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Abstract:

The wide variations in fault current magnitude under different operating conditions pose serious
challenges to conventional overcurrent protection in microgrid. Considering various uncertainties,
conventional overcurrent protection based on standard characteristics, loses its coordination. One
solution to this problem is to select a parameter other than current for fault detection and use it in the
characteristic curve of microgrid relays. This selection requires studying the intrinsic behavior of
measurable parameters at the location of primary and backup relays under various uncertainties and
with considering different fault conditions in the microgrid. In this paper, three indices are proposed
for selecting the best measurable parameter to be used in the characteristic curve of microgrid relays.
These indices determine the impact of each uncertainty on the measurable parameters. The
uncertainties considered in this paper include the outage of distributed generation sources, islanding,
change in the impedance of the upstream network, change in fault type and fault resistance magnitude.
The proposed indices include the Mean Square Error (MSE) index, the index for examining the
possibility of the occurrence of coordination constraint violation and the index of minimum difference
between the distance of the primary and backup relay curves in the post-uncertainty structure
compared to the distance between these curves in the base structure. After calculating the indices, to
compare the parameters for selecting the better ones, they are prioritized using the proposed Borda
and Weighted Borda comparison methods. The main feature of these comparison methods is that the
comparison is performed for each uncertainty separately and in a pairwise manner between the
studied parameters. Using sensitivity analysis studies and simulations on the IEEE 14-bus distribution
network considered as a microgrid, the effectiveness of the proposed indices and comparison methods
has been proven, and the parameters have been prioritized for fault detection and use in the
characteristic curve of the mentioned microgrid relays.

Keywords: Microgrid, Uncertainty, Microgrid Parameter Prioritization, Borda Method, Weighted Borda
Method, Standardization, Distributed Generation (DG), Fault detection.

Date of sending: 2024/11/13

Acceptance date: 2025/07/07

Corresponding author’s name: Abbas Saberi Noghabi

Corresponding author’s address: Department of Electrical and Computer Engineering, University of Birjand, Birjand,
Iran.

Iranian Electric Industry Journal Quality & Productivity Vol. 14 / No. 2/ Summer 2025


http://ieijqp.ir/article-1-1017-en.html

[ Downloaded from ieijqgp.ir on 2025-12-13 ]

Iranian Electric Industry Journal Vol. 14 / No. 2/ Summer 2025
Quality & Productivity ISSN 2322-2344
66-80 2.2 EISSN 2717-1639

odliiwl jgliio as lacaaladpue (58,5 450 b aSol 2 ) b Yol )by (gudaca ol
REIFEN TN

gl dalllas g5
Jeslid T B 5o i w5 555 5mils 3 alSy s
s_yeganeyfar@birjand.ac.ir - ;)| 5| -ai> yo-ai o oKislo- FealS 5 5 (cwiige oaSiiils
a.saberi@birjand.ac.ir - )| 5| o> po-aim o oKiils- FaslS § 5y owiige saSiils ¥

ouuS>

2 0l Bl Jgoro cblis )3 o Ly sbul el (5510 p0 e Cilies Lyl pls 50 Uas (3l 32 03105 03 piunS oyt
Hlas luibinl sbaasin wlel » Jeome by Lol cblis il gbcardsas ;30,5 iy b Caload 4Ky,
dasin (oo 30 odlistul g lad (andldd Cur by 5l e s el CL! (JShe (nl &85 sl o ol ) S 09 o0 (Soaloal
E989 il plaidy g Lol sadly Jomo 5 (5 S 0jIwil B b piol )y (15 585 axdllae & 5L QL (nf ol o0 a5 ladd
GrSojlail BB piolyly oy L (gl Allio (nf 53 0,10 Al i ) 50 Uad Al byl ps (38,5 i y0 b g cilido glacaabadpas
» beaahisac jI GG @ Wb Gl sl (ol Canlond dlpsioy (R Lh dw Al )y by dasin jo solakw! jglisna
oMb glo gy 0uiSTy wlgi mbe zgys Al (nl )o (ow)p 390 GCaalBpas WSS (oo asieo |y g S eIl LB sba pial )l
L Joli oud by s asli Cavloaisais 5 JLi5ys Uas Cooglio ojlail g as £g5 50y cawdWl 4Kl uiligol i
9 Shol 4y lo s r alold SOl poriuo (a3 Lh 9 (Soalod o8 (Al 989 Gl () » (310 (MSE) las Olas o (0Kileo
sl dunlno 5l wiblioo crly HS Lo 5 by Sowio (nf (m abold @ Coud Caalad pae £989 5l (g HUSLw )d (yludtiy
39 8105 91932 (3l sl Lo (sla gy 3 osliiwl L Loyl (guaiacu glgl« yige (5o yiol sl Ll gy W ol sy dunss Lo yglaioay
Sy g 13m0 yg0ay Contlad pus 5o glilas dmliio Jas BT )0 45 Cowl ol (lamlio glagby) ol (Shol (5 5g Cawlonds ploxil
&35 SR (59) & ilwand el g ol 5IUT Sladllao 31 ooliiw! b .ogi o0 plonl axlllao 5590 (Sl yol)ly (o el 4 yulid
3 0010 ,5 LS (5olgcdug (slaumglin (Ssds) 5 BoASLE ooy i o 48,5 5158 4Ky 54 g 4 45 TEEE aind 1F 4l
Cewloasd guiaca glgl HgSaw Al i) ladly dasin (Somio 53 ooliiwl g s ausdd Cur byl

Goals Slals

s sl 0diS Ty adgi (g 3L ylailiwl (39 193 (g y oy Wy cdSud 31 ) (61 yiolyly Gy glgl conurkad pus ASLl 3y
VY AT b)) o

VECEENE il R

5 s plo ol g odiugi ol
U‘JJ‘ s.\.o.‘>).u 5.\.‘.‘>).a.t oKisls 5)45.‘.“7155 d)” ‘5..4‘.\.‘.@‘,0 IRUA Y J}f..wo OM}\ ‘_,,.tL..u

V¥ Gl T8 ols o)led Voolad mad ez Jlo Olnl 3p Cnio (559 05t 9 SodeS (g5 —(oole 85

66


http://ieijqp.ir/article-1-1017-en.html

[ Downloaded from ieijqgp.ir on 2025-12-13 ]

By s ple obe B Al saw

SreSs e Sl 0l (Byre (b Sl ln el 23l
B o.\...':adj‘)‘ )Uj » u,.u.o.a d.]) Lg)‘L...JoOL..J 9 D9l > ‘;JL.M' S
Dawoud et al.,, 2021a;) j» . loods  olgiin o J8az
(ROCOV) 5ldg il s & 53 y2al )b 58, (Dawoud et al., 2021b

blis sl Lawgio 31y a5 45 sl 295 51 (o i e o7
A iLE.A L\.w | d...ij )‘)3 azllas OSy90 Jas J?b BN s calisce
Sz 6% bl sl gl sy 5 ol sl el LROCOV
sl o Toads (Byme sl gloal, Sblas da sein o j0 oolau |
Saber et ) x=lye ;0 bz Glp o Lo 03Kl Hloeas il
So o el ol eals ks (al., 2023; Hosseini et al.,2016

O iples oloul g s asi i jshhiedy Sloj weSas da i »
Zarour et al., 2023; ) az o .l oo ooliinw] b gy ;) S slaal,
5Ly sl (6,5 8 wglaie 5,8 o (Chakraborty et al., 2020
shls loasis ) sleal, sblas> aasin ol b ,> eyl ol jenay
o 03903 °L€r--0 sS.u‘UjsJ Lgl.bw
G290 adllas S ladd 0,95 oo i 4 SYLRe el jo a5 S
Jze j0 00l (6,5 05lusl gla sl )by sosncuglgl jslaieds jgme amlis g
sl ol yly s cancaglgl )l 5l Bas o 1aSLl 5 ) S slad
ALy ol sledly an s o o eolan gl msei 5 o S
sl el 5l Se e 18 s, ezl el ()l gl ol L o
slacaabiose Gl 4 plaiiy 5 (ol sladl; Jore ;5 00l 1S o3ll
2okl pae 51 Sy 5 230 G 025 (00 1B (o) 2 9550 AliSa
alllas 5590 (g3t AL A S5 @ Al ) sla el s,
A oy byl polie Slped w ) BGl (a3 ls Gl Lo
a5 adgl a0 oyl polie 4 o wahbooe o Jloe! 5l
sl mol B 1y 05 oo sl aly Al ) plsiear T S allie (5o
3l om anllae 0,90 aly 795 j0 (Svlen 0B ad (86l asls ol
Golerin (AP a3 )1 (o )2 090 |y SumbiBpae SO Lol
P ok g g he T4 lagomio (m dlo U Jo 65 pocins pgu
5o b g cpl o dle B4y o 5 Couxhad pue £98g 5l G LS
o lb oy asls cpl 5loslats | b .casl oads (5,l3860 by Hlsle
Jles!l 5l s by comie (pl Al B g a0l aSlls jo 16530 slo S
Guitaglsl jshie 4 31 0 0l Bl ) Cosbleas Sy
910 510 ol (lan slie sla by, 5l eaSd ) slayalil

¢ Islanding Mode

7 Adaptive

8 Robust

° Rate of Change of Voltage
10 Mean Square Error

! Basic micro grid

doudo -1

ISPl slo W Gl 4 az g b 3l sla b s
Sort 4l 9 ey e ar by Jileo 0 55, 2 Sl dnsly
0uiSTy ols wolie 5l ool eoaiiSbin wdy god olg CurieS
co losd @l ke 2 2MG) &S5 5, e s ,0 H(DGS)
(Subbaramaiah & Sujatha, 2023; Selim et al., 2020)

