Damascus University Journal for engineering sciences Lowtigh aghell 3éias daaly dlaa

Vo 40 number (3) -2024: 219-233
233-219 :2024 — (3)a2d) 40 Ll

dalalinl) Ajlead) alasiols Aulygs Al AN Jualu
3 w o, 2 P4 2 & £ 1 . .
Al Sus Tl Al TF o) we
e Aaals — AileSl ABULY Luaria pd — 350505 Al Aunrigh S — i3 Al L
.(https://orcid.org/0000-0003-4330-1113 1<)l 3 y20)

S Aaals — AleSlly AKlSudl) Aarigh A8 — ALyeSl) ABUAY Leovia and - delise M 2
.(https://orcid.org/0000-0002-4376-1868 2S5l ayes)

Cayaa) . (3iad Laala — 480 5gS1lg AI<0al) dusrigh LIS — 280500 28U Aesdin pusd - e Luse M) 3
.(https://orcid.org/0000-0003-4548-6131 S,

toadlal)
gl gy slineSll e ST dan ) dalay 2algll 3 maal dealall jglall dags
Aala Aol 280 5eSl) ASEN ol e A IS gsal) aall Ly A8l e allall 2022/8/18 :gla) gl
ol deplls JUae ) dadlae ) dalas o Ul ¢ Joal I Slgianal 2022/11/ 20:Jsiall syl

e 385 ol A Al angil LSS L Jiaall (3 Laelally autall Y Ls Caiail 01RO
Aatialy 3 Jall Joa Uins 8 (i LS LAl sy cililully canal) dalles L‘ﬂﬁo

Ul Jilas Sy (ETAP) pdfie sasla maliy aladiuly agiig Abcalill dgleal)  — Gdod dasla 1 Al Boa
AEEE-Obus 3<asl G Osiliall Laing cdiou

Aalalil Zlead) ¢ 31 Jall) g sdl adgill tApalidall clalgl)  CComsAl case LAl
i BY-NC-SA 04

1514


https://orcid.org/0000-0003-4330-1113
https://orcid.org/0000-0003-4330-1113
https://orcid.org/0000-0003-4330-1113

Bishys 5 gl (o) Abialinll Blaal) aladiols 4l ,eSl A<l I3 Ja bl

Self-Healing of the electrical network using differential protection

Received:18 /8/2022
Accepted: 20/11/2022

DO

Copyright: Damascus
University- Syria, The
authors retain the copyright
under a CC BY- NC-SA

Abeer zein*! Raed Alcharea’Ghaith Warkozek®

"1 postgraduate Student, Department of Electrical Power Engineering, Faculty of
Mechanical and Electrical Engineering, Damascus University, Damascus, Syria.

( Orchid ID https://orcid.org/0000-0003-4330-1113

% Associate Professor, Department of Electrical Power Engineering, Faculty of
Mechanical and Electrical Engineering, Damascus University, Damascus, Syria.
(Orchid 1D _https://orcid.org/0000-0002-4376-1868 )

® Associate Professor, Department of Electrical Power Engineering, Faculty of
Mechanical and Electrical Engineering, Damascus University, Damascus, Syria.
(Orchid ID https://orcid.org/0000-0003-4548-6131)

Abstract:

As a result of the development that occurred, one person became in need of more
electricity, and with the high demand for energy and distributed generation, the
electrical network had to develop to better meet the consumer, and therefore we
need to heal faults as quickly as possible to avoid blackouts and cancel them in the
future. The trend was for a smarter network capable of data processing and decision-
making, as we will see in self-healing using the differential protection used in this
article and we will use computer program (ETAP) and the results will be analyzed
for the IEEE-9bus network.
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(ETAP) zealiyn alasiuly

bus load
ID kv MW Mvar pf
Busl 16.5
Bus2 18
Bus3 13.8
Bus4 230
Bus5 230 125.842 50.327 92.85
Bus6 230 87.705 29.235 94.87
Bus7 230
Bus8 230 96.879 33.894 94.39
Bus9 230
Mg e gara (2) Jsaad
Generation bus Generation| Mvar Limits
ID kV Type| MW| Max| Min
Busl 16.5 Swing
Bus2 18 Voltage| 163] 100 -50
control
Bus3 13.8 Voltage| 85/ 100 -50
control
JE gl (3) Jgaal
Line| Length| T R X Y

