[ Downloaded from jeps.dezful.iau.ir on 2025-10-26 ]

[ DOR: 20.1001.1.23222468.1401.11.4.2.0 ]

Journal of Novel Researches on Electrical Power - Vol. 11 -No. 4- Winter 2023

VN gl -yl o)lod —passh Jlo =G 5o (g Slindad (caads - ole ale

SBASLl jo o515 Co pow Cu (S Sl glag 095 5,0 ddugy (530 yaoli g
Sl 65l & 3ed

VoI5 ponlis Lo yaue b3 15 deze S oMWl

ssk1361@yah00.coMe | ! ¢l 15 cdog> g 3105 (600 @] oy (6,18 1 0 g S 1w y08 5,0 bl ol I8 =)
cesuol S15T ol8ils (5, s P sad plal JE0L Ay gl 5 5y (owiige 00l (5 cdiges 09,5 Loliwl ~V i
mm_tabrizian@yahoo.com .l ! <\l 45
hr.shahmirzad@gmail.com .l | o, 05 (o 2Dl ! (owoige Ml o &8 28 0508 5 o)l olid IS5 -Y
VENN Y G b VEVVIY sl s g

x> 4 42 95 b Lol lass 5 51,8 )15 3 190 (4 gi BB ol 1 198 (Sogll pue 4y azgi b (SO uSUl slog j395 039 0l LoISS
Sy 9 bghs 10 oS5 olxsl ucly Cuml (Ko (J 68 40l 3 (399 22395 A% &1 LT JLail el ) 092790 (sLgy095 0L 5
9 Gloasd Kalod ol ajef aSud a4 (oSl glagy095 JLail sl (b 99 (oo s gy S 1M 00,5 4l
OBLo jguaz )0 Cadyb 15l )10 0 e 9 22597 e 10 10 2 (S 9L 10 o i (xSl pais dw (g0 Shos (LB Cu3gae
o9y ol 39 09,5 (o0 Sl a3 sbbygilojghumil i g babas oSy 9 §HLb Ay 3 ((Sudily Clolll (8 )5yl jo b g 9095
39 oot 515 330 50 43 15k 00 S e oS A az gl Ly 095 )LD Aol (gl (4110 y0 500 9 95995 BILe Tasl
A g i yud sy 9ilo gl yi g awy b bohas )5 o5 155 as oo 5L Aol oyl 45 (Jy90 50 (urs Al o yo .idd o0 &l
s 3 )5 o0 (omrd Cand yb 5150 519 0 e b oI 1 Glime GUaw 1 Al Caod g oy 001S Ll 1y (9L 5l yls o e
9 00l [yl digad a1 jei aSoul SO )0 (goledulin 9 095 (o0 Slml 0)Lgd H15L wus SCwd 4 az gl b s 5L acliy

W0 oo L 1y goleuing (9 ool U8 (55 lwanis s

Alole Wiz priuans cdiontet 5 )00 Aol y1 (S RSN (65351 29595 oimmman (oS T35 S ke ¢ S Sl (5lag p095 1 guulS” (selg

Syl 5l5h o yo st (e 5 22585 a0 0500 9 5L doddo =)
Sy oleiiny by cisliel lp lpls 005 Jeged
548 g3 4l laiged b alie (gsliS Ve g8 Sk
1) iy oo g5 ol a5 eyl sl o (g jlsonly o5 Ll

09 Bras 5P Y LY. sgas aS wes o lid sl Sldlas
Sloolainl b s g &ja8 i (So38 Jlisle o ol s 4 LS
G dlie pl j0 0g wler jmals BB oud Co e g dge o,Sles

45 009y (0SB pa0) )b 4 by o Wb Vg 98 o A () ol , .
Sgut Sz died)l ol SO larear (SO Sl slag 095 (o)

Sl ey diges S ez 4y (Digsilent) ccbluSos 158l o5 o

Lzl slegles 53 SerSI 655 @sss bt o515 o oo
Slowle PER% u;)‘Luo.bLg.; Q).é leass Lg)L...»d....»....: 6‘)‘.‘ u)..&s).:

oxds |, (Matlab) s Si8le s e (o 5 (gilwdinge eSS

é_v).&” L;La’ﬁ)‘}?} (:LCQ‘ 9 6)L~.: D)L&) 6‘)’ ] 00 4.4.}‘0))
30,5 (e (7S b9y Semalisn (S 55 @58 e b
)b)'?"}e(.’ A.IQ.MJ‘B aQ W‘“"M . éQL\A )‘ ‘5>).: 9 GLA..LA.C 6waé5d.?oo G


mailto:ssk1361@yahoo.com
https://dor.isc.ac/dor/20.1001.1.23222468.1401.11.4.2.0
https://jeps.dezful.iau.ir/article-1-446-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-10-26 ]

Journal of Novel Researches on Electrical Power - Vol. 11 -No. 4- Winter 2023

[ DOR: 20.1001.1.23222468.1401.11.4.2.0 ]

load, s os glal b ases Jisl cul 5ol )l ad ey a5 Slels
2 S5l anlgi oo Sleo eSS hlug «8ly loy Cued
Jbe sl anle 5iLas 5 5L gt 9 Jb SV on e
28 Syglies walp ) Ol (nl (ilwe 33 Sl L (slag0e5
dge Slyie & Jile 53 (S (655 el joline 4 ol el
Ol B ]y 093 65k 50 ead 0SS Gl 635 5 005 Jee
GalS el (B slag,095 cnlply anled (Bp Sl 5 olidy,
Szl 5 Gxslogm wge 4T 0wd )T (S b G o pled anie
it sl Lagyog3 ool ST [V ogdise pan copae slaasliy
abawly GlacS 18 5 HEaS welas wigh 485 )15 4y (iS5 51y
9 mehal )0 (ke S B e le ©5 20 g 9,095 plle o
Lo g @81 L 4l co loy] il sl )3 ol (s jlasosly
ololo b ols )3 a5 b Ly oS 8 oS i |, lag,ogs
SFL NS 5 s slp 0l andS aAler I (Mg by ,095
9995 ollo o9 0 a5l pal b g L anse o aiss dag]
ALl 4 1) 095 9,095 wiyle jli alavly a5 Slelu o wsalbige 35
lodor > L laolo)l 3 oS i (255 &jg0 10 g 009es Jae
slp Rgis slag,b ol 4 )0 005 axlge Slutdy § Jlo
Jate ) 955 (59,095 45 0S5 0 wal 31, Ol (nl by 55 (Lxlo
9 She 395 ollo lp g )093 i 5 ooy )lo &5 At &
Siboid i [YTez o 5 25,10 el pom & f2ies (55105 5 005y sl IS
pdboliz] Sl 2105005 G B 5l (cadu plprear Jig Jox
b S Sdl slag 393 508 it (5 5lwaz ) LSG Lol sy oo Sl
5 YL izl Lol gl alax 5l ] dzlge go0ate sla il
2ogdle S oo olml 1) (Sl n; OS5 sla IS alo e 4 5ls
o 0l liedl pas b 5 idn ;0 Sawadl OYeed oyl
Sl 1y e yob (65l pos logans 351 ot a5 sl oo
S ol gdioe S e slaalls 4 jmie &5 am0 o
eolis szl G9d (Bn JB 9 Jo dp0 4 (g)fe s 3l
45 Aol B yeS Sl il sy 4l b oS 5 ) wedisa LS
rl o amless pdy el 0,5 oo a3 50 ) b Cualad pue 3G
(G2V) alss alpusg 4 4 Slkas 5 (5515 lo pos glo Joo 22
, (V2B) lasle @ adss alows 5 (V26) as @ adis alwsg
o Sty 5 Sy el o Al argd (63 a0l S sl
dallas cpl ;o 05250 Conlad pac auS o Slpiiny B )l s
&S oS oo w1 Glals e wim (Bolal shyaely cozilr S
Gysb @ S plolid 1) asgy (o)l alepu slagl il Wl oo
Sty 9 Swp Blaea Jlatl o)ee peew anze oS
@ slnly b, [Y] e e o ol Grals sl ; slags S aylo s
o515 ake 515 4l 59,0l DM Gl (S il SBla>
5 oSy wdgs YL Sob cups b wiedgn A SO e A
Joko S oo oot suaie slaoaisS ez 285 s 0 L (EVS)

