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INTLODICTICN

.he proteetion of trencmission linos ie onc of tho
nost imporient, difficult ord inte osting brancics o tho roleying
arte Ono should gppreciate the :cot that the nejority of tic
feults occurs o ticnsniccion 1ines rother thon orn busis or
epparituse Tiic followin; cye the typiu of prolcction employed

fo: tre opicsion linung

a) Ovorecurrent protection
b) Distenco nrotection

c) Pilot wire protection
- d) Cerrior rolaying, wiih omd vithout distenco reluys,

tor o long time 1t wao t.c prpetice to gprly over
current relo: & for tie protection of lires. It 1. bocauwe the
ovor-curront relcys ore cimplost in épplication, rolicble in
operotion ond checaphor in cost, DSub with the 1ncicrsihu denerd
for power : 4 4incrcesing grovth (nd conplexity of oystems it bocone
difficult or ocy imnossidble to obteir solcetivity vith tle slow
Ep: cU overcwrrent relciys, becnuse of the problum of choosirng
time cetings chich (re ecovrect under nl! conditions, lven
whe: tic seleetivity 1o cchieved the operatiug tiot of comc of
t ' relpys i unnecevverily long,

Sufficiently quick clepronce of short circuits
within the Hmitc of (ic pro.ected sectioun cnd ¢he b:ek up
protecticn of ¢ followiny vectione .ogo-ler wiih tio relr.ively
low coct o: div :nee cro cetiorn bou eneoded S widcoproco
extension & the die gnee prineciplc oo Vi uasic ghu brckeup

forms for tix h'gh vel pyc ne'works, cupeeinll, vhen there :re
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a luric numbe: o. _cctiond ond ecve:sl oupply courceos,

"he pick up choreceierdctics oy distence reloys uscd nemcly
impedonce, rece.ence i, ho reloye ¢on be represcnted by oirgie
ght lines or cirelcas —her plotted on hea dlagicie he rclay

ope ates when t.c tip of {i¢ ‘mpederco vector which 1o dctermined
Ly tit 1 tio of weligge erd carrent gpplicd to its terminalo is
placed within tic 2imiio of tio xcglon,

Dictanee ¢l yo w1th t£hooo characieristics wero
cetis cetory foi the protcetion of any types of line, But due to
the fnercgied uge of longor vnd poro he vily lowded tropnomiocion
Jin ¢ opo.ctin, ot or neer o 9tabitity limil (nrd incroiuc in
the nuooer o. interconnccticens, dﬁmunué for grocter reliecbility
of uerviece, crd osuitehiny cire poments utdlising ¢ minicum namber
of circalt breghe:s, thc problin of rrotceticn prLECnNTs oh OVCon ErCte
ter cipllenge ﬁo‘?nc incenuit: of riley cengincers, The cxioting
di: roco releyo vith stradi ht line or circuler cherscteri ties
coust incrcacing incorrcet oper tiens, Dovelopmernt of ¢ :tic
comperi tors using vecuunm tub 8, uronsistors cmd reetifier bridge
compuicbors «.ode porsible to consiraet div.onee icluys vilh
elliptic l, Ly crbolic AR IAR] complicataed choreeloilotics,

“ho ellipticol chrroctoriciic covers very noaircevw  tripping
g:ca reproeoentod An fea Gilogres 06 will otrictly wivelope tho
over pll - Loumuly ol opercting points of the defietive 1inc

cd will nol run the ridck of ineluding zom & ou. hCaltly opirctlion,

Invo.ti; 1 *lon. to ob.cir lLc ¢1) pticpl dis gnce
r 1y cher cterdotics heve o e o crted 4n 1983, by Gecvenko no
cthers (19) « ‘hey !:ive show tigt witio thevo L:pats £uMdy

rectified cro eprlied fo tihn threo colls of movirg coil rcl(,
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¢1lipticel cherecterictic con be ovtaincd, It 4. however pousible
to ucc only o tinglc coll relsy cnd siuplify (. circuit vhich hes

Lutn Gone by he autlore

th the uee of tronsistor elrcults there fu o prect
flexibilily 4n coritructing releoys with omnmibuc charocteriuviics
to cult sny opplicetion 4. 14 Voluago intercoinected nctwoiks,
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1l « Charscﬁezazﬁicc of Di. ence Helays 4 Tho Inpcdonct gna

rdmittenee PYones

The corventionel distence reloys t4ll now uced hive
g0 strricht Mne or ciieul » choracteriiticr vhen d.gwn in tho
imncdonce plinc, il peloy opergtes ii the tip of ‘Lo dmpedance
veetor which 4 Coteimincd ﬁy the r tio of wvoltage ond current
cn 1licd to tic rel -y terminsls, 4: plpecd vithin the limits of the
rogion of the comnplon pl re limited by the reloy chex ctorlstiic,
hen (he tiw of the impcdineo veetor 4o moved to cnoticy prrt of .o
connlex nlcno, the roley Goce not operctc 14 this p-rt 1c outosido

tic lipi . of tic cherpeteri tic in quostion,

Conolderirg (it opecrrtir( ehcrpeteri tics driw in
t ¢ counlix impcdponco plenc, we eon dictinguich the folloving mein

typi s of vreloyse

\

1. Tonedircetion:' distence relay vith'g circul:r
chcrzetorictic wvith U0 centrc ¢ tic oripin celled
iope: cnee rolcys

2R h dircetiont? Gis.ance yel:y 'Ath ¢ cireulir
chargeterictic, ucooiry through the origin eclled
Yo yelay or ~opdticnce 1Cloye

3. Moteneo :¢lg Al Glop)-eced cirealer

chriroto.tstic of generr) form in the impadance vl ne,



4. The neredi: ceticn:) éi.trnee relry ith o
strcirht 1inc chorpetord tie p.rcllel (¢ & Bmexis

in “hc imped-ree plrne celled Rercet-nec Relays

The ¢l racteidictic.. of those dlutenee »cliyo
ey chown ir Fige (1) bo ' h 4n the fmpedineo pline ¢nd cdmiitonce

plene,

“hece eherpeteriotics cre obicircd by L comprrison

of “ix wol pge :pd current by clcetromcchanierl priueiples,

1.8, Ceonrel Iopedence kourtion of ¢n Llcc%ramn;nctic Heley

“he operction of ony cloctromoinctic 1¢lay irnvolwe
the cesultent forgue produccd in the clemynt by (ke orplic:*ion
of . current cnd/or vol . e ond the intepnctien of curpent cnd
*he volicgo, In the egie of - dictonce meruurdng «lemart, the
rcoul ent ftorque ct the brleonce polnt puct be equel to zcro rré
the Lollowiry genernl cQuntlentl) nay ve uritter. “o expit.. ‘he
freots | |

* GV * kg 120 Typ IV COO ( By = Bg «¥) 2 0 aess(11)

ir vhiech thc firot corp 10 indicetive oo the Lorque piotuced by
the voltope rlonc temdirg e open the eentocte (n. e second
term 10 dndicative of the toéquc produced by ¢ © carest glone
toneing to close " he corigetu, wa. the third tern indicitcl the
in ercetion torque ir which e crglt ¥ &u .he weetor ohngle
between current cnd voltepc (b which thic inte.cction torgue is

meximum,
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Prartion () moy we Lren formed dnto ¢ follewin, for: oy ke

¢ “tion of ,ﬁ%ﬁg to Lot e,
(J'amv
: I i iKq 40 od b .
D, v iv iCos (Pze¥) s fi.v:»q 4 byl (100)

Wﬁ -— ?vm - L_’_‘*v

Pauntler (0) wi™Y o0 cceopnicd oo tht Lqatien of [ eivele

cxprc..td in tewrnt of (id pol:r coordinntes I o d @

v a ddus el hi. clrclce io \/kiv2~* a Ky KV/Q Kv ane
1€ eccnt: o 46 loucicd ¢t ¢ dis gnco KIV/P'Kv from the or’gin

4 e inple W fro: It dcfereree veelor.

Laurtion () 4L ¢ aueydretic ¢ ¢ moy be wolvew lor 2, pgivipg thoe

£011:winy (zpreusciont

o i \ ' \
' 2 Kv

«y i vropo: cviluctiot 0. conu.g 5, cqueticn(€)
wey Bomode o roewae hie fellovirg form. which e charsercrivtic
£ 4he werion yri. of dlutrmeo rolays. Lot 1o v, supr lydcg
will woper Anpw gquekiitios, ik unil con DO @ ¢ o plve an
ope. ctli, . ziterls ‘¢ of @y ¢t the convention:? ¢iu ince

relryie
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s KoY Coc(p, - ¥t | KA Cos(g,- v)e ——2R
v Ziv 4Ry Coo(@_ = %)

lig

Kivcbﬁ(ﬂa - )

6 B4 . uvhen W= €Q°

= X unCPo M. K

or Z sin @, = K
op X = K, .-—~,(1'G)

In other words, this relay has en opcrating checracteristic

ce such thot gll impedance radivs vectors
vhoto hepdo 1ie on this chargetcristic have g conotent X- componcnt

The operating cheracterisiic Hr t.is relay is a stroight line

poralicl to reaistenco cxis and is at o distanco of K = ....__gi -
v

shovn in £4g.(8). .

+x '

orERA-r:NG
1( .
-R R
~R
I'ige Qe Ehexpefoxdntic of Reastrneg Rolny

The sirnificent ihing obout thio chorceteristic 1o thet
the rcoistence of tho dmpcdeonec hrs no « £fcet on the operction
of the rclpyy o roley reoponds olcly to the rceetonce
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136 fonllentde
2ho noiryss

1,341, Ipncdpneo Dolays

Ao 4t heo ol cudy been showm that tho operating cheracteristic
“of ¢n impcdeneo roloy 4s - circlo with centro ws origin rnd the
rolcy vould opcrite for any iopcdence falling vithin Che elrelc, |
3¢ followo thet the rolcy 4teolf cannot Geoe:imingte botucel

interpnol eng ontornel foulel,
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For czeoplc, 4n the £10.(5 ),y 1ot AB roprciomt cne 14no
rnd /Cyc coecont  1inc dm coxleny Thea tith o peley locnted %
Ay the no AD voald ropro.cat g trenopfssion iino in
frout of the releoy (ud oC o U: 2oiioion 1éne bohind tho
POlrye

!0 4¢ 15 rnceouorry in oot cpnlicotions to deocerlminato
betrcer theco two limcc, 4C 42 ecoanticl So cdd ¢ Gi:cetionnl
rcicy to 12:dt tho relcy opcretion to oho lino, «ho chorpctcre
ictic of thisnélmy 48 :cproccented by the 1ino DeD Lo thot tho
reley 18 nov cepable of oporction only for $oultc occuring
vithin ¢hc ohicded portion of the cirelce,