1,bg5 Pl el raSs 55, 5 00STy 0 g alin 5 >
Sy 5o &8 n sy s B, 510 sl al,d a3 ol
0siS1 w55 lio 5 (SBDG) s S STy s olie (s Lo
wlas Gl ojlail azgs Juld OS] yuizen o 4dBDG) S5y
cow < CAM) Glo gz 9 2(GCM) aSls @ Jua 20 Shles slaos
led pdd cmaw g 00g0te )0 a5y o Uas b > ojlasl ved s
Olyea 0l 58S i Sbli> slagsb cwl (Ses Ll Gl s
Shawon et )os Ls sl 5 5 o 000 Uas Lausein 5 6l (s 5el,b
Slra b golenar Ko slo ol )l 5l eolazs 14,000 5l .al., 2023
@loaly aaseie o o jleslitul 5 las jasets jslateds ol > ey
Ll (5958 ol S aSeln

Ol ey sleoli | il b allie (ol cbli> 059> (i
Q) ol Kl leaSis 5, sblas glaz,b jo las aseis jslated
gz oolan 1o)50 ol l) e GELS OV 5 29,5 ailes S
bl slog b arwgi b g aiils blis glag,b o s a s
Yousafet al., 2022; Zarour et al., 2023; Nascimento et al., )761....!44
(Shabani & Karimi, 2018; Sadeghi et al., 2021) ® sglis (2020
Ghotbi-Maleki et al., 2020; Ataee-) b ol , 24,5 oebaii b
WS o &b, g a5, 5l cblas 4 pladl (Kachoee et al.,2023
J bl (ol aF windiee SYe Gl 6500 09,5 ailedged 5 e
sblas da s s 0 oolan | pizres g s asui s Cge goleicl
sl ylylf el (e ar pladl (plply s S aSil ) sloal,
Jamali & Borhani-) ;o Jle sy ailosges jslaie oyl gl (gasaz
Lyls o5ty el )l jls, Judss g 4525 51 e (Bahabadi, 2019
odls adei yowle Glye yiell 4 connd gl cpl dlas alizes
3 Jine a5 5l (e (Bla> (B9, o o] Gl Sl o
sl 1 DG glylo mo395 slopian s sl 0l Lo slilos slaos
Slere a5ty el 5 (santos et al., 2023) ;o .cas losws S

! Distributed Generations

2 Micro Grid

3 Synchronous-Based Distributed Generation
4 Inverter-Based Distributed Generation

3> Grid-Connected Mode

V¥ Gl T8 ols o)led Voolad mad ez Jlo Olnl 3p Cnio (559 05t 9 SodeS (g5 —(oole 85

67


http://ieijqp.ir/article-1-1017-en.html

[ Downloaded from ieijqgp.ir on 2025-12-13 ]

sblax Sldlas o ooliiwl jshaie 4 leeahdpas 53,5 1o o 1 aSl 5 ) sl el )by (g ol

Uz £989 e ol N oitiod plll Eoalad puie 489 51 g 4500 9 421
il e syt S50 ool pue Slai M g L Cilise L
oz g585 e Dl 4y S £ el )y Ol et (iomie (V) JSS o
ol ol 8 ol po (ol aly a5 iy, Sl (s b 50 (%)
Sl pedd ez las g diae Ja b ool sy sl g .ol 00l o0ls
poe S Jlosl 5l gl 4B 0 o X4 Cand f el
lome &g T2l )y polie aas oo lis 1) by oSy j0 Conlad
5 Fimbase) 6l &lp; Glp dbs g9y slagle 51 G yo sl
S (fimn) b &Sebn) @ plt Colad pas Jlael 51 ey (izon
Cuabad pae Jloel shila £ ell sl MSE asls coles 50wl s

7 fr—u (After uncertainty

+TR—B35& (Base)

X (%)

2O gl aludi;y 33X & G f yiolyly O pudd (S :(Y)
ol pae Jlosl 5l (g a5l 3 5
Wik ZSe5 o 4yl o Gl MSE a3l e j0ds e
Ay 4 gy 390 Somlal pas Jlosl Gl g o Sl pogie (po
Sy o o oo &y S o)y ol Dy (5 el v )y
poe S Sl Of Gl K00 O)le 4 el 00y yieS a0l
el oS ool Capals3

S8 A £ 989 (Sl (o) 1p90 aSLE Y-
alon

ol ((Salon o3 (Al (55) Skl puc o b eor Sly
4y 4 byrpe s o8y Jome 4y oyl )l Slyss glaimie G
O s’;lé Aold 4z ;o 09 wales el jlas lgiiy GLol
Glsre glacoshd pas Jlosl il Loy o Jol o) lo v
il sl sy (Kiblen 0B LAk (sl (6t Jlozl sl a8
tlie Sl il o Sl (Nl o &5 asls oSl
S oo wold (Sialon 08 (abs Jlaie I aslllas 3,50 sl sl )l

5 o0 o3l e gl 4S5 sl el )y 9 g0 anolio 4y a8
258 (oo il odly 5 AL ) SG 9, 2 B9 U2l Sales 5o
Fslopeste Sl o Guizmen g las Caglin jlde g ggi ol
Aozl glopir clle 4 aSl 4 Ja Lolle jlasl )
aSed ) slayally ol paS amn & 2 9590 slaciabdpas
@laasbdeas 0asSy adgs wlie g3 ik jlad b )l 56
sl plo g las (b Cur g ol )3 oS & oo oS s
e Sl plo g bshs goy3 g39)0 08 waalys &S )
Sl plo g aSed ) obsS Jladl Gl et aSed ) caw SV
Caabadoas lgie Cov g ails ol pod 4 |, T (sloal) Lo o5 00 oy
85 dalgS 3 (cmyp y9e eVl aSD (uilaveal oS

5o b aeler a5 O s 4 i cpl slacien 3 Lo
Sl alie sla g, g laaPll (B & e ih pem g9 A5
ol hdle o Jo o580l p)lozr o 09d (s aSlon okt o
Sty sl (50 0l plhiear pay B 53 S (o0
9y 2 Lig, g lbarli pul Jlesl (goue bl (golpaninn (glduslio
oa &) Copms L > 3a0UT s 55 5 TEEE aigd V¥ s oS 31,
e gle llae 5 IS g pFamt pi B (25 0 Coles o e |
Sgs g0 03,91 Al oyl

Golgsiny s sl -2

lacaald pac I S e 256 Glie (Gl Saa b dlie ool 5o
WSadiy by Jome 53 00l (5 S ojll sl el (53, p aslllas 350
S8 gla e 1 jekaie ol gl el ouls slpain el A
Wedn oleidy g Glol gladl, Joe )3 0ol (g pSojluil sla el
Ol gl sl s oo ooliinl Uas £48g 6 Ol juuss 4 Cos
Wyl y1 ol e Jol ay a8 s b o ol slalas da o
Sl ol 5 ol slaal, Jomn 53 bl ol 5 o oy
gl oo Dy dllie (pl o golpiiny loasli aslol )5 058 o

(MSE) U &las yo opuSilen : Jgl a5 L )Y
9 el Sy polie e YIS (6 el (sl asls MSE
Cpabad pae S £98 5l yal)l Gle Blie polie bl 4l
Coalad pas go8g slilu T el )l Gl p MSE asli culaSliy ) jo
g oo S p abl) Billae @Sl ) 50 plu

Ly 2
él (fimu _fi—base)

n

b gl b oy Uas Slagye uSiloo ,Siky MSES,, ¢ 358 alaf, o

M

MSEf,, = Vi= {1, 2,...,n} Vu= {1,2,...,m}

fi_u sfi_base ..\.Mal;ks.e f)..nl)l; 6‘;& MSM).:) )é r:“u, M 'b..\.c 6555
aSh 5o cud S el e jo s sljlaf el )l suls (5 5505100l yolie

V¥ Gl T by o)led Voolad mad ez Jlo Olnl 3p Cnio (559 05t 9 SoieS (93 —(oole 85

68


http://ieijqp.ir/article-1-1017-en.html

[ Downloaded from ieijqgp.ir on 2025-12-13 ]

By s ple obe B Al saw

Bfy = 0) il Goate @2 platiy 5 Shol (Gmio 53 2¥
Syl pally G168, wcqabpas go8s 5l Gy Conds Caly
L g ogete Sl oS ol sy (laiiy 5 Shol sladl) e o 00
W5k (Foate) 25,5 Ay (a3ls ade 4z j2 a5 50 0 ali>dle
gl S Cuabpie g53y 5l L5 Sinlon ud LAk Sl
3o odd (g ,Sojlail sl sl )l 5l (Sl A il 4z g Wb
Olyss (oie cuiligal g 5y polis Lty 5 ol slad)) Jore
SrSoslal polie ax o il (g35r0 Dygo X 4 Caws el
FSeoy Ay o e ail S b el sl anws ol (gl oals
ot dbl) o, oSl gloy b ozl ol aba,
GxSeial ool 51 s S o ke s (Eop O Fal e
i E5 ok R oleiis g el sledl, Joe o eud
oslisal i &5 3 ROCOV) 51y ,uss &5 HROCOD L =
Pop yge X A Cas Tl b Ol sxie Z(ROCOZ)
s sl (205 o ey ol (sl o (g yuS0jil polie az o e
9 o wales iy dly o Slee Gloj g og y90 &, il e g4y
Sy oy 0 Shae e b el 5l s ol alady el ol Sl
. 1
)‘ Alwd g0 U”‘ ujLa.o.a )L'lﬁ) J.:JO EY -(top o8 ?) Sl u,;95.-.o d.la.ul)

el 00l Yges) Lgld.‘a.gLéja S ygpods pgd U”L“" 5L‘b).~o|)la

6L°< BT ST alold J..aLO.’ ,”w Pgm > L-Y-y
Canhad pus £989 31 wy jLSLw Ho Hlasily g Lol A,
al L le o b Sow opl oy aold a4 cand

