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AB.ST..RAS-T

The otrj ect of th i s Ëhes i s uras to deve I op and

ü nvest i gate a met hod of i rnpedance ca I cu I at i on us

dieital techniques with a view such that ¡Ë eouìd

used for distanee protectIon"

The ïrnpedanee of a fauÏted síngïe phase nlne as

seen fronl Ëhe ne T ay po I nt rvas ca T cu Ì ated u A

Ël'¡eoretücaì study vuas made using the digåtal eon'¡puter

It'l neaT tirne and slmuTatÍng the sampl ãng of cus"rent ar¡d

vol tage s lgnal s us I ng an A/D converËor.

The tnansient behaviour of a faulted pouJer system

vúas str¡dãed and an attempt lvas rnade to el ãminate Ël-¡e

efrf ect of, these trans Ients on the irnpedance

caleuTatfio¡'t. At tt¡e same tIme Ëhe advantages of fast
fauTt detection shouTd be retained in order to

al I ev i ate the hI gh cosË of D í gi tal Frotect Ion by

offerIng hieher load transfers from türe same

transnrlss Í on I î r¡es wi thout af f ect å ng the sËabl I ity and

hhe reliabilíty,

to

Ine

be
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CHAPTER â

ixï&oÀugLLod

Protectlve neTays constantly monitor power systems to

ãssure maximum contlnui ty of eTecËrlcal service v¡ith mlnimum

damage to r ã fe and pnoperËy, They are on guard throughout

f nom the generatlon thnough tB'ansmîsslor¡ [a'¡to clIstributíor-¡

and utl Ì lsation" To penfonrn these nruTtifarIc¡us functlons
many type of ren ays nlust be used.

{ n the present text we are nra I n Ì y concerned v.¡! th
distance protect íon, [.e.wÍth impeclance rel ays" phase

distance relays have eome into use speciflcaTìy because they

off,er hiehes'seleetlvlty than otlrer Ëypeå of reTays for
transmi ss ion pnotect ion.

The conventional electromagnetic type$ of lmpedanee

relays have been Ín use for many years ar¡d durIng thls
per Íod i rnprovernents have been made to better the i r
perfonnnanee. The advent of electnonlc relays ar.¡cl rnotre

recently soÏ id state relays has led to faster and more

rel åabT e rnethods of ptroÈect Ion" l-lowever the eorìvent ionat

reïays aÌ"e still beíng used extensively,

sol I d state reTays have reduced the operat ing tInle Ëo

v¡[ thln Å cycl e" Hoçveve8" recent deveTopmenËs i¡'¡ the compuÈer



f ield have suggesteci that srna'r r rear time speciar purpose

conlputers can f urther reduce relay tirne. The ma in l^ropeci f or
advantages of such a scheme are-

a) The scheme could be a part of a rarger sche.re for
complete autornat ic control of a substat ion,
resuItins in substantiaI econonty.

b) Since relays v¿ork only for infinitesinlal perio<ìs

during faults, they leave doubt as to whether tlrey
are capable of operation. Computers can be

mon i toring throughout.

c) The rel ay act ion nìay be performed f as ter ancj in a nìore

sel ect ive wayr, thereby decreas ing the dar¡age and

increas ing the rel iabil ity of suppl y,

Thus there is ä great impetus for developing a fast and

accurate method by rvhich a diei tal computer can perfornr the
f unct ion of rel ays. A f ew methocrs rrave a r ready been

suggested(15,18,1fi)# ,but they al I have serious I imitations
u;hen deal i ng r,vith trans îents just af ter the f aur t. rn th is
thes i s some neìr approaches have been sugges ted ancr

critical ly examined for the nreasurement of impedance.

* Refer io B I BL I OGRAPHY
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f,tETHoDS 0F P0t{ER SYSTEM PR0TECT l0N

2^lConventionaT Smoedance Relaot*t- Conven t lona'l

!mpeclance reT ays are of the electromagnet ic type. The

torque produced by a current elennent is batranced against

the torque of a voTtage etrement. The current element

produces posÍtlve(plckup) torgue/ v¿hereas the votrtage

eTernent p¡"oduces negative (neset) torgue' ¡f the controÌ

spning torque is -k3, Ëhen the torque equatlon ãs given

bY-22
T=kll'-k2V'-k3

vuhere

vo I tage

Èo rque

E and V are the rms

respect ivel y, At the

i s zero. Therefone
t)krU'=kll'-k3

ßj-_-Ç-V/T=Z=l_-- eJ kz k|r.

vaTues of the current and

balance point, the net

0r

lf k^ is negl lgible ,ther'¡ vde f ind that the neÏay is on') -J

the verge of, operatlr¡g wlren Ëhe ratio of Vl8 equaÌs a

flxed preset value of the lmpedanceuZ"

However as the relay should tr¡p it'l onTy one <lirection,

it is nrade dIrectiona'l by the addltion of ô directIonal

eT enrent, T'he constnuct ion of these rel ays and the i r



zone

Fìgure 1: Bglay_characteristícs on an R-X plane.

Fìgure 2:
..9

Inctuctl 0n unl ts F'igure 3 : Magnet'i c attracti on I

type uni ts

0peratì ng



chðracter I st i cs on

and 3*

an R*X düagnorn aÍ"e strou'¿n i¡'¡ F !eureslr 2

To use these relays for different zones of protect!on

Llrrrine units are uruAT in conjunction r,rith usual targetso

sea I ln units, and oËher auxilíaries. The operðt!ng

characteristics of each unit is independently adjustal¡le.

These relays can operate v¡ithin 1 or 2 cycìes"

Recentl y reed rel aysu* have a T so come ! nio use as

auxll iary reTays. These are about 10 times fasüer than Ëhe

conventlonaÌ eìectromagnetic re'lay once they get the

indication to operate. They l'lave two accrlrately positioned

f'lexib.le nickel-iron strlps(reed) sealed into ê closecl glass

caÞsuie in an inert atmosphere. The inner ends of the reecls

overtraF¡ ancl are seperate<J l¡y a gäp of 0"ü1 i¡'lcir" o¡" Tess, A

coiT surrounds one or more of the reed contact units an<i

¡:roduces a rnagnet lc f iel d, v;h ich makes the reed come

together, thus operêt i ng the contacts " These contacts

cons ist of r¡afers of rryal nretal rvel ded to the inner ends of

the reeri"

Relays lvliích have offset impedance characteristics are

more comrnonly used, These ðre knor,¡n as rnho relays and have a

iorque eqrrat ïon-

T = krvl cos (O - 'r) - krvz - k,

Therefore at ba I ance

Z = kr/k,

ReTays:-

and negl ect i ng t *
'cos(0-r)

These retrays ì:v€!'€ initially developed2.2 Stat ic



Lls ång tu¡be cl neu i Ës whi e h wer"e Iater replaced by

transistonised ci rcuIts, Figures 4e 5a and 5b shov¿ the

principÌe of both types. ( Tlrese diagrams show the earTIest

nelays and sir¡ce then many modlfIcations to these clreuiËs

have taken pTace, )

Sc¡me propertÍes of the dlfferent reTays described so

far can be compared as follows
Functi on

De}ay

Operati ons

Ambient Temp.