VI Glis; —p)laz ojlod —eo05l Jlo =50 50 (ng Dlarizd paass - ole alee

@ EeioS a5 Sladl Ol eb p90 S o ke cal o
Ozt g (oSl (6550 w8 A (S Sl glang 095
s J5 sla Sl goe ik (Saalen (3 500]) 5351 il
P i 0 Canlond il elediz i 008 g (o515
aS—b o515 L e Sz glal o 90 (ol e el S b,
6o @l Jolod g (gilwand ogou p)laz (i 00 5 (o0 (B yre

GrS a5 (Gdhge pay i 0 e g Sl oud &l alol>
Sl 0als )Ly allas

Jo 5 los S j5b 4y jole b o (S Sl glag 055 £9090
wlg oo bogy095 Cal ) Cansl 435 )13 4z g 0590 S 10ed &
S Sloj ogasy wiil aidls lp (Sogll als jo ol 4 o
2dyaes 6550 b 5l 9,095 55 sl 5L 9,90 (So Sl (655
Oyl b (S5 55l B asSas e b nl Lol oot ags
B, @y aSeh 50 AisSs Lag,093 (nl 45wl axBls o poe
S350 e A 4 (S Sl g 095 5l ool slaws Jlasl aules
Jrs8 aSes sk gl cupe sl il b oo 5L 5 (S5 2SI
5L Gl s aed 4 (S psll glagyoss Jlail sz el
L alal s Sl (Soe (S5 el g O)laS 595 ed (e
205 caclae goladl anze hexd 5 )L zsl Slel Job o
S e S0 @ g 55 Jlail ol 5 U8 pae (eizres
ol Az )3 5 Brae Gl b ALl sbnl sl bl
@8 S (ST Gl A e 095 a5 005 e aily,; Lol
S by G G b o sl Bpas gl Slelu o ofiga
9 P b A e o5 (SISl slag o555 (sl ogllan
G5 ] D dmngs (lgion 03,5 o8 D )3 oy Bpan
0,5 sl Iy g5 B ran g adey o Jolad olgs g0 Cpizran .Sl
sl rlply 005 0 LS goie ol 4 jzmie 095 (pl &S
oyl @58 pter b (S0 Sl slag 095 plesl 5 (s3luaz LS,
s @8l 5| (S g Slides Glacogamme 0o 5 (Byme S
ot oeze 9 5L )00 0 5 @595 e )0 0 0 alanly @

20,5 Jeteed b b ikl
Sopie $acl ot )3 53k SIS (B slagoss l eslinul
Gy melas OBz 9,5, dhex I (lr Cleas il g B ras Cons
logyoe5 Lawgi asl ol ilwosly wo)ls 0pd g (S B palais
4 el Ggloge 5 alinelys gl plalo sl Wlsise By
3oolaiwl b o8 pae o pae lodal p slyzl jo iall alils of on
e sbaddyed o5 5 il )0 dielign slaygiS wiile Sy
@y 5Pl Brae (Bp blog a5 09d oo ol 2 (Bl cnl ey 2


https://dor.isc.ac/dor/20.1001.1.23222468.1401.11.4.2.0
https://jeps.dezful.iau.ir/article-1-446-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-10-26 ]

[ DOR: 20.1001.1.23222468.1401.11.4.2.0 ]

Journal of Novel Researches on Electrical Power - Vol. 11 -No. 4- Winter 2023

Sy 092l 258 (o0 Co ke Miadgr dD G 0 Sge b
5 cole> 61y (DSO) g5 pims 15310l sln 1) )l pladl
On Sretept o, & Gl WS e aRie L
yob 4 EV sleosisS aams 5 (DG) ousSTy adgs slaoaisS gz

2 ol plojl Copae gl aiSS Sb ) (sux ploojl JelS
25k 4 a8 Jolaiels (cwrggil VY& 00595 i S5 (59, 2 0] 55,
Sillygs DGS DGS (WTDGS) ol slappusysi b osad
oas 42, EVS 5 (DEDGS) 3o 55+ DGs (PVDGS)
el 00 a0 el

oglite ok a3 Bl e 5l @S1E Al J> By, Rz
S oI5 oy sl ) gy iz [ ez e ool ouds sl
Sz s Shb g calae nodle alol> shlse 5 55, L Gillae
=65yl ol Jaol 51 2bsS carog .l 05,5 a@ill (g 5lwonly
S50 0,L3l 3 (oo peal o

Slosls GBL 5o 0 0 e Gh9)y Cnl 5o s 4l Cud b Ik (]
09> 51 b Ol (Sloy aebin 15 @595 s Hl0 0500 101, 09>
s 00500 el l 4 uly 3 S (e S )05 e 0
515 Cudgaze o WSl &) 05 o (6l S SO e
Sloj by (o iy 4 sLolis 5 aiS oo il o Cesla )T L bl
dolol 098 Lol lacgogasme plai a7 Sloj b awsl 3 cplaiS o]y 095
sl sl (b sy paiz 4 Wlgi e 5l el S e g
D] ale cad (e 050t 9 [V 0] Glay Cond oyl 050
S 2588 s 5105 0500 [V Y] gy ol o 4 sligy 4,85 (o
S8kee (sl a8 S oo lml 1) el Gl 5 (e Sl (ol &S Cod
ol SR Ole w il oad ot Bras Jlake gl Al
ot [ 4l Slo slee,S )0 Cuad s g jladie I 0 0
S (oo dlime JUATI S 50 (0515 Al oSl sl 1) CearB g 00,8
wliy S g a1y (Sl aSds gloo,5 adyas (550 o o
Ad 48ys3 g oD Sy GO Cead 4 4zl b ] e Sloj
=009, V] 5 Y] clllas ool g ogdle oS o slowl Seslins
sop S pn Caad Ui G Slesliil L) (Sioles sla
30, odas Heb a4 .cwl ol wlplis Glhls a5 S
Srae simeliy Sy gandsesd sl sl a5l asllae
SIS LSl Ssie B S e soliial 5,055 53
Jog o2 4 S i JiSw S5 @bl 5 009 aie JBlas

Nyl o0

VI Glis; —p)laz ojlod —eo05l Jlo =50 50 (ngh Dlarizd paass - ole alee

"

Gl slodae (i Gk ) eaiSaex o dew ooliin
Jelos @515 Rl 45 e g 1) 4D 5w (e dlone
GialS L 5y 4K (sl Ligy sloenyd a5 WS o ol gl S e
0 i Splgs B 0atiS grend 52 dgm koS g w525 L oS5
Sl Il 0 53 (o151p0 dlades 0515 Z ppko aelSs S [¥] 2250
ey, 3 DER g5 iz L Lo (ADN) (e 555 a5 S,
5l aeds siloaige Joo G Jol alo o p0 el oads slpainy
w3l ey, 5 DCR) s J 5 wlis pliel & a9 b
oxd (b o3)lpe b ablis slp pgs Al o ile dte S9S s
SIS (S5 elS Gi gl b aSiyy, 5 s DCR 8 a5 o
lasgi oals &)l Lils leas a5 oST5 o pae Joo SO G
Sliles auze uile, Jilas 4 Gus b iy e 1,3 1, WDER
ol gl gl sl 00d sloxl (DSO) g5 i 331!
Jole |y cilize plaiy gdlie Wlsion goloian gy &5 a20 s
axwgi b [0] a2y y0 S Bl e jsbo a ]y 4 oS5 g S
otals sl (IDR) (xhaws 50 4z LS lolis fuly wozjlz S
Y o )0 0508 5 0 Eaoge (pl 4 odd Cax glaaSl jo (ST
5 S5 2lee (S Jlesl b ojls wad Jiius pias 531!
e g8l 3 Gl whaw o ans a5 o515 (5 48,05
bulys o S5 (Sl 4 azgi L) 095 oS> (Lo g oy TN
Sl oy90 wiz )5 Jobs clle G oS waisS oo (g, delipy S8l
i L 0lg5 o3 5 Ol (oo s a5 45 WS e sl
sz S [Flaz o0 ol 1alS oS o loj b L e 48,1 S,
SIS p e SoS Glagyast saiSaer sunple;
1y a5 53 o515 45 w8 oo bl DLMP) a6 JlSe (sl
Lylys ) ooliial Uy oy ombans 90 alies il g0 Sl 4y
st Jao (b S5 alis 4 (Sg0 andB 5 SU-(meS- 0g)lS
Sleolatul b 1) BV saiSaen coabd pas Cgzjl> opl 00
ly 4 V0 elad o595 A b g 025 o0 ,hai 50 (598 (g0l
1l S V] ez o 50 08500 GialesT 0515 g 5 0515 50
Jodo 4 a5 S (o0 )l @595 e S )3 515 S ke sl 0
as e 5 (PEVS) (50 (Sl i Jiluy Sialanls 5L
S o5 S PEV 35i5 i51as 551 sl (helows aalllas S
Gl wams sl 355 )0 A slacysgame (Ak (g9 Silgi oo @595
238> 9 b b ooleiin 1l 0 Shoe (nl pogdle el ons
OSae PEVS 85is iSlas b5l sl sands o3 5551 b S5k
bl )5 ploojl @ U 0,5 o0 1,8 Jlod g 4o 9590 4l 5o
Supe 51y 03, S ik ozl o (M@ s s mani g e
oad il ik S e Slpiday Mielige gy SlaaSid o ST
5 DMO) w555 whaws ;5 )13k H5ilnl o 55502 sl 1 (5
o p2ld 05T slajas als 6l (DTO) eols SLily 5
@ ,hl ye GBS e85 G esls JUl Sl a5 g5k 4 WS


