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of Equation (1). The elter response vill be sampled more than 
CICO and the process rwill, involve several pointbypojnt 
multiplications and a auinrnation of the results for each output 
sample generated. A aucceLding output saale will be generated 
by all the input data samp, ea by one position past the constant 
samples, This process is c1iacrete form at convolution. 
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o cine 

c'i1no computers for syeteiu protection are heady 

.n 

 
the use as bad res In mr t;n SSiOn ayetema, With 

the advent of high speed reiaya using Só° state devices 
attentIon is dizaced totrards the application of d1tglt&L computOrs 
for protection.* '.'iese a 	rters not crnly Serite en abnormal 
operation in the syete 4tbin the protection zone but also take 
a proper decision  dccIsi. to rectify the table This lcgical.s on 
is essential particular3y bt the system is large and noi ally  
operates  at its critIcal load. WIth the growing grairg relibilityof 

computerbardwnre and high speed of operationD  it is possible 

that the computers can t used on-'lIne,,for p 	relaying  
and the conventional  rem, ng systems d U take Place of bad 

protection* 

If computer is fed °fit the sampled va s of 

voltage and current signals 	 . d from the transmission line1  
it u: „ be possible to ate pew current#  peak vo t?go$ phase. 
angle and impedance in each cycle,* Here the computer er t n. :unction 

an an over current relay 1un der voltage relays  reverse power relay  

or a distance relay*  In fact any type of conventional relay 
chaIactaristi s- can be realised. from the compter, 



It Ie necessary for the computer store the sample 
values at leant over a period of I cycle of the system frequon 

With those values it computes all the relevant infoxnation 
requtzed lbr systo .chekup, All these computations have to 
be completed before the next sample is d*, ' th the arrival 
of the new sample the first sampled  value in the previous 
ensemble is detted and the camo ,omputaton is ein made over 
the pte seat set of an les, This procedure is continuously 
repeated by the online c mputer10 D19, 

Impedance calculation based on peak value : 

a---The netbod of obtaining the peak current and peak 
olta 4 is quite 8 mple ., The ca u :ti of impedance based on 

the peak values and the ,hale angle based on zero dressing will 
be erroneous. This method requires digital co mer for implemexi-► 
tat ono  among the sample values of voltage and current over a 
period of one cyøle, the positi.ve and negatIve peak amplitudes 
are fourd and their . average znDgnitude is taken to represent 

m=  o 	, 

V I  
2 

1 	1 1peak + vo 

z 	 (1) 
 



a1 

The time difference ST+ve) am (T.0) are eo sited for each 
cle,o The average  of these given a n1asure of the phase angle 

ase angle , 	 _  to 

The & is angular treuency. These computations are repeated  
for every onecce of faulted vave farms. The computed values 
of • impedance ;d 0 phase angle in each cycle are given in 
Table * 1 

Impedance 	 phase angle 

I cycle 	 J9 	 10B'   

- 78 

2 cycle 	c-58 	 9 
0.563 	 go* 

3 cycle 	O82 	 8i 

)r,3, Citation ofimpedance using the Integrate of voltage 
end current $ 

If the voltage and current signals are assumed 

V f V8tntqt  

1 	Xm 8ifl ( 	-- ) 	(3)  



then integrals over a. period of one cycle of rectified 'cavo 

forms are given by, 

I lvldt ft  I'm 

/OC 

I 	4I'm 	 (1k). for hoc 

V 

The effect of higher frequent es prevent in the transient 

wave forms$  will be almost nullified due to integration. 

The impedance measured by this method vu  will be more accurate 

than the one niaaswed. from individual samples This method 
has one driback that it is not easy to obtain the phase anglo 

in this Case, The percentage variation of impute over the 

moan iS much :Less than 	 . tom in Impedance obtained  

by first method, 

The impedance and phase angle, from the ensemble 

of samples over period of one cycle is done by Fourier ona1ysico 

The ensemble of steles over a period of one cycle is assumed.  