0by b o8 o Wlgi o b Al h ) 4 Coabhad pae SO Jleel
989 U 4 cond yial il Olyss gl giovie e alold Jlade ol
O alold jlade i cpl 008 iy g Lol A a4 bgye Uas
PPl S s Sux Wl ity g el W, sla g
29 oolaiwl Sislen a8 adi sae [ ad olfuyo

9 GLA A, 6&@2;.@ O alold ;QL:;, as Aﬁ_base ) Afi,new
al jisls 5 coabd pae Jloel 51 G JL3le o i e gl
g oo iy 25 (F) 9 (V) Lauly,y lawgs coiin

. . 1
Afi,new :_(fb,i,new_fm,i,new) Vi ={1’2""’"} i lop :7

Afi,new = (fb,i,new _fm,i,new) Vi= {1’ 2""’”} Iiop=1

2 Rate Of Change Of Impedance (ROCOZ)

D)

1

Ny=minl £, .~ || Vi={L2n} u={12m} if 15 =—

u i ( ( b,l m,l)) op f (Y)
N =i o) V=120 =12, 1 =1

A, gomie sl caipan f ol polis fing s fii 3s 4kl o
Afy i bioo pll S 53 as g8y plmay s o Ty g ol
pae £589 5l Ly Ol 3 9 oo Tbodd) (siomin (o B ot
5o 0ads g ySolwl el )l ol s ciovie (V) IS ol gl calad
55 0o Dyt a4y S calllas 9550 iy 5 ol gloal, e

A oo sladly ogls S8 1 s Lol aljas s Job o s

|
B fR—maEn él
— ¥ —fR—back up -
T . - il
L e ]
e
- -
L .. o
“ et e
- = _
S, 5 "‘--.__ e
S,
- -
g
S~
| .
— I T
3 S
S,
o . L . L . . . .
0 10 20 30 40 50 60 70 80 S0 100
X (%)

9 kol Sl (8151 X & o T yialyl Sl ey gixin () S
ASeb iy S 8 anlllao 890 bl
pas 5l Sy o sl ped (A LE aule og (SO (pl 4 az i b

4 bae Jlade nlanl a5 cosl Sigo pdy oy 9,90 lacalad
) e a bape Jlie 0l g e ) Sbel )y (e
e 9B 05 el 4 Rl Sjgo @ (fp1 s fom) Ol
oo 93 (ol o Aol PBlas Kby a5 (Jol> sae N jlade gowis
Al (Vadayly 1o B0 b .00 5 oo Sl Laslis ams lgicds ol
R Sandg d il 405 50 Soabad pue Sy g3 5l 45 3550
gl joas JBASfy sl

6979 4 andl alils alold oo 5l Loy 5 ol o) slo soie-)

&8 3l om &5 wesee ol Cumds cnl il Afy >0 o5

ol laal, e 4 00 (6,503l £ el 13 L) uababous

salys Jlisay 1) (Koalen od g o5 col glaigSa olatiiy s

udslo

Af, <0 Ll ol ansls alold po 3l Loy 5 Lol d) slo oie-Y

£l G168, wonbdpae gody 5l Gy > onl yo il

A oS col Gl iy o (ol slodl,y oo 0 00l (5503100

Sebse Ak (Sialen

! Rate Of Change Of Current

V¥ Gl T by o)led Voolad mad ez Jlo Olnl 3p Cnio (559 05t 9 SoieS (93 —(oole 85

69


http://ieijqp.ir/article-1-1017-en.html

[ Downloaded from ieijqgp.ir on 2025-12-13 ]

sblax Sldlas o ooliiwl jshaie 4 leeahdpas 53,5 1o o 1 aSl 5 ) sl el )by (g ol

o B jlade lal ipga (ol ams bro gl (S ol b Gillas
Pl Coalad pue £989 5l Sl )3 (ol leiig o) la oo
Afipaser -+ Afipase) b Jeslo 58 5 Afinews s Afinew)
o o bas Jobo o laz £485 S aladin sljlan Iiome Oy A
4 el B e by oz £989 (e p2 ilas s 305 o0
Al b e oolon s bre cpl Juol> 090 oo oduomin (398 polie yulas
pac g98g plliaasly asls  ojlailweslon cpl Hlade pesine calys jo
O glocdlr (7)) (V) Ly, drdzrgi booiS oo usd plU Copalad
Wloads M (F) S &)l ols 0 Afy) sl

-

Y Y )
oalean ug aE HlsA oAl 1E el Gl el ud 22 IS
e ety g e IR i ey
LI UL ST RS ES EECL [ P R | PR caleat 2u b ol

pow §3lidlay (ALl ;3 Afy (Son edle ((F) b
A8 09l o0 alaxde 398 L jlasld o s L
0 oAb el e Af, =0 5 Af, >0 &5 lacds o)
Sone bl 58 (omyn 3550 bl b (Sile 4 8)ln 352y (Sealen
Sl Sl S Candg ami)0 g 00ged OS> (Sales 08
o320 olple (Afy = 0) sl osg0is (6 esi b g (Afy > 0) 00y
o 4 (53 322l 0 Siales 4l b (sl 4525, slad, a5
Calad pae g98g Sl o Sialen aud yaile 5,85 cu o] Slelas
Al oo 9SUlgr (LS Olecla Glod 5 03923 (o) 2 390
5 ol A, sl smie alold o oS Jdo 4 Afy, <0 > o -Y
59 el iy (Salon a8 A8 Gl il Sl 4 e Loty
al o3 3 Sas anly cls @ cus was Ll o Carsy Sl
onts Sinlen aly Sl gl aSuiiy, sloal, 45 g0 o ol
5 0055 555> iz Ll gl o] Ld leglats Sl Sae el
A0l bealy olendals yoss & 5ls

SOty (5l Ui sl 3hg, -3
slealy aa i o o oolans T oge )l o i ol Baa L
A Gy byl )by gomcuslsl as sl dlas ausen 5 gl aSiS )
@olgiin sloasls &5 ola elly anolio b gancaglyl ol il o

. . 1
Afi,base = _(fb,i,base _fm,i,base) vi= {1’2""’”} i lop :?
Aj;',base = (fb,i,base _fm,i,base) Vi= {1’ 250 "} I iop=r

5l addllas 5590 slaceslad pac 51 G 2 6ln pow 3kt s

(f

A, :(Af.’new—Ajl'.’base) Vi={L2,.n}, Vu={1,2,...,m}

Afu = ml.jn{_(fb,i,new _fm,i,new) +(fb,i,base - fm,i,base)}

Vi={1,2,...n},Yu={1,2,..m} if fop =%

%, =m0y e S|~ s ~imise )

Vi={1,2,...n},Yu={12,..m} if top =1

4 J"s—.‘f" f e ST ):;‘"l)lf, 21.\.5& fb,i,base 9 fb,i,new ‘d33 “-“’é‘) 2
o o Sl o Cd i pll Gl jo Uas go8g (sllay Loy &
wli o jebay ol Lo 4l JLols jo g all coxhad pac £43g Jloc!
Uas 985 slilay (ol &, b s po el g“'\i" fmipase 5 fminew
Afy oo Tal Lsls ogas sl o cwy ol Ko 0
50 Ol 3 g o Td),) o covine o dlo [CRRV-IRNE)IVES POV
Ol o ale B jlade 4 coan 5 pla Coadad pae £43g 5 Ly JLisle

(V)JS & )L‘; >l
A G 3 ol 5 g o l(_gLa:dJ)Lglﬁf):;abbv Ol s sl g
«(X) oyls )8 QT)o shol dy a5 e Job jo Uas £48q K6 Ol poss
a5, S b Lol g coshlooe Jlosl 5l G sl sl (o

Al b el S o b axis

A o Hlis

=3
L #— fR—main { After uncertainty ) = 2
— # —fR—back up ( After uncertainty) ::‘* 1=
—&— JR—main (Base) — -..__I_

R—back up(Base )

f

Afl.nﬂw

0 10 20 30 40 50 GO 70 80 90 100
X (%)

5 ool Sy (gl X g o T ol yly 5l s (g sixicn 2(F) JSCs
SO al jlsle g coxbd pas Jlost 31wy byl le 5o Loy

)

®)

*)

V¥ Gl T by o)led Voolad mad ez Jlo Olnl 3p Cnio (559 05t 9 SoieS (93 —(oole 85

70


http://ieijqp.ir/article-1-1017-en.html

[ Downloaded from ieijqgp.ir on 2025-12-13 ]

By s ple obe B Al saw

A pile j0 duslio (pl @ bogs e lys sl il plp po bz )
20,8 o0 bl jao sae
o le S puile ol Bold (g S paenad (g file JuSiS-Y
LB ol GrSmeea b yolis A 2y anslis Gyl Jlau o
Index f; [A curteds) Shu a2 aes
B = : :
Index f,, \ Aousileplp shw Gt )2 gen
2 el 5 i blae slacdls olass B L ile sl o I S o
atlios Casll oVl s wntl bles %05 slayal b 5l s 2t
2o Sl 6l 4 barpe B ile 5o jlade 0 5SasS Jlie o
30 eyl ol ass o g axily Ll Koo sla el b 5l slass o aS
sl Lulol o el b 51 o po a5 Cpmed a0 )ls 13 3T ool
g 50 gaaglyl aalllas 9550 byl )y plo ol bl
g co a8 S s b))lee baaakad pae salad oy b, 50
So e ) Al Sl (B g0 wBlies (elie gy el (LSS
5 ol Sglite o] £985 Jloiml b /5 Coeal 4 d lacakd poc
D9y Brre 4 LS g 00g w5 sy laslio bg; 63)l3e iz
Sleslatul al s iz gl dlie ) ol abl oo 6,550 Slaglas
el (S35 100 goleidan b,