Ginco ¢lo rocetincee rolpy mensurcs only.the recetenco
cnd imoscu tho roofuloncs cocoponent,. 4t 4o indoupcnoiblo fer
very cthort 1incs wvho.c Che cre rooistgnec oy Be coupricwlc
vith the iinc iopcdoneo, Liko the impedinco polcy, tho
roactonco rclay roudicu o dircetiorrl wnity this unit will bo
usuglly of tho rho Cypce The .cacteneo rolay 15 cpplicallc to
1lines not subjcet to overlord or pouver cu'np conditions whieh
. geprosent en icpcdconec lov cnouchhr Lo coroog tho roloy cheo:actore
1otic, Jhothcr thic vill occcur eon we found enly by coleculction
of the suing impcdcnceo, licacteones type volnys havo olto beeono

tho eﬁendara preference in poct countyico for proicetion agninet:

ground foults oving o the hipgh rocictcnee cesponent ofton fourd
' (2)(3)

in ground {o»lto

Tho cho chereeteriotie 4o ovited idecally for protecting

long or heevily locGed “rencmicsion 17Rog Leecuwe 48 . 1loco

¥
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1401y to trip on power suingo than the convontiongl ropctunco
or impcdcence sclays“?) Anothor desiroblo fecture is that o
rolay for phece £c 1ts chould opercto otly on foults involving
tho phase poir vith which tho rolay 15 ascocirtods All othor
faults or syotem conditicno chould not affoct 4te In fige(6 )
it can be scen thot the lorgo tripping croao of tho impcdinco
choraeteriotice of the impcdonce cnd recetonco rolays chouo
that thee rolays eve suceiptible Co powor suingo cnd foulto
in othor phanoos (Gcnoted by csterilis) vheoro oo the snug fit

of the lho circio cround tho fault aroc shoun in fig, 6(€)-
indicates thirt the ilo rolcy offoctivoiy prcvcnto tho tripping
for povor suings cnd for ecny foults Cut those for uvhich tho
rolay is oot to oporate,

Tho feet thet tho thho unit combino scncitive diroctional
action vith accurpte ohnde coaourermont neons that onc fho wit
does vhrt tuvo conventionel units did before, This pot only
eliﬁinatoa the contact reecs thet econ occur betuecen the dirccte
fonal clcment ond tho vepsuving clceoent but obvioucly sipplifies |
the circults to vhich tho rclay 10 applicd,

Tho ltho :clcy hes got limitetion. for appiicction Co
short lincs, bocguie on very short ltncsy, cven with moﬁory
action the torque 1o likcly to bc lov during.écconﬁ zono fault
aftor the pemory cclion hat cxpircd.

Are registonec clso pleecs a 1imit &n the oiortnoss of o
1ino to vhich tho ho unit ¢on bo anplicd, Arc rouiuvicnce
inerocses o he currcnt dceronses cnd beoeored wore cffeetive

on short lincoe Yhio 40 4n the socwo Gircetien ol the other
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1imdtetica of A fren voltese to provido afcquato topque,

leCe oo HYIONT 20 S G 130 2 1L BT e

IS A0 ol et ¢ Tho pcley vl poppit lorgey pouce
cudngs Shem othor Srncdence op yroccloncel rolays vithout eny
foloe operotion, he cerdnun povor oudng nele that tho
vho capieeteris fe¢ vill C1llou vithout £oluoce onerrtion ccn bo
founG goourtriceclly ©. Giown In £40,

Letering to 280, 7 )4B 48 ¢he Lmpcdinco of tho protectcd
seeGliong o L0 U Lyoten Liscdoheo boyom:l tcrpinel 4 ond ER
1 Che yoico imcdenes ccyoad Lerpinel i,

Dpey g opclptudiculry thirough the nid point of iw, Mionm
K vhoro 4t cuts the roloy choract pistic d.cv 14nos to Ry b,
Hord Je 18 10 Che nplo 0p betucen ths poncruted LiF'g %

R end o b wvnlei: Che roloy ob A vild oporcie, IXA 48 the (nglo
0 botueen the toralnel voltcges ob A end D ot vhich tho roloy
et 4 Ulll Teip ond X 4o ho dapcdcnco 16 ccoo,

“ho power cuirg locus 40 shoum ad o otraicht ilino, Tido
icplios oqunl pureretcd cloetrorotivo forecs ond no line
copceitonees, Yhe wuing iupedenco locus for other ¢psos io
Giloecucoced in choptcp VI,

I£ the phrcio cacle of the lihe chovuctoristice 1o nrdo
o po thet of Lhe iopcaince of tho line tho lettcr beeoroo
o dicuotor of the eirculer !lo ehoroctorictic, Licnco fion the
Glogreny 2C cen bBC scen thet the -animam power oving cngle
botrreccn Ceprinel vollegco thet 40 plloucd vy the liho rolay
vithout tedppine 10 €0 Imd 4f the cireuler cheracteristic
a5 cdo cRArhtly lopeing (to pecoroCotC for eore rooiotinec) tho

pouce cwing (1loved w411 Lo 0$41) st Shen €99
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The ideal requirements of a relay is thot it should not
trip on power swings from which the a§stem woult Dbe likely to
recover thot 18 roughly ipto & power suing ongle of 110 degrces
between the voltages at tie onds of the line, Tiils means that
even the '‘ho cherpcteristic will be large enough to trip
unenececuerily on power 6wings beceouse even ct 90° degrces,
the power swing locus will enter the opcrgting choracteristic

of the !ho relay :nd thuc trip the line un-necessorily,.
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In vicu of the vidceop.ced intorost in oicetronic dovicos
of 01l kinds, 2¢ 4u not curpriiing het protcction onpincors
heve dovoloped@ o keen intercst in olectronic protcetivo rolcyC,
This intorost hovovcr hoedt not rosulted in geonoral cnthusiuon
for such rolpyo beeauco uony rolay ongincort are thoroughly
sabioficd vitr cloctrozegnotic rolpys. OG0 ¢he other he d sooo
operctors vould wolcom? o comploto 1ino of olectronic rolcyss
Bome of ¢the icttcr group havo becn inclincd to attribute tho
lack of inte.cot in clectronic relays o, what is to then o roacte

fonery attitudo,

The follovring ni® the aodventages of static rolays over
elcctrom: gnotic roloys, v

a) Loy burdcn om current tronsformors cnd vdltage
troncformoers,

b) Abocneo of mecchenical inortia and 'bouncing' contocts

¢) Very foct oporatior . |

d) IlexibDility in the building up of tho reloys with
coct complicatced operoting chorpeteristics,

8tatic Roleys ecn bo divided broadly into two catcporioss

n) Roleyo using Vaécuum tubcao

b) Roleyu using - tr:nsistors,

Propocrio for cloctronic rolcys cro not nov cnd reforcnccy

rolciting to thedr gpplicrilon to pocy cystcn protcetion moy bo
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found in the 1itorrture frem 1927 onvords, In that yecr(ST)
ligzcrnld published o pepor deuerdbing o ochemo for on clectronic
pilot rcicy uystca to overcone tho linitatias of pllot vires
ol opce tang over conuiderceblo diotencoc, Thic ochemo wed
cherdoncd beeouio of the short 1490 ond the hich cost of tho
tubos cvedlichblo ot that timo, but o concuhatl Oimiler schemo (e)
15 nov 4n cebivo uuo ps the pheoo comp:ricen roleys [Fitzorapldts
" weo the £ioot vell hnowm application of clectronic proteetivo
relcyos

In 1086, Rol€ tdroo’” ) doscrabed olceivonic circuits
for nost of the co i1on tLypos of protcetive rela&e using thyratron
tubos, A thyrotron, when o cortain voluoe of voltego applicd to
its grid dcou not fire but vhen once the voltape is ruiseﬂ'gbove
o gi&en throolinld 8¢ will fire, Tvis piinciple is uscd to
produco relryc ouch oo undorvoliage, over-voltage, pover
dircetiontl cind dictenco rolaoyss Input circuito consisting of
tronoforncrs, nctol reetifices cnd linear HyL, € circuit
conponcnts for suunptior ¢nd comprricon of thé input quentities
end cluays o oinglo output voltege 185 applicd o the thyrotron
gride

In 1@33( ) in the United States, o leboratory complo of
eleetronic rcoactenco olay was bullt cnd tooted, but ct that
time the cloctronsgretic reactanco relay wes fully edequato for
tho necds of the induilry ond no stopt were taken to put tho
cloct.onic rcley 4nCo production,

leephcrion, lo-wincten cnd teCennol1l ®) an 10¢s,
pubiiohcé ¢ pencp @eoerdbiag (m cloetronie o rclay. Tho ‘Yot

chierageterdotie 46 oble'ned Ly conp::dng tho linc vollpgo vith
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line cu. rent at the moment of line woltegge uaximum, The
complete unit consisted of thrce Dcsic elements, « pulsing
circult, a mecasuring circuit end a “ubc cirecuit os shown in
block dicgram Lelow,

- TUBS Ckr.
b————————
- TRIP

MEASUR ING CkT.

The function oi the pulsing circuit is to generate a
pulse ¢t tho moment of the line cairent meximums 41ho pulce
15 usecd to overcome a lsige grid bigs and permit a tube to
conduct. The mersuring circuit will compare the lime voltnge
wvith linc currents It consiots of a trensfo:rmer supplicd vith
line to linc voltage and a trinsductor supplied with the
correspondirg line currents, The tube circuit is the sensitive
clement which 1s‘r95ponsive to signels from both tho mecsuring
circult ond the puleing circuits, The tube circuit plso initistes
the tripping signael to the circuit brerker when the impedcnce
being measwrfEE £alls below thot for which the elay 48 seot
to opcrctes, The opercting equation of the .elay hat been
shown to be,

Kbppx Sin wt s K I g <in (wt + 0= #) ..o (2:1)

considering the moment the lino voltege meximun, whe:e the

~oasuring tokos ple © L.e, wt = 90%



. L]
or 2 = %—- Cos (f -« 0) - - -2

vhich 40 o poler cquotler of o lho cirelo,

it 40 aloo Stated thet the pcley pay be pado o hivo
1 coctenco chorpectorictie by ccucing the worsuring couont to
cceup ¢ the inotont of linc currcnt BCO.