Sample rate 

240 
360 

720 
960 

data window  response 
inrns 

12,5 mo 
11,1. 
10. 

9.? 
9#' 

1+3 

to repeat periodically and - Fourier analysis is performed an the 
ensemble values of these samples 

The method of obtaining the phasor representation from 
data samples uses Polar transform equations and in this ease 
it Is with adventageto have sale rate amulttplo of 
ftndamental frequency. Thus nz6O uhere (n 40 3sI+*  ,* are 

acceptable satnpUng rate20  

Data idndot is the time span covered by sample set 
needed to a ecute the computation  procedure *. The smaUer the 
data indow, the faster is the response of computer procedure. 
Zn most Fowler Transform calculation  a data window of one 

period of fundamental requency is aansidered to be desirable. 
Half cycle data Widow is also aeceptble. 14 the presence 

of a decaying 4. 0. component 	 the signals  a data window of 
one sample period plus one half cycle of flmdamental frequency 
enables the phasor computations to be perfo d' with - acceptable 

accuracy. 
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The rate of ?20 H2 is attractive as the corrospondng Fourier 

ooff1øiefltG are 09 	 All the coeffiotents fire 

easily obtained in Integra. arthmetic9  e'v'en the last coef ` - 

diem 'mss •an adequate binary roproaoritttion of f.tc tem 
The digital harmonic filter equations correspond to this 
aaipUng rate are executed quite easily. '"Ouz,ier transform or 
digital harmonic filter equations s for signal vith constant  d. c 

off ets are aS to .ove 

Fourier transform of N data samples taken over one 
period of fundamental frequency prodacoS the phasor estimate 

the fundmental frequu9ncy. 
N 

$Cal 

0 	N 
 N 

k M  

sin 2 
I4 (51 

for N t . 

9 



1+5 

With sixdata samples a soiebat poor etiate dl1 
be obtained 

6yoc NI2y6 

6 -2 73' ' 02+71+)' 

The amplitude and phase Fogle of ftzndaniental component is 
obtained aS follows • ' The relay input anc1 tvetoflnE are 
sampled and stared over a period of the funda?nentul frequency. 
Assuming the input iaveformto be repeta ivo over this periods  
fourier analysts techniques are applied to the sampled values 
of the input to obtain fundamental ainp2itude1 

2  + b) sin ( * ani 	) 	(8) 

rey is the angular frequency. In Above equations, 

' 	2f 	E3(1) 

'n  
and 

*X+ 2f2  sib . 3. • . 2 x̀_, 	' 	9 

ishe Te-  x is samltngInterval In radiant; 



. 	 àre the amplitude of 

input wave form at the sampli; instants.  

, 	 a+i 	4 c ro a 	t 

voltage and current ¶rnvefofts appliedd to the relay are obtained. 
oftor this the tnagnitude of impedance, reactance end resistance 
of the lino upto fault cart be al. ated# Using these values 
of I? ekes reactance and resistance, the location and zone 
of the rault faultcan be determined, The g tal circuits cnn 
perform logical operations on the relaying quit e s and any 
tripping characteristIcs for the relay can i realized* 

Predictive calculation of peak values 

In this method the peak values of the voltage and 
curet wave forms are calculated for each sample. 

tetv 	Vi a 

2 dim 	V+C )J  

and similaz 
- 	+ 	)23 	

,.. 	 (10) 

Chore v and I are the voltage and current samples and 1 
cnd .~ are their time derivatives. These phase angle 0 is given 



  ,o 'den l 	 (i' 

The i adanco calculation of the trnsmi6ion :line malws use 

of the trigonomatric identities 

v 	V k  sin 

1pk sin  (wtd'  s 

pore V and I can •be ITleasured leaving, four un1cno s; 