P90 Ol (Slamlio Jig, -V-Y

ol el (G 1o slmlie By, cpgd soleiin (lamlio i)
o Osls Gl b el (Jgeno 13 (Bg) 4 ad jles (B9 00l S0
9 el pae ooled slilay (aPld anlons 5l g« i9 102 (Bs) 50
Sl ool o la Colad pae 51 G o a4y oy goosls Ly sle JoSis
el y0 Egome 9 g0 00ls Lolaisl G5g e po Su ol E585 OISl U
JooSS Al e 50 Gizmen oo V L pln biealad pus ple S5
Szl bl (S5 cul o e axilir A (g amlie i ile
ol wslie slacdl (js calpd moz ) Gty ctglio 350 12l 50 5]
@) s ol Gl A sl o 5 eag I el ol sl 2l
5 osbie LTl 5 adl anilas 0g2g o 351 (6, 45 G550 50 0 saly>
B e sae A (2o alie Gyl ;o il Solas mo L )|
e o 08l

W)

0995 4 duglio plowl 51 098 oo piy oSl onss 5 Jlasl o] (s,

Cewloads slpainy 5

Jol golesioy (glamslio g, —1-Y

Gay S S Thop gy gl eoleiin o gl alie By,
O 39 85 el ol Gy ol sllze 51l oo 0jlime iz (6 S o
7l i JShy 5 Tiome g0ty Coalad pue (gl dlie Joe
13 Ghgy Jolpe caslol jo 098 (oo planil aalllas 3,50 slo el )l (o
A ales ools sl
Slasl b (o 5o 10 15 (slosls s ile 110 9 (gld0S1S L ylo Sl
poe oo Mg dawnlie 0550 oyl Slaws p a5 cwl p*m
Jol Slo myile 0l iy pate aBl oo adlllas 5590 lacaalad
ol ol CasbiBpas £48g plan pll Sull 4 (goleriny axlh Jlos!
2l gy dmlie G Sle 1A (295 dum o (g yilo JuSli-Y
oolie . aib oo dulie 8550 sl ol )y Slasi P aS el P olal b g 50
2lo ol o b gl olgen e cnl el Sl (59, slaaly
aplgm VL olie (KaSH b byl )l dnlie gl 4y aiy Loyl

Ll (V) abayly & y50 45 o Slo (ol S5 USS canls

Index fl Index fp
Index f 0 a1,p )
A4 = : : a; :
Index f, a,, a,,

ol ezl Index fiy plpanalin 5,50 ol fy «uile cal 5o
At a5 ) b ol gooe @y s fy Sl @ bie (owyn S50
il g sl 550 ol ally b pli ol avslie

sleylan) el 90 4 g0 anglie p loy lawslio (g, wlul
Slie glaa) s d> o j0 )0 a5 Sae cpdy Sl Hlginl (5, G ilo
Al B 50 gl oo duolio o0 b oools ey ile j0 Jlaw g0 4 bgiye
Bl se alys o Oon el SR il palie 65 S aslis
59 Sl Syl (asli ye slp og )l SDe aS sl [S34y 03Y
alp ol 0o 7Sz (s 4wl S oog o)l MSE asls
e sl 2555wl gl s pgs solering (aSld jo 0Bk o
0 as o gl Saled 08 a5 col m> )l slaglys pgus el
3l i o il (Bl s S s izmen s Ay 2 0)

azsliz oy sloosls s ile ;o aS Conl O jso s dunlie 050
pae lil a4 Ko el 4 cons el m )l el slaws
4 S el ol Colie slacdl> slass 3l i it slacoalas
bgspo 4] )0 glilay oY) alayly 255 anglie o il jo il ooyl il

olass a5 )90 ;0 «Dygopl me )0 080 0 7,0 ) doe dslio (pul 4

V¥ Gl T by o)led Voolad mad ez Jlo Olnl 3p Cnio (559 05t 9 SoieS (93 —(oole 85

71


http://ieijqp.ir/article-1-1017-en.html

[ Downloaded from ieijqgp.ir on 2025-12-13 ]

sblas Oldlas 1o ooliiwl jslaie 4y laceakadpas 58,5 1a5 o L a4l ) sl el (gaiucyslyl

073 gull (e jo a5 Wools (pl o el )l sWwosls 10 )5 ulidens
by abaly aied oo (3lws laibiul Z-score g, 5l eslawl b cailoas

45{ anlllas 3390 slaal )l 51 S0 Slel ‘
v

_” aalllas 3500 dsly LS I.slu Canalad pde JL&.‘I-‘
v

—.‘ shel ) gole ple o s ol ‘
h 4

loal; coas sy palil (oS0l
oty 5 ke

L TgSILENT Programming Language (DPL)

v 4
‘ OO0 L1 R /U . J'La—_:a‘ 4\
¥
‘ S P CTX R WPy e e ‘

l bt slaasls 1S5 2 ‘-:--'L"“I m
5
=
<
=

‘ Lozl ly (gasazysly! ‘

kb
s Jor gy ol (8) IS
.(Curtis et al., 2016) el 55 S 4 (g5l lasliwl g, ol

FE-F

ﬁ‘:LMT Vi={l2.,nf, Vu={12..mf av

Conlad pas g9y 5l ey 0o (3l lailinl el fy (358 alal, o
O o e g8y Sl a0 F adlllas 5,50 ol )ly (ably i Fi gy g plu
3 5eSle w00 g Fablios pll Coalad poe Jlosl ) ey o
20 Ol o ety e Fogn) 090 2l jlene Sl ol
G slaatls ol (Ko Bl gl 69y p laceslad poe 51 S 5o

po (Ol (glamm lio (o9, -Y-Y
Alas ol jo oSl sboyiall awslie cqa a5 K0 Sl
axlllao Sy90 Lng,...-Jas pos ‘ScLoa aS Conl L_,;Ia.t‘)...u 6')4 R OLW

Q) alaly il i Gl s QLSS 351 lyle 4l 5o

Ll 00 u,J)M

0= i w,,. index f,, Vu={1,2,..,m} @)
u=1
m
Za)u =1 Vu={1,2,...,m} )

u=1

Jos;'re alis U"l 5o 6olw W QG’L“’ )LA.EA u_9).’.n indexfu ‘09.9 ‘!44.‘9) B
Bl (559 oy Hlade Wy oo pll Coalad pae gl Tyl )l 4

Sl o el ooled sl () alal; 53 Q polie anwlre 5l
Q yolio anglin Cpz 058 oo (S polie (pl (690 4y g0 Auslin b iy
2 el 0 el e el 4 5l ezl el sl
S pleo el o Q o35 )l Ve sl HSal; nl anl
oy 5 45 Conl Alfan soliiin clooaly gly oad gk
A 00ld dg 39 10y g 15, (slawglas
pos 5l S 2 ly Gis walr sl Gy o5l Sy Y
ol aline j5litat 35 5 i3 155 by 53 o3l m | Lncusals
ol GlTaz 5 e 585 aallas Sy p3bies (1) abnl,y Lawssi Q

Wlns o o551 -4

Gl .ol oads ools (yLas (B) S @yl gld yo alluss S oo 463
plosl Sl JI8la 5 o Slas 5,90 St 5 (53lu e ol (S5 ()
&5 ool s sz Jold addllas 550 slo el by 5l (G g 00l
0970 b walss Sl uilanal oS €5 9 Ol e 55 5Ly et
Dawoud et al., ) g o ;8 c0dds ol (sl el )b 1 &5 (50,91 oy
Sy90 b aSiin,y @ plt CoabaBane (] 5l o el 00 Lo (2021
Jolis allie ) 50wy 0550 lacaadaisne 00,5 o Jlos! asllas
Sroglie ot CewdVb Al ilagal s coniSTn ag el 29>
@ Jate b lasitn ) ) po st Ll pd et g s g9 s s
alold b Iize gl N owwy a8 j0 0l oo Gloyi a4y 4l
Folil polie g oot slmlaslllas 5,50 Lol o> a3 Job )5 (solue
>l 00,5 oo o pSeilail ol laity &) 5 dl; ol Jome yo l5cl
2lie 5 00 plnil )55 0o lacualadpac (aled (sln e &jp0n (398
30,5 g0 0033 S G yilo o
o3y JUil e I8le 4 gls pwple (Slewlone gomy 51 o
Ol i iz aslllas 050 glajial)y a5 ol o 5050

VEF Qlaab TR ol o)led ¥ ojled oo loz Jlo ol 30 Cario (59 050 5SS byl —pole @ 2

72


http://ieijqp.ir/article-1-1017-en.html

[ Downloaded from ieijqgp.ir on 2025-12-13 ]

By s ple obe B Al daw

Univ. )az o ;0 aSudpyy Sledlbl plo .aril oo axllas 5590 by
Cawloass 03,91 (Washington, Seattle, 2016
Lo ()l i 3 ol o) Slns ol 5l
Gan b ceol oals 48,5 Jlaiie wal ¥ ocwglio b o 4 3BT 45 5
S50 lacashdsne 51 S o sl golpiin sl el aculxe
ol dy a5 (o Jsb o a0)0 Ve slapls b alime lallas o) 2
z35 Jme ,0 byl il polie 5 oo ologl il 48,8 )13 T S R15