The £i0ld coxpeyicnec 7ith $hio type of roloy 1o descpibed
by Seznot ond lincphorcon in 1953.( 2)

toving in 1940¢'%) dcserinca cicetroute ctrentts to
pcvforn coaplete roloying funct onuy cxme dictoneoy discetional,
ovor-current cie, in 2083, Borcoeth(1‘) publichcd o pepcr on
¢ipcet phaoe comprriceon dictonec roley using o dlodo coincidonce
civerdt while in the ocao yoor Kcmcﬂy“z) doscribed on clcetronic
¢e ricr roleying scheed wing ne clocts'omz:gnotic' roloys ¢t pll,
cven Cripping seing perforrcd vy the vw.c of g hecvy duly
thyrctron,

Poucvor .280 o ¢ corbaln lduitctiona' w.ﬂ.i;gb staotie
»Cleys using thernlonice tubos l4ke tho requiremni; spcelal porcp
ceanlico £0: velvo hontors md provicion of cpprccﬁ.gblo voltoroon

for vrlve cirgfoo cnd ¢leet.edo bloo,

tho hicevy pover supplics required for thoramio:.Lc velves,
topcther vith Che imciceoed confidence in Yronciotors hced atfrcete
cd ¢he pitcuGlen of proteetive cngincors to the deoirpbility of
08 LClpyL wAth Luoalictorn,

Lowabot 15401 Lody of 1itovcturo glrerdy onfoio on Lrencice

LoLA0LG LClryce  In 30ED, Colin idowsen (nd Jedepoll OF .onuie Lo
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colicge of technolopy doceribed a itho roloy vwith Junclion
t;z:'cmﬂ.sﬁom”%) The blocl éﬂ.ecrm of Che éir:cuit used 4o
chovn In £ig. (3-b),

Vy ond Vg cro dordvod Srom oyston wiltogo cnd curionte Tho
epincidcaco cireult iu cweh Chot 1€ preduces o rectangulor
output vollrpoy the durction of vhich io tho poried during
virich both tho voltdges Vy ond Vg aro both inotoncously
positivo, The intograting circeult conveorts thic voltcpge block
into o tricagular wvave forny the poalr anplitudo of waich 40 a
noasuro of the ﬂurutian'of voitcidcnco, The levol cotcetor 48
o cirenit wvhich prcﬂdcos an output volt: (e pulse vhon 40 input
wiltepo atticing g preedotornined lovels

Tho eircuit reproscnted by tho block dicgram 4o edjustod
in osuch g vay that for ¢ phesoe Gisplocomont of €0 dogrocs
(clcetitenl) botwecn volteges Vy cnd Vg, the pock voltogo
aticincd in the intograting circult is juost cufficiont %o
oporcto the lovoel detcctory opd for phese dicplecemont pgrootor
then €0 depgreos, 4t i0 incufficicat to wouso opcretion. Tho
oschenetic cirewdt of dircet pheso copperison rolay desceribed
40 chowvm in £ig. (% 2),

“hen Ty ond Tp oro Gitched off sivultoncoucly,the
capocitor C councaces to charge cecording to the laws

Vg?e Vg (1w o~ 8/

CR 40 oo arronged thet vhen ¢ o 5 milliocec, (0,25 cyclic)
Vo B« Vp'e thuo tho wltago on tho condenscor covnberccto
tho offoct of tho bico V' on Tgp (nd T4 ouitehcs on, cousing

the opcestio: of the rolpy Pe 48 cocn 0 CiChop Vy or Vg
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beepncs soro or nogotivey € Claochergese IU 45 thus nocoooory
gor ¥y b Vg to bo.oimultcnoowoly positivo for core them €0

olcctrienl dogreosg this corrcspends o o pheoo dioplcecucad
betueen va nd Vg of lc.o then 0% bcforo oporation com occur,

Lat the ciotemeo rolay vith cbovo principle foumd to bo
cffeete@ grectly by D.Cs trenolonts that tho relpy ovoreiorchct,
Yho or=c cuthors leter publichcd p wodificd foru of abovo
i}ypo‘ 14 ), valch thoy cleincd to be freo £ron nploporation duo
to DeCe trenoionto. In thic, tho bloek dlagron of wvhich 4o
givea hcié;:iég;oinﬁa of tuo identical pheso conparators onwi(iocd
with vlg Vo ond «Vyp «Vg 1Copictivolys Tho outputs frono tho
tvo coumezotors cro £ud to tie coincidcenco eirenit orronged oo
that cn output oignal il grrmcertcd only vhcn both compoarators
inddccio ¢ fonlt cimalioncously,

in 1€38, Fobrilent, o Ru.ofon Log noer published gbout a
Crensiotoriccd phese compcraﬁo?('lc). The aiffcrantipotucen
Lhio ené €ho elrewit piven Ly Jdoucon 40 that tho ¢ino of
coinciccace of (ho input clcetricel quentitios 16 compered tith
norecotuciGenee $4uG, ot tith o cpoedficd tico, It 46 clpired
Chet £rico operetion io lecus 1ikely during Cronoionts, lopgo
pouey impul signelo cro permicodblic cnd tho syoloo io lccs
offcetcd by pobieat teopoeratusrc, Tho cystcm 10 howvover uero
complic Ged,

Dovover 46 40 ouly in onc £i0ld, olcetronic protocticn hpo
oecn sueecuofuily oppilicd, thet 40 4n cupriop rolceyinfe “whe
Loneon 40 Chet eripicr roleying heo aceonnliched a colubicr L
Lichly 80ficudl pro.icn of coyporing cendifions (L CLe i3 of

& Spens 4ubten oyoten whore cegnondenlly 4C wol nol po. SLule Uy



othcr ceanc, 2hc 1lAtcrcturo en this copect 1o quito
cntcnsivo(s Y(e) (1e) (M)
“ho 1if0 of Cyrcn:dotors io, ¢t proscnt, walmoun, citho gh
1% fc cleicad ¢het Chelr operating 1ifo of noroel roting vwill
bc neny €idnes that of conventionpl thornlonice velwes end that
Thedy Chelf 10fo 20 plroot indofinito, Progeess omd devolops
pente in Crenciotors 4o ropldly bringing ¢hoir rating cond
powcs into p oitunticon wvhero thoy vill o of recl praocticol
volue in €he decipn cnd developoeat of now protective pecr

gyoton: prd pCloys,
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3e1s BLVLLED

Invootigetiors dnto the wvorhing of nultieinput coonarateors -
heve beon only of rcccat oxiging oo the £irost investipction in
this £1014 socos to hevo boon dnitisted by Tool'®) an 1080,

Ro hieo chovp thet for o moving coil rolay vith theco op
nore ¢oilo cacppliocd £renm fully reetificd cur.onio L30 dgpeeripy

iny the rolay operptos ceeording to the cquntion,
1] & 130l & J3g) & cemmacet 1.1 20 ..(31) in thc 160l cnso,

The ¢ oipn inGiecptos thet the reetificrs gro connceted
cither in oporato.oy rootreint condition, In thic wvay releys
vith 0llipticol, hypcrbolic or roro complcx: ehuréctcrintics con
be obtaircd, Leocd en Ciio theory, o proetical rclay oppcars
to havo boen daveloped 4n 1086 €%0) ) 1t crve on c111ptical

cheracteristic ond the czproosion fop tho torque was giver co

T ' I g
TeR| Z'éal - 'VE'“ }-511 (1 « G)I - lvx“" ~—§---R(1¢ %l. >9)
vhoro Vp ond I ¢ro chort circudt woltrgo ecnd currcnt ot the rolay
torninals poferred to asceondery torninclis,

2y = Impcdommce of tho protceted ocetion rofcrred to tho polay

inpQt torninglso.
€ = ceeccntricity of ¢Lo 011ipoo,

. I vo put

) 1
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end 4p(1+C)
P 2

Then 2y = %, * Zg
Ly ti-n (9) con be written as

T= I ' I (21"" 4‘32)’ - 'Vr - Icﬁl’ - IVr - 13?' 000(3'$
(9 ‘
she eirecult uccd by Gacvenko consioto of threo
fwY) wove reetifier Lridrec, the outpate of ubich owe sed to the

tirec coil: of ¢ wovimg'éoil relay oo Biown AL Vige (lﬁ)‘ '

“he imputs to the threc pectifier bridges cic

nroportional to the qupu itic. repro.cnted L the eguaticn (3,

~ho outpaty of Llie thyce wvee ifier ufiaLch iz o W
comnle  ely smoothered out withoat introducd: ( time deley ard for .
tide puv-ose 0plit phace epreuitc cnd polyphooc rectificr brid;csed)
were uceds heleys vt owel .md othoy ipeclol chora te.ictics

onpeert o Lnve been dovelopod using nenelincer clopents,

Investipeticns into the workiip of multi-input
comuor tors we. ¢ cont nued by ‘.»-?eﬁeponl(zz) o 1€ two main
typee of nalti-inp € comp:zrtove thet were inveltip:ted by
‘edipoh) we. ¢ (1) Le threc 4rput Ly cdotor pucce coupar *or
(P e tkyne fnput vectdidesr bridre compur: Lore In JulGcponl's
view ''Conplex chor:cterioiice may be obted. €l with ¢l tivo
¢ ot with £l sdoy elreulis doserived (Love {(multieinput

comparntors) V!
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3ePels » Threo Iipat I'r: o ulsteor Phove Comprrrtory

ihis is ctown Li Tigdl(e) using throc lycnsictorss
7he three inpufls ore Viy Vp anc Vae It ia nece. vary for Vyy Vo
ard Vg to bc inc entencoucly positive for rorc then qu rter of
a cycle, for “uc relay Lo opornies AG Soor cu O1.C or morc of
the threc inpuis signelu becoros negrltive, coincidence ce:ses,
L Yerpe nuwer of chisrpeteristice were ostelred oo Yilhot 'Ohy?

ord dircetong? cherre(cidiic vith inpu c of e lornm,

Vi®1dpeV

Vgav,lﬁ“

Vi=1dagor IZxr

~t characieristic. enc of whte'. 1. siom in

Fipr. 1% (b) consicled of rres of elvele ond sircigot lince forming

diicortinuous polar Curves,

&m%~memwtm%wm;mmgs%mmﬁwz

“his 46 chown in Fige 12@)using thico roetifier bridpes

7he thre drpats are 13, ip crd 13 ond (ke input ticnilutor. is
cut off “hien th output iy cero. - 'cdepohl cualyscd “his circult
irn teimy of o ecquivelert 4 dnpubt plesc éompérmtor using
tranutls ors vherc be equivalent inpats chould bhes

g =4+ 10+ 4y

b =41~ 1p-1

1 =4+ ip+ &

1d ""3.1* 19"‘ 13
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Thic cquivelen® clicul’ 1o choun in Figei2 (&),
Cu pat & produced ond: =hen gl' lhe four inpa ¢ arc stmultgncously

positive, The siw siincls to e conprred in emmlitude pie,

114) (11 + I3) ¢ In g iv) (I3 « Ip)y I
v (I -~ Ip), I3 3 vi) (Ig= I3), I3

whe:e ¢npl el T Tepresenis rat oagnitusc o eu rents 4,, ig ond
13« he chrreoetooiitico would hove o common srig soundod Uy th

gix Teinpat clpr cto 4otics with dnpu ¢ of tle form

1221 Jag°

Ig"g

132 7 o i
H
Ore of su6t chercetciiutics . chowy 4 Fipei2(c)

Sedel » Conie Chorpete i viel for Bictenee I-iclr.ya:

The applicztion of multi-input compcr:tor ciicuito
for "it dis gnee rcleys wit . opeelol charscto:i-ties o been
trveity ccd by ewelwhioo 9, It 10 found thot by combining
‘e outputs of rheoe comrar for c1d tmplituce compoigtors,
cry tym of conic cheracteristico eon uo ob.cincd ior diutince

SeBe? » L 1pticd Inprduree Chorpe’ o fobt’es withy Mye tlo: 1l 34os

4w typo Of sectfile. punue connclctor Ll owen
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fnvesty; sted Ly himy, ‘he output ou wiich 4o proporticucl to lhe

cozdne of tit piv ot wnple between (i€ (wo inpul sipncle,

In en emplitude comp: votor workiry co o impedencec
reley,y the drprs ore I 4R ond Vy vhere Vp 45 Ui foult voltegc,
“he toriue 16 gere vhe 12 25 = tv,t + =he outnut of thisc
conprrator 45 coupercd with i outnut of {.c rcctifior phute

comnet: Yor whoot output 4r cqual to . Vp Cou 8.

ror ¢ plitadc camncrctar, torquc 15 zero viehn

; ] ond
I = 1 oX
v
=1l - | X2
|1 lzﬁ
for phrse comper: tor,
- ,l _;, Co. @

vhiere Ji 4o the 1mpeﬁ:nce (ecsumcd 1incer) 4. tho opo. ating

il ¢tement of the plizse comperctor,

-he eritorion for opergtion the:cforo 1o,

1] = | 2&'...1 * ..Zx_;_ Coo @ 5 0 sueas(®4),
2R
putty ¢
x’x‘?"‘ a zg, = {BZ + %°
&ay I;
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2

ﬂ p "y g &t X P
R { 1w E')w f7g 2jia Lo XV = 2y sensees ()

whiceh cor be put 4¢n th forms

2 - .
- 2 \ 2

- M}v. +* m—&::-——-—- - éh 000.0(3'5)0
(1. xB (1-£9 1-x3°

1s th egu tic. of i (YMpre whout centye (Lute.iectio: of

arjor nd mivor axes) 1. shifted frou (i origin 4n L pesitive

dizecticn by L én ené who.e 50T (EAB
T1+ K9
o Ly -. ) Z;i
PR - o eud oinor omis =

(1- K9 /1. ¢?

b,
Thue by verying e wluc of I = ===

y tL ridey con be nieco
to huve Giiferert opc otl.g chcroctariiiies 1ike elielc, ellinse,
peretole  nd hyperbolas  Fige U3 chews ot conple © cireidt,
lsd ~ige  (4) " olows Lic typr o of chrorceterd.tics od.pl cd ior

viryilg i'ren 0 to 1.

Ue3e3s = 11)1inticel 'Uho' Cunrpeterivtics !ith olicet’oncl Sics

In Sk previouws coction, he 1C1lpy corsidorca 4o
iphercntdy o Anpodencd  cley rod keree Lhe choveeteoiotics widtl
rot pusoa throurh ve ortpin, If Che 4npu o te tic pmplitube

, v .
conn: p tor are and é ti.en ¢l the
(%) o ) '

cher:eieric78es 1Y nel8 ‘hrough " ¢ origin rid the reloy wisl

tha: be inherc:ily di:cctionals
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Go1l » foctiidey Zidare mplitace Ceomy o .

.eebiide. uridie compow:bor. cit oedin, incresoiigly
w4 § Ui £ of profeetive wedondn e Loy muy bo oonocogod
co ettuer wm ) tude eomir  $0L6 OF 1iaoC €0 periborde W Lwswer
t pe h ve LCco ¢ very populer (8 £.C &N wide L colay Jeivaie

@) @4 9 o

r¢ eontinentel @ wropce

~

ueleds » _FpLs of Corr: etions

«a6 thr.o wedn Sypoo of rocotifies L dpe compul: tow
ef.culls e chotn 4y lige @5) o Cut of lhicwe, Vic Crecia
corrcebice 4, no. b vhdely u o6 whilc the Lnldit phooc cgrnection
i u.cd only vherc g meﬁ‘h DeCe ouba 4. necdced, witioul
irtzoducin; 4 ductive « crpoeiipnec cusotideng Lilters, 1@
2dpoint corncutior AL ve y caely ©.oloycts o4t Grptdbs §, g
0. weebiflor Lo ldp0 conniicten efeeait 1. cuployid v 1. Ly poCe

whi Ty Co GlGeu o TPl opCi bl of thil Typla

aeten?? L e tLirelp Lyne o et idler L dge
comne oy cor.ictc o Twe £a'Y vt ccetitiers connected An
Crexd L onf0fn; Lo ciew A L. (€)y o olewiidl povin, coil

¢y (MC) bhe' p ecorncctid rCre.u w0 Lcebivie o oW,

e ptiver e G R e ool econncdddon Lo

toot e Lasttivity o ¢ Xy Lo RTphist ot Jow eurrentu

whilel 1. ¢ ¢ cixed’e chareclerdictic, 140 Ll bocpuse o Jowecurzed
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)Y tio wpd?? current (lowsu fhwougi: ¢ 2(dryy € C (C only
¢ omal) freetion oo Lz opi™) cwrert £lor ¢'rowk € ¢ reliy (b

hipgher valucs 0. Anpal cu i o

D16 e e ocxpdoined At Fioe In blge (16), sher
cnly restrefr’n dnpat 4o plee So U wddiygy o volue of 4p
10 omgll, thio cntirce cu ot £lows tiro i b tiC mevivg cotd
relry 40 i bDlocking dizection or. Che redoy rosbicdioe A6
thic velue 0f 1p 4. Lrcrecocd further, the carront LUroug the
rclor inerersce until the ollgre corouy 2C movii, coll veleoy
re ol 8 Vg 4 wherce Vg 4o toc theool 36 welip ¢ of onc
reet 'fioy elcucrnt, ACtol thio, the reutificic of bDricge (1)
will conduect, cnd all the emcovs current will £lov through thesc
reetifiers, ho currpent throurh the reolry will consict of ilct

topped L 1 waver oo vhown 4n Yige (1),

the reveror AL truo 48 opidge 1 4o only conergpiced,
the woltgpe drop cerocs ti: pcle. il o e V in 5
reverse 61 ectier chen 010y Bt SRe ecurrent thivo ph i relay
will D An Tho ope:sting Gircetiom o Jbhen the vol U cero.8
T € two icleys vecchis ¢ voluc of 4+ 0 Vg, (I surplas, cuiaqnt

fron dPAQLe 1 w17 opdld ovor <hrough th. reetdfior Lricio 0
L 4

26
4,1, el viouy Indey Ideal Canditionﬁ(

whei both 3 ond 44, o € preie.t he pelgy wltee
wil? by ¢ unidiocetion:) weve, which will Lc.e oo peil of
£ & Vg ti dpn depnc ddng ou which of €0 (WO cuTEnLe
sourec s 1L lurpor, Whe 102 Lpy ¢ Tdoy voligle & 2oro (b

cevery in. ant . ulow. in Fige (M) dhier 1o (I 4y wxc ot 4n



phese, Che wolligo cerove the poloy vill De o sjuere -ave of double
the fundeoental ficagucncey cnd 4f the two currents ore eaual in
vepnitude, the rele - voltege will Do o wquere U vo with ojunl
poci'ive (mG acpetive componcnts (iving uero averzre volEcre
ovir are Lolf eyele of tic lunde.oontol wolloge vaveg the polard scd
seley oo ting oa Che cverepe to 400 Corudncle therclorc developo
re to:quoy vinet the rwirgge voltope owr cno eyclce of ¢ 1.
pou tive cnt ncgalive copponents of tals uquose vave 1. eccl ©ual
10 Vgo [Dtie 4% Lo beem cocund thet the volocce developed
.c.ous the polericed solcy by coch input cu.rent individuclly
vith tic othwer bridge rectificr diccornceted 1o lorge comprred
to 2 Vee

The conporgtor chrrgeteristics for the tro oition point
{roa pocitive through zero to negetive volirgce vken the two
cu:rends ore An pheoo 1o shown in . {g.(12%)y "c.o tho ticnuition
is wepy chrrpy bub in tho couc uiope 4 cnd 4y e1c¢ not in photc,

tho troncition 1s lcoo Liarp oo indicatcd in 14g.(13-6),

i) ‘hen the tuo curonto oro iu phoco the currcnt thoough
the 1¢cloy 8- 0qunl to the di:lopcnee uvetuwecen ¢he tuo input
currento, ;nt£3 the voltege ac.oud the reley reochco * 8V,

Jfloy ghilu thoio w1 be no furither incrcoue &n the reloy
currcnts this 4o truc wvhctove:r ney bo the icpedoncee of the icloy,
bu 1he _uzi-un posciile rclcy cu.rent 4u invorcoly proportio::l
L0 the clcy 4impuedence, The scnoitivity 4o thuc hipheot chep
the ip;at cua vonts (1o in ph:oe,

11) ‘hen the two input cu.rentu ¢ve out of pacee tiL
celay ea pont depends on tie gveprc e Gdvfepenti 1 volt, [0 ind

the redn. ‘mpudenee, fhwcue the depab cu rento (¢ Lileicntly
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Iepgey the oaunio wave output of Chic eoupe . ator erm Lo councicered
cC rn “6Gcel oquero urve oo o £ (17)e A0 olrcoby Sloted, for
camd dnput cn _ s the owePere woliage over ono cyeclo of tho

p05iCavo end regetive corponcnis of Chic ojunro wiwo 4C cach

The ehcvectepictic of cn inpodoneo rOlay on DX Gloprony
oo rl.cGy ounleired in chiepter I 40 o cirelo vith ito centre

ot opigiy, Tho chapceteoristic enuction ecm be wplittcn aby
Izl = 12,| oo &N

hopo 2z, 48 the irpedenco veetor of tho 1ino {ron tho
polay potnt to the fpould ond 21 o colied tho replicn inpedeneo
(uhich 36 cn antorncl dmpedeonce in tho relay circulto)s
faltiplying o untten (41) Ly 1

(2 2.l = |2 3,]
or |Vt = {% 33l e 42)

bcecuue X 3y, o vz, “aceo Up 40 the £oult voltopo of e rclay,.
v >
or | ==& | o] 1]
2y
Thoreforo inputo o tho crpiitudo comperotor wvorking ot on
ﬂm@camco rcloay evC ¥ cpd %;i .
“ho etrouit of oo coplitude coomorctor vorking oo

trpedoneo roley 4o shom 4o £40. (19:8),
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g SGene GTo)i alrgs

30 €l eUCRAntic of o o poluy ¢ el Qi Coen 40 ¢

cdeeio pr nodng Chroush oripln cnd co Ghc cicpretori.tie cuurticn

eon) BTt 00N ©by

4 &
!gz‘...n&..‘ml«&]” (4-3)
o 2
0CLO Bg 4c Cho CGicoSop of Gho Gnpeeterpictic clrelo
o represente the volch of Che g0ley in ho Giroeticn of
pedoun Govrae cngice