V,k tpk  0 and (vt + 6). in order to obtain the four unknolwns 

four equations are needed to S01Ve Bafllpl8 may be taken at 

mon time Intervals. The angle equivalt of this tine  

interval will be referred as p •, Equations for steles taken 

at time t * 	and t are 

2A) ink 	p  sin (rt +'u 2A) 

o V sin (' 	0 + S ,* A ) j 	,s 	sin ('tom + 6 i* o ) 

This sets of equations aro expanded v th the use 

of trigonometric substitutions to find the apparent reiStncO  



to the fault (re) and apparent reactEco to fault (Zr ) 

r 
	,~ SGC° 	,~, • 	~ 	~.. ^~' • ~. ,~,, .. 	

(13)  
2 	 :: j. jfl) 

. 	. 	sin (A 
dl 

1n*2 are  

The equation of r is independent of the cttnp3ing rate and 

therefore it in not affected 	 system frequency* Xf IS  

dependent 	 cin( A) constant and willbe sensitive to 
a change in yatorn tcqonc7, Zr greater aQcurac7 is required# 

the compeflaat n can be done by storing iirjous values of 

4, '0 Selection of voltage cent pairs s 

The voltage current pair used to calculate 
and 	changes depending upon the type of fault "ems 

chocked for and the ,presence or absonce of zero voltage 
nditIon, Jhen no zero voltage condition Is deteted, pbaee 

to ground voltages and zero sequence a 	n ated phase 
currents are used to detect agile phase to ground faults 
4ah .le phase to phase voltages and currents are used to chock 
for al other fu1t comb atIons,, 



During zero voltage conditi # the voltages and 
curren to are selected to doterniirc tether the cause is a 
potential circuit, failure, a fault outaidc,or bonified fault 
Inc de the protected  line section. 

The selected to a carr t pairs give a number 
proportional  to the: ec r impedancethen three consecutive 
calculations result In + fl Indication that a fault fists in 
the protected  'line section, the line Is trI ped. 

A three phase zero voltage condition requires 
special attention  1nCe there is no reference to Indicate tae.  

location of a fault. . Voltage obtained prior to the fault can 
be used for this purpose#  but the phase relate sbi becomes 
incorreot due to the phase shift of the voltages near the 
fault e. The trip.ori. no trip decision in made on the gent 
magnitude. This means the magnitude of each phase current 
is calculated and checked against a given 	,rnum If all 
three magnitudes ecoed this maximum, a trip signal is initIated. 

The peak currcnt square. 12 Is carted hafoze  
a single phase to ground fault calculation. is performed 

2 

pk' 	 2  0 

This 2 number is then compared to the peak current scpmred  
of one of the other phases. If I 'k  for phase under conSidera- 



r 

P 

—tion is greater than selected the fault is assumed to be 

of phase to phase rather than single phase to. groimd.type. 
In this case the single phase to ground impedance calculations 

1 X 
are not performed,. 

Tripping iteriat 

The r—x characteristiø for the digital rely'a 

will not be circle# unlike the conventional elect omeehanieal 
relays where it Is usually circle. 	There are three reasons 
for this r x characteristic (Figure tr« 5 "fit .) 

,rst, it is simpler to implement the linear 

characteristic:, Second, a correctly designed inear 

characteristicprovide a Good are coverage and it can be 

tailored to prevent tripping under maximum load conditions. 

Finally, it can beused for out of step relaying with additional 

logic. The characteristic to be made use of initially will 
be similar to Figure (.5n),  This can be made more complex 
if necessary 

In operation, values of r and x which are 

calculated using the equations described would be checked to 

See it the sample point lies within the shaded area of F 	:5:1 

P rw"g. 1.1"P11,11 rr,v"r.Inc~TY CF c x : 



IURc _A _5i & 	 5.1MU`A1IoN. 



