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Abstract:

Fast and selective protection brings more security, reliability and stability in power systems. Accomplishing this task by
directional overcurrent relays is one of the main challenges in the active distribution network. Due to the presence of
two-level fault currents, conventional methods fail to meet selectivity requirements. Tackling this issue renders the need
for using the dynamic model for relays operation, which may result in miscoordination or increase the operation time of
relays in large scale networks. Therefore, in this article, a new protection coordination approach is presented based on
employment of the dynamic model of relays operation and using some modification in this model. The presented model
simplifies the optimization space of problem and provides fast-response protection. On the other hand, this model of the
operation model may cause mal-operation in normal conditions. Therefore, a new logic is also devised that can be
implemented based on numerical relays. Since this logic requires to employ numerical relay, the proposed method is
modeled techno-economically to provide fast and selective protection with the minimum number of numerical relays.
This model is formulated as a multi-objective optimization problem and TOPSIS algorithm is used as a decision-
making approach. Results are discussed in depth.
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1. Motivation of the work

Changing the network topology may cause relays
coordination fails to meet selectivity tasks. Opening the
switch on the other side of the line during a fault may
change the short circuit level and increases the current
passing through the relay, which may disturb the
coordination between the main and backup relays. In
reference [1], in the worst conditions of the network
topology, in which the short-circuit current has the
highest value, protection coordination process is
performed. However, using this method in interconnected
networks may cause difficulties in satisfying selectivity
constraints due to the intersect among some curves [2]. In
[3], a method based on the use of the dynamic model for
overcurrent relays operations besides considering the
two-level fault current is presented. The presented
scheme in [3] can meet the pointed problem associated
with the change of the network topology during the fault.
However, due to being closer to the real conditions by
considering the two-level fault current, increasing the
protection constraints and considering the dynamic
model, the presented solutions lead to an increase in the
operation time of the relays.

In interconnected and multisource networks, owing to the
presence of two-level fault currents, the conventional
protection based on overcurrent relays cannot meet
selective protection requirements. On the other hand,
addressing this problem calls the need for employing
dynamic model for directional overcurrent relays
operation. Using this model may result in
miscoordination or increase the operation time of relays
in large scale networks. Therefore, presenting a new
protection scheme to meet this challenging task seems to
be of essence. In this study, at the outset, the
abovementioned problem is unveiled. Then, a new
protection scheme for addressing this problem is devised.

2. Contributions

In this paper, a new protection coordination method
based on numerical relays is presented to meet this
problem. This method is presented based on a modified
dynamic model for relays which helps to meet the
constraints associated with two level fault currents. The
use of this new model simplifies protection coordination
and makes protection faster. The coefficients of new
model along with other protection settings are determined
during the optimization process. Using these new
coefficients in the performance model of the relays may
cause them to work incorrectly in some network
operation conditions. Therefore, in this study, a new
protection logic is also presented with the ability to be
implemented on numerical relays. Since this method
requires the use of numerical relays, in the continuation
of this article, the proposed method is modeled in a
technical-economical way so that with the minimum
number of numerical relays, fast and selective protection
can be provided. Finally, this model is formulated as a
multi-objective optimization problem and TOPSIS

algorithm [4] is used for decision making. Studies have
been conducted on IEEE 14-bus test network and the
results have been fully discussed.

3. Procedures

In line with the implementation of the proposed

approach, the following steps are conducted in this study:

1. Executing protection coordination based on the
conventional approach;

2. Testing this approach with two level fault currents;

3. Executing protection coordination based on the
proposed approach;

4. Testing this approach with two level fault currents;

5. Formulating the proposed approach throughout a
techno-economic model;

6. Testing this techno-economic model with two level
fault currents;

Likewise, the same simulation steps are also followed. At

the outset, the coordination between the relays is first

investigated by the conventional method and in the

conditions of fast operation of the remote relay, in order

to show the ineffectiveness of this method for two-level

currents. In the following, the method based on the

modified dynamic model to solve the mentioned problem

is examined. Finally, in order to test the reduction of the

operation time of the relays and meeting selectivity tasks,

the proposed method based on the use of techno-

economic model is tested.