Ran ge

El ectromagneti c

I Oms

107

-5oc to Tooc

Reed

l-2ms

rc7

Sem'iconductor

20us

no, l imi t

-soc to 55oc -2ooc to loooc

Some of, the maIn advantages

fol I ows: -

of stat i e rel ays are as

a) Fast operat i on

ancl vit¡ration"
n T ong T i fe and h Í eh res i stance to shock

b) A hÍeh resettine vaÌue and the absence of overshoot are

easy to obtain !n statlc reïays because of Ëhe absence of

mechan I caT i nert I a and thermal storage"

c) !,J¡th the abs-cnce of bearing frlcü[on and contact

troubl es ( corros i on* bounc i r¡g and wear) better

characteristlcs ean be obtained and there ls less necessi ty
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Fìgure 4: Tube version of an impedance relayrê
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Fì gure 5a : I nput ci rcui t for bl ock spi ke mho uni t.7

Figure 5b: Directional card of mho unit.t

rz

-L_l-
ResÍ stor

V

Re



.c6I otr ma ú nEenarÌce 
"

d) Very fnequent operat i on causes no deterioration"

e) The ease

senstlvity to

of provl di ne

be obta I ned.

anrpllfication enab T es greate n

f ) The '!ov,r energy Tevel , ã¡l the nteasurement circuits permlts

nriniatunìsation of equipment and nlinimizes G't.

í nace u E"ac i es .

2"3 Protectlon by Dieltal Conrputers- [J¡th the possibilty of

the deveïopment of fast Vacuum type þreakers v¡!thin a fevu

yearsd pressure wilT be exerted upon protect¡on engineers to

produce even faster reÏaYs"

To achleve this end dlgital conrputers seem to prov¡de

the answeN", l'lence nevü methods are be I ng suggested to

programme the Computer to per/torm the f unct ion of a rel ay"

l{e nour d i scuss some of the rnethods wh i ch can be used to

pes"f orm the f unct ion of an irnpedance reì ay"

8r¡ al T the methods described the currenË ar¡d voì tage

s ignal s a¡"e sampT ed at a pnedeterml ned rate and converted
al

into d i gi tal s i gnaT s by an anal og to cll ei t/ convertor as

shown ôn FIgune 7a.

2"3L The RMS Method¡- 8n thls method the sampled vatrues

a¡'e coTTected over one cycl e and Ëhe i r ü"ms va ì ue is
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I

Vol tage Si gnal Current Sì gnal

A/D ConvertoA/D Converto

Store V +Vom Store I +Iom

Sguare i,
Convert i nto
sgn f unct'ion

nvert 'into
sgn functìon

zu? t zÍJJ
Find I. when
V=0Jll. - M.l, J J'

rj¡ . vç

--0I : -ve

Convert
into cosine

Mu1 tì piy GetV Im' m

c0 T0 5,6

Trip Signal

N0 stop
Yes

Bl ock Trì pp'ing

Figure 6: Block diagram for RMS digital relay
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cal cuT aËecJ, The z.e1a cs"ossover for both s igna I s i s

detenmined and tl-¡is pnovldes an indÎcation of the phase

angïe, The block diagram Fep!"esentatlon of, the method is

shown l¡'¡ Figune 6.

?*lF-å. fJ,g""å**,9'j!lrf.F.j.-eggç* ..Jl.q-J[g9 t - T tr i s met hod i s v er v

sirnI lar to the method described ln 2.3L except that

I ns tea<l <¡f f î nd i ne the rms va I ues of the cu r ren t and

volüage signals theIr first difference is used. Thus the

ef f,ect of, <1"c" tras'lsients in the curs"ent and vol tage

signals ls rninlmîzed as shov¿n ir¡ Fieure ?b & 7c"
lçt

?.",'p*ã,*Fs#"t"J"e-r,,,.,,4 1- The [nput signaÌs of

current ancl Voltage are sampled and sËored over one

penlod <¡f the fundamentaT frequerìcy" Assumïng the InpuË

vravefonm üo be repetetive oveÍ" this periodr founIer

anal ys ã s techn I ques are appl î e<l to the sampl ed va I ues of

the input to obtain the fundamental amplitude and'phase'

The f unclanrental quant ¡ tv Ft(t) i s given by; -

Fr(t) - (al2 + n,2) sin (rt - tan-l a',/b1)

where t¡ is the fundamentaÌ anguTar f requencyo ancl

a, = x//r (to+zt, cosx + 2fn-l cos(n-l)x + fncosnx)

bl = yf7n (Ztrsinx + 2f, sin?x + * 2f n-rsìn(n-l)x)

whene x i s

f0,f1... are

the sampl ine interval in

the ampT i tudes of the

radi ans " o n*2'n/ xo a¡'¡d

input wave forrn aË the



t2

Sampl ed
Val ue

i nteval

Figure 7a: Analog to digital conversion.
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Figure 7b: A. completely offset wave.

Figure 7c: First difference of the offset wave.
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sanxPl ine instants
\ç

2"31! Mann*l'lorniso¡r Methodt- [n thls method 2 sampTes of

eaclr signal are used to obtaïn Ëhe values of vo\!BuiriB'

T'hls !s shown ln Figune 7 d, T'he process continues for 5

sr..¡cGess i ve sampl es " These val ues äre tl¡en averaged and

Ëhe centraì di fference express lon fon deni vat lves Çan be

used to fånd Èhe peak vaìue of curtrent and voltage. The

necessaû"y f o¡"mu I ae are-

peak Voltaqe: UZ = UZ + (Il_)2max ' '(¡'

Peak Current: rz-^.,=i2+()zmax '(¡

Therefore l¡oth

dete nm ! ned "

2,35 5 SarnpTe l'4ethodc-

cu¡'rent sampïee-

= are tan p

z2= uZnax/I2max

0r=0u-0i

Ëhe magn I tude and the phase can be

This method whieh is ir¡trodueed in

sampìes of both signals at any time,

Po[nt on the cycle of, voltage sample;:

\/

the eycle of

= arc tan OV

tT

Foi nt on

lmpedance l,'lodu Ì us;

I nlpedane e Argu¡nen t ;

0.
't

thIs thesís also uses 5
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Sample Values

h samp'li ng 'interval

Qluo
t,)v\ $ n,

-ul-vo'l 't_Invz - 
h

Fi gure Evaluation of first differential.
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Front Ëhese 3 santp'[es the süccessiVe denüvat ãves ðre

calcuTated an<I then by using tlre foTlowlng equations Ëhe

mâgnitude and phase of the individuaT signals a¡'e obtained

*i'(vt v)/h = o Vru* cos (uZh/Z + ö)

oå=(rz -, r)/h = r Vru* .or (u.4h/2 + Þ)

where h is the sampling lnterval .( tË has been assumed that

samptlne stants lt/2 sec. after the lnltiatÏon of the fault"
The validlty of thls assurnption ltas been checked in section

