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Abstract

Modern technologies have recently entered the faults detection in the
electrical distribution networks, where the Fault Indicators (FI) are currently
widespread instruments, due to their ease of installation, light weight, and
provision of batteries that last for years.

This article explains how to use FI to detect and locate faults, in electrical
distribution networks, whereby the signals incoming from such devices to
the coordination center are utilized and processed within an algorithm with
linear optimization, target functions and specific constraints.

This algorithm relies on FI signals to infer a hypothetical fault location
that matches the real one, even if some FI instruments give false signals for
some reason. In addition, the algorithm can determine the locations of more
than one fault in the studied network.

The algorithm was applied to two reference networks, 6Bus network and
28Bus network using CPLEX environment and the results were very good.

Key words: Electrical Distribution Networks, Location of Fault, Fault
Indicators, Optimization Problems, CPLEX Environment
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:Case Study s 4wl .4-8

Jaal) dihie apaat] AR Al 4y s
Loyl 4000 alasi ) a5 Java Al alaas by
Glalall &S 8 eclipse-java-2022-03-R
(6) ISl G ALY Al (e yamall dnal
casiall Ay lsall lawsi¥) Laladl

COfrase OIS e ey )lAad) Gk o5 LS

Constraints of atie¥) {lcw 358 .3-8
:Problem
tAlalaall Jiaally v ddshiae JS55 28 (a
Vi = YjePys, LKEPpauc xf ,iePy (3)
c il Jhaally Ladll o8, 2Py ¢, P
Saiall galinl) (e s U gl b o

Vel Glaial) 2l 5laiY java dal,
for(int § = ®; j < Pls; j++) {
c2 = ecplex.linearNumExpr():
for(int k = @; k < Pfault; k++) {
c2.addTerm{1, x[k][ji]);
}cplex.addEq(<2,v[i]):}
Alslaall Jiadly W b gieadll JS35 a8 (b
|Pidown | * wi 2 Ziepidown Vi & Wi S
ZiEPi_down vi ’i € PFI (4)
i) el (e eha AU adaall 8
Wil Galaiall a8l 5l java aal
flcreate U
for(int 1=0;4<PFI iee) {
€3 = cplox.linearNunExpr();
ed = cplax.linearNunExpr();
for(int jeB;<pidoun;i+s) {
if (up_Ls[i]li]w=1)
3. addTern(x_pidown[i], wli]);}
for(int j=@;3<pidown;i+) {
if (down_fi[i)[3)==1) {
cd.addTerm(1, v[3]);}

}eplex.addGe(c3, cd4);
cplex.addle(w[i],cd );
}

(,_...&S\ Lﬁ u[}” dl—iﬁ-‘;‘y‘ Gy :Pi_down
sl Ja A=d (Jlanll il ‘_,’Js.\.d\
P22_down = {FIZ3,FIZ4-, FI25, F126}
Jiaally y ddsiad dgpaill @l a8 (C
:adalaally
paiall galindl e eda (A alaall (B g
Wy el Glaiall asll 5l java dal
/1 y=viu
for(int j = @; j < PFI; j++) {
el = cplex.linearNumExpr();
cl.addTerm(1.8, v[j]);

cl.addTerm(1.8, w[j]);
cplex.addEq(cl , y[il);

Cre 2aay ) LW GfLAY) sae o (d
:adaledll
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Objfun=2

v=000100
w=111000
y=111100
z=010001
x=000100

(2) slose Cargll il (L bl (e Gty
wardll Gilas 1ia, cdihlall Gl)LaY) sae ay
Aabls el e FI2 5 FIG ol
OLSe agaat 8 i) ylall A8y a0 LS
DA (e FI2,FI6 2akhaladl cullay) cald o plsall
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:Appendices (gadwl) .10

Lie 6 (e Ligkall (5) g8l B Adypall ASpall aghail) cilaraa (1) Jstad)

hill 3 FRRIES Al sase A glaall IS FIRDWT
Branch No. | From Bus No. To Bus No. R(p.u) X(p.u) Y(p.u)
1 1 2 0.279 0.015 3.53-0.192i
2 2 3 0.444 0.439 1.138-1.126i
3 3 4 0.854 0.751 0.660-0.580i
4 4 5 0.854 0.751 0.66-0.580i
5 3 6 1.374 0.774 0.552-0.311i
e 6 (e AgSall (5) Jsall B el ASAL Jlaall) il (2) Jsad)
3akal) a3 Astgtiiall il de Uaiud) AStletinall 499 1 Ao Uaiiat
Bus No. P(KW) Q(KVAR)
1 0 0
2 0 0
3 1572 1581.6
4 1936 1960.979
5 189 199.2235
6 1336 1340.686
Jlaal) sie e adgiaag Y *
Baie 28 (e Adgsall (11)J8a b el ASpdll hghadl) ciladaa (3) Jsaall
il A8, il sae PEPHERS YOI PATSENT] alecdl
Branch No. | From Bus No. To Bus No. R(p.u) X(p.u) Y(p.u)
1 1 2 1.8216 0.7580 0.4679-
0.1947i
2 2 3 2.2270 0.9475 0.38-0.161i
3 3 4 1.3662 0.5685 0.623-0.259i
4 4 5 0.9180 0.3790 0.93-0.384i
5 5 6 3.6432 1.5160 0.233-
0.0973i
6 6 7 2.7324 1.1370 0.311-0.129i
7 7 8 1.4573 0.6064 0.584-
0.2433i
8 8 9 2.7324 1.1370 0.311-
0.1298i
9 9 10 3.6432 1.5160 0.233-0.097i
10 4 11 2.7520 0.7780 0.3364-
0.095i
11 11 12 1.3760 0.3890 0.672-
0.1902i
12 12 13 4.1280 1.1670 0.224-
0.0634i
13 13 14 4.1280 0.8558 0.2322-
0.048i
14 14 15 3.0272 0.7780 0.309-
0.0796i
15 5 16 2.7520 1.1670 0.307-
0.1306i
16 6 17 4.1280 0.7780 0.233-0.044i
17 17 18 2.7520 0.7780 0.336-
0.0951i
18 18 19 3.4400 0.9725 0.269-0.076i
19 19 20 1.3760 0.3890 0.6729-
0.190i
20 20 21 2.7520 0.7780 0.336-
0.0951i
21 7 22 4.9536 1.4004 0.186-
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0.0528i
22 22 23 3.5776 1.0114 0.2588-
0.073i
23 23 24 3.0272 0.8558 0.305-0.086i
24 24 25 5.5040 1.5560 0.168-0.047i
25 25 26 2.7520 0.7780 0.336-
0.0951i
26 8 27 1.3760 0.3890 0.672-0.19i
27 27 28 1.3760 0.3890 0.672-0.19i
Bk 28 (e AdgSall (11) Jsil & Al AEl Jlaal) cilias (4) Jdsad
ey A<lgtial) Lladll dcUniul) Agigial) 453 1) Ao i)
Bus No. P(KW) Q(KVAR)
1 0 0
2 140 90
3 80 50
4 80 60
5 100 60
6 80 50
7 90 40
8 90 40
9 80 50
10 90 50
11 80 50
12 80 40
13 90 50
14 70 40
15 70 40
16 70 40
17 60 30
18 60 30
19 70 40
20 50 30
21 50 30
22 40 20
23 50 30
24 50 20
25 60 30
26 40 20
27 40 20
28 40 20

Jlaal) ste e adgiaag Y *
.(501100020595) Jasaill a8 (385 (3o aala (0 Jsan Sl 138 Jagalll
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