4. Findings
This paper, first, unveils that relays coordination with
conventional approaches can not meet the selectivity
constraints for probable changes in the network topology
during faults. Then, a new modified dynamic operation
model for overcurrent relays is devised to tackle this
challenging tasks. Afterward, the proposed approach is
formulated based on a techno-economic model. Based on
this approach, the key findings of the paper are as
follows:
* Protection coordination with two-level fault current
is done;
* A new protection coordination approach is presented
by using new dynamic model,;
* A new logic has been presented to implement the
proposed method based on numerical relays;
» The presented method is also modeled in a technical-
economical way;
» Selectivity constraints are fully met and relays
operation times are diminished significantly.

5. Conclusion

This article showed that due to the presence of two-level
fault currents, coordination with common methods is not
possible. Solving this problem requires the use of the
dynamic model of relays, which also causes lack of
coordination or increases the operation time of relays in
large networks. Therefore, in this paper, a new method
for coordinating relays was presented. In this method,
considering the dynamic model of the relays and
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introducing the new variable K in the model related to the
operation time of the relays, it was tried to provide quick
protection in addition to estimating the coordination
between the relays. Although this factor simplifies the
optimization space and provides faster protection, it may
cause erroneous performance under normal network
conditions. Therefore, to cover this problem, a new logic
with the ability to be implemented in numerical relays
was presented. Since this method requires the use of
numerical relays, the proposed method was modeled in a
techno-economic way to provide fast and selective
protection with the minimum number of numerical
relays. According to the results, it was observed that this
method can introduce a selective protection. Also, the
operation time of the relays also shows a significant
reduction, so that the minimal use of numerical relays
compared to the state without numerical relays reduces
the value of the objective function from 15.607 seconds
to 10.988 seconds, in other words, the total operation
time of the relays is a significant reduction of 29.5 Finds
a percentage.

Vo


http://dx.doi.org/10.61186/jiaeee.21.4.147
http://jiaeee.com/article-1-1626-fa.html

[ Downloaded from jiaeee.com on 2026-02-17 ]

[ DOI: 10.61186/jiaece.21.4.147 ]

Ol Syl g § g9 (owiiieo 49 il

DOI: 10.61186/jiaeee.21.4.176

Ao b ks pjg8 (ased gl p wus SBLs> 7k S L)
b 90 glbas (b 2 (13 )5

Y60l S ool ' SLiry HULw
U‘f‘ _u‘)-(’f —@L?v Rov) ™ o w)a oKisls _df (o uSlisly —MJ S..JL\M)LY 4.;.}9.0] w‘\) -\
s.rashaei@sru.ac.ir
Q‘f‘ _Q‘J‘er" —‘:b) LoV _,..u Pran WJ) olKisls _df ‘5\»;)9.@(4 IRUSH K —)LJQL\M‘ -y
a.yazdaninejadi@sru.ac.ir

2y3lisn lioyl & @yud Al (gly 1y i )l 3 limebl Cubil ool GF ORI § @1 il oS
de 4 ablioo Jd @598 slaasels yo ol bl 51 (S Hlocue bk glad) il b Sus (ol 4 aliws
3 eoliiwl Wil JSio () Jo bl ood 230 ol Jglute gty b (Bl (Soalos ((rlawgs slbs sl 2 9929
2 0ol e Sgbon ey 5,8 has loj al381 5 (Siblon pus Ecly F )51 SASd 50 5o T &5 Gl o)y (Kpoliys Joto
355kae loj 4 bgzye Juka 3 K gur i oSy (5520 3 By (Spalind Juo Bl b gapir iblis Sinlos alis o
S dloe Juwo 50 Wue ol s B o0 dlyl (5 @ pw CBlis g 00,5 colw [y (g lwaiugy GLad o o (w09 o0 &yl L,
Gy 5 (s3lwosly ol b aan Bhis Sy ol o aSud sole bylpd 55 olidl 0 Shos el Cansl (Ko Lo
— o g0 & (@l g ! g0us glodly (60551 wioil gy cnl A5 (ol I iares 09 g0 Ayl gous
Gilwdiagy alicwn Wygo a4 Juo (ol 0gd &Iyl Folxil g &9 g SBlas (goue &y olows Blus L G 0gd o0 Juo (golasll