ID| Adj.(ft)| (-C)| ©/1000ft| ©/1000ft| s/1000ft
Linel| 1000] 75 5.29| 44.9654| 0.0003327

Line2| 1000 75 8.993| 48.668| 0.0002987
Line3| 1000{ 75| 16.928| 85.169| 0.0005785
Line4| 1000f 75| 20.631 89.93| 0.0006767
Line5| 1000{ 75| 6.2951| 53.3232| 0.0003951

Line6| 1000, 75| 4.4965| 38.088| 0.0002817
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From To U(kV) MW Mvar Pf % I1(A)

G1 | Busl 16.5 71.337 26.963 93.5 | 2565.9
Busl | Bus4 16.5/230 71.337 26.963 94.8 184.1
Bus4 | Busb 230 40.716 22.829 87.2 114.2
Bus4 | Bus6 230 60.842 18.099 95.8 154.4

G2 | Bus2 18 | 162.984 6.562 99.8 5105
Bus2 | Bus7 18/230 163 9.269 99.9 399.5
Bus7 | Busb 230 86.6 8.45 99.5 212.9

G3 | Bus3 13.8 84.996 14.981 98.5 | 3497.7
Bus3 | Bus9 13.8/230 85 10.885 99.2 209.9
Bus9 | Bus8 230 24.154 3.117 99.2 59.2
Bus9 | Bus6 230 60.842 18.099 95.8 154.4

Ul el LA A3jly il (it 5ol Lk am
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Bus ID %V
Bus7 0.00
Bus5 40.04
Bus8 21.39
Bus2 40.62
Bus4 60.88
Bus9 51.35
Bus6 57.54
Busl 76.81
Bus3 66.46
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Contribution 3-Phase Fault

From Bus 7, Bus kA
m o] Symm

Bus 7 Total 2.983
Bus § Bus 7 0.612
Bus § Bus 7 0.741
Bus 2 Bus 7 1632
Bus 4 Bus 5 o612
Bus 9 Bus § 0.741
G2 Bus 2 20848
Bus 6 Bus 4 0.090
Bus 1 Bus 4 0702
Bus 6 Bus 9 0.090
Bus 3 Bus 9 0.651

Laghall b eyl

Bus ID %V psill cilla g
Va Vb Ve

Bus7 0.00 124.53 126.75
Bus5 46.67 113.48 112.68
Bus8 16.73 123.02 125.22
Bus2 84.05 84.66 104.18
Bus4 70.95 107.93 106.57
Bus9 40.15 120.94 123.12
Bus6 60.17 112.27 111.89
Busl 96.44 96.12 103.51
Bus3 92.61 92.46 104.3

Contribution Line-To-Ground Faunlt

Froo: Bat T Bus kA Symos sme
jus m Ia 310
Bus 7 Toul 2029 o
Buas 5 Bos T 071 1257
Bus & Bus 7 0.579 0.733
Bus 2 Bus 7 0.737 0.000
Bas 4 Bas 5 LU £ 1297
Buss Bus & 0.578 0.733
G2 Bus 2 5141 Q000
Buaus s Bot 4 0289 0.7313
Bus 1 Bus 4 1.003 rTors
Bus& B 5 0.289 0.733
Buas 3 Bos 9 0.2%0 Q000

‘Tl d}Mﬂ ;\:1\.4;]\ dalaia Jala dLs: deng A — z
OLS dla (Sl Jae (1059 5 8) JKEY) s
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aially T1dsaall Juad aay Bylal) oliy (12) JS&N s
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busl sie Jlaall jLi (7) Jeaad)