5.1$5,) Then the magnitude and phase of a signal is

caleulated as fol'lows¡-

- (v 
z-v t)7 fu., - vo ) - cos h**

tano = tan 16+hr$=

Phase = g -'hw= þ

sin hn*:

Stml nar

samp T es ,

by*

Vru* =, (vi - vn)/coso'ur

calcuTations are also perfonmed v¡ith

The mae,rì I turl* and phase of i mpedance

the cu rren t
is caXeulated

0

7

= Phase (V) - Phase (l)

- v /1max' max
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TRANS IENT BEHAV IOUR OF REI"AVS

!- In order that the effect of

these transients on the operatlon of relays may be predicted

a detalled study of the post fault conditions is a

necessity" This has become very important because the faster

reT ays nlay be mgne af f ected t¡y these short I i ved trans ients 
"

Consider the cincuit of Fîgure B, lJhen a fault occurs,

the current and voltage at the reTay point undergo a sudden

chanse i n ampl i tude or phase angÌ e o8- urrtÅI"t Th i s sudden

change causes the s lnusoi dal current to be offset by a

decayi ng dc component whose ampl I tude depends upon the

moment in the cycïe at which the fau]t occurs and v'rhose

duration increases with L/R ratlo (tinre constant) of the

circuit as shovln in Figune ga" lf the systenr impedance is

not homogenegus there wi 1 'l be a separate trans ient i n the

potentlal due to the sudden change in phase angle of V to

the angl e of tZ lvhen the f au'l t 'occurs. Hovrever the presence

of ioad cu!"rent befone the fault also modlfies the

tnanslents and the effect îs shown in Flgure"9b.

Thus for the theoretical transier¡ts vJe can lvri te the

f ol I ovr in¡g equat I ons-

3"L Behavlour of Currents a Vol taees i n Fower SYs tems



1B

r
Reì ay

Pos i ti on

Fault Location

0¡ = tan

þ =tan

-l (L+Le)7(n+R.)

-l (LelRe)

Figure B: Schematic diagram of basic system.
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Figure 9a: fault cuïrent transient.zo

i = # {sin(ot + 11, -O)} + v{ sin[ü + 0 )
zrZ+Z

(r! = o)

sin(t¡t+o-ô)

Figure 9b: Effect of previous load current3"

E

z sin (

ti ne

( -nzr)t
o - 0)e

----------lsi" 
(urt +P - ó)

_-:; SITI
L

(o - ,1') e( 
-R/L) t

time

sin[p -. 0) r^- (R/L) t
L+ L

e

E

Z
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2. FoËent I aT Trans ient s * The votr tage

afte¡" the f,auìt can be l,uritten as:*

1, Curnent TRansienËss- DIsnegandine shunt Ìoads and

capac i tanees Ëhe ir'¡stanËaneous val ue of the current af,ter

the fauTË is given by-

j = Iru, (sin(cot + u - ö) + e-(R/L)t sjn(,p-o)}

at the relay poînt

sin(6-6r). sinrl e- 
(R/L)t

u = V*u" " Z/Zs (sin(ot + rl,+ 0L - 0) s'i nö

Apart fnorn the above theoretleaÌ discussionu stagecl

fauït tests oÍr the Manttoba Hydro ( see Appendix B ) system

have shown that cunrent and voïËages aTso contain sorne hien

fnequency tnansier'¡ts, These die out quíte rapídìy, as can

be s eer¡ f rom the necond i rags 6 These hieh frequency

tnanslents wei"e also obtaãned when improved models we!"e used

for power systern analysis in a study by $Temon et al " (lg).
Therefore the study of the effect of Lnanslents on the

varlc¡us ãrnpedar¡ce nelays described so far ls dlvlded Into
tv¡o parËs, one deaï ing l.¡l th s impÌ e dc trans lents and the

other deaT ine vrîth the actual recondlngs. 8¡'¡ the TaÈten case

the s tudy has been I inri ted to on I y the cases fo r vuh I ch th¡e

test resuTËs vdeo'e availabÌe"

8n deaÌing wIth the ideaT dc tnanslenËs the f,oTlowlng

assumpt ions !,re8"e made: *
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1". The ct r s and pt Ë s transf orm

exac t ì y.

2, The time constant ïs such

there is ntr ac decrement anci

the current and vol tage i s

¡'eactancesc Thls assurnption is

con ven t i ona'l re T ays "

the effects of dc IransIents

that for hieh speed relaying
in th is case the fllagn itude of
g I ven by the subt rans i en t

rnade on ì y v¡hen ana I ys i ng the

0nly the r'/orst case \'rðs cons idered for studying the

effects of these transientsn !.e" the current rvave contains

a fuTT dc r¡ffset l.vlrile tl¡e voltage rväve i¡as no offset"

3,2 åS_|:_a._y^j-_CU_!" . ai Çonvent ional Rel ays äo Trans i ents : - The

convenÈional relays sense the rms values of current anci

voltage and from these sense the value of impedance. Thus

tvith the heTp of the assunìptlons made above tve can calcuiaËe

the rrrrs values of transient current and volta6es

mathenratical ly" The second assumption rnade above can be

defenclecl by the fact that the operating time of nro{ern

conventiona'i reTays is of tlre order of z0 ms v.¡here as the

time constant of a modern porver system is of the or<ler of
1t)CI ms 

"

The rnaxirnum offset of the cur"rent r,"¡ave occurs v¡hen

(þ-Q)=r / 2

: - r¡ /1
max'

L l-

(cosu-rt - "-t")

and f or n in irnum vo ì tage of f set 6=q, u hence
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u = V*u*/Z, (sin(ot + 0f)

InËegnaEîng these vaÌues over one cycle and then

ca.lct.¡tratîngLheimpedaneevúeobservethatthemaxirnum
ove t"neach Poss i btr e ì s 73% "

}loulevertheeffectoftheserelayslvTthactualstaced

fauîts canr¡ot be studled as it was not possibÏe to

accurately carry out the ãntegration of the reeorded vatrues

s î ne e the scaX e of the recordings u'as too srnal tr '

tú

S "S Behav ! oç4 f . qf - $.tEF.,ô..ç'',,.8g,I-q,Vå,,,H,rl.hl,'t,"I.5e.4?,l,gg9 ¡.j - Sorne of t he

stat ï c rel ays emBn oy recË I f i ers f or i¡rstantaneous Gompan isor¡

anclsomeuset'heb}ocksp.ike.-pninclpìe'Sneitherease
they<lonotlendthemselvestoananaÌyticalapproach
becausec¡fthedîfficultyofforniulatîngananaìytical
exp¡'ess lon "

þloweveritiseasytoSeelrov¡dctransientswlln
affecËühenenayoPeFatlon"ConslderaneXtremeçasewhere

the current lvave is comptetely offset.. The rectif ied vrave

vrl 
.! tr have a rnuch higher average value' simllarny in the

phase compar ison Ëechn !que, the pul se v¡l I x t¡e generated at a

ctlffererntinstantandalsomaybegeneratedwhen¡tshouid
not "