el 00l Emy o W yguo Ay g UG 09 o0 00Lisw! s U o 5951 31 3 (6 S poua (51 ] o Alge y8 Adus Wi

xhwgd Glhad (4l 55 s U (6 S ol 539501 (oLl 6 cbilis o Sblis Ghie fgoudS GlolS

VY- OITA sedly 5

VEYVND 15,553

VRV AT by

@33 o sl 553 1 gmmn (Gokimm g5 U

Bt (sditen 008l = (Gl Sl s oo olRaly = slilnd UL — Gl — Ol i geme ot g (LS

ol Gyl K918 g 5y cpmdige (ol clio pl il OB 25 grom OT OB Mgy & leite s oyl il 3>
sl flme 25 o3l 3 gpdte bl Cale) b g o & grmis ol by e (] 51 ()5 e o3listul g5 g ondyiitio 5 (IS o allis ()
Creative Commons Attribution-NonCommercial 4.0 International license
(https://creativecommons.org/licenses/by-nc/4.0/)

\VF#


http://dx.doi.org/10.61186/jiaeee.21.4.147
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
mailto:a.yazdaninejadi@sru.ac.ir
mailto:a.yazdaninejadi@sru.ac.ir
http://dx.doi.org/10.61186/jiaeee.21.4.147
http://jiaeee.com/article-1-1626-fa.html

[ Downloaded from jiaeee.com on 2026-02-17 ]

[ DOI: 10.61186/jiaece.21.4.147 ]

VARSIV lomio D F T Ghins) ooz o,lad o5 5 o Jlo eyl Sidg oSl 5 3 osikiges sy

s dn aiigy o laaSed o s,y Sl eslanad Lol og e
3928 09,5 3590 el Koo p0 Ly L iomin (o5 0 9055
e o g, V] o Y] sjle anlge SIS L 1) (5 Sl
e 5,5 5 L sl sladl (Sl Jae 5 aolin
RS ol 4 by o JSte az STl ouls il xbanags (sl
U 01 41 Salipd Jan by s (e 33 o5 535055 e
Olz xS o b (ol Ll a ol Soop e 4 Ll gl e
(Seabad Joo 6 55k 50 9 (Blam 953 Al rlags sl
el o naly 0 Slae oy Lialidl 4 oo o 4| gla ol

e wax gBlis Saalea gy Sy i cpl 5o ol ply
L g, cnl o5l Byb oy |y IS ool b ol oo &l goue sladl,
Joe K pl an gomaa piie (Srme g bad) (Sols Jue Ll
Slad oo opl 5l eolaiul ogd co &)l by o Sloe oy 4y bogy e
bl vgb oo el g WS w00l |, able>  Sales (ojlwdigs
bl clalas ;Ko b olyen ol cnl 005 &l 6 5w
b 5l 6 Fo e b oo (At (Siluaing dwgn Job
o Loyl oloil o Sloe el sl (Koo o)) 0 Shae oo jo 2o
bt 5o saallle al 3 ol 95 4SS 1 e (s5le Ll
55 7= 5lmosly Sl 5 o 1) ol 5l Sli> dpan
il gy ol a5 lesl ) ogd e Sl sous sladl,
A golpiing hg, wdlie cpl dalol jo il (goae sladl, (5,518
Olg= egdae dl) olaws Jolas L B ogd go Joo (golash 8 &j00
S 0 Jao il sl > 3305 1) S 5 g Ui
5 S e (Sl g Sl 0 Wge b ddan dix (ludig Al
VE s a9, Slalllas 055 o 0oliial umals 022)sS0 5|
I8 i 5 o 0)50 ol D50 4 bl 5 oads ol [EEE 4l
o 25 2% @ aolls 050 4 allis (glags ysls ol a2 S