Bus 3-Phase Fault

ID kV Real Imag Mag.
Bus1 16.500 2.770 -49.523 49.600
Bl Line-to-Ground Fault

ID kV  Real Imag. Mag.
Bus1 16.500 6.250 -68.475 68.759
Bl Line-to-Line Fault

ID kv Real Imag. Mag.
Bus1 16500 48137 3.859 48.291

4—:‘39 LB—.‘J"} 163-2[MW] 2\—:‘&\ aie st u) b SEENEEN Bus *Line-to-Line-to-Ground
dlia) 2g8 desand dalay gai Ul 214.581[MW] D kv Rl e M
. -” ‘..JA 1 - é)‘ﬂ\ b& ‘_AQ Bus1 16.500 -48.594 36.440 60.743
Al oda & delan) glos il 8 Jeaal) cpy
G1-T1 Ogv dsUaind) ol il (8) Jyaad)
From| To | U(kV) MW Mvar Pf % 1(A)
5Bus |4Bus| 230 2.458 [26.965| 9.1 71.9
Bus4 |Bus6| 230 2416 |11.31] 20.9 30.2
G2 |Bus2 18 1214.553|9.565| 99.9 6818
Bus2 | Bus7 | 18/230 {214.581(37.807| 98.5 533.6
Bus7 [Bus5| 230 (119.621(12.528] 99.5 298.8
G3 |Bus3| 138 |84.996|7.421| 99.6 | 3501.2
Bus3 | Bus9|13.8/230| 85.3 (11.524| 99.1 210.1
Bus9 |Bus8| 230 2988 | 7.227| 383 19.3
Bus9 [Bus6| 230 |82.008|0.194| 100 201.9
7Bus |Bus8| 230 |94.931]2.963| 100 236

@
1632 MW -
CB19 CB17

T2 e Jhe —Etap ddu & Jsas dlas B2 (14) <)
Jhac) JUae bus 7 die Jasll @)l 9 Jsaall W
dhe = gnsh dhe = GV ge sk Jhe— skl D

(oY) e sk

T2 Jonall Llaall dadaie Jals Jlae dgag s — o
CB17- adalsills T2 Adsaall Ll alitl) Aleall Jruagi o3
Jyad 18-17 opuadalall iy a3 Gun CB18-CB19

(13) S b LS Q) giall) Joaal

Jsaall (36 gl Joadl A alin) Akes 19 pllal) Jias
Aalal) 500 e sy Jier 52 (14) Sl 3 LS
Ailaag T2 Jeaall (alaldl
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bus7 sie Jlaall jL (9) Jeaad)

us 3-Phase Fau
hal iy i 3R B e GL-G3 sl il e e
. M Lﬁw\ 3ale) B d_k,j\ E 230.000 0.177 -2.978 2983
Bus Line-to-Ground Fault
c—‘"““} TZJPA‘ Jad Ay é)hj\ "‘L.".’ (15) J<al) C‘-“AJ:‘ D KV Real Imag Mag
PRI ‘53 e Uai) QL:‘,).“ z\.uabﬂ G2 Bus7 230.000 0.210 -2.019 2.029
. Bus Line-to-Line Fault
vie 4l ARl Aall 30 Jaalill dsiall il s T o e
Joaal) Sq\_p' Sl e T2 Joaally G2 algall lae Bus7 230000 2628 0.193 2635
Bus *Line-to-Line-to-Ground
Ao i) gl i 10 dsaadl O S sl gy D0 rel s s
A saa ‘_é Bus7 230000 -2698 0.556 2754
G2-T2 Oy de i) Gliys gl (10) Jgaad
From| To | U(kV) MW | Mvar Pf % 1(A)
Gl |Busl| 16.5 |231.384|42.009 98.4 7912.2
Busl | Bus4 | 16.5/230 | 231.354 | 12.558 99.9 567.6
5Bus | 4Bus| 230 |142.494] 19.19 | 99.1 3522
Bus4 | Bus6| 230 88.861 | 6.633 99.7 218.3
5Bus|7Bus| 230 16.176 |29.685 47.8 85.4
G3 |Bus3| 13.8 | 84.996 | 5.816 99.8 3470
Bus3 | Bus9 | 13.8/230 85 1.785 100 208.2
Bus9 | Bus8| 230 82.805 | 4.154 99.8 202.6
Bus9 |Bus6| 230 2.191 | 9.972 215 25
Bus7 | Bus8| 230 16.022 | 0.352 100 39.7

s Aoy jreall Lsluss maal bus 9 s of ilall s
bus 9 e Jdaall iyl 11 Jgaall L an LaS atalll
— sl g sk dae— s lall D Jae) JllaeS
o) ae sk dhe — (pysh Jhe

bus 9 xie Jhall jLs (11) Jgaad)

Bus 3-Phase Fault
D KV Real Imag. Mag
Bus 3 13.800 2969 -47.394 47 487
Bus Line-to-Ground Fault
D 'ty Real Imag. Mag.
Bus 3 13.800 5.156 -62.665 62.877
Bus Line-to-Line Fault
D kW Real Imag. Mag.
Bus 3 13.800 41.870 3473 42.014
Bus *Line-to-Line-to-Ground
ID 'ty Real Imag Mag
Bus 3 13.800 38.7206 46.555 60.557