https://dor.isc.ac/dor/20.1001.1.23222468.1401.11.4.2.0
https://jeps.dezful.iau.ir/article-1-446-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-10-26 ]

[ DOR: 20.1001.1.23222468.1401.11.4.2.0 ]

Journal of Novel Researches on Electrical Power - Vol. 11 -No. 4- Winter 2023

509,5 Sl gllas 5L Sl ¢ S 2SIl g5005 S (@
Fll el 1y 5l by (S SUl 95095 S
S oo g5 5L ansa o yieS

JUyl O 51 o a1 1) 5L aslpy (S0 3801 (59,095 Sl (D
S e

o (S S slog o9 51 oL asly (55l slalo e ey (C
@loylopope po 1) 55l iy 5 00,8 (gslanz pliols,l 3
S (g8 b @3 il

G5y e 612l L1, 55l asly 558 el (110 0 (d
S (o0 9l QL sl o o o0 pled 4 s Lol 5 51

4ol ol AL10 092 o515 45 5 y90 50 GEsL sl e e (8
oyt D)ge nl f 50 a8 oo Sl I e e 4 1) 55l
il gk b 4 1) 65l asly aslyi oo OSL slajls
Sy g0 o al>yo 0wl g a8 sleriy

5 08 oo Jloyl GB9L o0 @ 1) il o 3L oo e (F
Cenrd 5 oals il oy e |y 55l asliyy o b9 Lagy] s
De | Ko sl

logyog5 sla ) S plas 4 1) b e (5l slalo o (G
S e sy oSS

~aeliy 090 50 JalS jsboas o515 b 0s s IS5 g A >l (h
29,5 Bd> (s,

sloiion (65,1 (lakasd) ST 5150 a4 alol> s5,50 1 olgs asby (i

Dy s

=030l (S 2SI (slog 395 (551 lovasli a5 el (nl S0IS pore
Bl ol Jlol 513 U e565 w0 ot b G561
2ol Soalen (555

b oy

9
3
o
¥
; 3 7
JES 4], 4l e JE 81 -Y N 3
< Py
A (g Jlo] K55 5,05 v
e
Sy S — 5 iy g e oyl ¥
y vl \\\ ;
S Y 4T -\ A oo 16, 3G glo gy
-

————7F

IEC 61850 L 4y 5 iy ¥ . |
FOs &P o 00 00

1300 ol S 2SI gy085 -1
JYERTTEI P P

30 gloj by Jo) =¥

oy a5 y0n 5 s

836 gl 909 ) & o el 9

el )5l

@oloiey gy I 2ok (V) S
s 05155 o pae 5l glie SalS g s oS el [S3 @ 03V
i S D11l e 1) s ol s b5 i

VI Glis; —p)laz ojlod —eo05l Jlo =50 50 (ng Dlarizd paass - ole alee

\Y

SOy (9, Y

Slp w90 (Hlp alade S (g, -Y-)
e b Gp iy b &Sl (Sl Cope

S S sy 045
b a9 i 0515 S e sl alele wizr (6550555 5l allie
P Sy Sl o osliinl (S Sl slag e (58,5 Sl 5
e 150 a5 sl ] setnens LSl o dlale wi gt ()]
F sk & Sl a2 58S (s 5000 (e abudes LSl Sy
s bl 00,5 oo Jlesl Gl Gl 5 YU gl g0 50
oGkl 2 JysS s (ol alados Jlslo 90 0 hlie (oolerinn

s @595 s o515 S e 5o abole Wiz e 95 1
Olye 4 aSd 52 4 o o515 Lad axddS wlalllas yo a8l o
OSee a5 (Jl> 55 g a8 I a5 ae gilesandl s Jle
Aol et Ojg0 (nl 5o il G150 4l bghas 55 oST5 ol
oSl bohd 4y azsi b Ceslioo (oSl slag 055 5L Slej
4 (S Sl slag 55 550 asl) oo Sl 40,050 & g0 00
Ol 058 0ols posd b 3)ls 136 el oSTyte b3 b e 2
ST yte sl (ol il Cad ool s iy i anas b
009y Silwand 3 Sl S5 @ Y Sply o0 Soge g
g 00l Sed Soses 4 CubluSos 5 e (sl o 5 golpiiny
@y aoLS 58 a5 Ky CillSs 4 wlas S 15 eslia 5,50
Ml S5 e g a8 laasil gileoe g (gileand
ol ceslio 9 (598 (Slowlne

5L sy oy Jole (e (Koalo sl sl aaid SloJSS5 5 0
Al Jolss e plgie @ b Zead [V 0] 55 s o000 5
4 oSl Syl L oy oy dawgs (posleiin lals e e o
9o 8l (L slals o e 5l Dloleiig sl oo Sle) s,
s O 9.0 43 9 33,10 00 1) (oSl (slag 095 (Fanles oS
orl 30 aiS e J5S g syt 1) (SO STl glag e 5L
S slag 055 5 GBL sla sy 0 e (e (Soolon ) callie
S 09 (g0 el (S STl (65,095 LS S50 50 (55 el b
oS by o3 2 sl ale cwd sl (2ol (Sig e re
bles Wlgs oo (oS 59,095 Jole Il (nl o 058 o0 iy yeS
Ol FYL CaB by Sloj 0y90 Job 5o 5L pae b 5L a4 ) g5
REV- N}

Ul (sl b 53 osilye aludes Sinlon ogu callio alol 4o
JSS 0sd o0 A Ol @s St 4 (Se Sl slag o>
s oo LS ) eoleiday slabs, J>le (V)


https://dor.isc.ac/dor/20.1001.1.23222468.1401.11.4.2.0
https://jeps.dezful.iau.ir/article-1-446-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-10-26 ]

[ DOR: 20.1001.1.23222468.1401.11.4.2.0 ]

Journal of Novel Researches on Electrical Power - Vol. 11 -No. 4- Winter 2023

4ot o515 ange ale Sl (] )0 a5 I s ale S g oud
S atbge P rSmreds pite 5 (w03 o ol | a8
Slagss ojled ool olis ¢y wasls J=12,..., Ng
Slag,os olawi N g (9l 10 o0 o b ol )3 s S 2SI
Ao e i 1y plK GGl o penee b oslsylE cou (S Sl
5 Sy oy90 o)lad yols las gl ‘5,4>LM,I =12,..., NT
Pl 65 o iiie (S 5b poe ilise (532,00l 095 Jsbo
Sas b els Sl oyen po 55l pas b 5L (6l (6505 e
SOt G Ceed 098 se (B2 Bl LS anze il Sl
alax>do 5 o0 o Bas b Ll (astine Slej o0 0 40 ool
) Gy dgase
039% Slp Y 5l Solae b 55,30 Wb 5L 0 39250 5551 @
w2l gum Sloj
25k 65l )b glae b oS Wk 5 5L )3 0950 5351 @
S0l 5L 25 Sl golae b peS b la s @