ol o0 plodl mbasgs sllas o> b bl Siales

aor gy 5l oslinal b i sblis Sialen bg, Sy @

(ol 00 @3l,) ) g0 Shoe oo o
S xSsle g wolerin Ghg) ilwosly ln oz Gl @
el 0 43l 45 gole Ll o oal,) olinl o Slec

el 0dd Jow i (golaiBl - 28 Oy 4y 0al &Sl by, @

Sfes Sygo 3 1) by G (Sales pas JSaw pg i
(oeizmed S so la Jslae hg; 5l eolaiwl b caws g0 Al ay
Sl 5 @ity sy 5SS ol o sl 4 Sealis Joo
T & bgpe Gmelyed pow (i Sl end enpsl i
ol S el o2 yo8) 5 solaidl (8 ©jp0 4 olein
Idel @l Gees oy ez SR S S Ok
RGN PRI [P ST E TP SO TE U IR [P L ES R e Vew

Yy

doddo —)

2 S8 (55, GlaoaisSe 55 5 00 STy ax g
Tl 095w Sl 5l eaSied cpl oo Sl s (slaass
39,5 0 ad bl )5 Glsi ayges 50 (Lo el 53 o] a5 wis
Dy oo osliinl g ook, sladl, i aSs ol o 13 V]
8 sasd o) (rlie cblax (g5 o badl, cpl (Sialos b
Pl o aSeds (o Blas (gilulaz oS (oo 4y 05 sboml Lo
298 plnl (e o (n a5 50 a2 g4

o lyie @ dagy pp sladSed o obiol > slad, (Sialea
sl ool Slalllae g oo i bd suzny (ldige Alinss
ol [¥] gz o sl oy plol g pow g Solsiil ablis 4y oums,
o Y] o laly (K008 4 g 00 &g 4 laal) a5 sas o
3 Sialon St Jo (sl ool dnail> oS b ol ouds
L sl Sl g, S [F] o oS 0l ) atgy ma sloases
Sealen 6l oilodints slap, s ol oads @) St Ll
2 g oo gl IS5 (e 5 (o2, Lot At 95 4
sae s pmgiaalip d0] o Jas g a5l slagts,
450 omg dely g [v] 3 Gyl omagiaaliy L7 5 blixe mos
IS5 e slaiby 4 VY- jo ool oa sslinal [A] s a0
PSP SCHIPCI 3 1 LY [PV FISRPE IR RS PRV CEL Y
Lot oS e ol oo ool axé iy Lol Jolss [V -]
Sl coslio e > @i V0] o aloass solizad [VE-AY] Jo S5
Sladlas ol o 09 o a1 ST 5 s sla g, jo oolaul
St ol slasgs Lol ool adl sguo ol oy  Sinlon
Ay Ly diloads 48,3 00yl las slacysgaze 1 (5 ks 5 0098
59 el 00l 4l Sislen sl guuaz o ig, goue sladl,
load, 8, Shoe oy 2alS sl o sl i sla gimuie V] 2 1o
00l GlASS e (65 5 an rizren iloads oolaul
sload, 4l o ccul oo Byme [VY] o a5 o Sialea sla oo,
ad, SO sl (a0l g0 ptass) dasein o g 5l oolaiwl (goue
ol o aS el oad slpiig VAl x> o o S cloglass b aslg
ey lalllas il 55 ol (555 3 Sl lee i 5 ool
Sidng et (Jy ol adly ol oollae D90 ) ad) o Shee
e Sblas sl g, 5l eolaiwl .l ais oays s o S
S plaSone 1o oS cal golaidl 8 adllas wiejls gooe sladl,
el 428,55 )3 anlllan 3,90 g2l ye o]

bad, (FKalon jo JUS col conl (o 402 Siglns s
Ol et (nl &5 098 o0 ) 5l (5500 Ol I g obsS L]
JUB s |y pleiiy 5 ol o) e (Soalos ol (S (50
el opl o a8 aSs Solergs Ll i cp o 0 Nl g je yo S
planil gblis (Salon colls ) jlaie 0 UL obsS” Jlasl ()


http://dx.doi.org/10.61186/jiaeee.21.4.147
http://jiaeee.com/article-1-1626-fa.html

