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Input Signals

PTCT = g
C:\.\EE504P1xam.txt
120 5

= CT: = —
138000 3000
NN := rows(PTCT)ize of arrays

Nn:= 0..NN Sample array (for plotting)

time := submatrix(PTCT,0,NN - 1,0,0)
Va:= submatrix(PTCT,0,NN - 1,1,1)¥T
la:= submatrix(PTCT,0,NN - 1,2,2)>CT

Vb := submatrix(PTCT,0,NN - 1,3,3)T
Ib := submatrix(PTCT,0,NN - 1,4,4)-CT

V¢ = submatrix(PTCT,0,NN - 1,5,5)PT
Ic := submatrix(PTCT,0,NN - 1,6,6)>CT

Digital Filtering Subroutine

"X" is an array of real

Uy SR I SO SO B

digitafilter(x,Zn, Zd) =

Digital Filter Constants
Cosine Filter

Ndft:= 16 nf := 0. Ndft- 1

Ndft
Zdnf =0 Zdo = T
@& ., Ny

o - Ppx—
Znys = Rege Nty

Delayed Cosine Filter

dftg dftg
Znim = O..Qé\l 9 Zdim = o__fié\l 0
e 4o ¢ 4 ¢
Znim =1
ahdity Zdimg = 1
e 4 g

Memory Filter

K := 15 Filter time constant
Zmemn:=(1 00 0000 0 0)
Zmemd:=[K 0000000 (K- 1]

Nd- rows(Zd)

Nn- rows(Zn)
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nurnpers coriainnyg uie

input data. NX = FOWS(X)
Zn is a vector of coefficients for kT 0..Nx
for the filter numerator 0
polynomial in dessending Yk -
powers of 1/z. .
jn- 0
Zd is a vector of coefficients id 0
for the filter denominator Ja-
polynomial in desending for nT O.Nx- 1
powers of 1/z.
. . 20~ Xp
Returned vector is the filtered
data.
Yn- O
for kT 0. jn
Yn= Yn* Xn- k<N
for kT 1. jd

Yn= Yn- Zdyn g if jd>0
jn= jn+ 1 if jn< Nn- 1
jd= jd+ 1 if jJd< Nd- 1

Yn

Yn- Z_do

n- 0
return y
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Compute peak amplitude Phase and Sequence voltages and currents

N:=rows(Va) n:=0.N- 1

digitafilter(Vc,Zn, Zd)
digitalfilter(Ver,Znim, Zdim

Var = digitafilter(Va,Zn, Zd) Vbr := digitalfilter(Vb,Zn,Zd) Ver:
Vai = digitdfilter(Var,Znim,Zdirr Vbi := digitafilter(Vbr,Znim,Zdim Vci :

Vavp := Vary + (iai) | Vbvy = Vbry + (ihi) | Vevp = Verp + (iVai) |
Vabc := augment(Vav,Vbv)  Vabc:= augment(Vabc,Vcev) V012 := symm3(Vabc)

VO = submatrix(V012,0,N - 1,0,0) VOmp:= |VOy|
V1:= submatrix(V012,0,N - 1,1,1) Vimy:= |V1,
V2 := submatrix(V012,0,N - 1,2,2) V2mp:= |V2,

digitalfilter(lc,Re(Zn) , Zd)
digitalfilter(lcr,Znim, Zdim)

lar := digitalfilter(la,Re(Zn),zZd) lbr := digitalfilter(lb,Re(Zn),Zd) lcr:
lai := digitafilter(lar,Znim,Zdim) Ibi := digitalfilter(lbr,Znim,Zdim) Ici :
lavp = larg + (i><lai)n lbvp, = lbry + (i><lbi)n lcvp = lerg + (i><l<:i)n

labc := augment(lav, lbv) labc := augment(labc,lcv) 1012 := symm3(labc)

10 = submatrix(1012,0,N - 1,0,0)  10m, = |10y
11:= submatrix(1012,0,N - 1,1,1)  I11my = |I1y
12 = submatrix(1012,0,N - 1,2,2)  12m, = |12,
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1.8 Distance element polarized by prefault positive sequence voltage
1.8.1 Sending end polorizing

(Vamernn + a¥bmemy, + a2>?\/cmemn) KO = (ZLO- ZL1)
Valy = 3 ' 3ZL1
i (meemn + a/cmem, + a2>?\/amemn) ZLO0 = 9.108 + 101.834i