23,5 o0 Al 25 &jge 4 (L, e

N
Minimize: »(®;+&*A®@))P;t j=L..Ng
i-1
4y 4z gl
Ny Ny-1
SOCO,j +zpj,itj,i 2 SOCMin,j + Z E drive.i1
i=1 i=0
OSPj,itj,i S B i=1..,N; (x)
Nt Ny +1
SOCOJ +ij,itj,i < m*Ecap,j + Z Edrive,i—l
i=1 i—2
0<Pt;i <E o) i=1..,N; ")

ol cuod A1) wam 5, 3 Sl cend Jlop @ ol 0 a8
P o Sljoyes Job b g ale coad om0l S35 <l §
SOCinj 5 6t adsl 5,8 camsy SOC | was o i,
e oo Ltd (o 58Ul (69,095 6 5L sl 1) (sl 5)LE JBla
5 S0l 9,095 sl 3V oad (i (650 lade Edrive
R K S PP yc EROWIC Vi P SR I S
) S (59y095 (soleiig 5,00 Cundy Sla> OFE s
[ A SR CE SRV R P G PSCOUNIN () JPC SRV I
cord € b sibesd b Egpis ol s unlp
$9,09% 03,5 VP (gl o5 wilo wle e 4y ozl S)s

2305 o iy 5 O jg0 dy (SG Sl

VI Glis; —p)laz ojlod —eo05l Jlo =50 50 (ngh Dlarizd paass - ole alee

\Y

ey dsd oo ool 1 el camie VLI 5l ola sy 5 otljen
» g b @lelil o a5 Glasl cwed b Joe Ko
o5 EDlebae e Jdo 3 99 ce ooliil (5ol lSul slb oS
e “Sﬂ Sl 5 06 se oolasiul g oazie VLI I S g0
a8 oo wll Ik a1y Blgs 5 5 slaslering Bl Jolas Jsrune
5 oolaul b sl pdy oo g &y oo 8 glags il Jelds a5
bze )3 Olg s Wl5i o0 G5 SOl (Y e 15 )l ales
Gras g adei a5 cpl Lo 4 aiile Jolete 1y oas Jloy o580
S o pe dawgy b Jolw pae il Jolw cdl> jo Wb adeen
ik 345 95,5 ol i (53 ,Shat el 3 JUEH i
ol 50 ol gy oMyl 4y o ey g el I3
b (arass o jSles Sl LS 1) 258 0515 Ca o Wl o0 GRoo%
g g0 dloul Al Y a5 Jloj o s b il cogdle 4 o3l Jled
Sl s o2 o Lags o515 Jlaiod o dlge 5o sim
S22 3 S 59,095 Sl Ced (e By 53
309,955 6L AT o b gl cued 1 YL e C oy 4 LS
Slausp @598 e )3 0500 &5 JUS) 0515 2985 (Slej o3
ol edos 5o Lol glod 5, (iS5 CeansW 4 o515 B gl
b agzlge sln 1) 450t o5 Cow T 95 piam o 10 0500 Syt
alw Cod 45 0500 (28 (il OIS (Gl g, Lol
boog—dioo Jlo)l G5 sL sl jlo o pr 4y a5 Gloj yo wilgige
ez 1320500 51 S5l Gl S| (S 5L (sl s o e
Db @595 phmam IS po st odle 4358 PMlol S C3L ) & je
ayp phals slaol) wilgh g osged Colex ik I8 po s 0 Sles
el s Gldlbl 5 Sl )| slocs b n ) (g5lwosly 4l »

2o 558 (gilwosly 5 (g 9590 |y 2368

S el drwgi g Al (oo Sge,d Y-
5= Sloj 4ol awlei sl sauaz g, Tal jo (isu (pl o
2l Jserd arwgi oS Sl goads iy yai (SO Sl glog o>

G ol wcwd Soles o, o] s o olllas
Pgd e Gle 4> Ojp0

S lagyo95 55l (Sloj aoliy g =YY
b rmelin 5l (S S glag o5 55l Gloy 650,80l 50
D9 oo ol (S5, 4l l g p0g5 5 L 0l 8 50 5 ool ool
Sl 3l 00,91 g ogdle 5,Le anje ol o> boa
095 Np o sipaalip (loj o) aiilign 9,095 Slle (Sl
Sloy b el S wilgs o (Sloj 050 2 4 350 0 e Sloj
S il Joe Sleldl a4 Sy a5 asl 428 VO U Y- Jolre


https://dor.isc.ac/dor/20.1001.1.23222468.1401.11.4.2.0
https://jeps.dezful.iau.ir/article-1-446-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-10-26 ]

[ DOR: 20.1001.1.23222468.1401.11.4.2.0 ]

Journal of Novel Researches on Electrical Power - Vol. 11 -No. 4- Winter 2023

By Bua b 58 yete o aline S a4 (V)35 1o (s livinge el
Cand a5 05 g0 (28 3le] alai ) 05 o o I3k )13, oS
PI:E,i () abasl ) (g 5ludig aAline Jor A s g Sl yho il
@l o L oy 0 ¢ (B) pmiy o5 5o 4l jo ol o
JLsl Ok Slopeste sln 1) 995 oy Sloj asbip pufitns &5
oS el Jdo 4y a8 so s |y il Ced JI5L 10 a0 500 9 005
Bl iy 22395 s 1032 0540 BB Ly g 13 510 510 00 S
w08 ol [VA] s [ 0] wldllas 0 45 oo lon ool a5 o515
Kb Crod 5 553 oot abal, b o Wigi e sl oo
osls A Slade b (P) dolee aigy Ols> PI:,i (A*) Ol 0 aS Logl
ol 3L 8550 o Ken slaplS slasy M a5 Jlade gmy el onds
Syge 4 Al e &S wms e olid |, p8 ojlail a, €R
B i b il e e e 45 09 bl 0L, = O
olas L T etd o8 anld ool ad walss radi ol Ses
.MQ‘SA
Sl S ples 4 | ales cad (5L Sl 000 (Q) i pl5 50
S (59,095 JHS 58 s 085 (o0 Jloyl (S 58Ul (69,095
@ ale Sod SO o5 Cel opl gl Lo 005 (0 5L Jol B 4
ol § 058 0 09938l 00l S i ($5,) S8 sbcend YL
@Bl (Sig cupd 50 43S Seo [V0] Wlie b aslis o a8
Al oo gl Cod 4 €
BT (Sg mpd e Wi B! @) Cemy 50 L oS5 5]
A slp oS G50 50 o Gy (F) abyl, 5k Lo cd o,
Onl oo 00l 15Tyt Jas 4y iy iy 3WS1 50 bglas o o515 a8

Slgn Cawdy p alal) 5l btz slag 95 (sl ul o
ZO'SXS(E\/i)oId A

e (g, ! HLSS 5l A ey 0 4 ams e plis Akl ()l

&(EV) ),
69 0Lk a5 (pleg,093 sl ale Cuad 4 (207wl (Fig curd

55,5 o i sl figo oS e s
@ celie polie ol L) 395 slaatalys wiilys o 5,095 (SL
Sl jio plp € STl slp s plis (asgly (Ss e
5 s ol il e 4y 9,055 Slo oS am3 o i 25,5
Sy 4ol SG e yg0 ol 530S oo i | ol (Slej sl
Gl LSS L s )S (oo JLosl OSL Jlop o 4 5 00l a5 o
b Sl oyes o ], 4l el Wl oo g3kt ool dapls

VI Glis; —p)laz ojlod —eo05l Jlo =50 50 (ng Dlarizd paass - ole alee

V¥

g, =[0.01 0.01 0.01 0.0 0.0 0.01 0.01 0.0 0.0

0.01 0.01 0.01 0.0 0.0] ®
wly S Wl oo (So S (59,995 2 (398 (silwainge Al b
S 55,955 5 5551 e sl Egame a5 o)y S 5,