[ Downloaded from jiaeee.com on 2026-02-17 ]

[ DOI: 10.61186/jiaece.21.4.147 ]

VAFSVVS lorio O F T Ghins) ooz oylad o5 5 Com Jlo eyl Sidg iUl 5 3 osikiges sy

25 T T
LN de oo [T [
3 1 1 1
15 p=====d4f------ (il e T
E ) S O
'3: 05 f===== e b —m— - [
1 1
- 0
0 0.2 0.4 0.6
(4dl3) glaj

R, ) 31 So3es oebamg o5 JUail ol o(F) JSLs

oS aly o Slae @ by Jolaie Jow 3l oolaiwl b cad ol jo

Gl A 8gh e osle lid canl ous 00)5] (V) akl;, o
S ab ooy sy oS alid jo g ge bdl, o sblas
g a0 Slae oy (V) dolee 3l oolawl b ST 0gd JSiee
o AN 0gise 0051 sy ol &) 5l (65508 Gl el
odd Saie (F) JSo j0 bedl, dasuin gove b ool jes olellbl

B
t:(AxTDs)/((lf/lp) —1) ™

TDS abgs o dl, dasine oo glacoli B g A (V) dolee o

I g oslital 5,00 &) (Gb 2 s Sloj pebass s 1y
(F) U p0 aibce dy lawgs oo oayo olieS Jlasl b ,> 5
) am a5 wlead Saalen 1 olisS Jlasl olb,e oll el
WS e M e 1%y olisS Jlail ol sy al, Jas
oflas ploy m Sloy Alold w0ad s cvalin A5 aiSilen
O Sapled pae 35>g a5 ol CTI 5l ieS8 Rba9 Ry sladl,
4.1) feB ul OJS.LQ..C g)"‘)JL“" \))LAA’LSA uL\Lo.’ ‘)L) 5LSL4]<\J
Ailgs oo 1) Jolaie (g, b bal, o cble>  Soles wuws g
Joe 650 o e (g, Sl eolatul WS Wl e
ol 5L 090 dawgs gl b (6.5 o b ledl, Sl

(ab) oloj
Ry At= 0 300 > CTI
At= 0 199 <CTI
> P () 0l
10 p,_1000A //J,-2300A

olisS JLail 3y a3l b by oy Siolos pue :(F) JSi

‘Sol Y . ..! . 5 ”I’L&.’ C)b _‘;_‘;
ady sloca B sloslawl law pwas )b Wlie ol (o
Q_;“ 30 09 o0 C)‘L’"’ ﬁ.‘?)L“"L‘*'@H slas Lg}L»obL.: C;L‘I...J‘) 9O (Gde
SpSles Jae po Llad ol 2 i po Olgie 4 K oz oo )b
ozl o] cwlio 998 (o jlwaige alins 4o 4 e okl A,
Slanais b ol yoo o po (pl jlade (gilwaigs divws Jo b 09l 0
.J.J@ ey by o Sloe yloj amwlors sl Sbyz 9 Sloj 4

YYA

o 43l Bl g b Y
Qo ol sl eolail g u>.(...:;L:.w Joe sl golpriy cblas
DS 50 )P s 50 Goleidey late aslol )3 35l e (8 e
ibgs slas ol o b bal, Salas 1Y

