developed using. 

slog and digit circutte. 

5. 12.2 	incpi. of Opersti a 	of they Bel 
5.12.2(1) The OIA& of Operstifel is **oily explained 
with reference to the sobesatte block dis 	of fig* 5, 27, 
This block ttaan doses within dew lines two blocks 
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i4ultivibr&tw cra o that H owes le M lti at r Rio► 
suppiJøs the gating pulse to both the requIoy CciM s, 
Ding the period of the sting tom, the comter comts  
the ►vim or Wises,. At the end of the gating t1*• the  
c 	 co ti, -the amp wed in it is 
the m*ber of pulses c t d in the inter of the gat g 
Use. ice the gsting tiaie is the s fcr both the 
+ oi*ters, the mabe of pulses støred the cowiters 
co'reapcnds to the se interval oft tc r 

Zr the gating few is i • then the , ►# ► 
t re is 1/1000 Is I* 1 ` sees, 

wing ti*e a dr where P is the gating 

Xmta, mail z2 he the ntaber of pulses staved in 
the frequen eoi*ters. 

Thenn1 - 3xr, w f1 *F,n1 	eu.(6) 

seams - 	xf 	t2 'rat2  

5.12.2(5)  iitsl _ MRS  t 
The digital . ecpe'atr primed +4a 1r uud to a 

two 4 bit ward e parst 'taring inputs A and S. This 
cc*paUr *s Oro* impute n amely,#, A> B, A a B end 
A < B0  The stared pass*rt, endn ere ted to thf Inds 
A end B of the o rparst+ , 

The output A <Biefdtotb, gypping des 
to cause the oparaticm of the role 
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5. 12 .3(1) Nment # +i 	on c 

The an ent to bb *anti is cmmrt*a.. o, a Iro-w 
purttrnai oitage using a zepUca ,*pe s cs sr , as OM# so 
as 	avoicedropToa Ir  

reCI; f ̀e av~c( in the tw t ! c1rcu1t. W e voltage V~ i.,fed to a 'Ungar 
to f quen c4*wertor to ebtath a fraquaticy  f2'. 

Thu* 

f2 

The a c t voltage Y of the faulted circuit 
yec ~► Qd bid 

out us "I" V 8̀ * -  fed to 4 1 	voles to  
qUtO7 o+ er tc,z to On a frequency`t1' sixh that 

5.12. 3(3) 	r! o 	e 
TM frequency eigrn1 •f • vhich Is oport1bsl 

to he cum .+* Is dfti4sdby en inter I1 so as to obtain  
athdrzg wave ' 2/V a. sham in the tiMing wave di* 'M 
of Pig 	15.29. 

The iii  It2 Is also gated t3iroui the AD 
Sate 11 alms with the inverted tiMing wave, 

The eig l 'ti' is grid # av the AM gate I 
alcbg with a t ag wse 



The+ r  puts of the AV) But** I and II '# ltd. 
The output of AND a* I is 	iops ccbtsthlng psis 
of fr.queCy 'f1  *in he aecri4 bait car negtivs. bait of 

the ising wave an abown in P1 g., 5.29. The output of iJD 

,ate it is an VM' ope a  catt*thiitg pul,e.e of feqane r " in 
the Positive or first heif of the tla g wave. 

$. ce the outputsof theAND gatelend 11a 

Mod#  the output of the OR gate will resist of frequandss  
fandfaa shown Jr the taingdies, The output  at the 

OR gate to fed to a boi41Je UaUa d*efld.s coiMer, Tb. bi4- 

directitttai . o tez' Cie up or down depending upc*i the oat of 

sib rod to the " , it teriina1 of the cot* t . The UP/ 

sib Deed f the tagwave fft. Then eat 

oowzts UP in e positive half cycle with a frequency 'f1' end 

DM in the negative half cycle with a frequency f2. At the 

end of each +n.. of to tag wave,, the o 	M** the 

differetce of tie ,se* (a) obtained in both halves of a cycle. 

The pe5od of the timing wave is given by 

0 a 

The d5ftai LOS or Wises (spy) is ,ice. by 

n 0 oil  . 
' 	111 	w 	of pesos OO*IIt*d tW 

a ■ umber of des row a . 

f 	2t2 
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r 	+a ►ttoVw nob o mote st ' d, 
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The fault lccetw if it Is to give the di stenos to 
the teult dir tly , the the Inpedsnos to the f.ult will 
have to to divided by the Wed=** of the Une per XM length 
of the Uns. Let ZLbe  the Isp 6 * 	XN length of the 
'won it  the + *a tee to a rav . 	M Is SIT" 

z.cL• )n 

S. 	4af *3n 

` r It the mabor of pesos stcsd sid s*s.gnee tit die . 
is to indicate directly the distance to the tit then the 
uttty ( . " ) should be asde eq  to qty* 

M 1 	0 	 r a n that is the 
NZt  

zs 
distance to for fault In G3dtr.otly indicated by the dLgLtei 
display  of 'n' the n'uiber of pulses øt *d. 

in the +c aant 	,, 	),7jtheIspsdsno.1fl4 

lend of the U s isae 

mm 
2 

aM thez'et e by ad3usting `/2 with the value of Z the sbov  
equatii of 7, s be ssd true and hsnes the vet or Z. say 
be fixed, in relaTh*tto,IandZj,. 
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