Sgbia 00ls olts P b sk 1o pe e o 0
N

PE =P, k=1.,Ng, i=1..,N; ®)
=1

ool i lp casls K g 55l slaylo po e slas N a5
348 el Sl oy, 0ulS lej ael p ol il o lagyT Slows
P i 53 45 0 S (o0 18 oolital 3,50 Sl 7 s anlllae (]
0) v 9 O 093y sotee 4SS g sloplS o 0 i
SRS 5o 0k Gy Gl b ms Sl e et 0
& St S brnl o a5 a8 e s 5 5L cahluSes

Lol s Jow VKV

oS 1H oo glp @5 Hlil 2 (Shme J S YT
&I§ S
ST oolerin anie &b SO L L e » J5uS by, oy
o3k 2 50 GBSl Jlon ope S Ul ez Dol A ge oS 09 oo
i oo s ) (e
P E 2

e =Cy; (Pk,i - Pk,i) &
Ol Sl b canlio o Si9 cuye Gy g I8 e Py o8
-t GyeS M g Cp i 385 e s o o)l | o
058 Cule, b 5l (sl 1o 10 10 plad 4y 3o (o5l Blas Bas 00 )8
Bl o 82355 e IS5 0 4

Ng Ny ~
min: > >'C,, (Pk,i P )2 P
k=1 i=1
4 4ol
Ng _ ..
;Pk,i <Py (1), 1=1...N; ®

S w3l e oI oo ot sl ol i Py (i) o5
Sl 4 az g b gje el )10y 0500 bansgs Wilgi go Jlo 55k 4
oz (g5l dingy lins S At (ol 090 00 (eSS A K00
ol Byme b ams oyl 55 [VV] assle Lo e lallas a5 ol
S1SY s 4 wilgioo (V) alal; & A(T) alo cwgs b 515y

05b bas p S
Ng Np

L= chk,i (Isk,i B PkEJ )2

k=1 i=1

+ZA(i)(ZBf>k,i - PCapa)] “


https://dor.isc.ac/dor/20.1001.1.23222468.1401.11.4.2.0
https://jeps.dezful.iau.ir/article-1-446-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-10-26 ]

[ DOR: 20.1001.1.23222468.1401.11.4.2.0 ]

Journal of Novel Researches on Electrical Power - Vol. 11 -No. 4- Winter 2023

Wby 03,5 &l o515 4 yzie Woow) ST al> 0 cnl 0 @
aoby g ool oled anl (S Sl slag 095 gonple 5 5,L0

2 pdyee 0bb
Sl lag o9 gu oy 5 5,L asliy a5 (Sy50 o Ll @
o515 5o a5 (grate 4 dzgi b s S Al (oS5 4 e
wlo Cood o515 Olime 4 a2 b g ()9 b3 b Ceny) 00
b i o0 st ol a3l 5 5

23,5 o CyaerS
JUol GB3L oo e sl 1y da0z Coand a8 )b 150 1 oo e
a5 1 555 5L 4l S0 S| glag 093 lSILe b S
RVER B CO N NPT VIR CH DN SUUPS g [ PRV CS GOV W

mb‘_g.o ubl@}l rJl,’; é—é) ol b as > Q—.’.‘s

e b 9 g5lw ams -F

5 o0d (Byee ol wlasie 5 adllas )50 4 il 25y cnl 5o
555 4515 silond Sl onsl ooty @l Jelo 5 258 & g
s L8 Slalllas diges o ool Cwsdy ol b Jlox! anslie ol
e g0 el 5 5 300 b oo o5 [11] 5 [10] g
L B8 gh 99 b alie plore «dspen sln sl 485 090
b oamlio 5 (V0]az e (cm) Jol iogin b amslio w5 &
el oss 58 ([N ] ez o 0) 9 rog

ol 28 5 L5 )3 (6990 anlllas 10V« KV (olads 555 4ty S
Sl el o o0l i (1) JS 0 o] aas o5 o151
R GRS TR ERCESSP AR PYARY PSR 300
S amd oo oL 1) S ladls )9aS 4D 13 @595 sl diged
oaiSBrane b Vg @i B> 4 el 1) Gy mlan g0 Juls
Joe calluKs Sl5dle 5 5o asllas 050 aSls cllae ] [0 aS ]
&9 s () 4 (S 00ilS Bpas Ve e slawr ol oad
A o b igdae (58 (S (ggy09% ol 1Y+ 4 00gy Jats
et Slelill g (S Sl slag 093 (Suily slagsl ales (238
s 09,5 VF 4 (S0 581 (59,095 VA alsle wiz s (5L
g e ool i S Sl (glag 05 ole V¥ Lawgs 4 o
05,5 o3,z ln 1y Slead BL ooy aw a5 058 (o0 B3
Jgtee Jol QL Jlopoyer S (o0 pald (S0l (59,045
olatsl pgo sl 4 A b5 Lalse ool B b\ (slomg, ) else
Ohlsre e crli)ls @las pom (550 @ 5 Jalge s 5 wbio
52 5k gz S ELT 515 L3 (slalh 5 i 4 iS5k

Sy0 cpl j0 e e axd S a5 0 VIV KW G uSUl (65,045

VI Glis; —p)laz ojlod —eo05l Jlo =50 50 (ngh Dlarizd paass - ole alee

&3y 9y pl 5L Soly -Y-Y-Y
O o adllae 950 15 IS g, 6l SLs Sl (V) JSS 0
o)lal b3 5l a8 jsblen ams (oo Glis | anplej 092 5 i 3a
a5 plil T s o5 evaline 523 pl Sho S5k o i 5w
=0yt byl 1k o0 e 99 g b (e 93 (ol e Al )90
OBL Slope e 9 &9 i o

sl S S

Slog,o95 oS jpa> 5o

&3y

I/' Y
g 33 ol g2 Job o B Cond
R e s

\ s o Jlsy! J

l

e Y
[ wemsl S slag oo 510 wali

3 oo L gags S0 Lo Jik cos s S 4y g b i S
e B g A e o T

a3 o Jol iy

- t s ™y
\\\ y el aleen L

ol S S o515 s g (e L il )

s e el el s

:

ok loy Al g aze s Wy, pl Sbo Sob (V) S

3k Bk 5l e, Ald 5leyee S Jsb jo 5p cwd il o @
5L 510 050 4 995,50 (e L 10 0 5 Jasgs i 35,
Dgdse Jbo)

2 OB L ooy 4 Zadyl L o se s 5l Jle)l s @
o055 oSl g 435 15 S S (slag oss lSILe L]
Ny p amgh ool (rtl CeonB 4 daxgi b 093 55Lh by
el 55 GB9L Jlo oy ais (oo I 5L o po o0 25150
s 10000 Sl 1) (S lag 095 gunle) 5 55l
leios o)l @59

695 1 Slowbre plml b 358 ol S0 0540 com al> 0 o @
w3 (oo ansei (S Sl glag 095 sanple) 9 55l asly
7 L o9 g0 a5l 40 05T ol Szg 4y s adliyy (45

55,5 oo Jloyl GG 1 ey s 0,lg0 4zl g

V0


https://dor.isc.ac/dor/20.1001.1.23222468.1401.11.4.2.0
https://jeps.dezful.iau.ir/article-1-446-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-10-26 ]

[ DOR: 20.1001.1.23222468.1401.11.4.2.0 ]