O, Slas byl i jo boad, Salan o,y lp i ol )0
Cwl o0 fL?u‘ 6)L.uw 6[4.4..@ » S:Lx.JUaA wa”o 4.1) &
Sl slaz sl aS aas o lis 1 ool &)ad aSliss G (V) S
A S550gr55 50 Olpas (65,0 )8 ey LiNne,, s o oolidl
4_1)5(Rpr)&@ld)w&bé;mm‘bch5b)a
‘SA.]aLa} @ésWJ(\)ddew‘ [ ‘)s)J(Rba) lA_M.AAAJ
Ol 58 S5ise 55 s e (LB ) Gl 5 ol dl) o
d.vlprj prw‘u’Jwalsuwd\J éJiLo.C Lotpretbac\.]a;‘
Ll oz (g9, Lz glp o)) cpl lawgd ool oad b, cud )i
Gl a0 Soles Sl Lol CTI oo

t (1)) tpr(l ) =CTI )
u)-\ﬁ 4S.a.w
ﬁ‘a Bus_2
W —
Bus_1 /_?f 4 s

15=1000 A
pr Rpa Bus_3

: DOCR by

: Remote DOCR .

O : Operated Breaker F - Fault

Ryy 4y Jos 3 b 8 5 iges oSy Ghales 1)) S

Cawdygo dl) Ry aly dlas sl plln 4 a5 0y 15 a5 o

)‘ Rpr ‘d) )‘ SogE 6“‘5 L)L’)} 9 xS J“"‘ Rpr ‘d) )‘ £99)

ools ylas (V) S5 ;0 a5 b (iol3dl ;o] YYe o 4 pal Veee

] 00 00)51 (\‘)Jiw)b]uu::}ul.v)} Cj.anw Sl 00

Cawdygs aly o Sles 5l LS Gl ly (e osr (dawes () JSi
e o Glid (170) Cawdygo aly o Shae 5l amy 5 (110)

0).\54\&*»;. W

Rg; Bus_2
<

R,
Bus_1 _,gr

f
1pr=2300 A

2
\(\e\/
by H=0A

Bus_3

Rba
Pl

:DOCR

: Remote DOCR ;
O : Operated Breaker F - Fault

Ry, &l Jas 3l ay 5ya8 4y digad oSy Ghales :(Y) S



http://dx.doi.org/10.61186/jiaeee.21.4.147
http://jiaeee.com/article-1-1626-fa.html

[ Downloaded from jiaeee.com on 2026-02-17 ]

[ DOI: 10.61186/jiaece.21.4.147 ]

VARSIV lomio D F T Ghins) ooz o,lad o5 5 o Jlo eyl Sidg oSl 5 3 osikiges sy

w}LM: J)ET)_J Lg‘)—’ u.._mb lead asl_sl A_J) Lgd)_il‘o.c
@ U 0 oSl s o Sloads olow] cuslin 4.3 (6 5 bl
el 00l B yxe din alals nd Sl puS el e

Ogewlgo s —)-¥
bal) (e Sl (Sialon 5185 Gl siloang Ao J>
Wil g0 ) Do A Bud milgd alis b (o il oo ()
55kt ol gyama sl 4 Lysye gl Giaa s (F) o,

yign g5 ol o,

Minimize (T ) = Ziﬂt;’r )
Sl P el g lodd ) o Sloe loj ggomme Jolae T eakal, ol o
ol olass (1alS gl pss Bas wls bl s las Comyo
30 A4S 0gd oo bl (B) alayly Bollae 4l jo ool oolwl (goue

Al e 55 90 4, 0 Loy Sl ] 55 e

H
Minimize(Z) = > _u, )

h=1

A o a8 LS 4 soue sladl) sloxs Jolee Z calaly ol jo

il Jglae ay, O (M) oy a5 s gl 55 Uy lade ail
S bl asb gsue A, e () oy o5 ol g ho b pln
35.8 c0dds zylae Blaal b (giluaige divs o sl 09d o0 bl
odgame ;b (7) alal) oS Wigd oo 5 D jg0 ook G aAliene
il OF e a5 el boad) Ly 2 oo gl S8 LB
peas Jg8 B ogamme (V) abay 0,5 18 1p 51) o
aob ] laie 45 08 e i | a5l S e s,
&slacie ol CTI 55 (A) alad, jo .a8L TDS ! s TDS i o
0550 me (1) adayl) gsllas el ooy Ll o it b gl ol

el oat a3 5 115 50 Ky s Ky K o sl S S8
h h h
o<1y <1y )
TDS,, <TDS" <TDS,,, V)
At? =ty —t; —CTI >0 )
Koy K" <Kp QY