Taleiniying cquoticr {43} by Ie

. %Z Zy |-,
12 %4, x.ﬁzlﬂligﬂ

#

or |V, - = j = | E%}. | oo €44)

or coaveptinn intd erront oguutica -

Ve I A
l?&ﬁ“ ﬁ*‘ml&f

Feree the 4onuto Co tho poplitudo eonparclor voehing

. o V2 % X
e0 o relcy oo Erg = % g a@

-ho civendt Clopien of coplitulo couporator at o lho

peley Ac chom A £40.(20),

Yo prineinic ubilifced 4o Shot the cunm of tho dictomeen

of vy volnt o e cliince fyron Lo fo0dd 40 o conoteab ord

1.6 cound 4o pogsdtulie o the Jeipth of Lnlor cuids
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Lefezpdng to £10. (21)y 1ot 2, cad &, ropiccent tho
vcetors Cho Sip. of videl cofnelde vACh Chie foell of the
CUinic Corm on el €irpprty (2u CE To scprciont ¢ho lcngedh
0% ivicr siL of Clliivcro,
Yhen €he ¢'liptienl choicetordctice of the di.toneo

pclcy 4C cmpresocd in perorcl enco o6,

’?l" 31' & 'zL" ZB' = ‘30' oo (45)

if e crasacﬁcrﬂ otic 15 p:ooing thuougn the origin ¢o
in Lipe (21)  ghe lenptl of ojor cals io cqual to the cup
of the Gicteneos from the origin to the foeld.

hcseforcy
12, = 31’ + [2g, - 2 = izl ¥ 32' es (46)

Jultiplying cauntion (46} thioushout by I, then
1240 1240 ¢ 122« 228} 313+ 2z o0 47
pusting I éi = Vp et beforo, wo con urito,

1, « % CAREA TR Zgl = |1 (zl-e' 2| o (4-3)

']
DLviding throw lowt by (24 ¢ 25), to convert into currcnt
e ULeny
lgi;b&g‘ éf"“?{' ‘Z'i,c',‘ﬁ'é m&f"(‘a’ ' I ' se e ( )
Teaee fow o 8~_nwae ciplitusio eopornter vozlidng oo
Creemeo relry wAth c1idntiesl oncyating eha-ccugfiptﬁeg iho

E -t'a"} »
chece “ROLGO 1'3_1') LOQ(?L—“I*J"" T Zn ) (a Qa‘_, g’,’?""ﬁ) cnd @)
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The cekenrtle circulit Gicrron codloyed 40 chiotm 4n

S8re (23

el

/iy w..g:!. e C rapeBerinticrs,

¢ poiicdpic utiliced 4¢ o property of the kyporuola

Sued Che Cadfcucaco of the dlltcnecs fron cny point on She
hypcruola to tho focil 40 o conolent cond cqunl to the lcugth
of tronoverte culie (feCe RO Gi.tcnco botucon $0¢ Suo
voptieat). |

aeforping to £ig. (22), ot Zl nd 24 reprocont voetoru
¢he $ipo of which 'coinciﬁo vith the focil of the hypcriolon
Grom en TeX Ghrper c,nu lot o reoprosent the lenpth of Lrolile
vorse ontile

~0 cen vpite the cquaticn fop the right cond lcfe

b: cneloo of Lyperbolo ooe
loy, - &l‘ - laz, - 353' = ' 0’ e {410)

IZL - 83' - 'ZL - 31, = ' 2 &' « “"")

tnitiplydny Chiculheut by I -nd putting I Zg ® Vp O ebcforoy
Voo D 23)l « [Vp« L 2gl 2| 20 E| eale)

1V, = T8gl = 1V, 3451 2| 20 %] o0er

Tt g TR 1 wew
Hoa}

“4

s -““*l- w»zz« RS

21



nenco for o thrco input coplitulo cooperator vorliing co

Jaotenee polry with hyperpiolic cocroetergotie Che dnputo cpo

2 Vg . I
G.tZy g - E) mw

“he sehonatic cirecudlt dicnrop Coploycd 4o chovm 4n
£i00(23),

Peet 3 of the clremlt 40 tho moncuring cicemite 1 ©
inputs Co the cocouring circult oro Vp (foult voltepe ot tho
voley) nd foult curscat I,

ke reitiod of(ﬁhc current trenoformors ore mpsked on
the epreadt ﬂiacrgm. Tbhe tiyoo outputs of The coasuring
¢cirevdt - ¢ fed Lo the thrce rpeetificr bridges councetcd im
preeiicls  The DeCe output of this Comparator circult 40
fcd o Criprering civcuit (ozpleined in doleild icter)s The
output £roo the ¢ricrcring circuit 1o gpplicd to ﬁho pol viccd

povins ©0il roloy.

I¢ heo boonm cgploined glrerdy thet the outpet of o
rcetificy brigc :ﬁyliﬁuﬁo‘cezparctog 7411 be g cquore ucve
viicn Cho Ciro dnputs to thu couporctor oo nol in phaue, Jhon
tle tvo fapuls ecre cgunl 4n negaituede bub cic not in phode,
“3e oltero rere. © the zoloy will Lo o uquare uave of dowdd
the fomfe enbol Sucgueney viti: Cquol nogetivo (nd positive
coinencntoy AV She soro cveie(© vollefCe w'i€C SRt COVIRG
cotd ocloy 20 o harh upicl pcloyy 40 peoponde o uelih collbive
e eopretive puloc, né ‘ho opoe: $lo. ol the lcley vill rot

be well degered,
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Tenee he output of the coprioter 40 cpplicd to o lovel
detceter ¢ ety vadeh in tura CpAgLcro o bictosic cipen'l,

6 Lo -0 Sho pocitive La¥f of Ghwo dpput wvove ozecedo b

s

A 124 cciony e

The corplero edpenlt 4o chown An £8r. (24),

Colealels

P2 rer L6 onel o6 Che poudtivo | clf of the faput wove enc cdo
6 0227 siecnls, end rdving o BeLetive pullo An tho oulhut
soenCe RO cirewntt 4u otgvm 4m Lip. (24),

sho cutticeu of Trencldilore Vg nd ¥g oro comncetcd
Shroach o o ca yveolotor B aze 48 leng oo the voltoic Vg
1o lever thea ecrteln velue ¥y (the pickeun volieso) trenclcior
g 4o fully coiducting dee to mcpablive vollope applicd Co
400 Drucyulle Leoasictor ?2 1o Dicced o culeoff Ty tho
voltrse Grop cepost (e ec cn ondttcr peosisionet Rgpce

sLe lnpus voltepo Vgn w0 2o lovel Coteeier 4.0 oblrinced
£eou $8C reeflificy bridge connoroteor such thot Che opcs: tiug
curpent L leo Che bolc of Py pocdlivo with weupeet To tho
cullicrs  RCH DI Lo of Ty 40 £CID o To.lULvo, punciutor
%y ubops con€ucticn, (&8 Lho WOltrro &V, o cterts to dargo
tre conCcaoer Y€ -ng vc ceceto S0 reloo coponcatinlly
Geperding wpon S0¢ €ine censtont Cllpn * By) of cluaging
clvealle

[5 coe ro S wol0oro pepehico Che plel un vilucy
2o LBl Co corGuet end 400 colliclor voltelC stulte o
PAUCe TNl LALC OF volleoc 80 Crenldipued Go bl ooto of

i e Vot % [ v s . ! - P rqe . M sy
‘.533 e veduecs AG0 CALier (ne eodicetor crlpCilis
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this reducton in coittor carpent of Ty puches T,
fur-hop to corduction with rico in io collicetor currcnt
uvitel 4o coein trensferpced to the booe of Tg ond cyelo 4o
vepeeteds  IE durdng thiuv cetion ga’'n i greator then
unity, thc cireult will suddenly chengo to othor stoto of
otobility vioro Ty 10 Lully conducting cnd Tg iu cut off,
“her Tg 40 cuteoffy o nogetive voltege suddenly appOnrs.
repois the collcetor cnd omittes of tronsiotor T4 which
4c rpplicd to the bistrbic cireutt,

Dy chooulng proper voluoo for Hgys Ryo cnd €y Vg cen
bo pedo o reoech vﬂ if tho baco of ¥y roacino at poultivo

or zoro potonticl for morc then 6 npillisoconds,

This circuit hos got tuo states of stability in
cicher of vhich rno trensictor 1o £ully conducting cnd he
othor 18 cuteoff cid con rennin in cono of theso stotop
indofiritcly, |

 Sho circuit ocy be triggored from ono state to tho
othcr otele by onslying cither o pocitive pulso te the opoo
of the conducting trcnaistoi to turn 4t OFF or o ncpetive
pulce to the Doto of nonconducting trensiotor to turn At
0ls  “he 1lottor ucuelly dononds 1loss cnorpy.

Ia vhe cipeudl chown initiplly uncen owiteh X 4o
cloced, tronoictor ?Q is cut off cnd Ty will bo conducting.
Cho tice constent of V¢ 10 pado purposoly lorgor then thot
of ¥g £o thu € collcetor voltage of Es‘will pioe (¥ ¢ Ligher
pote thea Chrd of Yoo Thdu 40 clientlol beeouso vici cwiteh

I 4 clooed Dot vr:z.ic8or0 Té cend T5 ?occ in corduction,
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the pico of voltage of Tg 40 teonsforped to tho bDpso of T,
rnd oppoced 180 Co-deney to corduct, thic furthor roduces
the rote of rico of witnge of T4 ond Che procoss Lo cumuletlve
uith the resalt thet Tg vill be driven popidly Co full
conduction wvalle ?4 2ocing cubeoff,
en o negotive polse €ren ¢he 1cvoel doteetor 490
opplicd to the bDato of Tay L ¢ circult 1o triggored to the
other 5totoy 140¢ £, conducting cnd Tp 4o cuteoff, To rcsot,
tho PyTs oupply 1c switched off cnd then owitched on agetin
o thet the oripgirel stnte—of otnto of ntability is c.tcbiiohed,
The whole Crigger circulf, vwill thus be trippered vhon
the pocitivo half of the imput wave (oustput of Ltoctificr
orideo cooporctor) 4o rore than 6 nilliseconds, 4,0, whon

the eporcting current 4c ro ¢ then tho restraining cu:rent,

In cn clcetrooopnotice rolay such ds on induction cup
uni¢, perfeet choppeterictico con be obta’nod with ocovonable
burdcnts, beeau-c 1% u.oo tho torque comparison cnd tho tork
dono to clo.o ‘he contpetd heo got no offect on the cgpmtic
£lunos vhich producos the torgque. In static relays, on tho
othcr hond, the compcricon 10 redo ¢lectricallyy &n o notuork
crd rood ol creeterictico oro obtoined only Af tho burden
ioposcd by the Cripping devico 4o ncglipgibleo compored vith
tho poucr in the notvorls o |

The oot ue oitive cloetrom: cnetic teipping soloyod
oo of tho poving c0il oo roving iron Lypod, polcriced by o
pcrarnent nerncte,  In tho preocnt coo.© ¢ pol-riccd roving
coll roiny 40 uccd oo o teippine Ecvicodl.