A program can be written 	 .mite the  
Operation of ccrsuter as a digital z'ela3r. MG airnuiation  

to meted ,to 4etezine the output 'QhiOb woU1d result for  
a given input t p 	flow c)trt of simulation program  

is given in Pigui4*. t2 
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i* n otill oporato, a. O5fl fi U ,arom4 P Jto t 4 	, 

IDt~gr , 	additionn s+cya ore phrtoe ft ult ottU can bo irm!ditO3i' 

toto odw 

cii 

nA/ Ri VO U to tho nmt° returns controlto progrriu1 

u11cb C mer 	ox', if nono; to the tao! ac)iottuloz 
rT iiT'Jii e • i s , ' s ._ 

e purpoøe of ,fau .  xgrox (F .j a 505) Is 
aaicuiction of prerit: e impeO.GncoS 3 x tb direct t<xrta 
diatoxaeo c € na. A fm .t type ontt ycia (M W. rmtUM 

uttoDpts to flndcbartcrLattoB of f ultr 	àh can old 

procoifl it . 	!18 Lbs* OOVCr0 InstntcneOuS oval' curz 	(I) 

l., s3 	and or' lnc*tosLirO vol' go irdicating fnuitcd 

p t o(c) for dictrrnco a* # (a) hib pb c 	" rocidul  
ur c 	o tndicctn fu . oc plmcoo and typoa Of fault 

( ) a voit pbaco rovcl duo to capacittve fouItC. 

if nono of thew ovoro conditna arc found, 
ground tWi1nCo and phase distance chocko ore iad.e On aU 
p € a D t rj t 	o 3 ronb c!aCtOziMtiC C1c 
FiurcFor t t o o uita (b) or (4) s a 	y voltwjo 

ot b3 tuod fr directional aona1r. It oi phaco Oh+c $ t 
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fault located vltbln zone 3# a oboes is T!iado atrL0t17 an moot 

aovoro2y ftultod pbaao a) with either ground or phase dtotozico 

jagiog  Ung gono I or zone 2 roach characteristic of 

if the type of fault wain roeult9 in (b) or (c) 

rETj1Iuvirmo,; graMd or PbaftZ 	LZ1  

For a distanoo 4200k# tbo fault program calculates the apparent 
tnductenee and coiparoS it to t13 reach charceteri otic br-  the 
zone of interests A poittvo sign on the results indicatoO 
that Me irnpe&inCG to inido the zones ftCr a trip output 
in plauro 	 , tbo roclooing, task is bid for. A numbor of 
taoiio fbr pextorrniflg ro1a"related tuctten5, logging and 

interest tasks are 6 a'd 7 in Table 

P 	Syne 0 	 On 	Performa system tiinng 

C 	Boclos1n 	Oi 	Initiated after trip output* 
Porformo vorwaro ttt'13 do3.o 
than recioses breaker, emote 
trip. 

A 	AP 	 roc32 loge and alsrO LI 
LOMIUC 	 coUbration 10out of  31mitco 
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On 	 r fo: O moron nitip1iationC  
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Papø4cpo fault On 	Pnnchoø r000vo4 ftxultod data 
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is 8.escribrnd  In descending order of p ofttyt  of OCia1 

Interest nre logging taske 6 and 7 	fault progrem  
I '.ti es task 6 after ova fault program ezecution. If 
fault was interne"' (tee 2 or zone ), tack  tk7 is also ate. 
It logo rev tables of analog data reervad abs the fault 
point eat t clearings cw paper tape via punch inprogramrnere 
console This indioatei the chni feasibilityat b gh 

line in a lartory.  