23,5 oo 6 S oslail axlllas 590 ol

Golpsdion b sl Hlado dwlxo b -Y-0

Sly e ol eolpiiy o amls 51 Gy polae Caandd ol jo
Al Galizes slacaalad pae glilay dalllas Cov 4l ) slo il )l
Cool S0y p3Y 285 walys I8 Lo g a0 j0e ol @l 5 es S
Oy g ol slodl,y gl alBlas & jsods Jol golping jasli a5
S50 ) 295 Sln ol pom g P93 SlaaFLE (J5 958 o0 dmlone
50,5 oo dumloe aslllas
Jol el i

Jm PRt Gﬁf°}“‘\5l QL’)" )..al)b MSE U"L“’ el C"L"’
bl adllae o aSiiy, ;o RI3 L, o RIS Lol slad,
JSG ol ol ol eols las (V)UK o calize slacialadpac
S50 dnlio jelaie 4y add g 0050 T dacwle K0S 5l e &g
503l sla el ploar bogaje (a2 ls ol ol ilond s 5 JSC5

Gl 00 00)5.‘— (\)‘_deﬁ? B )..) o0

25 T T

o RS
i R13

oy 5 S ojlail YU 2 Gl MSE (a5 U dlxo ol (V) JSSi
axfllao i’ a3y R13 g RIS ylociy g ol sboddy Joo jo

csobed T oo ey 00 (g5l sl (slaosls SaSay ¥ isu )0 ead
S g addlae b sla el ple sl alla jebay 358 J>10e
S @by, sle el gantadyl jelaiear cules o 0sd e
ol Jlesl 5l Jol> slaols (59, 2 sl lamlie sla s,

28,5 ales 1,8 colawl 090 555 de (goloiing

©oe i -5

o 95 o0 (Brre addllas o A s ) bl il o
bbb 9y » oot m sl Jlesl | o b o0e il
Soslaie Thle el ol aiacuslsl mlis Geizren 5 aS20 5,
208 o0 dlll Trzme slofdu s 5o @l sl 2lie slo g,
9 0 05,9 ol 3IUT s cules e

aslllan g0 A5 o5 pro —1-0

la) igolering lamlie lagty, 5 bapasls (o lisl ol
A VP Al s G sleyellly g3, » ol sbbazls
D5 g0 Jlogl el oas azd I by o aSi5 ) S yleis 4y o5 IEEE
Slamlio gl by, @Sediny cnl sl el oyl jslaieds (o
ol b S5 plShs s S e giluesly el S 6y,
(Saleh et al., 2017) el oo ool oyl (F) IS j0 4l

'S o

132/33 kv 132/33 kv Y

axfllan 8 yg0 Caond ASul 1y 1(F) SIS

s 5 SOOMVA i) eyl oVl 450 obisS Jlussl s 5

Cdyb b il 90 Goyb 5l 4y, cal adlbie 7 L plp o XR
At )l )3 5 slaens o o5 132kv/33kv 5Ly s 6OMVA
‘s‘j)i‘-“ OJ.aS‘)J A.Jy o Lgl)»)f).:) u,wLoS‘) 9 20MVA DG
ol G lawg DG ol 5l S e cwleas ol 9.67%
ol e e 45 |y e 5% (5,35 LuliST, L 480V/33KV
5 ol cloal, iy R13 5 RIS o5 osgy &, V8 ol oS,

V¥ Gl T8 ols o)led Voolad mad ez Jlo Olnl 3p Cnio (559 05 9 SoieS (g —(oole 85

73


http://ieijqp.ir/article-1-1017-en.html

sblax Sldlas o ooliiwl jshaie 4 lceahdpas 53,5 1o o 1 a4l 5 ) sl el )by (g glgl

allaw slapslis glhla 15 o9y edld w sl :(V) 9o

70004V YbU4/e- bAoA~ VAAA/- YYAS/ - QAL 44-9/ 4400+ . \de e/ AL/ AQSA/ -

AODOUV bereol (SYRVE ALAQ/ - AAAN/ = beAe/o- AQBY/ - AQBQ/ -~ . TYRRYE ASb -] Ad\[e-

TODOAV VAL UM I\EPIE NYYVE VAVT 23K SUBVE : : TV (PAED NYINYE

T 7V T AT TAVATC 38T~ YR 05T 3T X0 ARGV 335 T= Zxave YAV T+
AV TR AT ToAST - RS T-= BT 030 3= TAVA - XL T 5T RYNVES TOAVAT =

v 4Y\+)e- 3441\~ AVASIA- 48AA] - 344/ AbYO/- AAAAA- SAMAIN- AAALS-= AbAe/e YAAA = | VA48V~
70004V VAR - yee IS VAT VAAT- [JERVE VA3 IR NS B QOO T = | Yol | Ad A

AODOUV 333 (PZUVE ¥R VAL U] INYSIE INYSIE IYVIVE IYPIVE 2333 Ti0AT- N EwVE

TODOAV VAL VI3 | QUM Y VORI TAN/A- TAN/A- VOALA- VAR EEPAY e VAT VMR-

7= o6 7V TARAT- ToAAl TALTX SvIVE 3331 TV VAR INYY/E BNV IENVE ASAYE PAVIVE
AV AARAT INAYE 7¥YYVE 23Vl PINAVE FRVYVE ZYVE FySaVE TN SUSVE V3AAT- ATVAAT-

v w001\ (YVVE 34431 INERL IYEIY VYA EYyP7R oAV babb/- NS TAVY/- SASVYI-

NZOJDOWSIN V&2 B TAT AT TOAL A5 T LIV TYIV : T T 3 T TOATT

€1y AAODOWSIN | At T VT VAGOTS VXX PAYERID ALY ALY : : VT AT INA3\E

N?ﬂJ ﬂMHOOOMmOwE &>o.¢\o Q\r’.¢\o Q\'\'~P¢\o &\'.o\o &¢.o.\. (¢>VQ.\. (.L'Q.\. . - Pzr.o..\ (2'..‘.\‘ ’(’fo\o

CTAZSIN PAYENVE PPERE 3373 5T T V333l VSRE TXLAT 30T \ZXBE 30T TAVAST-

(SN ) ©12

CTAASSIA YA T INPIVE TVR/R V3T W T AV EYLETAY V337~ T 35T & XUAVOT-
< (6]

il CIAIPSIN AAL ) W0 /e | QAL PITERYR bl QAL AbA-[- (SRR Aeeele Qo] WAool 44V~
NZODOUSIN YOAVA/- QWAL | KA 4N A (AAe /e 434V 434V . Adeeeel | AL AbASL/
MAODOUSSIN | Ad=ee+/ ASAAL/ - YAVL/4 VSV Adee o] QULLA/- QULLA - . . VYA« At/ AAAAQ/ -

STd

S I0DOUSIN IRRRYD VooV LBOA/ AACAC/ \VAL- /s YAQAA/ - YAQAA/ - . . Ade e YYY- o AL A

AQWZVK_WJ Wﬁ“NOWE < ....... \ ' ..... \o (<G'¢\¢ W’ ..... \o ........ .yl’ ..... \. W< ..... \. >W>o.\. G\r oooooo \o \r’.o.\. Wt.o\o Gf.\'.t\.

=" [ STUASSIN JUTRRYE 4OMAN - AGLO/4 QbA« -/ bde el LVAS AVSAI QSAY/ - Q4o /e V44Q+/+ | 404N/ AV LS4/

CTYIPSIA Yool IV QVAA/A QYIS -/ 4eee V0 - QV/- VSAMA bALd/ AOA- </ W40 e | VoAl 44AVAl*
0 x® 0 e} [} o (%) — — = )
CxOe 66 S 2 = S ! S S = = P =
; i @ T @ o @ < < T T ] T S
I X T, T, T, T, T 8 2 g -
|75 60 0o jrmeo of 3 3 3 3 3 8 g S S wl. wl lm
w,u
509 g @S He [ 5 [ g = - —
: i L g g g m 8 s 8 - E; = E a & AT
g g 2 £ g E g b & E & = " 3
8 3 &) 2 g 2 £ & < Q I I I
— = & & : & - < 2 5 - ~ ~ S
@) @] @) X g S E = = — T [ [
A A A B = L = (9 —

[ £1-2T-5202 U0 Jrdbliel Wol) pepeojumoq ]

V¥ Gl T8 ols o)led Voolad mad ez Jlo Olnl 3p Cnio (559 05 9 SoieS (g —(oole 85

74


http://ieijqp.ir/article-1-1017-en.html

[ Downloaded from ieijqgp.ir on 2025-12-13 ]

0.5

By s ple obe B Al daw

5Lb).uol)la ).:L..c Lg‘)" as »)9....:‘56 sdalie i Mlau’.ou alas Sy90

Sloyiz 5 JBan slas £489 DG3 75,5 slacaahisac Jloel sllay

oleiiy 5 Shol gloaly sove o S alold il aSlh, al

oS 4y gey om (Feles 08 LAk Il bl adle Bl

g anlys iy Ik pac ol (gl5las dalllas
po pas Lo s

5 ol 4, o iimie o alols Sl (asls ol oS )

5 Ahols (rem ay S ualalpas G g589 1 o el Ko pleiy
o (sloosls § (V)UK .8 salgs 15 anlllas o 50 ctrly aSids
Ol bl sl e pgw (2P LS dralne @S (1) Jga> el
e, RIB RIS o, 755 Jore 5o 00 (6505l sl el )y ol
o o s |, asllae Cow