3.4 Behav i our Dieitat Mg!þq-dq wi th -['Rans i en-ts ¡*of
The

UJA S

fon
behav I our of the

s Ër¡<11 ed f ot" ! dea n

f i ve nrethods

trans i ents and

prev i ousl Y dl seussed

al so for the çases
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þrhlel"r Èhe staged fauTt recondIngs lvere availabTe " The

response of, these meËh¡ocJs üs shotrl¡ graphîeal Iy ln Fãgures 10

to 25. 0n T y two representat I ve cases are shown ' The

sampîing rate of the systern îs taken to be.5 nr*Ã and in

aÌ I 40 sanlples have been eonsi dered in Ëhls stucly" The ntain

chanaeÈeristics of eaeh method are discussed belou¡"

5,41R14S,,14e,h9.d,:-[nthIsmethodtheresu'[toffau'lt

lnrpedance wl T tr be avai ìabìe onl y af ter 33 sarnples, i "e'

tlre vaÌue of, impedance wilÏ be calculatecl afte¡" 1 cycle'

The Value for B consecutlve samples are shown ãn Flgures

10 to 12" It is observed that the value of the lmpedanee

does not vary much from sample to sanrple but the value

dlffens f,¡'om Ëhe true vaTue t¡y a conslderabtre amoL¡nt" The

vaÌue ealcutrated f or the actual staged fau'! ts is aTmost

eonstar¡Ë ove0' Ëhe sampl es ( f I g" 12 ) and al so the var ï at ior¡

fnom t!,ue value is not much" Thls is mainly due to the

fact that dc tnans!ents are not of very hieh magnitude"

Fon thls method the phase was not ealeulated because the

cal cul at ion woul d lrave t¡een based on the ze¡'o crossover

prlnciple ancl therefore the caTculated phase would aìways

be 180 degn"ees .

3 9â- This method is actuaìlY a

neflnenient of the first meühod in an effort to reduce the

erro¡' due to dc t rans I ents . As expected the i ntpedane e

ealeuTation Ts aff,ected ves"y Ì!ttTe bv the Ìong time

constants; houleveR smal I time Gonstants produce

& throughout t¡ris s't,uciy
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IMPEDANCE AFTIR 33 SAMPLES

Actual Impedance Value

ô = 85.0 deg.

t = 200ms

ú =-5.0 deg.

= .l.0

=
o-

ul
c)z.
o
lJJ
ô-E

32

Figure 10:

34 s6 38

SAMPLE NO.

RMS va'l ue method .
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IMPEDANCE AFTER 33 SAMPLES

= 85.0 deg.

= .l0. 
0ms

= -5. 0 deg.

Impedance Value

0

T

u

Actua I = 1.0

.l.0

3B

SAMPLE NO.

=
()_

t!(J
z.
â
t!
Ê-

36

Figure RMS value method.
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7-

]MPEDANCE AFTER 33 SAMPLES

For Staged Fault Recording No.

C-Phase

B- Phas e

34 36

SAMPLE NO.

RMS value method.Fi gure
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signif icant ertrors. *l'he Impedanae vaXues are available

aftes" 17 samples and a8"e shov;n ir¡ figunes L3 to 15" The

methocl is f ound to be of good accuraqy ip comparl son v'ri th

the other methods as f,ar as the calculation of impedance

magnltu<le is considened t¡ut gives incorrect vaTues of

phase angl e wl th hl eh frequency trans i ents as expected 
"

3.t+3 Fourier Analysis Method;- This Method(19) was

suggested to combat the translent errors for hieh speed

pnotect i on of power systems, The method seemed very

prornising however detailed results shov,¡ that though the

lmpedance ca'¡au.! ated ís almost constant oVer Ëhe sanrpÌes

ít Is very much different fnom the actuaì vaÌue as shown

I r¡ f I gu res 16 to 1B , Howeve r the nret hod seerns Lo be good

f or high f nequene y trans i er¡ts'

O¡re maj or d I sadvantage of the meËhod i s that i t

nequ I res extens i Ve caT cu I at I ons for each set of sampl es and

hence is very slovú,"

The rnethods d i scussed so f ar requ i re el the r L7 ot" 33

sanlples before a caTcutation of the fault inrpedance is made,

ancl since I cyele relaying is not{ qu¡te common Xittle

aclvantage vuoulcl be galned ln using these methods' Therefone

the foÏlovuing two rnethods vuhleh requlne only 5 samples

before Ëhey stant ca I cu I at I ng the impedance of, the fau Ï ted

I lne seern more promïsing'

ã,e^.t,þSennfll.o.-,f#å,qJ".,JJg".F",hg9¡ -Th i s rnet hod i s more å naccu rate

wlth long tlnre consËants than wtth shont time constants.
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F'igure 13: First difference method.
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Actual Impedance
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1.0
Impedance Magnti ude

Magn'itude

16 21 26

First difference method.F'igure 'l 4:

3l 36 41
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-1 00

21 26
Sampìe No.

First djfference method.

Phase

Phase

Magn'itude

Fi gure
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True Phase

True Magni tude

Sample No.

Fi gure 16 : Fouri er analys'is method.

IMPEDANCT AFTER 33 SAMPLES

t = 200ms

0 = 85 deg.

rþ = -5 deg.

Actual Val ue of Impedance = I .0

Phase

- - Magni tude

C'')
a)-(f

t!(J
=â
UJ
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Fourier anal.vs'i s method..Figure 17:
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16. 00
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5

.+J

c
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=14. 00

I 2.00 20¡{)

10. 00 100

B. 00

6. 00 -t 00

2.00

0.00

Fìgure ì9: Mann-Morrison method.
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0 = 85 deg.

!; = -5 deg.
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Sample No.
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C-)

=Ê
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=

Phase

Phase)

Magnì tude

_(T_rge_þs¡1tgdg)_
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IMPEDANCE
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llrUe_ ltlaEn¡tq{et _ _

Sampìe No.

Mann-Morrison method.

0=
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Ê
H 6.

=

F'igure 20 :
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I MP TDAN CT

For Staged Fault Recording No. 2

l6
Sample No.

ó
o-o

OJ
<Ã
rõ
-g
o-

200

100

0

100

(True

Phase

MAGN ITUDE

True Phase )

Magnì tudel

Mann-Morrison method.Figure 21 :
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The eaTculatIon of irnpedance vatrues is showr¡ Figures 19

to 2L, AparË fnorn oveB"neach the lrnpedar¡ce settles dowr¡ to

a sonstar¡ t vaT ue af ten abou t I sanlp T es; however Ëhe va T ue

again jumps up near the zetro crossove¡' d whieh is not

suü"prising, but thls rnay <lelay the trlppíne f,or a few

more sampïes" The calculatlon of phase angìe is not very

accurate and var ¡ es qu i te cons í derabÌ y" The response of

the method to the actual staged f auÌ t record lngs is ve!"y

poor and the va I ue of both magn I tude and phase aÍ"e

ennaÈ i c,

- Thi s method is Introduced in

Ëhis thesis. The vanIatlon of calcuÌated vaÌues ãs shown

in f igun"es 22 to 24" åt ís obvlous that the method is

affected very I Ittle for ideaT de transients except when

the t i nre cons tant I s very smal T . Howeveü' the nlethod does

not give accurate results anywhere neaå" actuðl values for

the sËaged fault recordings. This is because In Èhis

method effectïvely we are differentïatÍne the signals and

therefore the effect of nolse !s more pronìãnent.