T3 Jonall dileal) dahie Jals Jlae dgag dlla — 2
CB1- ahalsalls T3 ddgaall Zul alitl) Ajleal) Jovagi o
Jyad 1200kl Jaady ag @ Eia CB20-CB21

(15) S b LS (Ulaaddl gjall) T3Jsnl

Jeadl e gl Juadl bl dolea 21 adaldl) Jiay
ARl sl e gy Jer 1) (16) Jal 8 LS
T3 Jsnall Llesy alall

Bus 3

AW 78 ded
) G3
-+ 10B.8 MW
CB1 €B21

T3 die Jhe -Etap 4w 2 Jdsaae dles 33 (16) J<ad



Gishys 9 gl )

c.\.mj‘_g T3d‘9->Aj‘ Juad RS 'é)hj\ ;L—U (17) J<a ?Aﬁ
Al sda b de ) lys 4l G3
Al A<l A Jaalil dadall i 12 Jeanll oy
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Oe 3T A Jlaa) L3y AKa) s Jlaall 39a Nie
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AL Ljalal salely Jaall ~ 3l 2y s

G3-T30 s ds Uaiu} Ol mil (12) Jdyatl

From| To| U(kV) MW]| Mvar Pf % 1(A)

G1| Busl 16.5| 158.419| 24.273 98.8 5392
Busl| Bus4| 16.5/230| 158.406| 10.594 99.8 386.5
Bus4| Bus5 230] 74.556| 18.585 97 187.2
Bus4| Bus6 230 83.849| 7.991 99.5 205.2

G2| Bus2 18] 162.984| 11.838 99.7 5102
Bus2| Bus7| 18/230 163| 3.977 100 399.3
Bus7| Bus5 230 53.177| 8.274 98.8 1315
Bus7| Bus8 230] 108.834| 3.784 99.9 268.5
Bus9| Bus8 230 8.42| 31.347 25.9 80
Bus9| Bus6 230 8.364| 9.746 55.1 31.1

Jaaltl) 8 dlcalal) laall pladiad Ae) e 2 o3
Cis Aibide Sleby dalide JUacl ie Lylaal e I3
ol el Jhaall LS elgs saaly Jaall [l ad cuilS
dah agagal Jlaall W] (ewa® o1 dleal) Sy My
Qhaadl Joai (e LSy 3ias Joyill 1289 dsanall dikaial)
558 s Jlasdl ddall dhaia) ge dgigy Aoy
b b hall il & (13)dsaad) g ¢ taal

sl 8 2ol Lae Al dphalas dgals Etap melin Jadl
LS Blall agd dndaad aud ellacly ool 4315 Alggan 5))al)
c.L'GT) Jand) Gllaad (e Aaall QS 55 delida (e Li€ay
el o3 o) 1] (Joael) e = Jolael) (1 — (el
Janll cillaal Slat Jalpe SO e agalall 235l
Conlgll dbially il de i) (s dynal Al

ALK Al eyl .G.S}Aﬂ\ e lgbaa
Jaghil) cls il (13) Jsead
From To U(kVv) I(A)
G3-T3 g G2-T2 (g G1-T1ogx Loandall )
Gl Busl 16.5 5392 7912.2 - 2565.9
Busl Bus4 16.5/230 386.5 567.6 - 184.1
Bus4 Bus5 230 187.2 352.2 71.9 114.2
Bus4 Bus6 230 205.2 218.3 30.2 154.4
G2 Bus2 18 5102 - 6818 5105
Bus2 Bus7 18/230 399.3 - 533.6 399.5
Bus7 Bus5 230 1315 85.4 208.8 212.9
G3 Bus3 13.8 - 3470 3501.2 3497.7
Bus3 Bus9 13.8/230 - 208.2 210.1 209.9
Bus9 Bus8 230 80 202.6 19.3 59.2
Bus9 Bus6 230 31.1 25 201.9 154.4
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JEEY) Galke

2 M oals
an(p—HHE

e Jbe - ETAP by A Jgae dalaa 3l (7) Jsid)
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: Conclusion &ala -5