Journal of Novel Researches on Electrical Power - VVol. 11 -No. 4- Winter 2023

ol 0als o0ls ylas IS Sl 50 e g L aS VY o les

il el b s sl

Do oo i8S Sl 0 Y KWH 5055 2 gL sl @

ool 5L Sdy IV 9095 1 5)Ls Cumdg 4yl jlade @

oS 5L Cedyl /Y (g5 5,055 50 5L Consy Jil> @
Dgd oo

b Bl TAD (55) p (Se Sl (55,055 5, Candy S Tas

Jods onl @ 5L 5L Cumdg SSTas g JBlas 5 095 e i

ol o gp093 5L 5wl A5 005 e (s

e

o 0t 1 6ol o]

el cLlgglaS /(5550

Sacbas 9o liS /5 500

T

el ClogleS £ (53400

151 68 | aLiolh (o

W 555 o o o oSSl 5,095 Saiil, Slalyl () IS
Sl olerin (b9, ilwosly 9 5iludnd @l (i3 cnl asll
ol &bl by, ol dalgs il (S Sl slag 095 5L (55,460
bl JSSon 5l ab ools meses L8 sl izn j3 a5 jsbiles
S o osliiul (L ey o b bLI 6l Cd b genen
3,99 SB35 GBL oy oy Salen (B, 5o Geizen
L s iy L I o6t 4 45 03 e 8 555
AL e 6 yslpan ol o ol 5,395 (sla ) S oy o |,
i o sl 15 55 5 355 0 aimdla ) S5 55 o5 5l
L s il e s 45 b USE ol el 5,90 o515
2 ogyoes 5L allioe jho ale Cwod Cud Al e o a5 ()l

e Fomb Cuwd oS Sy alold peao il U freiiia

VE N Ol —pslez ojled el Jlo =3 ) (g5 Slidod paads - el ale

\$

9790 Sedyl) Voo KW lag 1095 pla (51 39290 g5« Slalllas
39 ey E5 9 Loyde> i @y Sy S8 5ike il
sl 39 a 415 a0 ) g el Gy Gy Gy
AP X bohs axten oS15 (om0 o)l (nl i b oS
S alrg,093 7 a3 )3 (ST 3929 D90 50 Jle jebas e

olps Wl g 00g Fee oST5 cpl jo ladd siiwe Juate L7 L 4

WS s (Vo) dhal) g wle caed 4 o 1 20wl S
External Grid ER
=
x
B1 —
=
it
@ 2
@
E
Line5 | Linea B2 — 2
f 2
9 = | 5 &
<
E :
& = B3
o = T
Line? o Line6 >
A=
S - g
<
>3 2 B4 r
Lines B
=
Line9 BS —
9 <}
9
W
o = L7
=T =r
[an] [an]
0.54
0.52
05
\% 0.48
3 oae
3
7 044
%«\‘ 0.42
bl
j 04
1 038
0.36
0340 5 10 15 20 25

Cactan/ e
397 85 Sleb J3b 0 5351 o (gt g Sencd (PS5
S L Ceod DMl o S U slag 095 5L Sloj asbp s
Ol el atie oS j5bo 4 a8 098 0 (28 (el D90 4 3
2 dele VE Saul, ledlbl .l o 00,51 (F) JSi 50 lacald
SleksS s 59 5,095 Y7 o 10 a8 05 0o ol (sl ey ol
cwdini 59, Voo BVF Gow 4 GPS dleles 5l oslaal b S Lals
o 5 ol 5 obl 5 ST ey Sy Jalis Sledlbl s ;o xlans
L4233 10 (5loj Lol 4 ol ledlbl il o olite i o
-0 Jilie 05l oo Brae VY KWH (Ve KM (o 545 505
@) JSo ;0 VF B Y slag 095 Lawgs 0als O pan (55,5 Jlade 00,5
o 0 355 | plite 5551 K, Lng 055 ST el 0 g5
20,8 oy Al 4 pac g 00,5 S 093 A e L e

95 wile Wlo (g ey 5350 @ 5l bl 5l (e aS Jb o


https://dor.isc.ac/dor/20.1001.1.23222468.1401.11.4.2.0
https://jeps.dezful.iau.ir/article-1-446-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-10-26 ]

[ DOR: 20.1001.1.23222468.1401.11.4.2.0 ]

Journal of Novel Researches on Electrical Power - VVol. 11 -No. 4- Winter 2023

ooy o as Jl> o casl 05,8 oy Lzals <+ -0 $/IKWh 550>
Saden B o algs <[00 SIKWh sg05 4y zalS ol oo slo
oS5 aS Slebo 4l 955 B pae sl gl 2l 5,993 (L (1

s Jl o las o9z g aSiils yo

D005 ’,.1_‘ T T T T T T T
an -

ams -

A
A5 -
05 ,4]

058 L L L L L
0 i » n a0 0 0 m 0 [ 100

&l adds 10 okold gloj

Ao e 55, (55lne Cungd M H(A) JSLS

(abs clgglaS # JUS) 5239 ol ]

0550 (ke dd bS5l odel Caws @ Jloges g0 4 ezl S L
Ol 2lys 5 5l by a5 o ragh b amlie o adlas
@ Oly oo e (oo i (1) JSb Billae |, (S50 slag pog5
GRs% 50 0515 1) 5 il i e o 290 oo 2o,
ST Al e 93 50 bxil yo oS (o yo a8 5 plowl al> o iy )3 o
205 (o0 &) @i ASeh o

S Sl o e Jgl iy 0 e S g, do e
9 00n lale Cud Aty adeen (SO S lag s
bag 095 5)L5 5 Olgs S8l yo CuaeB a5 Sloj sloe g0 4y 999 51wl
Gl 6ysb Jol al e )0 a5 5 08 (Tl VL
g9 ploxl 1) 953 5,L0 (rmly (Sledd (5 090 40 45 wams oo ploxll
Ay 50 Lol 00,5 so @98 il 1o oST5 bl @ i yal ()
sl ale Cod b (S Sl (59,995 wax S 45 0980 (558 90
Ol (sesd slaeyg0 (sln 55l ik 5l (o858 Lo g Wl bl
e alols) aST5 0,50 Jlaiol alS s oyl 5 oo gtz
B ool (oo aslol liwls cpl o jlo ol jor 4y |y (Conl 0ols & o515 a5
Syge 53 Ll 03,5 (oo @) 4l (ST 1SS paey aloye 0 4
Lopgs al>yo o g 0ols 2, aSed o o515 al>ye sl )5 casdllas
o dlo S (Bofal (i o rd (rizen g il Sueld S92
515 iload o515 sl o oS (bglas o8 5 5 gilej9insl 5 (sl 2
4 S 4D o515 @3 50 aalllas 390 g 335 (o0 @3, 4SS
@ eized g axlye o515 @3, Jolpe olaws alS L gl (Aegh
S g Ty s Sl ar (VL Sy b g Ay ok

&5 50 Py 99y Seload o3ls lis (V1) 54 50 45 joblea
wle Ceod G jloslitul b (S8l (6551 @y 45l 5l oS5

0093 50 49,097 09,5 o (sl e LB (20 Gy (9 o p2 g

VE Gl —p ke ojled 235l Jlo =35 )0 (g Olaass caass - cole alxe

Sl wad g (285 Jlai o Lol 0,5 0 Djge Canljlo 1) 0>
Ceod (53,5 a3 0l gumy plF ;0 a5 00,8 o aSll j0 o515 oln)
Dl o Jo s ol (o515 slale; jo sl

culgglsS / Ul

& lwds GJL\.J )‘05.4.5 (P JSs

Qe.l)oﬁ\f&.ul Cﬁle\liw.awlykﬂﬁ JD‘)A Slows Qofwfc,‘lc

3 i S il Cuad (mogly iyl ) oolisal L g,

¥ ool slag,095 5 wjls 095 55l asliyy ol 4 55 Lag 09>
ol 45 055 055 5, gladaliy ek 4 55l VF 5 VY A A D
oo 15 5 55,5 o sz o515 Jlatnl ials el alis
odimy Hlid aS (F) JSo X)) je,8 poie cpl by ol e ayle
sl pae (gl slme a5l aBl oo lag 095 plad (ol L0 Comdg
S ipd o5 50 a5 o 0 9900 YL (S5 joms amio) o519
5)Ls e 5l sy Jlal caely 5 arnlds ;3 (glre Caard il
Sod (V) S8 el o o153 18, 5 o0 lebs 4 lag 095
Ao dle Sad gl o5 50 o5 wmsga lis | Al 10 90 52 (jlne
Slme Cod Al 50 oals bl slaeS 5 4 4z b (gom o5 j0 g

23,8 oo salS o

i \
9
T
N
i |
) ow
3
ii. AL
lag N 7y s M
gy v T = .
ﬁ%ﬁuh_; n ~——<"1 13 ) slasd

At Jo lapls (55lme CuaiS (V) SO
odds 03,51 (A) JSi 40 al> 10 90 ;8 (g5lme Caoud S rimon
oS Sy pl8 (a0l U el o 50 a0 o0 ol a5 cel
il ol (g 5heS Cuaed 4 (lme jlade 3)ls Sg2g aSLd ;0 oS
Crord o 42190 o515 L a5 ol Gloj 55 500 (G)ke el