As ¡ t lvas assumed that the sampl i ns takes pl aee hl 2

seeonds after the fault iní tlat ion, the effect of

non*synehronisatlon is also studied and a typieal case is

shown in fïgune 25, ¡t rûay be observed thaË ¡t has very

T ittle effect on the caTcuÌation of the impedance which is

expected, hov¡ever the phase angl e undergoes ä smaT I

clevlatíon.
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IMPEDANCE AFTER 33 SAMPLES

r = 200.0ms

0 =85deg

ü = -5 deg.

lJJ
C-)z.
Õ
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=

MAGN ITUDE

Sample No.

Three sample rnethod.Figure 22:
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IMPEDANCE AFTER 3 SAMPLES

r = loms

0 = 85 deg.

r! = -5 deg.

MAGN I TUDE

PHASE '

Sample No.

F'igure 23: Three sample method.
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Three sample method.
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EHAP-TEB__[V-

MET[lODS OF åMPROVÉNG EMPEDANCE CALCUbAT¡ONS

t:å,,,S-g-lS.g*n"s",;Fþq*99ååJ1,9"9,[-q.gt -The neT at ive perrorrnance or

each of the methods discussed so far is sun'¡med up in T'able

1" At a flrst glance ¡t is not possible to declde which

rnethod is the best" ¿t should be stated Ëhat a Targe
was

deviatlor¡ iÁ/nat neeessar!ìy a <llsadvantage, ¡t all depends

upon the duratlon of this error, The table along wIth

Figures 10 to 2I+ aTIov,rs us to take this Into account, and to

er I L iea T I y eval uate the perfoû"mance of each of the methods.

Two nlethods are cl ean T y betten, They are Ëhe. F I nst

Differel"¡ee t4ethod and the Three Sarnple MeËhod" The rnain

dÍsadvantage with the f irst dTfference rnethod is that ¡t
takes a ïot of tlrne before fauÌt impedance can be

cal e uì ated" Tlrenefore onl y the Three Sanrpl e Method vúas

consldered insplte of lts obvlous susceptlbiX ity to hieh

f requency tù"ans i ents. Therefore ¡ t was suggested Ëo use

filtering technTques to geË rid of these hãeh frequency

transients, ln the foTlowtns sections the various f iltering
techniques used and the ¡"esults obEalned aü"e deseribedo

È?

-4-''? -4.¡ia!-p-s -e-c-hnLs-ueÉ-.-u..s-e.d..-t-q !mpr-av-q t-he Bs-ha,v,ioun;* sãmple

low pass f i I ters wes"e des Igned rvT th an upper cut of f
f nequency of L20 Hz" Two of these f iT ters lvere considered"
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Their transfer f une t i or'¡s aü"e-

(s+5oo)/(.ooooo5l s

2.0/(.ooool oz s2 +

r., (s )

rr(s)

3 * .00255 ,2 * z.os + 5gg¡

.0051 s + 2.0)

The amplitt¡de frequenay ü"esponse curves are given in
F ig" 26

The I mpedance var ï at ion for staged faul t tests when

these filte¡'s were lr¡ use ls shown In Figures 27 & zg, The

f itrter response was evaruated by uslng the convoTuË[o¡r

ÊnËegnaÌ, which presupposes zetra inlËial conditlons and

Ëherefore the eaTcuÏatüons rnay not be very exact" Ttre L¡se

of these f I ltens al Tows the varratåon ãn the inrpedar¡ce

magn I tude to be redr.¡ced howeve n the phase ea I cu I at i on ã s

stlTl veû"y erratic. 8t may also be notecl that the fílterIng
aTso intnoduces a time deTay of about g sampTes,

As the two s[mple filtens designed above d¡d not gave a

smoottr outpr¡t, an BËh order Butterv¿orth max lmaT T y f I at
filten? *u, desîgnecl" The cut off frequency was made very
near to 100 llz" The f requency response of the f ã Ì ten is
showr¡ in Ff,gure 26" T'he transfer functÍon of the f ll ter fon
the nornlal ísed f requency of r¡ =L is-

rr(s) = 1"0/ (rB * s.l26s7 * j3.l3Bs6 + zl .B4Bs5 + 25.691s4

+ 2l .B4Bs3 + l3.l38s2 + 5..l26s + l )
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IMPTDANCE AFTER 3 SAMPLES

24
SAMPLE NO.

Figure 27: Thr"ee sample method after usinq ifilter T.



47

6.4
QJ-o
5
+)
c
O)
rú

=5.6

TMPIDANCE AFTER 3 SAMPLTS

0.0
l6

SAMPLE' NO.

o,
q)
-o

aõJ.L

UJ(J
z.
o
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2.4

24

filter II

MAGN I TUDE

Fi gure 28: Three samp'le method after using
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The resporxse of the f ñlter to actuaï recordings was

computecl usíng the Gor'¡volutüon åntegraT, T'he var¡atÍor¿ of

the magnltude and phase of the impedance for oui' particuTar

case ñ s shown i¡i F i gure 29 .

The results are once agaln not very encouraglng.

',,'!*blgh, -ç

9,qp*çpy,g#.-":- ,As experlenced in the fonegolng sectíor¡s tl're use

of f [ tr ters does not hel p veü"y much, and has the added

dlsadvantage of lntroduclng a Iarge tlrne delay. Therefore

ff by some means vúe can reduee the hÍeh frequency transients

I n the voT tages and cu r!'er¡td or at T eas t make them equa I u

tl¡en v\,e rnay be able get bettes" resulËs. T'o neallze this aim

r^re ean use the rnethod of REP{- [CA åMFEDANCE in the p. t,
cincuiËs" T'h0s may reduce the hieh frequency Ëransients in

ttre vol tage to the same leve'l as those in the current. ( üt
.p

has been noted that the vol tage is much nlore susceft ibl e to

transienËs in the htehen frequencies than the current")
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IMPEDANCE AFTER 3 SAMPLIS

-l 00

Magnì tude

SAMPLE NO.

Fígure 29: Three sample method after using Butterworth maximally flat filter.
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.ÇHAPT_E.ß-Y

THE REIAY ¡ NG SCHEI'4E US 8NG THE SUGGESTED D ¡ G ITAt METHOD

It shot¡ld be obvlous by now that dieitaÌ techniques can

be enrployed for relaying in an electrie povrer system" A

suggested scheme of protection is as foT Tows;-

A srna I Ì spec ial purpose mÍ n icomputer I s instal 'led and

the sanrpled vaì ues of cLrrt"ent and voï tage are f ed into i t at

a !'ate of l sanrple per.5 msec. T'he compuËer calculates Ëhe

impedance rnagnitude and phase and if the value computed is

less than a pnedetermi ned val ue u iE sends thi s computed

vaTue to the maln computer, whleh perforrns rnore Iogic to

determlne in whlch zone the fault has oceured and then takes

¡'emed ial act 1on.