Vbl, =

" 3 ZL1 = 2.142 + 25.452i

2

Vel (chernn + ad/amemp, + @ meemn) KO = 1.001- 6.994i° 10 3

n:=

3

Ground Element Reach Calculations
gnddist(V,1,lres,Vp) := |N- rows(V)

for nT (0.N- 1)

Re(Vn¥/pp)

Num - - —— if Regly+ k0><lr&en)>?\7§nﬁl 0
RezZL 11, + kOAres,) ¥/ pry

Num- 2 otherwise

mp- Num if |[Num| < 2

Z2Num

otherwise
|Num|

mn_'

return m
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Phase Element Reach Calculations
phasedist(V1,V2,11,12,Vp) = [N

mn_|

mn_'

return m
1.8.3 Fault Distance

Ires, := lavp + lbvpy + levp

mag = gnddist(Vav,lav,Ires,Val)

mbg := gnddist(Vbv,lbv,Ires,Vbl)
mcg = gnddist(Vcv,lcv,lres,Vcl)
mab := phasedist(Vav,Vbv,lav,lbv,Vcl)
mbc := phasedist(Vbv,Vcv,Ibv,lcv,Val)

mca := phasedist(Vcv,Vav,lcv,lav,Vbl)

Num -

NUM -
NUM -~ 2 if |RegVin- V20){-iVpy):

rows(Vp)
for nT (0.N- 1)
Denom- RegZL 111, - |2n)’(R/7pn)u

Rej V- V2){-ivpp)
Denom

if Denomt® O

2 otherwise

<1
Num if |Num| £ 2

2 otherwise

trip, := 0.8

Ground Elements

Phase Elements
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magn

mbgn

mcaygg = 0.217

mcg7go = 0.339

Ground Distance Reach

magroo = 0.397

mcgn
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Input Voltage Input Current
400 10
5 — —]
Van 200 ] lan /ﬁ x\
oAl
Vbn |bn \)
Ven 0 A /mm Icnh o ]
— | | | _ | |
200 0 20 40 60 15 100 150 200
n n
Symmetrical Component Cnstants
2 al 1 1p
Ipx— C + 1 1 o)
= 3 A=cl a2 a - - P
a=¢€ = ¢ T A=%1 -05- 0866 -0.5+ 0.866i"
C — -

el a azg

C
el -05+0.866i -0.5- 0.866i g
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Three phase voltage or current from phase to sequence domain
symm3(ABC) := |R- rows(ABC)

for i1 0.R- 1
for j1 0.2
Mj- ABG; j

s- Al
for j1 0.2
PNZj j~ S

return PNZ

Compute Symmetrical Component impedance

a#.420 + 50.9711 2.35 + 25.9681 2.266 + 24.446i

ZLp = g 2.35+ 259681 4.57 + 50.796i 2.35+ 25.968i

£2.266 + 24.4461 2.35+ 259681 4.402 + 50.971i g
ZL012:= A" LZLpA ZL1:= ZL012; 1 ZLO:= ZLO012g

9.108 + 101.834i 0.353- 0.297i -0.425- 0.152i g
ZL012= ¢ -0425- 01521 2142+ 25452 -0.923+ 0537
& 0353- 02971 0.935+ 0537 2142+ 25.452i g



Gnddist-rt.mcd 3/14/03

Val, Vbl, and Vcl

100
80 /
/
/
Valn| go / -
|Vbin|
IVeln| 40 /
20

0 100 200 300 400 500 600 700 800 900 1000
n



Gnddist-rt.mcd 3/14/03

15
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0.5
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mcan

tripn -0.5

mcaygg = 0.217

Phase Distance Reach

mcg7go = 0.339

mag7qg = 0.397
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Compute Phase Memory for Polarizing
Vam := digitafilter(Va,Zmemn,Zmemd) Vbm := digitafilter(Vb,Zmemn,Zmemd)
Vem = digitafilter(Vc,Zmemn, Zmemd)
Vamr := digitafilter(Vam,Zn,Zd) Vbmr = digitafilter(Vbm,Zn,Zd)
Vemr = digitafilter(Vem,Zn, Zd)
Vami := digitafilter(Vamr,Znim,Zdim) Vbmi := digitafilter(Vbmr,Znim,Zdim)
Vemi = digitafilter(Vemr, Znim, Zdim)
Vamemy, := Vamrp + Vamipi Vbmemp := Vbmr, + Vbmiyi

Vememy := Vemrp + Vemiy i

11
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Phase A Response with Phase A Memory Filter Output Response

H
S
[vamemy| % J Au,dnuﬁuﬁ“ﬁuﬁuﬁv”"ﬂ
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Phase A, B, C Memory Filter Response
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