@ @ @ @ o N & & & Q&
0\5@% D&Q’Q 05@% S”Q& 06”’(\0 \/»(‘60 {’%@0 \/‘(0\> @ QO‘\ O
A o5 QQ & @ & NV \Z 7 7

& & & & o voE &
3 3
g @
& &
N N
) oo

b
2300 g5 03Il by Sy g AS LY Al i : () SIS

axdllan Cooxd a3 RI3 g RIS Ll g Jlol 4y 795 Joxo
Sy9m slocanipse 51 Jlasl | o wo55ipn Ao o sbislas
a by e R13 laiy s RIS Lol &, gla imie oy alols canllla
Sy o b ie ol dlolé &) Zaas ROCOV 5 V I gla el s
Saalen Lulps (ud o Sl dlee (ol wd sales Sl
Syge el Sl )0 b g oog ly Al ) S j5S e sladl,
5 i by T lapliss 50 5 baal, ol iblis amseie o oslinl
STt e dhold Dlss g teS a5 098 e cdalin yuzmen 0,5
ROCOZ; ROCOI Z (gla ol )y 4 bgsye slowiis 5 ohol (sladl,
Lo slaceshalpas 589 Sl 0l aSidn) jo alold (ol 4 cos
il o 3l s g5 e 4

Sl b cwl oy Glawlio (g, brosls il Hles o)) Jgux
ssbieds laceabdose 4 by o (S9 cul o palie b jlaw Sy o5 gl

abi>Me (V) Jgaz ;9 MSE asli mli 5 (V)JSS o cds |
ot oS5, RI3 RIS (it 5 ol slod, Joue 55 o 3520
Oty Sl sl dalllan Cov il aSiby ) 5l DG3 79,5 axlllae
hol ) Ue 50 0uls (6 uFe5lul slayiel L MSE jasli ,o lade
o Gloyiz 9 DG3 79,5 slocaahd pae Jlog! crizman 098 o0
SrSoll slayulh MSE (a3ls sl 1) jlde o i caSedn,
52 Zarladpse O Jloel slilas o jls Jlis 4y floiy aly Joee j0 00l
85 ool pgho ey a3l ity el o MSE asls Jaio 4
cardllas 050 aly Ay o o Jlake d Coad 2l ol Dl e
) @ss @ bape Slelas Conl (Soe Ll cnl o el ooy iy
4 e g 0390 k) Dl (nl G5%ler Al 4l 50 aslllae 3
205 Ay 7y onl G (Saplosls sl
p9d S Lh i
Sy sleyehl L8, Lb)l Bl g ooleriny ey
Sevlas 08 Lads Sl sy I calises glacalaoas £48g slSinay
Ok bl lr (s (nl dlne @S diged (lpreds WS oo o0l 2
5 sl cow aSis, R13 g RIS ) 245 o )0 oas (5,505l
plo 4 baw jarls ol polie cal oal ool las (A) S
MJga 3 il slacealad pae slilay ool ¢ Sojluil sl el b

Ll 00l 00)5]

T
a
&

08

04

o @ @ @ » » »
sz?“ & o@g o@g gz?o 6?}\0 @e’ @ @ @ O“& O‘\&
Y N O N R <<//°-’
RONNCEIRG &\& & o & &
& @
\)Qe \)Q%
Qe g

30 oo (5503l by (6l p9d (RS LE Al gl (M) S
axdlbo Coni a2y RI3 RIS (ylaitdy g (ol 4 g9 Joxo
AROCOLI ,;0las 548 o0 0anlice (V) gz 5 (M) S j0 a5 j9bjlen
&bl AROCOZ j0lie g asdllac 5,50 slacshd pae solod lla
5 ROCOI sl pal)l S15 L8, decashipss ol g48y pllna
ol oBs ol pls .l Kiales 08 a8 gLl (s ROCOZ
Sty sladl; alals ;5 oolaiul Cur (orwlin a3 el by (nl epgo

V¥ Gl T8 ols o)led Voolad mad ez Jlo Olnl 3p Cnio (559 05 9 SoieS (g —(oole 85

75


http://ieijqp.ir/article-1-1017-en.html

[ Downloaded from ieijqgp.ir on 2025-12-13 ]

sblax Sldlas o ooliiwl jshaie 4 lceahdpas 53,5 1o o 1 a4l 5 ) sl el )by (g glgl

e (ol Sye S5 A ile S sloas gpana 5| B
1y axllae 350 (6o el plos s o yiolly 2 b Laluvo olass a5
byl soncasll Cax 2l GrSpeeal jshhted s e L
‘5«0‘.@4 L§‘)J w).:Lo U"l 4.wL7m C.:Lu O)j‘so )1)3 oolawl Sy90
] 00 °'>)3—| (V)Jjb B <5°Lér--‘ LngyLw
laghy) 5o alaw slaeslh slila B gyl gl (V) Jgua
39105 910 gl lio

oasls ol d) sl B sl Obiio d) gl B sl

Msel 4
MseV 0
MseZ 3
MseRocol |5
2
1

Msel
ol MseV
le MseZ

0
1
5

MseRocol |2
3 MseRocoV
4

MseRocoZ

(MSE) MseRocoV

MseRocoZ

Al |
AV
AZ

£9° ARocol
ARocoV

ARocoZ

AV
AZ
(St ARocol
ARocoV

3
4
0
2
,1,
Al 0]
1
2
5
3
_4_

ARocoZ

By & ogase slEs 5l solpiing slajasls 5l o L aSlxl ;)
Shilas B e gl cams oo )18 (o) 9)90 1) &Sy sla el )y
slooals 5l S e olBans 5l Iy slaalie (b9, bl 2 byl
el o ooy las (F)Jgo jo solorin
39 1932 Slamalio (o9 bauwgi b piol)l gusuca oyl gl
Bds oolpainn arle aw Glila loy by, lrools syl
la‘ L5')3 1.5).: U”Jﬁ) B ool w).:Lc ujLaa Lér‘ R (\)JB» alen
8,8 0929 o)1 jo laceahipac 51 G a4 by o
Gy osh i iy s e b ple onl gl caslllas
B L:J}‘o.uc l.b)J. L;'Jj) LSI)" c.\.a" Cawds CJLU uLo.b sL&bs.,u.vJaBﬁJ.c
wanaglyl I Jol ol @l ik () 9 Mladsex
@)5 l.b)J Lgld...wuu U“B) )l solawl Lt axdllao S)90 dSu....J)J) Lgl.b).‘.a‘)b
el oo ools Las (F)Jgum o
Q GOl H11) wlal 3 b ol )y (g ol L
(i)d.‘aa‘) BN Q )g'.buzc 5(\ )Jj» L_‘?’)ﬁ wl)»o 9 ools )‘ oolawl la

20l &5 (i S 5 9 3lkdn (S lamalie slaghy) o eslitul
il e golgiing sloiasls llar () alaly 15 Q dslos 51 Lol>
S9y » i slawolio slo g, dslsl jo .ol sus adlal T

iy silmosly sz oal slaesls

axdllan Coxd Sl 5 o ol (gulaca glgl @l -Y-0

sl dlas cpl o ol asls aw polie J8 ioupj po
2 S Ojge 4 ol @l 5 eud duloe aslllas 8590 slacakibane
S50 Ay, slayelly (sanaglsl jshitea al ooyl (V) Jsax
3,90 Wilgi g0 Alan golpiin  lawslio o g, 5l SO o aslllas
Gl Glammlie slagtg, 51 oy aslsl o 0,5 )8 eolil
590 o @l 5 00,8 Jlosl (N Jsaz sloosls (55, 52 lizme & jp00;
S IE UL
192 lam lio (g b b yiolyly (guace olgl gulis

Obod okt aLE aw o sl oy gy slaosls e le
oot lhglia by, ol g5 9z 4 gl cul b el (D Jgaz
S (g3l s 180 g e 455,553 e Lncupabioae
D9y 4 )l 925 G Lo (nl o latiabidese 51 ja (hs <l 22
50 4 g0 duglin LA 2g) dunlie o il il 00ld rdgl S iy &S
205 (0 drlne (M Jgi y3 il glacuabidpac sl byl
wlaw slogasls lila caddllas 590 a5 1 o Sle (2l polie
ol o oals HLas (V) Jgaz jo cgolorin

Sghy)y yo Alaw slaasls Glila A Gu il glis (V) ga

39105 9105 Gl lio

o>l ol ) gl A e Sle Oty ) Gl A e 5lo
Msel MseV ... MseRocoZ Msel MseV ... MseRocoZ
. Msel |O O O 0 O O Mel [O 1 1 0 1 1
o>l
MseV 1 0 0 0 0 O MeV |O O O O O O
Js! Mez |11 0 1 1 1|| Mez |0 1 0 0 1 1
MSE) | MseRocol| 1 1 0 0 0 O |MseRocol| 1 1 1 0 1 1
MseRocoV| 1 1 0 1 0 O] [MeRocoV| O 1 0 0 0 1
MseRocoZ | 1 1 0 1 1 0 MseRocoZ) 0 1 0 0 0 O
Al AV . ARocoZ
Al 0 1 1 1 1 1
S o 0 0 1 1
£9° Az |0 1 0 1 1 1 B
ARocol| O 0O 0 O 0 O
ARocoV| O 0 O 1 0 1
ARocoZ| O 0 O 1 0 0]
Al AV .. ARocoZ
A O 0 0 0 0 O]
elle AV |1 0 0 0 0 0
ua>L» AZ 1 1 0 0 0 O
e ARocol| 1 1 1 0 1 1 -
ARocoV|'1 1 1 0 0 0
ARocoZ | 1 1 1 0o 1 0

ol ol 15 s, slaals ales g e Alimdle 4 obclen
l...nl)l; 99 memwuml)o );stoos;).wb):l): L}“")"L"

V¥ Gl T8 ols o)led Voolad mad ez Jlo Olnl 3p Cnio (559 05 9 SoieS (g —(oole 85

76


http://ieijqp.ir/article-1-1017-en.html

[ Downloaded from ieijqgp.ir on 2025-12-13 ]