Since ¡t has been shown that the nonsynchronlsation of

signals does not drasticaT'N y affect the calcutration, the

complete synchroni sat ion of the sampl ine of curtrent and

volËage signals may not be necessary even ¡f ¡t is possible"

The special purpose computer may possibly use hardware

onìy, ïnsteacl of software lvhích may reduce the cost and

incnease the speed of computation.

The amounË of, calculation required with each sample

takes a llttle Tess than "3 msec. and hence the computer

wi I I be at¡l e to compute the val ues before the nexÊ sampl e

arr¡ves. The block diagnam representation of, the scheme is
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shown in Fågun"e 30,

The rna I n supe rv i s i ng compuËer vn,l

othen eosltnol and recos"d keepi ng, but

an input fnom one of these snrall

pnotection vrill have top prionity.
be T I ttl e deT ay in f auT t isol at Ion ar¡d

ma in computer wi I I be ut i I I sed to i ts

ïl in generaT be doing

as soon as í t nece ï ves

computers the system

ån thls way thene wlll
at the same time the

fuT I extent"
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Maki ng

speci al
purpose

computer

Calculate Z

special
purpose

computer

supervi si ng

computer

s pec'i a ì

p urp0s e

Deci s i on

Figure 30 Block diagram representation of the scheme.
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çtiaP_ï-tß__v_L

From the

concT uded.

CONCLUS I ONS

foregoing chapters the fol lovling can be

Fon the theoretiqaT curnent and voltage samples the

Thnee Sample Method is by fan the best.

Fon the actuaT fau'! t recondings the Three SampÏe

MeÈhod gãves ennatlc resuTts even after fiTËenIng

ancl thus tl're Finst Difference l4ethod seerns to be the

best in t[¡ls case"

If flìterlne or dleItaì smoothïne is resorted too ¡È

resul ts I n a deT ay of al¡ouË B sampn es "

The fastest fault detection r¡sing any of the methods

di scussedn may not be possIble before at ìeast 10

samp?es have eTapsed,

Even Ëhough Ëh i s thes i s seenls to ir¡d i e ate that the

Thnee Sanrpl e nlethod gT ves enrat i e resuT ts f or actua Ì f auÏ t

trecord i¡'lgs, i t i s sugges ted that before the met hod I s

compT etel y d i seanded" ¡ t shoul d be testecl wi th actuaÏ

signaTs thaË have been f i l te¡'ed" The L¡se of RepT ica

1,

2"

2

4"



qa.

ErnperJanee îm the p"E, cl neu åt may aT so be lnvestTgated.
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APPEi\DIX A; Computer Pr*g:"amsfor Ðigital lviethocis

l. RMS Relay

00t!:!.'
-c.1c 3
00rl3
0c'()¿r
0 (!.') 5
A^^tiJ'i U r)

0c 07
cci q

0c0 I
00r 0
cc! t.

o11.2
O,11.3
c3'!_ 4

X= X+

l- 1- Y=Y+
Z - S,:ll 'l'

¡(i))*r:?

c F.ñ!s ¡rl1Y
DIr':f iisI.ì]t c(40 ) rr/1e,¡¡() fìn?l_-l ,4C
FF¿:)( lrl.i) v(I l,c(I )

IF(V(Il.CÎolr-, .) GC T'-f cc
I C Ffìoi'!:T ( ? Fá "'J )

?: CiìNiTI'!l.tl-
Dn:! :¡4=Lrg
X =i .'l
Y=1.3
Ll-ì 1¿'l:- - a-. ¡ \
nfll. I=K,r'!

\/(I))rlc::'?
Y /v.l

0û15. 12 llF',.tr=(f ,13) Z

t3 F[-ì:ìr"1T(F]1 "¿,)GNTCC
c.i 

. 
F ITl_lc:'
F¡iN

0'l1(:
00L7
0n: íì

ocl a



L. Fi rs t d'i fference re1 ay

C

c
FTDcT t.ìl fF¡:!ì::i;eI l.rL ,3y

/^'.LClll frTJ:ij (tc i i.iD¡t:ft¡f.lt,: i...t,",¡ F,|r¡,Si, fii,,l GLI
f-11',tri,iS lrì¡, V ( -ì 7 l, f,1:1 ¡

(1 f_\ar i /-,T -1 'r ì: : '-' .- : - '. t
Fri,^ri'l( îtr .t ) \.,( i ) rC( i )

ï''(\/(1).,1 '."1.( ") rji-r t-f .: r,¡

1( [[.r-r-J"iil.-
f-i. Í:ír.: ti i: T ( -;1 

= 
/, . ô )

=li sT i_rI1:i:!Fr:¡lri-i l-lF S11,,ÞLí i v¿LLj 1.S
l"rf:,21=j r':r)
\/(l )=,\/( I+.r. )*V( I )

i: C{I)=e (t+, }-C(t}
C;1LCtJL a,Ti llr.j íìr Itro;f. D.ti ílI t'.ri;\jlTtJD:

L/ _-, f\

l-ì¡?L='.!, 1? t,
,ia v-tt /\/\-¡-;o L

V=^ 1.i

lili:tI=j rl.É,
{=f;*.,1ÌS(V(T))

1.-a, y=y*1,ilS(C(T ))
7 =X1Y

c LLC. ir!: 7_\.ç' ] ci- t'js sf-:\/.i-,
iF(\/( j ) ).r:\rr1.,?2

21 TFJ ïT,\=lo i-l

IF(V(:l)I;:i,t.5',7ç
?C) X=- Ì..n1

c{.1 r| I [0
aa V-11 a 1

_( , _ ¡ -: o -jr,

10C rrrr?'(J=r. ,1ï
IF{V(J+1.)):3,34r?5

2,1y l - .J

TF1 ::¡A=:\r-f 0.1
ct. Ttl 1(.,

a':). \/-_ì -\,',
:_l-

c1 Tir 'r"0 i
Y=+i.l0
TF(X+'f):16r_?7,?6
c. f: ¡ir I ¡.1 t.J,:--

1'= .J

Tl!:_-Ti,=¡r,l.iJ "1ì+(V(J ))::-i ).ij/ (\./(J )-r,,(J+:_ ) )

I. ( V( J+1 )-\./( J) )2i, r?i rlc
l'll/-- 1 r-ì,-\

-'- . l.; !-'
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i¡l tt '

)(t íj.>

') 
(\' {.) ?

c'.ì il 1'

{-¡ Jlfr

^^a--7rfo'ì
OCOq

1íli fi
0'lJ I

cll1 7

Cf i. rJ

ca1 (,
10i î
fl:1.- 4
0!r.7

0ar I
c] ).f
C,C ? :)

ct_r?1
o12l
0t;¿ l
0íl?z:.
n0?5
(tC?t:
O') i,.-t
00:l j
0,1:l o

001'l
on?1
0n3 2

0r_t 3 
.ì

0ll:'¿.