6.1 • Omoia1s 

Ani 3 cwit cuttcb10 for czic latin iipadance 

r digiticod' ' c1) and cui'rontc sanp1od at rein locaticn  

is developed bore,* Each input I c a&suod to be +opo$ed 

of a 4oc&y 	c coponit and conponentc of frndamonta1 

and mxa '+ q c O8o P ramet rC of a dttj aL filter 
are iso to 000pute the real and mina ooniponent3 of 
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w 



ha 7o be c ttovoopO4+ The 1iortthu 'wood to caieuitto o1 p z o 1t 
ivn c&t n o iiood in those 	c am be cateor2.sod into fbiw 
grOup3 : The first croup 18 developod aaeur.ng thet the 
mvofoi pro eentoc. to relic pure ainusoid, The scoond 
group of s ortt) v ueo Fowler ti is and third group  
uCo dtita1 f ltarD to trct the 	 ai fr geacn: 
infortton io the inputs. The iaetrp of a1gorithin 
nu r c I coivo a di ffere tial equation tthicb dearbo the 
bohatcr of the trane2ioeion Uto, I4nn and iorrioon l  
propoo4 on a orit u uCea the fact thet the &3plitui2o 

of a otnueoid can be detoroinod from its value end it I' a 
rote of .ngo at any inatnntand this rate of change can 
be cicu1atd by uc2nge t l equations* O .1cx'acto  
Rocifoflor a" Udrcmi31 ivacd the first and ceco er tivo 
to lcultto the peak values of the o 	ds 	third 

typo of a2gorithause digito 1 fi1te e to ottzaet information  
canoeun the Aindamzntal froquonc o ibpo nn4 
used finite ioplao roponce filters # The last gip of  
n 

 
orithvic have been proposed  t. used by g eonh  fitn ba 

Ond 	those s goxit c nt* or.cal2y solve the differential .al 
equationrprcaontin t tranøainsona by a cvri.ca of 
-. modal,, 



6 	t1 atxi botrnds 

In ; t rode vole and Arent outwtc 

The 	 on at o procoeor is ti* fo1d ono 1 to 

!7 E2  

relays# Asa and male of the rnilliolt level ao 
converted to numerical l e by analog to dotal 
eonvortors,  

The output of digital filter are the real 
and imaginary compozento of fundtiental frecZunc7 phcLBor 
These componentstea used to cticu2nto the Impedance as 

The output of CCVT or oltago transtortr 
t' i. : 	 ~ C 	t! 3 	+~•r.~ 	6th- 1 	& .Z ? G M 	y Y 

v(t  i 
 j 	°1 + °t i • 	(I) 

nci 

The time cønstant Zdopondv ' upon X/ bio of th system 
but s t to affected by are resistance  .ch ax1oa froi 
fault to alt, Zn pracUoc,. oven hamontcn are not 
present inthe tóuitVoltaCGC and currenta. AIVO higher 
orderonlay are blooltod f reaching ' 1 relay by 
Olen al. conditioning eqUipont hich usually  uouaUy ibC3UdOs ana3.o 
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filters. The cut.oU frequency of these filters is deterdned 
over all desk considerations ft,rthe relay, 

it is Passible to end e'er  

I 	t2 

Using first three terms of this series 

+ 	sin (3 v0t1 	) •m* (3) 

v(t) 	' 	t1  + 	4 + 	ccs e sin 
2z 

• C %, sin 	cos v t1  4 % . COS 6 ) sin NNot 

0 (%3 Sin 3) a 3v,t1  

.1 	1  sin 
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Tito equation (6) can be obtncd 	Ing tho aUbsttuUcn 
in Qçuiticfl 	* 

' 	 (6)  

tbo not Srrnpio 	voltgo at tio t2 t4oeto a,• At an 'i 
o eoco by Cts Ua o 1 4v 

u'(t2) ' ` 1° 	% 	" 2, 3 ' 0'2 ►% aZ 
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7 e M yri 	a i. 
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t zo GZ t,1iflL PQtO uoOd and cm bo pi'odotornnofA in an 
of 	dc. 