\Y


https://dor.isc.ac/dor/20.1001.1.23222468.1401.11.4.2.0
https://jeps.dezful.iau.ir/article-1-446-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-10-26 ]

[ DOR: 20.1001.1.23222468.1401.11.4.2.0 ]

Journal of Novel Researches on Electrical Power - VVol. 11 -No. 4- Winter 2023

S5 A -0
b silwosly s slp able Wiz g S lie cnl o
lagyog 5l 008 eslitul b @jei 4l o ST Cu e
&5 Ad o815 00,8 (e a5 S les ay0 )5 Sl (S Sl
abole sz ptar gilwosly b golatdl Jool L @l Wl oo
)L barme S aadllae (nl )3 jle wal ¥ 2 JB bl
5 argi il 62l sl e g bl 5806 5 90 Jols
st 1B gilwans sloask p (IS >y aldl ol eolasl
(JUo joboas 55 )18 oolitl 590 aSd 3 0515 gy sl Wl
ceslin 5] S5 523 (GAMS) o5 1580 55 e 3lvinge Slows J> 5o
5 ke bS5 Fed S Dise 4 lielidla i Ll e
SJ%e a5l L aSll g3l Jowe aizen g o oolatnl aRisls
Wgiee 38 0 9 O ok v Sidgenn A 35250 il
AT a8l e o T alin Il enl 50 U 5l Bam 0,5 & 50
i (5 5kwosly (gl wilgy so salizee sla il a5 conl 5SSyl
sla Sy lis sangex slp0p5 )18 eolitul 890 alele wiz
398 50 Ol 4N Hsbay yd woals &l iags odes
2 oait &1 38l o s 5y ot sl abele aiz pia @
0 s ol e 5 il LKoo (sl 53l 5 udls ol
arlllae a5 33l oo ol b g jlas Joko darme S oo ooyl alisle
SOl ) ooleiig s 4l Cod b L ppe slaaasie
aboo IS s5lial 2bl g ilwesks b ojlaes ndy
Al o515 S a5 05 sanlin cslal>ye g3 (o5l
29h Dby Silgs ge o5 iz
2SS slag s (28,5 18 e 4wty aslllas cpl )0 @
B oz 3y50 a5 (ST Lo o] (I 51 ol ST
el aly SlS 36 ol e @ (g5 Cead g 4B S
OMbes 2 odle sl Cod 4 (S5 (BT pS i
9,10 (S b e 4y o Jlail o g Lo @y 9,995 So

i 53 (@ ik Sl 2 (IS ) aslllas (nl s ogdle 4

O] e odes gb15e 90,5 coly oSl aludes alole v

il iz 00l

o ik e 655l ceed 4 (oSl g9 055 0 ol @
STl ) 15 3t e 5 alac |y anlllas &5 sl o ath
el Sglaie Ceand ki ol 4o 9,045

U lg o 3l e, 45 wad o0 (LS Siludnd mbs @
WS e o S plas O] e A5 ) cead S e

VE Glies —p ke ojled —p235h Jlo =35 )0 (g Olaass caass - cole alxs

B35 4 ) onal sgzrg 4 o515 6 4 (3850 asliy sl al> o
A.a‘ IR JB‘ ‘54.19-]4 )Q

g 9lsS / glgd
wlg 5L / lgs

1 0ids 10 aliold yloj St 3 )
) il 10 alald yloj ssge;  © oles B S5 o

() (@)
g9 5L asliy io Jlaged )L aeliy sl jlogas () JSS
Jsl Gaegs 5o (Sl
515 &) 4 Bdge 1,55 Al pe raegs )3 by, 93 2 Sl 4z L
odle dllis cpl jo oS s axgi Wb Jg Wloads &y 595 4SS (59, 3
oS s yolie g5z 5 @ish bskas ool Hgileysanil 5 @598 S 2
Slp g Sl w313 Jline was &) ol o 05Ty cel (S
oy Ngdge bohas L s (1 0 0515 4 mie o5 plagp0ss
O b el oad (Bime guaz ale cuwld 2ozl (S
S5y gindl 5 (58,5 a3 50 oo (63590 axlllan (nl )5 &S Cuimd
Lok U bk g ragsy ok o515l o el e
sanlice S5 o tel 00308 Llod g jluodard ;5 joi oid o512
S0g05) axlllan 8,90 18T pg0 al> 0 yo ol Cowd 41 Jlogei aS 8,8
S5 pgo Al e 0 cdel ewd A g b aslie 0 (XS, ol
Crge ity S5 A 5SS (S L (ST e loged) poo o9
o ol el sl s 2SN 50 i S s ST
Slp abe Cwd (B0 Gl Si9 wurd P Sute SIS ,SL
i 3,30 ke Lk 3 o135 sloul &y e o5 el il 055

"\""’L’LS" ao»)}g

g gliS / ylgd
Slg oS / ylss

7 "

) o 16883 16 Lol o 4 —
&l 68> 10 liold Gloj 0 S5 o) <

. /‘Tsj" S ‘ ‘ e
vl [ |
L S5 gl
(<) («h
Gyl del o oged (6990 dslllan 1o 5,Le aeli p rcall Jloges () ¢ ) JSs

P90 SRRy (S Sl lag 095

YA


https://dor.isc.ac/dor/20.1001.1.23222468.1401.11.4.2.0
https://jeps.dezful.iau.ir/article-1-446-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-10-26 ]

[ DOR: 20.1001.1.23222468.1401.11.4.2.0 ]

Journal of Novel Researches on Electrical Power - Vol. 11 -No. 4- Winter 2023

vehicles”, IEEE Trans. Control Syst. Technol., vol. 21, no.
1, pp. 67-78, 2013

[15] Hu, J., You,S., Lind,M., @stergaard,J., "Coordinated
charging of electric vehicle for congestion prevention in
the distribution grid", IEEE Trans. Smart Grids, 703-711,
2014.

[16] Christie,R.D., Wollenberg, B.F., Wangensteen,l.,
"Transmission management in the deregulated

environment", Proceeding softhe IEEE 88, pp.170-195,
2000.

[17] Boyd,S., Xiao,L., Mutapcic,A., Mattingley,J., "Notes on
Decomposition Methods", Stanford University, /http://
see.stanford.edu/ materials/ Isocoee364b/ 08-
decomposition _notes.pdf.

[18] Boyd, S., Xiao,L., Mutapcic,A.,"Subgradient Methods",
Stanford University, 2004, /https:// web.stanford.edu
[class/ ee3920/ subgrad_ method. pdf.

[19] Pipattanasomporn,M., Feroze,H., Rahman,S., "Multi-agent

systems in a distributed smart grid: design and

implementation”, Proceeding softhe 2009 IEEE/PES

Power Systems Conference and Exposition PSCE'09,

IEEE.pp.1-8.

Han, X., "Quantitaive analysis of distribtued energy

resources in future distribution networks (Master's

thesis)", Royal Institute of Technology, 2012.

[21] A.Saleem, L.Nordstrom, M.Lind, J.@stergaard, "Amulti-
agent system for distribution grid congestion management
with electric vehicles”, Engineering Applications of
Artificial Intelligence, Vol 38, Pages 45-58, 2015.

[20]

VI Glis; —p)laz ojlod —eo05l Jlo =50 50 (ngh Dlarizd paass - ole alee

14

5L Sl (583l 655 cwd oS plapley o 1) 095 (lag 09>
R PR EN U P LU PRt 3
Fsagee Oy slada » s b slws p o135 S sla g,
bohas )b gy aSl o s j5ile jpa il 5 1595 Sy
20,8 Ll aslllas cpl joaS oo Sy 55 4l

&=y

[1] K. Clement-Nyns, et al., "The impact of vehicle-to-grid on the
distribution grid", Electric Power Systems Research, vol. 81,
pp. 185-192, 2011.

[2] S.Borozan, S. Giannelos, G. Strbac, “Strategic network
expansion planning with electric vehicle smart charging
concepts as investment options”, Advances in Applied
Energy, vol. 5, 2022.

[3] J. Almeida, J. Soares, B. Canizes, Z. Vale, “Coordination
strategies in distribution network considering multiple
aggregators and high penetration of electric vehicles”,
Procedia Computer Science, vol. 186, pp. 698-705, 2021.