DQ i5
(rl l7
(tù31
cC3?
() tl lr f'\
()t+1.
faL?
îî] /=3

n0â1!
î)45

o)L,l
01¿ o
C1í;{)
orl r l.
f\ r\ i- -)

OCË.1

C

C

?.
r ñi1.:

i:
'l t,

Gtì Tf :r--.r,ì
?.-t r\\/-r-a 

^''¡; ! - ¡ ., . . r

11¡ Itr(C(I ) ) jr, :i,:'?_
ll Lli-'l ¡'i=û.¡j

Ttr(C(2)):.]î,"1,39
-lC X=-1.0íl

c r-l -l- lì '? :ì :j1i t=+'t-.:l'ì
jlì niliÍ,,1 =lrl_:-.

IF (C (.1+ ì ) ) l1ì r; 1-¡'?,7,
),lt 1,=,1
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Fi rs t di ff erence rel ay cont'i nued.

¡il 51: 11¿'- lt,(.(+Y)it,r-'-lra.i¡
4i ilï5 ?i, cÎi'-l¡rl,i-
('f tt a, ):7 ,'.- .J

il.:i7 il Trr=i.r':.ii "?+ (C (.J)J"l J.î / (C('J )-(,(J+: )) )

lill;e i-- li ( (. ( 'l+ i ) *C (.1 ) ) l:'í!'¡=-'': t?Ç
fill¡? ?,1 lf =-i.{-l
C 0 r.0 Çrt 1'f.r 'ì :ì i
Ç:Xê' .-,(-- i^ìC='{-i ":ì1

C C4tC. rlF Pll,'ìS: ôllCLi:
Ois2 .! OI TF'(i'CJ-¡Vlt':) 'tt'lt/:':
006" 4C, olll=l:0"ir-|,:T/-Ti-'li'T^
Ar,i/¡ G[i Tíl "i (' t
{l1r-5 ¿,1 frf!1=7t':'lt:-TlliT/,
coi,á l],f ,..¡i ITi (í,,ic,¡ zrD!_ll
il;1 ¿)f lt't-rl íì ì.1 1l-(iir..3rçç'.'ll
C(r9 tì['iql=''.'j5
ni,rí.tj V(l)=\i(l+] )

Crj"?il l.ç C.(l)=C('l +:)
00] I þ' =v'+ j
])1? iF(l("r::.i ir) r:l r['I
Oil7-i F:irî)(:,1:) \/(:-¡)rc{:?)
a(:_tl,- \/( l./¡) =V(r" r )_\/( I Ér)

0''r'J5 C( 1á )=C.(1.7 )-C ( I6 )

Aî1Í, ?- C,i.)i''lrII!IJ:
n^'t -7 Gf T[i Ì
O'17'ì :l'l (¡LL- i:XIr
cc 71 ti,ii)
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3. Fourier series relay

Qa i)1

lil'.;:
iì Íl i,l 3
Lr ¡) i-ì lr

cc {15
(l C:,.) í
¡rri.l 7
ll C,-l ir

c3"rr
crjil
.0f Ì 1.

cr) 1 ?
. 0,';"t13

0{)i,l
0rl'¡ 6
c()17
C,,l I 3

0 i-ì I '.¡

tr0?o

0r')-:) ?

cc2l
Clr l-) .l 1.

ît .^. ') ç'

(1 !.) 2- t:¡

012 '7

oc?3
0û?c)
na' -ì

Oal :l ì.

(]l 0 j, l
t.-ì{ ì r' i

Ql)-,/,

C tr['iJi]I|r-t S::;..IirS i-tF[_/'Y

li¡J¡lj:iinl c(t¡r'. ),\,,¡2, r,¡
{- nil': I 

-'l 
/.1- . I- ) ,'

'È.1.,\.)(1 ¡1 l,) V( I ),C (l )

IF(\,'(I).;=.lCr.) Gí-ì Trl cq
I î i.i-i r,'iri l- ( i f :] . í) )

? c:r:TJ:rtl.
1..)a?v=.i ¡_l
X= fì. I
l=i-r .e
ltì= Y. n "
¡r= ( r_ l,l
ñ.-lr-t- rjÌlj¡Jt=.':r'l

l,= i -t'
X=X+ 2t.:-t:''11 1l( ì,,'r:r í).,n /r,7.'..:).1.\i { j )

J ?,. \,=y+?:.i.',Ç...)S (,rt:.1ö. t /l:-l "-Ì ).-V( i )

Y=Y+V ( !( ) +\/ (:¡+: )

AV--Y/7?.J
R\/={ / a.".(,
Df\,\ /, J - r,1 , ì. j

t.t_ | _u'
a- t t.

x= )l+!1, r,_' :',-î I rl ( lr'l' -r {l " ? / a 
-1. 

i-j ) trc ( I )

1!; Y=Y+ll .[,ì 'i:i_]S(1,.j ''. 1,Cì "t/51 .:{)'.C( I)
Y=Y+C(K)+a(ii+1.)
r,(-vI11 ^.. - tl . . -

t-)a 
-\/ l2- ,1,.r --\/:' 

,..)

Z = S. Ç f. 1- (,', tl -:,,'.'. )_* i': \/ :i: :': j ) / S 0 l T ( j\i. !,:1,: i * íì, C1,'- 7 ¡

it-liT t,= Àl ¿it (,f,\// tv )

. Tl-r i.l? = ÀT 1'r¡ I !, C/ 'tilrr= ( TH: T 1. -'I-fi Ë J 'i- I :. a-l . ?
:t \.!tITt:il, jã) ZrÐ

i. i F f ,.ìi,t ,¡lT ( 2 i:.1, I. r. )

Gr ll ci

çÇ l'':TUrì^l
rr.ñ
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4. Mann Morrison re1ay

.C ',1.i hrr.! -*f'liliIS:l¡l pÌL,^,./
cliì1. rl'lf l,::li ìl cf +i.: ),1'(1:ir)
()(a:) r_ n|.lI=1;,1*_r
()1-li:,r, li¿r')(l,t'l) V(l),4(I)
f C.)¿i 1l: ( \/( i ) .:ìi'" 1 rl " ) Gr: -i-l ':,tc

r:)rì)r. \,) !:f, llì;ìT(2F'i..1 )

c 0,-l r, ) c.r' ¡.1 r I ) 1r.l ::

a!:.:-/ llr,,.¡.ri=l rl--
f ai)ì ll = (c{ i1. )-c ( I ) I /(:.: ?F1,.
ci,:(lrì iil= ( i( j ¡i: ) -c ( l+i ) )/(t.'1.ç,'(.]+
c3r 1 c^=lt { I )+c ( i.f I } +c il+:?) ) /},,a
O11. 1 Clr=(llt.Jr) :|/:,.(,
Ol I ? CPS =C.,1 

''"''. - +e.t't:':1.?.