The emotion ( ) isa cot of ri ocutjona In ao 

Prcu1ttp3ying both a .4on of oqurtion 8 tb loft 
of C Altho veno of th i o O CM bo 
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CA] [CA'Zj[A]] 	[ ] 
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; o t 

	

	oq a n (n?) If tbo OUCCOe n4 cucnta  

are =Pressed sUA 

 

to of a on (m, tho ooeond ond t 
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6.3. Oc otLnt inpo&ncos 

Dofo th real and rCaetiVIO eomponcntn of a 

i • 	S 	2 	4 	s;" 4:' _' 	 ►.:. i 3* 	L 	r. . 8 A 	Gt 	try, 	er i l-. " 	fin. 	77- 

tho appwoich meted ao fol 0 '1 

3v 1pIt 

zat 	coo Z o 

L ] 	 + 	 " 

Raab eple obtained ` m A/D convertor yol8 on oVati o 

req $r4 to cop to tbo va .0 a of u!moun. cootcient of [J 
t+ t' oro art caicuicted aautdflg cevon norpioa. The 
mti in then tnverted* 

cod in iniroanod to eight ittcb inroaeoEArJatriU to 

8Q Th ecentn of CEJmtriz arc gain calculated. 
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6,t 4 m` .' a 	Banco cieuttcm 	oi'tbu 

doQo not tuft prow tiitor1g of trzrn3oiGton line 
Volk 	ar t 91gna ic to reovo either ticineiont doe 
caponent8 0,r tho ane .ont high fraquonc' conionnta beforo 

ting tho iipcinco of hoii o. Coiupuotionai + ut a 
mac 

 
of the c► ,a thr are prevented and cotmrod to t oEm 



Of a CO ' OPPOtid M c11gortbz3 tt+th equine p or filterinij  

out of th trncicnthigh fraqucncy cmpononts bofora t 

Tho POStcfQUlt line conditiona on the line arc 

! 	! •.. c. izS ~ n .3 	 Ni' R' 	 i. 	 r'+4 	A.. 	'3. - 	#. 	 r a t ` II. 	_' ♦ 	fi Ir. 

t 	r 	0 ratArs i+ II  

coriples of t e to voltage 	CU Ont tavofoxno are talonn 
at i tO n timeenc_.r ' nt 	and if ro replace the do 7zti 

in CVaUi , (12) by i s central f2r . to dtftronce fbr cachet 

he tso oucootvo cote of cnploy9 one gotU equations (13) and 
(14) by alyi , g onditicne of cquation ( 	) to these oaQplo 
vote* 

+i 
. 	 l2:J 	LI1 	(13) 

'fro 	iT are Xtb seap1oo of current  e d voltage vrao 



. 40, * 4 4 * * (116) 
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 0 

and A J8 tbo coorrialeft ttrz of ale  and Lt in tha Oon(13).. 

(I*) cn be ootv4 for all  and ¼ to give the solutions 

ivz by qw*ion (1) and (16)D 
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SLC 	11 (20) 

Dy oiecting tOr DuceOD . e acts of Vo2tarjoo and cur ' 
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coaondfl Tito difrorencon ono Cots mot ion ( , for 
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am XA=wly z'oitc4 In oq*zzt 	(22)* 	 (22) 

enn bo tcdtcod to ouctc (23) o (241 b.3tz 

EALA 

IV q. EA- 	-a 	L-A rzr 
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ME 

LL 
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bleb froqucacq tV:COnt c.•cnciitO oscoiatt4 ultb UP -K cmLoi 
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two bo flitcoca out of tho t7avoromoo 
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E EQ 	LA, 	thelaft pø.u&iøinrse at  

.der a mar qu*tons at won ii. ft►liovea  
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pi**1tt1n both $1409 t EAI .  

CJ 	[A] [] 	° CJ 	[] 
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AU 	 tiono in WL* equation is ftr I fa'o3 I tO *4 

This ouetIon Is ø.1so *novn ** least srrOs square *quatton0 

ee tqUUtim, UI Is the solutica of equation II, the 

least error ooWov *quation# It Is Ione ha 

p:ere1 .spi*b pro?i413 the i*et error squree 
sotto"* 
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