5 exawgs slas b, Lld e, 5 Shee olo; dloxa (sl
Joe Slistas [VV] g 1o @allas .04 oo ooliul o) Salios Joo
S cloacs (s (V) 5 (Vo) Ll jo obs0b > o, Seelus
il oo ) 5 ,Shee (o) alore 4 gy ye alaily sles (V1) alal,
i) ) s yeme labasd sllas > Gleie 4 | () clobas ol 5o
Sl ady O00) adkaly @llas (pizred 05 g0 a8 )5 Jlai o
;ﬁdtzl TOEIR )

F(I ¢t)) =TDS x(A/((I(t)/Ip)B —1)) o)

A

eyt Bl b wogds a8 )5 Jlas o aly o Slee gl Jglaie Joe 51
Sy aales 53 O jso 4 Joe Kayas

‘ B
t=(AxTDS)/((KxI /1) —1) )

wdy lawgi ool onus by Hlade p Koo b aasg b
wole Ll o) lade S K Coyo og Sy cde 4y ol S
d.J) oleusl QJSJA.: Cuely g asly u..a‘).ﬂ IR WIFR R ub).> )Lé.ﬁ.o dS
VLo TK co o 09 S oS Cde b Gl o (pired 395
5 00=d S Uas b, 5l e oags b, lade das Lol o
Gl Ceamd sl o 13 0 d Uas Lo yo ) 0 Sles pas cely
oads a3l (0) JSs gillas dlais ) oliiil o Slos 5l (6,55l
&L{)ﬁ?}bdb&l{)—‘?%é‘%ﬁﬁ&ﬁ céQMW&w‘
obyz 3l b Gl (o9 Shn Do )0 a5 9,5 e plal perlas
s Ko Blad L as oo (log b b al,) condas
o aalgs Jleel Sloj Ladd o o ol (b 0iS Joe el o0l
T2 A gole Lyl o o g all il g g Uas 4l (o a5
s ySele sl Byl 5l ars sei Fy Ay Caons I ealail o Slae
B oY oo ol Plas Jlade das Lol o dly o Sles pas
G5Bl 0gd ed a0 Slas pac ol cely 5 0l dalgs o,
ol o Kw, o b 0 pUogd Llad by b ol o
0o 03ld gl (sam lacand [0 4T 0gb o 9,5]  (55lwaige
L bz glapl o o slanlio (golpainn Glhie b gillas .ol
ol e 5 Saalie (2,5 45 955 oo plnil ) ooclas oL >
Sy b g oo a8 Ik 0 QU8 ol slasngyg plgie 4 yho
) ki Lz Cond bolas Sl g5 0L e (09
el e Sl 0 S v aale V Ll Salie (255
ol St L ¥ e ol aSS 00 )3 09doe V b gl i S

S e Jas g 00l Lapis | Uas o, azdgy 3T cJl>

Flip-Flopl (=) Terminatorl ——
Relational [
Operatorl
; Terminator2
D=3 >
Relational = 1D
Operator2 O Data Type Out
do—=)7 (== Terminator3 | | Conversion
Relational
Operator3 L
—(0) Logical

Constantl Constant2 OPerator

ol &l Tk silwesly sl p t5°l'¢4*“\*"" oo 1(B) S

SrS a9y g Alows (ygrmwligo 8 Y
Jome O ygo dy midan 50 slagl > sl (Sonlen alie lu
o) Gamlse 2 ml )0 29 oo (nge b e wix (gl
oo 50 58 oz calpd g sl Joe (Sl Sjge 4 050k >


http://dx.doi.org/10.61186/jiaeee.21.4.147
http://jiaeee.com/article-1-1626-fa.html