[rl] I " CF-- ìiì:.r I ( CP S )

(",r1'1 1ç f.fì=."4 ¡. lr(C i,/ (,t:I
(1í..,, j Tr (11., "îl"l.ri) Gil Trl 4(:?
O,fríj [)l-l-l=!:f.VJ'i-:_r1jl(].il
Lì0i7 (;['-l-r''iia)
[,,:l].jj 4líl IT(.1i.iìi.t.il) Gf.r Trl î{rj
{){)'ì .) pl,l I=t.4.?:l,f iì+"-ri).i
[ir_)1,) Gr: Trr :jLí_:
r\t'\2 1 )1'1 nt!l -íi7 ?ì'.r -l

I t ( 
- - . ,; -

cc?? ),tc nt=(v(i+..)-\/(t))/i.1i1si4
Cj)?:ì lii=(V(l+?)_V{j+.1|)l/A.'j,,,tt¡
O)?/, \/¡= (V(I )r i/( I +l )+\/( I +?) ) /?,")
(lr.l.l::ì \,{''= ( ''':1- +lr;. ) /:, .i,
0 ,l ,? ,i \/ Í-ì S = ',,/ r '' .l. i + \./ í-) ::. ':r ?

i')()?7 \i i =-lr.:ir 1'( \lP \ )

QrlZ'i V-= 3,1--',li{ V l./ Vil )

0C2':l Irrfi-rl.rì:.¡.1) Gil -rN 5:li)
0C.lí) til?-:7 . l:rr\u/,1*:" 1')..'
ûCli. Gl ri-ì I îa-)
a,)7? l;Jn Jt-(\/:\.r;r:..1 .,-1 ) tì'.r l-n:î-i
Crllj ?, !:l l.ì- i7 . a:l:r,i lì-? i:,C " {l
0rli¡r Crl lrì liiC,
0 il ? .; .! ir I [) !-j ? .= i-l " 

';,,'r ¡ ;1

tra?ó IIf) 7=ç.i:::(\/D/(_?)
0C j 7 P= ( Dllî.*¡!r-, ) /1.1jíj " {ì +/. .1-}r1

Ç:,J-t, 1 1_/. l.JiiiTl:(rrl,,l Z,i)
l.r-r:lrl 1.j Flirt1r\'(,1 -:1./")
cì e4,¡ G|j ïl'ì a

0Ê1'.1 Qî: lLTtlt,n1
('et,1 Fillì
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5. Three sample reìay

000 I
01,0 2
Oc.ltl3
0c04
000 5
Otltì 6
o0û 7
oüc B

c0rJ 9
oû10
nlì1r
o03 2
00L3
ADL4
00.15
oo 16
ûcl 7
001.8
0019
0c20
0CI 21_

ob?2
0û23
ç424
002 5
0t2ó
0027
rJAz B
0û2 I
003 0
003I.
003?
003 3
o034
oo35
0c3ó
oa37
0038
Ol:79
0fl¿r0

DiMÊNSIÛN C(40) 9V(4Û}
9 Dl:l2I = 1¡ 1tü

READ(5?LÕ} V(I)¡C(I)
IF(V{I}"Gã.10"I Gt] TÛ 99

10 FORt',!AT(2F6"Al
2 CONTINUE

DOL4I =1 r 3B
Dl=(C(I+1¡-ç1
D2=(C(I+2i-C(
X=DZ/ (DI+o 001-
Y=- ( X-0, 9823
THËTÂ=ATÄf\( Y

/û" L B73

IF( DlO GË"0. O } GC TO 400
., lB84'+lBC"0PHj.= 57,,3 Yr { THETA-

GO T0 200
4Oû PHI-= 5l "3¡t( THETA-,, lB84l+3ó0" O
2Ê0 CRÊlrlT=Dt /COS (THETA)

D1=( V( I +1t -v tI I ) /{t;1884
D2=( V( I+2 )-V ( I+1. ) | /A.IBE4
X=D2 / ltL +.001 1

Y=- ( X- Q" 98231 /t)" 1873

T0 500
, -19 B4 

' 
+18C" 0

THET A= AT At{ ( y
IF(DloGEoO"0l Gtl
PH2=51"3ì.(THETA-
GÛ TO lOO

5t0 PH2=57o3),.( THËTA-" ÌBB4] +36Ou C
100 VtILT=D1lC0S( THËTA)

Z=5" 0*.ÀBS ( V0LT/CREI'lT )
P=( PH2-PHL )
IF(ABS(P}OLEOlBO,O} GO TO 17
IF(P"GE"S"0) GO TO 1ó
P=P+3óC" tl
G0 T0 17

1ó P=P-3óù" 0
17 P=P / _,t_00o c+4o 0
14 |/úRITE(órl.5l LtP
15 FCRMAT(2F].5"4)

GÛTO9
99 RETURN

END

) ) /Lì" I BBlr
{'i. I ) /t"lBB4
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APPEI{DIX B;

R./,.r.s" ,brî;e* r.- Bú..{" æ.tí:a, /?lu7,r1

3-phase cì.Lrrent ì-

Recordings

7-Í1

î.s.

taged 3'

.fr,ry
hâse'cu

{--.: .-,, 
-1.:.lr+3?r'qitì

¡.?. v
;tiÞfÊi*Ti.f i

.: '.. :. 1' I', t_.
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A þ CURREwT.
-ê7s cyrcLe êtF/,</¿7.
'-6Fxçoe 

= goÙ.'eÞp.
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'þ 
e.$e.
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d.e.

3

e.:

7€çl'-< fc 1 € o F. FA./LT.
. Eé¿=..3¿ *. :?JZ!Z::S = 6o.7s-d v.. zîZ

Stageci l'ault l'tecoroing No" ..5

-p.-r.r-{;f --..

î.lti:V/î.
ll'T{li=-.
li::liu:: ji:.c=:l
¡r: t:Jr,ll ¡

:"u @
;!T!ï2.""!- , r.':t t:-:1, i.:iai*a "-t1_..*.-,,,*,

!'igure ùlo "JJ
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A?fEliDIX Ce 'Iable of synbols

.LAE-L_L.-"_0f -_s_v!1_L0_1,"-å

I = i ns tan taneous va I r¡e of cu r ren t
| *Rl'4S va I ue of cu r rent

| =Peak value of current
max

i t=fônst dïffenential of current

v=lnstantaneous value of voltage

V=RMS vaTue of voltage

V--.=Peak val ue of vol tage
max

vB=fl rst differentiaT of voltage

xËsampÌ t ng i ntervaÌ i ¡r rad ians

h=samptr frr¡g i r¡tenval in mi T I i secs.

ûrËanguTan f,requency in nadl ans

ö=phase angTe of the impedanee

L1R=t= tinre consËant of the prlmary clncui t
r!=is the angle after voltage zero at which the fault
occu r5

ôL= the phase angle of the orÎmary circult
Z=the totaT impedance of the primary circult
sæ !-apl ae e operator

g*angle aft,er the zero crosgover of ühe sinusoid at the

instant of calculaLlon
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