Ayys Agaal Dolealill Gleal) ades Aad) o2 b o
DA e LG G (Etap) gelin pladinls SiA Jalil
Sea ) Etap gabin pladial sl o5 53 el Jial)
dgalyd ddadil dodad sl el Can (e Al ggudly
Apalel) paball (3 bl a3l Alg s Al
Pa oo S Jaalill e alinll 138 LiKass edili e
ls) Bl AL dee Aylpiind pe Allaedl dakial Jad
dee il Aie) Joalsd gy e LS LS (3l
oal e gliian ol A8l )g Al uias Caags alalsdl
LS Jaalil) e

laal) J8) 5ylall daide Jaain Vs Lalp (e a8 WS
S Aelanl) gl Ay (Hasd) aay = Jlaall oL —
s dahy a5l galipll 0ol ks Jaa e ddla S
Ol e Baasa

s Abalall leall V) Jadl) dpials Jady o3
adies Guda @lai Gaca dplad) 304l 8 dgagall Jlaall
ey o (3 ALueSH lall jhatiul cligioall el
adaai & il Jagaag Hlall g L)) dadi Jaesal] oy 4]
DA 1) 4a gtge e a1 1aag AN pa JleaY) Jay,
Cle vie JBd) Jue e A5 Alls adf Lade dbigh 55l
i) Ll Gl G1-T1 @ Abiadl J6Y) algll de gana
3497.7A-5105A (s 22y G3 5 G2 ulgill cildasa (he
Juaall 8 Law el e 3501.2A-6818 )
e gane Sl bt e Ll (e aiad) Ll (eds)
sie Adgeall 71.9A 114.2A (e Crcabdll Eiaa 244
alal) Baal)

1114



Abialinll Blaal) aladiols 4l ,eSl A<l I3 Ja bl

Gishys 9 gl )

] . : B - I ' i :
] 1 Ly G | ol
8 ; —'_—m»—o——! j i
; ii . i T:l 3 : F—4
% ' 1 ¥ - N i e : ]
{2 S M “’:‘“
;j ak dE R .1
3 A3 Jbe —Etap ddn 2 Jsaa dilaa 52 (10) JSi
a

T3 sie Jhe —Etap ddn & Jyaa Lles 81 (14) J<i)

12



Gishys 9 gl )

13

Abialinll Blaal) aladiols 4l ,eSl A<l I3 Ja bl

s

T2 Jonall o Jhe 3ga9 sie AN Jalil 3is (15) J<a

T3 Jsaall o Jhe 3gag 2o A Jalil s (17) Jea

Gihad dadla (g J3an canill 13 30 gl
.(501100020595) i s<il a5 (33 5



Damascus University Journal for engineering sciences

doaigh astell (3das daals dlas
Vo 40 number (3) -2024: 219-233

233-219 :2024 — (3)a) 40aa)

References:
Bashar M salih, Mohammed Ahmed Ibrahim and Ali Nathim(2021). Differential Relay Protection for .1
Prototype Transformer. Przegland Electrotechniczny, ISSN 0033-2097, R.97 NR 6/2021.
Chathurika Chandraratne, R.T. Naayagi, Thillainathan Logenthiran, (2017) “Smart Grid Protection through_ 2
Self-Healing”, IEEE.
E.S.jin, Y.C.Kang, P.A.crossley,(2004) ”Design And Evalution Of a Current Differential Relay For 3
Transformer Protection ,IEEE.
Javad AZARAKHSH, (2017)” The Power Transformer Differential Protection Using Decision Tree”, Bulletin 4
de la Société Royale des Sciences de Liege, Vol. 86, special edition , p. 726 — 738.
; llia Voloh; Jorge Cardenas, (6/10/2011)” Differential protection for power transformers with Zhiying Zhang .5
non-standard phase shifts”, paper, IEEE.
Mehmet Cinar and Asim Kaygusuz, (2018)” Self-Healing In smart Grid: A Review, BEU Journal of Science. .6
Ouahdi Dris, Farag. M. Elmareim and Rekina Fouad, “ TRANSFORMER DIFFERENTIAL PROTECTION_ .7

SCHEME WITH INTERNAL FAULTS DETECTION ALGORITHM USING SECOND HARMONICS RESTRAIN
AND FIFTH HARMONICS BLOCKING LOGIC”,
U Sheng, K.K.Li, W.L. Chan, and Duan Xianzhong, “Agent-based Self-healing Protection System “. .8

14 - 14


https://ieeexplore.ieee.org/author/37405428700
https://ieeexplore.ieee.org/author/37405428700
https://ieeexplore.ieee.org/author/37281783600
https://ieeexplore.ieee.org/author/37387587900