By s ple obe B Al daw

30 Sgl opl md o S8 (s p 090 |) Al sla el S pss
@l S ose sln lale 2Bl oo (b ol So g gyl s
P ge oS8 il ) (Bl Sllls 5o ol iyl
FSesp o T o8 casls ()] 4 a9 b G 095 asiine
08,8 bl el

oo 5l g anlllae o aSlna;y 5o Lol gomcaglsl mls (o
Wlaw ooleriing lamlio slagts, hila pgd oolerin axls
Jsl solgiins slo sl ol 1 45 canl Iy ol il o L
1oy glaglio sl s, 31 oolital b bayioll soiscuslsl gl pow 5
el Gy (Si9 I 5 (Jgene

oled By 5l aS vged (e liee ol 6Tl G plsea (2
30 0dd Byee laslae glo g, aen glila 5 colpriin slo Ll
e 55 o Sl sl plo & o Z ol lin o
bl ol Gl el 10,55 52 (6 e (s Saglgl Sl Al sl
sledly aasin o oolal g Uas jais Cyz omolio 435 Wilss o
b Sl

Gl 30T b —F-0

795 et daioabdpae Jis calyd j0 psd y3U Gisw (ol o
sonagll @S 59, 2 DG g5 ;o 5 5 asllae 3,50 4,
19y lawslin gy 5l oolawl b adllas 850 aSilh, slo el )y
055 0 )18 b3 2550 (S
Leaxbd pue (39 ol pd )0 i
sy 050 galaablese S5g culps udd H3U cw)p jelateds
Wy (39 sl po cslllas Cog aSlin; sla el by sancagsl s, 5
NV polie a4 o (V) Jgoz j0 W11 5 Wy We ¢« W5 Wy «
6..\@@9]9‘ VNS @L., AJ[JGA)M SR WY B APLY A RPRY RYAIPRY A TA
Sediny po byl gancadsl dacusbdpas (S5s culpe i b
FB S5l ailad gy 8 @ Cand ()UK addlae s
Lwgd s adlhe cou aSiiy, a5 Jyse j0 oS Sl ol 4z
3,08 3929 o mally (unlaglsl guls yuss (Bl o B9 cal o s
Sy S sl el gancadsl s jleoliul jslaie 4 cplpls
ol (glalio sla by, 5 b asls b ozl iblis clalllas 5o
e (jlwosly aedi; of slayally s, 2 1) Alio ol
ardllo Codd a5l 3 5 00S Ty wdgi Bl 9 i
5 gyl a5, M (55, 52 ool 5T plil jlaions
(_gl)J el 00 »..)L‘z.ul adlas s dSu.w)J) OASI)J My @Lo.c &5"‘)'3
&8 & gl e g9 5l &Sedy, ;0 DG DG jshace ol
5 Loasls Jlesl Gy gancadsl @l wabiee et G955

Sl3la andliae 5500 a5l 39 5 (b ol )y (gudac ool g i (F) Jgu
SOl (laoms Lo (Lo b9 9 oLl

G o glgl azeiis da o 59, o, s
1-Z 2-RocoZ 3-Rocol m
4-1 5-RocoV 6-V 0= Zla)u.Msej,'l
u=
1-Z 2-RocoZ 3-RocoV 4
4-Rocol 5-V 61 yoxo 105 Lo
1-Z 2-RocoZ 3-RocoV ..
4-Rocol 5-V 61 9 lox
1-1 2-Rocol 3-Z
= . M MSE
4- RocoV 5-V 6- RocoZ Q uél Gy W
Py
1- Rocol 2-1 3-Z yenels J
4- RocoV 5- RocoZ 6-V yoxo o Obsiing
1-Rocol 2-1 3-Z 4- RocoV R
5-RocoZ 6-V )9 B
1-1 2-Z 3-V 4-RocoV 4
- o V 4- _ A
5-RocoZ 6- Rocol Q uélm" Yu
1-1 2-Z 3-V 4-RocoV ™
|
5-RocoZ 6- Rocol oo oy = o
1-1 2-Z 3-V 4-RocoV TR
5-RocoZ 6- Rocol CREs
1-Z 2-Rocol 3-- 4-- @
5-- 6-- 0= 2 o4,
u=1
1-Rocol ~ 2-RocoZ  3- panals i el
RocoV 4-Z 5-V 6-1 o pos
1- Rocol 2-RocoZ el
3-RocoV 4-Z 5-V 6-1 B

it a5l A ol 5| allln e sla il oales sl
el 00 03,91 (M Jgaz 3T et 10 o] @bl g 00 S dwlxe
Lol o olfws jl asdllas coi aSilin ) slo el ly (sanasls]
plml N dgaz A1 g 50 (a3ls o 4 Loy Q jolie anylie
ol 098 mories MSE (ol jo 2l 4 g )l Do 055 o0
byl ,l gomaslsl gl Q oolering [, 5o (nlple ol ol
Sade oy ien 4 ke op S 1 Q polie MSE ez i olSays 5
bl pgo (slering (ali ol jlaSiul 4 azgi b o 0 5 50
Syl gancadsl (gl wadly asls (gmiy jlade a5 ol i
Sie (pieS 4 lade cpyides 5l Ll Q polie (el pl oFus
33 o0 85 ol gy il pym palh Site ) g wiye
i OF lilar Bl s Sy g WSS 28 ) (Salen
eolllan s At 53 ol asraslyl gulis ol ) 2 L

el 00 00,51 (F)Jgaz ;0 Q (eoloing ,Kal, olFuys

A4S 0gd g0 alaxdo (F) Jooo gl jo 2o b

Sglae wilies (golpiiny sloamls oBass 5l sy glsl bl (I
ol oBas jleads Bixe sloasls 3l G je aSl 4 4z g b el

V¥ Gl T8 ols o)led Voolad mad ez Jlo Olnl 3p Cnio (559 05 9 SoieS (g —(oole 85

77


http://ieijqp.ir/article-1-1017-en.html

[ Downloaded from ieijqgp.ir on 2025-12-13 ]

sblax Sldlas o ooliiwl jshaie 4 lceahdpas 53,5 1o o 1 a4l 5 ) sl el )by (g glgl

aalllas o b i, 40 logy] polie 4 Cas Coabadpae o Jles! |
a8 Ak Ol 2B 3 )18 Slaine ps (a3l iy j0 oS (Al g
Sy Sambapas Sy Jlesl Gl ey aSGl5, sledl; 75 om Seles
€589 O et & S bl sl gioin ( Alols Dl i (izren
53 Sambdpoe o Jlesl 5l G leiidy 9 ol slad)y 4 bgy o U
30 &S Cewl B0 dalllas cod aly 4l jo alold fea b anglis
Wby oyl ancugsl cuz s )5 eslitul po Ll (Brne
5 dglie Jool ad L1 gl )5 G398 5 (s Slamlie lagis,
S9° 4 93 Amlis b 2 Fig oy 9 o solering lamslie sla s,
slacosbipae gl lapazls polie plaiay s duglie 5 g b alil
g iz 45y sl ytalily &S ol ke adllas 550
oty Jloel 51 B cnl by Con iy lSel bl s dunglio
slagty) bawg awmlie Joo ploxl 55 5 byl ol 655 2 ool
Ol bl 2B dy el o] (5 2 (sskws laibin] Slikos glanslie
Gy, 0 dBaus Dolds gzy Judo 4 a5 wo S asie Sllas
3l Wl aSdn, o ally ol mls woolpiing b asls
Goncaglgl 4l G LS (nlply asl Sglite a3li e o
AT (e 33,5 (yead NS j50 o800 b aSD 5, Sy sl el
ol Bl aSeln, byl ancagll @mbs &5 w8
el QLaSy ol (Byme laglie (B9, 4w o shilar pee soleing
Fod BB Lael hls (azls cnl elul p suucaslsl @l cnlnle
dw oBags 3l as wpo § abasde IS o Sams SO lgiedy il o
lin ol 50 ool Bree slawglie sl s, lila 5 (golgainn azli
s, Joe 0 0ad pSojlil slayally ple 4 Cons Z0 el
43S Wlgee bl ool cnlplo wibige e Coglyl sl &Sl
sblis glaal, 5 Slas aasin ;5 ool 5 las ads cqz olis

RIEL I

il g 0 @l & aSChhn, ) » oolide slaghs,
a5 alie g5 et b 45 555 e alimde ol sados sl () 5oz
5,5 081555 (a5 b o &y Cepd (gl gl oiST
Al Cod a3 5 50 (o 9390 ) T35 ped

@S sy » adllae 0y9e Ay gy sk U eyn Saa L
obil RIB-R6 wum dl) zg) «aSidp, 5o bayiel )l (samcy gl
Obeiiy &) pleea RI3 4y g Lol dl) plee 4 R6 &) 055 o
adllas cou aSel ) b yielly saauglsl mls ogd oo a8 )5 Ly
ol s S ojlil sl el )y (59 2 golpidiy aliaw sla ey Jlesl b
ool Sy (G335 152 (slanslin (g, 3l ealiil 5 g ol s el dee 50
Jpbolan sl o ool olis ) Jgoz T (gt 55 gl ol
5 hol &, MSE a5l (sljlay sotncugls) gl 05 o alimdlo o5
RI3-R15 o, z5; wusles R13-R6 wyuz &) 795 ;0 pow azld 35
Sz 4 295 50 peo pals sl sancaslsl @l (eizes il
Pledl JB osls cplaS s)ls (A3 ) 795 50 @i ul b i slis

.MLJ'GA
& oS Az -6

wadid jelateds )y e 40 0alh (6 S ojlail cunlie el b o]