Ofcoun-ce ¢t p:coent Ginc, controlicd u'licon roctifiord
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¢ 0 ovollable with cufficiont copucity to  ¢rip the brockor
Lev'ng o t9%p coil carrent of 404 ¢t 280,V for GOmilicceeondo,

but their coot 40 Coo aighs

It veo pirpoocd ordpginally to cosipn the rolcy osuiteblo
for touting in the Ligh ¢pocd reloy teot penol, docigned ond
dovclopod by TeOslls Reo in the pover oyoten mbcmtory(z‘?)
A teencoioeton 14no of 137XV, of 100 miles 15 roprouented
| in tk2 olpy toot penel Dy the sultoble impedences vhich
are cdiuboule, She ochenatie Giapran of ¢he Cost pr ¢l
45 ohoun in fig, (25),

If o foeult 10 crocted the niddlo of the limd oo
shiovn in tho diaggron, the acinup impedenco botwoon the
rolaying po'‘nt cnd the Lault point 10 20 ounms, The primory
of ¢he C,7, comnoected to tho 14ne, has got €0 turns cnd
the cceondery tusns are verioblic from § turnc to €85 turns
in otepl of 8, Tho PoTs corncetcd hes got a rotio of
440V/110V, |

If the poxicum currcnt thet can bo drovm £ron Ped,
oo thet 4¢ will not bo burdencd o\xcessivaly io 800mp,

“hen »

110 '
*» m f o QTS SN r2]
(24 *+ 2,) %y 0.5 £20 ohn

Avesndng C,%, pripery turns = 00 (T 4o con be vericd fron

5 to 406 turns),

Co'2e Beb 0 used = 43499-3-
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L]
e o i donec soen by Che peley

m q_a{ &N
Bila gl e

s ) Ao o 050 ohirs,

(21
0'0 &3‘3 Co've E’Gﬁ‘.ﬁ.ﬂ s %?; = 19 oy (10)s

“he fume C.Te(l) 40 piovidcd vath tepfust o thet
Ce o 2:590 et BO wruwdced Cunn 6 o 80,

Zhe circudt omloycd 40 chown inm f4c.(26), 431 oltaro
gourccs vere (epensfeeprcd into curpnt courect, %00 -zorch of
the vcley eon be c@jocicd Py v eying the sopedenec (4,). In
the civeuit cuploycd 2p 40 choum to DC co enly sciiotoneo,
bat acwedly dn preetice 26 Y B cn dopolincty LIS pursce

A ic of vhich 411 deefGe the rpicun Lorqur (aplics I
‘art coco 01l the ¢ricetipiotics shown wil) percly Lo zolcted
itinoud chonging the ohope of he chropetopdotice 40 (L ch ¢onle

Pheto chifBine botucen (he 4npueo iy cad &, 40 obtolucd
By wolng ¢ phote o2fiCe du e odremit, O SephpLo dncueticn
cegulstor vith nrdicry cad oceeatzyy sopercted fncto é of
cornceting both n Lopiod, 20 vLCA 0o o phosC Ghifters Tho
PO carlc of ko ceeondory vnltasovuith respcet o thoe
primery volicsC con be vrricd, by v-ying et pociticn of ihe

20L0,
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e €134ntdend opcriting cinveetcrictice obinined

by ¢o.b . cunllo cro chowm &n Qige (27)8° (B

coecutpicdly of the eherrebopictic cunve
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4,53, Voltare/Res
Fig. (84) rvepreuvente the relay voltage/resch curves

The reloy wointelins ¢n accuracy of .cowencnt within-ggy.
doyn to 8 wlts, Thus the relay will be wpplicable to
tr:nsaicsion lines hexe the velue of source, line
impcdence, ensured thot tlo volicge Grop to the point
of feult would be ro le. s thon 8 wlts sceonuorys o This
pininmam voltage will appeor only when the fault o very |
cloie to *he bus,

This peeurpey 44 quite sutisfoctory thurn clec! roe

o gnetic relayc,
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The Forwerd cné reverce cheiretciistics of selenium
rectificr uced e ohiown An £ig, (®*5)s The throshold '
voltrge of cach rectifier 46 cbout 1 volt, The sccle of
the rew rce current has been purpocely enlerged in
corpericon with the forwerd current, boc uce it 1o of wuch

o low order,
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Uplo ¢ coplein cigth of Crencnlicolon iincy conventional
dletrnec Lveliye will rocclly distingpuich intopncl fouito for
thideh e 14nc chould e opcncd red oxtorngl foultioy locd corditiono
ond poice coings fop vhieh tuce linc chould not be opcncd, This
CautineGion 40 broed on the oerndtuio of the &npoa nee o roccioneo
of the Bine oo 4% cppocsu to the rclay( ) « 2210 ippodinec will
bo reroired to Derecftcr cu the inpul Aippcdinceco onu 25 dotorLined
by Cht curicent ond voltero cuivting ot the rcloy locotions

2Le o mituo of the input dcpcdoreo will diubinguivh
cleerly sctucen idmtornel nd cxntcenol foults for ony lcmcth of
linco, but co longesr 14nco cro co: gidored Cho differconcc 4n
“4mmcicnee botuoen loal ot £rult condificao bDoesmeo 1060 cné nay
cven bo a-'-ovcrcca‘u)i

H3Choush thore 40 1ittle Gisfcrcnee 4o irped: neo o, gnitulc
mz*in{; Lenit ond load corditions on wry leoag linco, tacro 4o
fortuncicly, o concidoreblo Giifc.cneo in pucoe chglc, During
2oo0 corfificiny the hoevwy chorping ewrenat cooponcal tonde o
foko 2o faput inpedoneo Deving o lceding pouck feetory vhoic
0 cueping on Intopnel feull nuch of the lirc capacitenee 49 chort

cirecited (20 €he inpal iwpscdeoneo vill bo legging cacicornbly.

;s"

Co o ZURUR TCRCLARNEC TUH o InBennnl, £rnd G,
JLea Lonlicd vith propcr eurpents oot potontiolo, ic

PCPry oL loed 0ol it e £oalted conluetor o ecaductoro

peciy <8 Che poliive somucnee domouneo of the Yine botucen (ho
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) Do
voley cnd e fould dncluiing (ay ore or contret rcciLtcnco( )

of i foulds Tue impedenes (G e reciciemneo pocvured by
the zoleyc pot Circeily cotoci:¢Cd ith the f&alt ui.foro
£oon the $ iopedrnee by on coomt vhich dcpends en ho Syrpo
of Loult,

AB cn 33lustrious onrople the Lmpodenec cecn by tho
theco nhy oo [ clpyo comnceted o photos ey Md cnd 3wl for o
£oull Detueca pleoCs 3 40 chovn in £ir, (36)e

‘e 14nc f«B 40 o weetor reprelenting the tevo (pocitico
cenvciine) foncedoenee of She protoeted Tuontudolicn 14nc thicLo on
P 4o ¢hic Leait locetion, The 1inoe A 8 cpd D L popicient tho
tolcl cyuten topcdenee Lehind tho relpy rpG boyend the ppotoetcd
dnc poupcctively onl cen coully be ecleuluted fren o Imoulcedrc
of the thort cireult currcats of the toprinelu 4 cond Dy deduct ng
{he cuipont SLot flowo thioush Cho lino, For ¢he ocke of sitiplie
¢ty <11 ClLc dopedemecs of the oyoten coe concicowcd to be of ¢ho
seno pheoo cagle, thet icy itho syoton 4o borogencous cit peinto
by Ay B en€ L aro en theo oepo otroicht 1ino.

“le doncdenes geqcured by tho poloy 4n ¢he Seoulicd phieoos
3 (noodceting ore pocicionec) 48 roproucnted by the Mmoo A Ty
vhteh 4 the ricce Co neulrel poultlve cogucnee dnpcluncc of ¢he i'n
botueen the t0ley rnd the £eult oo 40 voforrcd to ou tho truo
dupcdenet,  Yhe phese Cwd Loloy Geco pn dopcloneo vhich 40 Jii€w
ing ke cree dopcdenec ¢l pheoos e poloyy leogeing 4npodonco
e 00 re ot The Gloencte

TUS XL Ben? 20 L dipud Lipedinee cpee Sop thc pcley

¢ ' - Ao ™o [y » o ' ¥, N K
48 nheocy  fmlg o 1 L0 Ut Armedrmer socn By the voley
. . N | e R
co neeted o o Lo Led nl fqer Lo By G0 »Ulcy A plalcs ey

The eve pOLLLSOING L0 ConrCLLlts of Dy dnouced of I,y Locouco
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only ¢ £r ctiom € of feull cwient L£lowo ¢ souch tho polcy,

tho peut comoo 0o t¢he pne ceetlicn on She other 4G of Lhe

CECo

Phe locus of Chie dupcl:nee vecn Ly poleys <using pevey
cwvdngo Sop Che onucl cysten vwoltropeo oC Both crndo of ¢he 2ino
40 ¢ olpedcht 1tno O ¢ 0 wilng Wpctuneo lootd
for ¢ C1IC fepcchino uyston JLom 4n £8c, G7R cre ploticd
L. £10e(37 %)) for tie cencition Lpg,n @ le

I Che tvo gencretors oic dn puriC ©ith creh otheyy tho
cureent 40 goroy (nd the:ofore the (pperent dnpcdeneo 4c
Anfindlcs ub 4 the conowctors cro 10O cport, e woltoso
beeorcs Soro ¢t tho middlc of the 14me crd thoroforo the:o
eopocre $o De ¢ thrcoepheso oshort elrenit ct ¢h ¢ poiut
(o= %’,-' de

o |

hen S0 voltepen ot Che oo of Che Lysfich orc not
onual, the Cuing 4opcGencee locily cu scon by colayn w1l bo
cirend-p (Fige37@® 4notced of otocicht ldncc {0 L e

Thon thc drpcdinec will nover beoore infindtc.

wierddensd Cheonali Sw

In £40.( 33), Che typicel lood $rpudumce cirelo for on

antcrecancetod cyoten v chowm ond Che Gripping che.ceteprintico
of spclrnecy mtreteneo ond Dho relryis  I% con Do coca thel
¢he thidrd peuc of the conventionel drped:neo geley Lot o

oo L0 f8 Lrceup SAinc cpto D wounll alio opcrolo ¢ ho

£ A0 Ce
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£ fvether L pgin of iopedeneo vOWIC BC poaniped ¢
tele crve of GChe Arafting cpert of Lo Cro poacroting fourecs
Cutpe Soe perded of reelocnrCy begcuso of he lerding ond
et eaG ocpecding wy o logoins oad,cting geacinticn
(v slouing Covny O .Rkeruico the poleyo vould Ceip on Cho
peuecd dpeiiace contClitlica conccd Uy s OO oUcbiomd crdnging
cpopt VCE20 DLCIOLBLC
0 ove.eord Gho ¢4.ficultics of leig Loenandosten 1incsy
tho problco 40 thoiefere o Couirn 1oloyl, vhie. wi?i(saa
1o Lzip dnctentorcoudly for £ounldlo oHto 4, ‘celuding cre
ro.lolonec,
% Trip o oule0f=otop tonditicons i cuings f£ren vhich O
cycten vill rot rocover,
Je Lot Crip on locdo upto the oteply otote peucp 1inie,
4o Trip 4 €oleyed €40 upto Dy for Doch vp protcetion,
6, Tlot trip on svingo feco uvhdeh Lo oyoten voald bo 1tloly Co
reecovor thet 10 poulily mpto ) @ zxo“.