[4] E. Luo, P. Cong, H. Lu, Y. Li, “Two-Stage Hierarchical
Congestion Management Method for Active Distribution
Networks With Multi-Type Distributed Energy Resources”,
IEEE Sys, vol. 8, pp.309-320, 2020.

[5]1S.Lv, Z. Wei, S. Chen, G. Sun, D. Wang, ” Integrated demand
response for congestion alleviation in coupled power and
transportation networks ”, Applied Energy, vol. 283, 2021.

[6] B.S.K.Patnam, N. Pindoriya, “DLMP Calculation and
Congestion Minimization With EV Aggregator Loading in a
Distribution Network Using Bilevel Program” , |IEEE Sys,
vol. 15(2), pp. 1835-1846, 2020.

[71S. Deb, A. Goswami, P. Harash, “Charging Coordination of
Plug-In Electric Vehicle for Congestion Management in
Distribution System Integrated With Renewable Energy

Sources”, |EEE Transactions on Industry Applications, vol.
56(5), 5452-5462, 2020.

[8] A.Asrari, M. Ansari, J. Khazaei, P. Fajri, “A Market
Framework for Decentralized Congestion Management in
Smart Distribution Grids Considering Collaboration Among
Electric Vehicle Aggregators”, |IEEE Transactions on Smart
Grid, vol. 11(2), pp. 1147-1158, 2019.

[9] P. B. Andersen, J. Hu, and K. Heussen, “Coordination

strategies for distribution grid congestion management in
a multi-actor, multi-objective setting”, in Proc. 2012 Eur.
ISGT, Berlin, Germany.

[10] R. D. Zimmerman, “Uniform price auctions and optimal
power flow”, Matpower Technical Note, Feb. 1, 2010,
Available: http://lwww. pserc. cornell. edu/ matpower/
TN1-OPF-Auctions.pdf

[11] B. Biegel, P. Andersen, J. Stoustrup, and J. Bendtsen,
“Congestion management in a smart grid via shadow
prices”, in Proc. 8th IFAC Symp. Power Plant Power Syst.
Control, Toulouse, France, Sep. 2012.

[12] N. O’Connel, Q. Wu, J. Stergaard, A. Nielsen, S. Cha, and
Y. Ding, “Electric vehicle (ev) charging management with
dynamic distribution system tariff”’, in Proc. 2011 ISGT.

[13] A. Mohsenian-Rad, V. Wong, J. Jatskevich, R. Schober, and
A. LeonGarcia, “Autonomous demand-side management
based on gametheoretic energy consumption scheduling
for the future smart grid”, |IEEE Trans. Smart Grid, vol. 1,
no. 3, pp. 320-331, 2010.

[14] Z. Ma, D. Callaway, and |. Hiskens, “Decentralized
charging control for large populations of plug-in electric


https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=28
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=5165411
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=5165411
https://dor.isc.ac/dor/20.1001.1.23222468.1401.11.4.2.0
https://jeps.dezful.iau.ir/article-1-446-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-10-26 ]

[ DOR: 20.1001.1.23222468.1401.11.4.2.0 ]

Journal of Novel Researches on Electrical Power - VVol. 11 -No. 4- Winter 2023

VI ey —p)lez o)leds el Jlo =3 )0 (g5 Sliniod caasi - ol dlze

4093)

oo—b Wi a5, (@SBl v

ahio o 1) 0> 2L O a s o |

oKl )‘ u)ds—d):‘_;wdﬁe,a ‘swl.o.w)ls

\\.&/ Sl3T o8 iils 5l a8 = 5y mdige 9|
S (\VQV)(O))ftnl )lfob A.>‘3 ‘scy_w‘

d..ol;); Ay 4O uLm.)‘ LgMdB)LC 9 ‘S.MABJJ 6[&;«&]&3 s | oé;
(S 6550 @ 9 JUl 5 o slaptn—w Sl 5 552,
9 5.1 LngLg)J‘" ‘d)" )‘)L: 9 03— )L.>l_.m.\aé.7u U)AS Lng‘Q.._MM_MJ
6)‘\5).30]@‘;‘&5).;: w)m)lfrobe)ogw\fm%m
ailgs dag> 5 o105 G ool

o W55 1YFR o s o505 s
phie (o 1) 095 Rl OMeass (il
oKisls )‘ CJ)..\B—OJJ s LSMJL‘“’)lS
ad)l a5 OYY )y s e
‘5..150).9 oKl )| u)M—d).a (eI
9 gs‘““’ﬁ)" u;JL:S Sl oé; & o (\Y‘/\ﬁ)w)duo w).b oKl )|

S5 g oo s luasass &,ud (sl i duw 4o liol (gauaddle
9 Pk (08 Slaptann 51350500 9 Co e 5 SRyl (3
9 G5l it oSS Slacsls 5 58 loaSids (gl oy
oIS 52 (g 09,5 Jlosliwl pol> Sl o g el (65 S ke
OFSL 00,0l 5l il co 5y, (o)plel B0l axly oLl o]
9 B pne Gla il yaS 5 Shlme 50 ele Alie &y g (o 090>

Sl 0dls jidie 2,5
ol Wgte oyl a5 0 Ol ol Lo jouos
o 1y 0 aRiils OMuazs (VYT
S Sy pSIG e (oulit)S glade
ool )5 (VYA 5 oDkl oll olKisls
olﬂ oails I yad-5y owdige o)
Sy QYN Dpbel ol axly oDl
5 Gilwainge gladie; o plin] slacJlad 5 (goiedddle .Coul 0o )

Sl poste 9 ol g (b bt S sl (3 ik s 5l Cunae
Siloon e sliily (S Sl 5 @y slaased
ol o 0 5 sl s oo golio oS ol Sy
lo asgazme 5l (SS RO R (ewoites ol (o 25575 w5
2l o (9 el lpl (Some lio 5 olae (53lugi 5 dnmgs losls
1S pine sl a5 5 S o allis 003l 5l i 03,0l ]


https://dor.isc.ac/dor/20.1001.1.23222468.1401.11.4.2.0
https://jeps.dezful.iau.ir/article-1-446-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-10-26 ]

Journal of Novel Researches on Electrical Power - Vol. 11 -No. 4- Winter 2023

[ DOR: 20.1001.1.23222468.1401.11.4.2.0 ]

VN gl -yl o)lod —passh Jlo =G 5o (g Slindad (caads - ole ale

Optimal charging planning of electric vehicles for congestion
management in electrical distribution networks

Saeed Siahkolaei!, Mohammad Tabrizian?, Hamidreza Shahmirzad?

1- Electrical Engineering, Tehran Urban & Suburban Railway Operation Company, Tehran, Iran,
ssk1361@yahoo.com

2- Assistant Professor - Department of Electrical Engineering-Yadegar-e-lmam Khomeini(Rah),
Shahre-Rey Branch, Islamic Azad University, Tehran, Iran, mm_tabrizian@yahoo.com

3- Department of Electrical Engineering-Yadegar-e-Imam Khomeini(Rah) Shahre-Rey Branch,
Islamic Azad University, Tehran, Iran, hr.shahmirzad@gmail.com

Abstract: Today, electric vehicles have been significantly considered due to the lack of air pollution.
However, due to the large volume of vehicles in the city, connecting them to the distribution network without
a control program may cause congestion in the network lines and substations. Therefore, a bi-level hierarchical
method for connecting electric vehicles to the distribution network to coordinate services and performance
constraints of the three main elements, namely fleet operator, distribution system operator, and capacity market
operator in the presence of vehicle owners and taking into account driving requirements, charging and
compaction costs of power lines and transformers are recommended. In this method, first car owners and fleet
operators present their charging program to the distribution system operator according to the predicted market
prices. In the next step, if this charging program leads to congestion in the lines or substations and power
transformers, it is returned to the fleet operators and the shadow price is determined by the capacity market
operator based on the congestion status. Then the new charging program is dispatch according to the new
market prices. The proposed method is implemented in a sample distribution network and the simulation
results show the efficiency of the proposed method.

KeyWOI‘dS: Electric Vehicles, Congestion Management, Electrical Distribution Network, Optimal
Charging Planning, Multi Agent System
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