3 bl s slodly o Slee aasin o oolatul 5 U 43
slo el )l (ganaglsl pilie Ll .l 1o 95 1 (gl guanl
S5 56 s jekaieas (el aw dlis (ol o bl o0 a0,
Sl aSeln, So oyl 55, p asdlhae 950 lacaabkipas
Glotall Sl glaimie ) lauasls ol dcele (gl ay0,S
E585 Ol et 4y Lo adlllae 5550 &) 75 oo 50 00l (5T 05l
350 ool oBass b asls ool 5l Sy ja iy yed 40 0l ooliul Uas

et el e &S sy MSE a3l o8y 28,5 18 azgs

Gl 3IGT Slalllan ploxil 31 gy axllian 3550 a5 325 (U yiolyly Sk olgl ol :(8) Jgur

To Sl oom Caglglamst | A, ze) lr oo Caglsl A | A g5 sl s Caglsl el | 2o 6l sa o glgl o
RI3 , R6, €5 i | G R13 g RIS esi5 5| GuR13 g RIS RI3 ,R15 4, “’“i; g, | sl
i
DG3 4DGl 39wl po E
1-Z 2-RocoZ 3-RocoV 1-Z 2-RocoZ 3-RocoV 1-Z 2-RocoZ 3-RocoV 1-Z 2-RocoZ 3-RocoV 15,2 o,
4-Rocol , V, I 4-Rocol 5-V 6-1 4-Rocol 5-V 6-1 4-Rocol 5-V 6-1
Sy |Gkl | s
1-1 2-Z, RocoV, RocoZ | 1-Rocol 2-1 3-Z 1- Rocol 2-1 3-Z 1-Rocol 2-I 3-Z 15 4, MSE
3-Rocol 4-V 4- RocoV 5-RocoZ 6-V 4- RocoV 5-RocoZ 6-V
4-RocoV 5-RocoZ 6-V 59 Slesby
1-1 2-Z 3-RocoZ 1-1 2-Z 3-V 4-RocoV 1-1 2-Z 3-V 4-RocoV s S L5
- - - - 5
4-V 5-RocoV 6-Rocol | 5-RocoZ 6- Rocol 5-RocoZ 6- Rocol ol 27 S0 Colieen - o
5-RocoZ 6- Rocol 59 pgo
1- Rocol 2-RocoZ 1- Rocol 2-RocoZ 1- Rocol 2-RocoZ E E 15 Lo
3-RocoV 4-V 5-Z 6-1 | 3-RocoV 4-Z 5V 61 3-RocoV 4z 5V 61 | LRocol 2-RocoZ -
3-RocoV 4-Z 5-V 6-1 I g

V¥ Gl T8 ols o)led Voolad mad ez Jlo Olnl 3p Cnio (559 05 9 SoieS (g —(oole 85

78



http://ieijqp.ir/article-1-1017-en.html

[ Downloaded from ieijqgp.ir on 2025-12-13 ]

By s ple obe B Al daw

Dawoud, M. A., Ibrahim, D. K., & Gilany, M. L. (2021b). Robust
coordination scheme for microgrids protection based on the rate of
change of voltage. IEEE Access, 9, 156283-156296.

Ghotbi-Maleki, M., Chabanloo, R. M., Zeineldin, H. H., &
Miangafsheh, S. M. H. (2020). Design of setting group-based
overcurrent protection scheme for active distribution networks using
MILP. IEEE Transactions on Smart Grid, 12(2), 1185-1193.

Hosseini, S. A., Abyaneh, H. A., Sadeghi, S. H. H., Razavi, F., &
Nasiri, A. (2016). An overview of microgrid protection methods and
the factors involved. Renewable and Sustainable Energy
Reviews, 64, 174-186.

Jamali, S., & Borhani-Bahabadi, H. (2018). Protection method for
radial distribution systems with DG using local voltage
measurements. IEEE Transactions on Power Delivery, 34(2), 651-
660.

Nascimento, J. P., Brito, N. S., & Souza, B. A. (2020). An adaptive
overcurrent  protection system applied to  distribution
systems. Computers & Electrical Engineering, 81, 106545- 106554.

Saber, A., Zeineldin, H. H., El-Fouly, T. H., & Al-Durra, A. (2023).
Overcurrent protection coordination with flexible partitioning of
active distribution systems into multiple microgrids. International
Journal of Electrical Power & Energy Systems, 151, 109205-
109216.

Sadeghi, M. H., Dastfan, A., & Damchi, Y. (2021). Robust and
adaptive coordination approaches for co-optimization of voltage dip
and directional overcurrent relays coordination. International
Journal of Electrical Power & Energy Systems, 129, 106850 -
106859.

Saleh, K. A., Zeineldin, H. H., & El-Saadany, E. F. (2017). Optimal
protection coordination for microgrids considering N-1
contingency. IEEE Transactions on Industrial Informatics, 13(5),
2270-2278.

Santos, G. P., Tsutsumi, A., & Vieira, J. C. M. (2023). Enhanced
voltage relay for AC microgrid protection. Electric Power Systems
Research, 220, 109310 -109316.

Selim, A., Kamel, S., Alghamdi, A. S., & Jurado, F. (2020). Optimal
placement of DGs in distribution system using an improved Harris
Hawks optimizer based on single-and multi-objective
approaches. IEEE Access, 8, 52815-52829.

Shabani, M., & Karimi, A. (2018). A robust approach for
coordination of directional overcurrent relays in active radial and
meshed distribution networks considering
uncertainties. International Transactions on Electrical Energy
Systems, 28(5), 2532-2545.

Shawon, S. M. R. H,, Liang, X., & Janbakhsh, M. (2023). Optimal
placement of distributed generation units for microgrid planning in
distribution ~ networks. IEEE ~ Transactions on  Industry
Applications, 59(3), 2785-2795.

abloglyl @S 68l (omyp sohie @ Wlie cpl Glesl o
Slalllas plodl & pladl itz Jalse aks 4 s aSad, sl yiolly
539wl po puiS 45 050 ,5 Lasine Sldllae (! 10 30,5 ol U
Syl STy wg mlie £55 30 s 5 g addllas 550 lacuabapas

T s 45 0D 3l (LA e )l bl sancugll @bl

syl sancadsl @i jo szl Gls el adlas cod 4,

oW styw > J;Le ysm aS oo d&...w :'}':')

2 sy 090 Sl )b 51 e sla S sl slaeds (7)) Jgux

A oo Hlad 1) golpaing alBaw slo sl oo 5l dlas oyl

oBuss 3l (ot 0590 b olyly slo ( Shrg aods () Jguar
Ol sy sl

(Sl 4 Comluns
. P sl PO 395
bl b
ALY bl p s 5 kb
sl ol
‘5).;0)“..\” ‘_,»L.:; uaal.& U»Lw‘
ol ; >
£9° (53 Wemiin; (&9 Weiny
Fo= (MSE) s/
ol ol oS ol I
ol ol s busgio ol 5 b v
‘_,Lwi bwgio o~ P Vi
] s ok b gio Rocol
[ buwgio buwgio Lwgio RocoV
oy 53 3l 5 Lo oS RocoZ

1gxlyo
Atace-Kachoee, A., Hashemi-Dezaki, H., & Ketabi, A. (2023).
Optimized adaptive protection coordination of microgrids by dual-
setting directional overcurrent relays considering different
topologies based on limited independent relays’ setting
groups. Electric Power Systems Research, 214, 108879 - 108891.

Chakraborty, S., & Das, S. (2020). Communication-less protection
scheme for AC  microgrids using hybrid tripping
characteristic. Electric Power Systems Research, 187, 106453-
106466.

Curtis, A. E., Smith, T. A., Ziganshin, B. A., & Elefteriades, J. A.
(2016). The mystery of the Z-score. Aorta, 4(04), 124-130.

Dawoud, M. A, Ibrahim, D. K., Gilany, M. ., & El’gharably, A. F.
(2021a). Proposed application for rate of change of phasor voltage
in fault detection and coordination studies in MV distribution
networks. Iranian Journal of Science and Technology, Transactions
of Electrical Engineering, 45, 815-831.

V¥ Gl T8 ols o)led Voolad mad ez Jlo Olnl 3p Cnio (559 05 9 SoieS (g —(oole 85

79


http://ieijqp.ir/article-1-1017-en.html

sblax Sldlas o ooliiwl jshaie 4 lceahdpas 53,5 1o o 1 a4l 5 ) sl el )by (g glgl

Subbaramaiah, K., & Sujatha, P. (2023). Optimal DG unit
placement in distribution networks by multi-objective whale
optimization algorithm & its techno-economic analysis. Electric
Power Systems Research, 214, 108869- 108881.

Univ. Washington, Seattle, WA, USA, “Power systems test case
archive,” 2016. [Online]. Available:
http://www2.ee.washington.edu/ research/pstca/

Yousaf, M., Jalilian, A., Muttaqi, K. M., & Sutanto, D. (2022). An
adaptive overcurrent protection scheme for dual-setting directional
recloser and fuse coordination in unbalanced distribution networks
with distributed generation. [IEEE Transactions on Industry
Applications, 58(2), 1831-1842.

Zarour, E., Alasali, F., Alsmadi, O., & El-Naily, N. (2023). A new
adaptive protection approach for overcurrent relays using novel
nonstandard current-voltage characteristics. Electric Power Systems
Research, 216, 109083 -109094.

[ Downloaded from ieijqgp.ir on 2025-12-13 ]

V¥ Gl T8 ols o)led Voolad mad ez Jlo Olnl 3p Cnio (559 05 9 SoieS (g —(oole 85

80


http://ieijqp.ir/article-1-1017-en.html
http://www.tcpdf.org