8y P.ovido copricr Dlpching for cuuceticl £oulloe

I0Co0 4y 0p (2 & vequdro th:¢ ¢k zcleyc thould Gpip
Snctoncoaoly fo conditicns wilhin Che cte Qe A' 199 Geppeeo
-De o £20° Qerpcos, A eircleo £400 vepy woll srouad {holo
points (coo Lige 3 ) the ccatro of the civrclo ea Cho iieo
ioneConeo A Jp cbont €O Cogrpecn iccling (e Koo omio, Uhoegh
4% clco 4nelcloo wome locdo vhich cihouid be omeluled enicy
aten (3 ) .ueh ¢ etvelo 40 Sb ehepretiristic of o Goreeticuacd
+0%ey L © G0 peutreinte I8 4o the ¢lcopetizrdotice 04 ¢

o polote

*"O "ﬂ' ‘ ’0*',‘ N ‘I P F‘,f\ ’
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te S". aaddal s MQL > . (\

R R T T AT 2 S TN IS PIPAL I S VICRRNY PO oF [P VORI, FTONE S B |



opcrcto vit 4n tho chaded aron of £1C. (33)e

~ho cothod cloptid in cnc cnso (Densns » Lobreshe intcre

coancetion) 40 to uco tvo ohn mito called biindoro in conjuncie
jon with ono o wit¢ (8co £fig. 32 )s DBy connceling €ho contoets
of (vo ohn units in ocpico vith dopcdonco wnit ond o timdng unit
beek up proticetion tith deloycd ¢ripping oceuro 4in the Tiphtly
chodcd aron oo ohown in tho £ig. (39) viidch disposcs of 4tenn

4 ond G,

Zn wofcronco to 4tcnu B crd 5, by connceting the eentacto
of tho oho umite in corico uvith thoso of tiho unit,‘ﬁho value of
"6 ot vhich ¢ripping occurs ccp bo peeurctoly comtrollcd by tho
petting of the ohn wnitsy othcruloo this 1imit 45 dotorminod by
tho lho wmit, vhoso setting 40 baccd on the longth of the 1liro
cnd renec cannot be pdjustod, Tho lho unit would provont Sripping
on ouwings upto 6= 76%, but cbout 110° vould bo rcquired to
providoc cufficicnt pargin for novor swings,'nupcciully\nftcr
instcntancous rceloéure of tho brockors followring thy feult,

Uouclly 20° nd 20° aro chocen for the ohu wmits, Tho
20% ehcopeicristic eon be as closo to impoGonec veetor o8 deoirod,
but the closor 16 40, ¢he lowor tho ohwmie picik uvp cnd henee tho
highce tho potonelnl burdon,

The 80 dogrce cheractoriotic hoo o allov for the cenioun
pre witope, vhiek vill bo‘ducing pininun gaacpation - mG Singlce
ond focd,

The gbove ceheie Dequipes theco reloys for cnchh nheto
nd thorpo vwill dDe ¢huee ecomfeets in serios in the Cpip Circuit,

£6 the pounber of conbneti dn ocvfeu v incroceedy $ho rcliobliily
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viil bo deerceocd,

Pare (o) thouo o poosuible combinction of rolceyo for
coplio Sden Co Yeap 1inco,  EIm Chio, o Qloplcecd edrzculce
chorretendutic 40 vocd 2lelr oo pot inciudo tho origin,

“ic ddrneter of cuch ¢ circlc vill bo corlliop then Chet of
0aChor ca doped Reo or o ualt of the Scac roach cnd consoguontly
4¢ 41 cower ooy lick carulur ponpo in the diroctien of cuing

inpciinec locus,

frothoe nothod utilisos ¢ dircetionnl olcacnt ond two

clcacnts hroving eirculer chercetorivtico of lrrpe Gicmotor oS
chomm &n £ige (400), The Yotter clenonts perfosrm tho function
of vlindorg, but boeeouce their circleos invoroced, no other
dtotenco cloacnt 4o pequicscd Co limit the recch on faullo,

| Olio povidou reed covereLo in tho diroetion of foult
fiopcdineo, (nd roeotrseticn in the dircetion of locd curpent

c2d LrinEl,

Bs B8 DALTrmen NiCHay sBEh

A8Scapts So preduce Thy Ciltence poloye with cheroetinw
20%ies whieh vl eloucly cover Chie foull {ppodineo aroa logd
to the Ceoign of poloyu wit cllipliecrl cho:ccterploticn, [n
cliepticel clupreterfotic vl eloucly follcy the Loull creo
cad lracee e dopedimee Cuplng ovirgs (B4 owslo. Gu vill ot
£l ALhAn e enour $ing Chrgpeterfutic cnd DermeQ UL D ov DO

cuoeantivie fou opor: tion diwirg wuinCt (nC ovirloiGes
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An cliiptierd characﬁomistié'sauﬂé heve conpldorndlo
tGventencs nG could bo Choushl of of rouguly cauiveiont to
o o il dntorlochcd vwil: Cvo bidm: oroy  Avcuning 211 of tho
Individpr) solcy vaito hed oguol selicdility the proloy vith
AAApticrd carrcetepintic vould be corce »clichlo oo 46 would
have enly czc contrel 4n Cho Olp cireadty vacro oo the
cauiveica( (chono vould howe theco contoeto in sCrios in thoe

Crip cirerite

0o 5o & [ppiiantilo
Do Wodtction of the oper:ting £icld of ¢ Giutimeo
oicy ©f iy "ype cech Dr rcehicvcd by the rdditicn of o dlotonceo
blocl:ing woley which Glstinguiches o defincd port of Cho couplen
plenc, Nleclhing of o llho solcy by Sho two oho units (stroight
14ne ehrpnegopist’ e hes been doscribod clreedy, Tho two
breuches of o Lyporbolas com clco bo cmployed for wlocking tho
iy 0olcyte
“he uce of blocking dict:aco polcy vith hyperuvoile
chereeloatotics (421 bo o ‘oprowvinent over thoe woo of oku
reloye vACh ot ikt linc  chrespctoplaticd Beeouso ¢ hypcriolic
chepretoplitic vill £4¢ closoly with ¢he fouwit crcoe (dreluding

the £orite waeh: reoictonea).

B G ' ralon of AOL

In the Jegenc G0 orico proticetion, sonoo 1 cpd 8 arc for

preorsing cootinuily of corvico (nd zeno 3 48 cp;cntialiﬁ baches
1Pe

SERC 3 0L £o% Lo corvor Lho uolo of Che nclpl pgup'ng weetlica
SCAC 8 Lt sL W00 Jou ctdenil By v U ai ooty 31 48 ¢ho

’ -
dopchruse oF o puctocted ceotlen vl Gy 50 QX Lupedineo
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of tho next coction cnd U 40 tho maximun rctio x&;ﬁ_E;

of tho gotnl cu. ront cntering the nont coction to thg

pvotected
cooumt £loving through tho non$ soction,

Until recent yeers oyotoo conditicno vero foirly cimilo
co that backeup protoction wvas offcetivoly provided by tho
rolays at the ncat stptien towvards fho seurco vith cnough
time dolpy to pormit tholralay in tho feultcd circuit to
clogr tho firct foulty 4f oporables The ineroaoo in the
nunbor of intoreconncetions ¢nd pover infcod pointo in
roucnt yoars has pecduccd the fuﬁiﬁ carroat in tho circuito,
othor then the feulted circuit, co that rcoote bockeup

velaying is becoming incro: singly difficult, -t tho opwo

timo ldeds are bocoming morc inportont ond hemeo domending
bottor sorvice continuity.

thore tho limitotion of the bacleup rocch of distenco
rolays 46 mostly due to the line lenpth, cn ioprovement in
thoir operction con bo obtoined Ly loccting tho zone 3 unit
at tho other cnd of the linc ccetion cnd powcroing itso
divecction, Reforring to fige (42) tlo third ctop of tho
dtlutenco olay normclly provideot ponote bnetnuglfor foalto 15
scetion D C 4f tho brcrkor ot B Ioils to t2ip,

Lov thio beckeup can equelly well bo provided by roverie
ing the third conc wnit ot B co thot 4t covers soction B C,
TI40 eFocngenont not only rcduces ¢ho impcdinco seon by ¢ho
boelm=un rolay by ho fopedenee of ceetion AD but alro nrintoins

pouor cupply to tepwed lords in coetion A D,



Jbe unclheun providcd by Che poverscleof e sot third
sone clcy 4o locel Dockeup uinﬁo thio beckeuwp solay hoo
0.0 00rs LeCe 0 DyCy Cunplico p2 the rcicyz 8¢ 4¢ boehing
W 0 Gt A8 ooy £all for ¢he 0c00 CauCO,

ThAs diffieulty con be prdlloratcd by aoing éiutcnéo
S zeley uthl 01 2iplicel chrraetcrivtic fez the third sonc wnit,
thdel 1891 cupblc 48 Co Liewo o chortor {mpcdeneo receh plorp
the weordc {hen clonp Che densnfo,

Ca Gic question ef rcaotc vorsus local becke ip proteetion
e folloving otcteoent Sron tho 126D CoIyCGeRebs publicition
L0e 0S¢ prpo 36 con be gquoted,

" nevers to ﬂuruﬁicmm;ﬁvcs on Dockenp protcctions
Ncoote Dut=une Thioc 4o he chogpest end oioplest form of
breleup proteetion, I 1o cntiicly indopcndeat of locpl
uenplico, viping otce cnd ic e»;éntial whoro thoro ic no
pBs protoetica, On tho other ond 4¢ 40 unrollablc vhero locol
pouer dnfccd peoices Cho impodoned scen by ¢ho bacleup poloy
¢ 7ars of ominum lond conditionn, fAn oliipticol R e X

ehr: cetertutie 1o Ecipfull, '

Maltietorningl intereconncetcd Lys ons hove DOCOLO HOFO
p (vedcal bearnce of ceoronic froetor inwvolved, Oysten plenrors
20 coplying incrccoing prouuuro on Che xoley cacincor om tho
wuacdd S S Cle beot posodinlc wolpying cyvteon ecimiob coot oo nuch
co e oefiChonol elieAt bre op cnd pousibly o od@itioncl
coetter of Sumne-dosten etre=tt®4),  Inupito of o ingeawity

of weley cuotncery L0 40 Arpousdale o moliy COLD Lyslctus



’ G0

Zh culti terminel 18neo, tho nodificction of syston
iopodrnec cecen Ly distoneo xreleoyd {opoLes o G§Caﬁ deffienity
of scticfying conflicting roguircicnto by Suitoeblo chorzcetore
istico end cottingo. Thic 46 ozplained for a sirple Jeterninagl
1ino chowm in £4g. 45)ew -

Tho voltoro b termingls of A 8 RpeZpp ¢ (I, ¥ I0)app

currcnt through rolay ot A = Ip
Loporent inpodcaco coen by roloy ot A

I5024p 2 (1% I0)ZDF
Ip

-}

azw¢ Zm_; {3+ -%i—-)

end Zpp (1 4 ~%§-) 10 eciled the gpporent impcdcnee of tho
1linc sceticn DF to the wclcy ot fe '

llen © the infocf fron topningl € ccupes tho 1line Spom
A to D, oo vicuod feon A to appcer to bo lonser then 4%
reolly 40, /n Ueterpinal short linc ecn o0aoily thus coppocy

to be g very lonp lino,

Duo Co ﬁhib increased apparent iopodineo couscd by
infced, tic rolayc ot tcrminnio A to bo ablo to oco €hic foult F
ncar topaduol Jy Lhey ooy hove to‘bc ot vo ccacdtively Chob
oven ¢ DAROZ owing Botucen tcpidnals A omd C Loy eguso Sho

¢ripping of he breclter ob Scznincl fo
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Onc colubtion Co the chbovo péoblou 1o %o uLe scquentiel
trippings  he poloy chorcetorictic of £ cust be cont zeted
o o tar¥ico clooy to porpil o yoauoncbly goed locl corrying
0niidity. Whe clienldt brochor b € 4o cllowed to Crlp first uvhoa
tho £oudt dcped neo Juops fron ABY to /B 4,¢, into the rOlcy
choreeterictic ot 5w Then relcy of A con 80 Che Lonlt ol

opon Lo D ctor o N

A 1321 I Rapnines
Cencrelly oocquenticl Seipping 40 quito tolor(Dloy but

occosicnully thero vill be othopr problens sach g8 the following,

§) M°ph opeed voelooing of Cho line nay h: vo to bo
doloycd bececuco of scquentinl trippinge |
11) Iopcdeneco {ype ccpice otcrting i3 intolerable oo
11lusteeted &n £ige (44)s
If iz fonlt 10 rpoved Coucydo U from By
thero vill Do o covies of foalt loc-tiono, vhich will
tprore o bo in tho crec LYY The corpice otort reloy ot
A w111 otort o Dloching oipgncl, but the corpicy -
Stopping voley vill net oo colo Co :tup ¢ho errrice,
Thepe vill thea bo no cerricr Crip cny vhoro. 7The
propicn ecn bo avoidéﬁ by eauﬁicv-stcrﬁing wich
rovcyroctl offecot o roloy. Ti0ro 1o thon no &ntermal
feult condition for vhich corricy con olort vithoul
being ctoppcd.
244) I£ 4% 40 douired o uloch tripping Curing outeofecicp
cendliicoy thoro 40 erotheor proclen Lot Gdien earc
ol by tho orrpicy clopling LCcni of CAVC. cbovey in

-tich outeofentop DlcAling 10 oG upe I thevo 40
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o t4me dcley of scwore® cyclec botucen the epor:tion
oi the outeof-otop Dloch ot 4 cnd coyricr otop cnd
L4p ut e 'cx0 cpain o foull neor B noy cppecr

to be in the eren 'y cnd vill Lot up outeofsutop
dblock ct £, 7This situsiion har beem pvolded dn o
fou applications Dy mccns of en cxtra reloy wit o
(¢ 0oGificd reactonee peloy)s The outeofw-step block

orca 1o choun shedoed,

By 7 le . Ann Boay
It mcy be docirpble Go obfuin high speed tripping for
0l éigi foulto and yot not porpit Cidpping during o owirg
unlcus thore 18 acturl outeof-sctcp conditicn, The only uey
of .chioving ¢his ond 45 ¢o ncrrov down tho tripping erco o
the relay cheorocteristic in the dircction of ouing locus, Tk
tripping o oa of tho rolcy chrracterictic should bo reduced
to tho netunl foult characteric.ic, ¥Yar ous schemos have been
used to cpprorch theoty (1) by She uso of ohn blindbrn to 14nmic
the cren of o roley chovcetirictic (2) to uso two rcloys
vith circulor cheractoristic, ore ctircic boing off-set from
the origin (3) tho uvo of Rolcy with e1lipticol cherceterictic

Invo#tiantionﬁ for nou types of charceteriuvtices for
application to High Voltege intorconnoeted nctworks koo lod $o
the types of charpetcristics for distanco roloys vhich will
oxncetly cover the fault aren, to thot it cllows paxinun
pormiosibic over locd end ¢t the ocmo tine opor:ting for
oinicun feull current,

A Crenoiotorived peley hoo boon Qoveloped in legﬂum§}s)

heving o clhenpeterictie odudlor €O 5 houn 4n £4ig i46l.
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7ho opcreting cono clopted 4c 1dop} boecuso 4t inclulog
iy optuation under the coveroct conditions of overelocd vindl.t
nevertholoscy (ctaining veey brood vicion of foulto oven 4f
thoro 4c cn ofe 2CLALTONCC,

Tho CeTeCeRely conmittoo sot up for dlocusoingiho
niovlcns pf protection of cuitietciraingl lince exzprocscd tho
folloving opinione

" Tho Cifficultico roleaoq to octiofactory cotting of
distenco rolicys in dntepconncetion notuorks heve beon nown
for o cortrin timcy bat opto tho prouent time the problen
heo only been acuto in gscvercl p:rticulrr cases which wvero
POl Cavoly pr oy

" On pecount of the incyocso 4n short cireuit povors
orfdl plco of ¢ho incrocco in the nunbor of ototiond topped
fron thce irtorcorncctod 14no the Gifficultios are beeouing
ceecntuoted cnd pore gono: ol

Aftcr piving ¢he vorlous possible colutionu for vach
casosy e econclucion of the roportin as followe-

" Tho probicn zcperding the storting principle of
4°6.cnco woloye chould be colwed ¢ coon g8 possi . ic Doving
repe:d to tho preient ceate utate of tho qucition,

It vould gppor ¥ thot tho pousibiiitios cricing {rom
the uzo of olectronic tochniquos co id supply cppreeicble
ioprovencnts in p chorg tico having rogerd to thoe flozibiliey
obcorved 4n the building up of the rost complicctcd opcroting

cirpeeterdutiond?
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' AEh 4re.« cuing corfidence on the beheviour of
cloctrenic coupenent, asctic . clays ave getning univoronl
rcecbﬁencc. ¢l otatice conperctoro, Choso 40 o pgroab
£iczdbllity, to obinin the rcquired typo of oporcting

c: rreefeptotrie, 2he static diutonco roloay constructed

it reetisicor bridpo comporalors con be pdjucsted o hrvo
ci' oy elvenlcer (1mpoarnc6 or (tho) o0llipticel or Rhyporbolic
oveetopiotic,

fho ochero used by thoe cuthor hes got the £olleuiag

cdventenos over other schsncs dcocribed,

1) In t e cireudt uscd by Gacvenlioy tmoothing of tho
DeCe output 46 nceoldery without introfucing timo
dolceys end for thio purpotc oplit pheoo circuito
cnd polyphoso roctifior béidgaa afe exploycd,
vkore o8 ro such cmoothing 1o necensory in tho
preoont caoo,

2) Lingle vinding polrriscd nmoving coil rolay ie uccd
in the output stapo, bLeeouso the comperison of
input quentitics 4o dono clectric: 11y, vhere ao in
the schc_o uccd by Gavonlioy, threo vinding moving
coil rolay hav to be used cnd thc compericon of the
input quentities iuv done nognoticclly. Lot only
¢tho coct will be high bht olvo the povor consunption
wi1Y be lorpce

3) in the circult cnploycl Ly leSells dcog for chonging
tuc cccoﬁtrﬁcacy of the o cr.tiug cmrvo, Cthe voluo
of K (= %;iﬁ ) heo to be chonged, 2040 elso‘ che i;Co

the ceoch of the roloy cond fonco tho cdjucting of
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the ceeentricity of thé oporoting characteristic
16 not flomible, hCro a0 in the procent cnso,
the rdjuctmont of the cecentricity of tho cheractore
iotic 15 indcpendent of tho cdjustmont of tho PC. G
of tho roley. |
In the edrcuit used by 7,8.M, Beo, bceauso of tho
tutual offcet botwocn oeplitudo cnd phace comperators,
thoro will bé a bulping of tho oporating chosccteriotic,
uhdch in the precent case docd not appord,

| Tho rolay maintains on cecurracy of £ 6 pereont
upto o ninioum fault voitase of 8 volts gpplicd to
tho rolcy, which 48 qé&te satisfactory,.

The use of o distanco rolay with hypcrbolic
charactoristics will bo as o blocking rclay for the
ilho cheractoriotic, For this purpose the opercting
chorceteriotic should cover both brenches of hypors
boles To cchievo this tuo rolays moy h've to be used
cnch rolcy hoving a chargeteristic covering one biopnch
of h perbola. | _

alternctivoly, ¢ inglo rolay can be constructed
to ogtisfy both the oquations @i4) and (19
sioultencously,

Dictonce voloys with vory norrov tripping
orco oro neccusory for epplic-tion to long tr nomission
1inoo ¢nd in thes respeet on olliptical characteristic
vill bo corc eppropricte, Investigctions to construct
20loys with oporoting charccﬁeéicﬁic cxcetly follove
ing the foult icpedoneo orca, for applicction o
long linco uiore the vdnirun foult eurrent 40 loug

then the centoun locd curgent, auc going on,
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The characteriatic for the _tarting unit
for epplicztion in high voltape ‘nterconnccted
networks,devcloped in 3elgium will s:tisfy thoce
reguiic ents, 7Thio 1o possiblo only with tronsice
torised relay cLreiilt .

Though the trancistor rolayc may not replece
cimpler types of clcctromognetic relays, they may
be accepted for rcleys with compliccted opep:ting
clinracteristics which cre poséiblc only with

treoneistoriced rolaysos
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