[ Downloaded from jiaeee.com on 2026-02-17 ]

[ DOI: 10.61186/jiaece.21.4.147 ]

VAFSVVS lorio O F T Ghins) ooz oylad o5 5 Com Jlo eyl Sidg iUl 5 3 osikiges sy

S 35 praoudd i yoSdI -V -Y
uL?Lu‘ Lg‘)"‘ O)L:.xn J...\.> L;)“‘fw M s_i‘:‘ u«wl} f""")}iﬂ
S a8l Al old oy oS ol e Olgz il o digs Olo
e Jl ol o 5l 1) quwaaldl alold o o g e JT ol J>
S Bae ,o lade i 5l oS 5 aude JT el o ol axsls
Ol oS 5 e JT ol Jo (blie p3 sl oo age sl
w5 Gl o Sy 5l bl e aige slad> 50 Bas o lade
ools plasl S35 byl Camonl ulul s bndaseios 4y a5 ol

Ivy] el 55 dolhe ol w oSl !

O N g sl ML (S real i yile 535 05dley () al>ye
e Aol lwmal umen [YY] col (VF) alal, b
..\.M.JL:SA 6)‘5&*““" uu..\).’Ld ).} uﬁ:"““‘ﬁf‘a‘“’ o)Lo.M:dJ .105.1),4

L (V0) alal) Gllae (559 00t Jlojb (655 ol (o Lo (¥ al> e
ilise Sy W) 0T 035 ) Gy 2 002
(Yo)
ol 4n3F 5 (A7) e JTossl 438 (ren Al yo ol (7 al> 5o
(SilyiSlos Ban slp Jlaie cpyig el (A7) e I
Sl oad by S preal Gl Gsie jo Mo (0255
2 e (p FSEsS gl aneS Bon gl jlade G e (eiaren
J> ol S el et Jloi S peal msle gt
a5 Wl oo Cawds (YY) o (V) abaly b s 5 4 it g Sate Jlons

AAD)

vy = Ry xw

J'g dgw iz ) olbaasie jl lcgeme I calg, ol 5
Bl oo an e izl (pladasin | (glas gace

A" ={(Max; ;)| j €J).(Min; (v;;) | ] eJ')I(Y
iel--m}=v,/ v, v,
A” ={(Min; v;)) | j eJ).(Max; (v;;) | ] eJ')I(YV

iel--,m}=v v, Vv,

+ + ;)
,Vj ""!Vn}

le_v“':Vn_}
g e Jl ol (sloaty 38 L aniS po (o (w8l alold (F al>
Wi oo dmlze (YA) g (YA) Ll 5l ool b oo JT onts]
i=1,23..,m (YA

So,_ = (; —v;)»)* i=123..m (9
-1
035 oo plowl (F+) alal 5l oolicial b boany 35 soas, (O al> e
C, =So,_/(So,_+S0;,) )

8¢ anlys C Jlass Oy il gy alats cules po

Goue g bl g Cand aslll ¥

Silmdand plnil Jol e csoleiin ik siluosly bl 5o
sonlie a5 a5sSilan ol (F) JS3 40 ool il & losls illas

o=l e aS 0ed e e OV) dlasly &jgo a R ol sl 1(T)
Mlau;a Cewd 90 AJ) »))S.Lo.c ULQ) tfa 4.]44‘)

I, O<t<t,
e () =1 |
I ta <t

QAP
=) Sygmo a (V) adaly (Vo) abaly o (V) adaly (6,131 L
o Slae loj cud @ Fpsrj prr alaly ol jo a8 Wl ce Canny
by, Sygmo an oS o oS atlige | 1 slos bz sl
Ngd oo iy 05 (VO) 5 (VF)

tn 1 tor 1 _
Io |:_pfrdt—‘_...tfa F_psrdt =1 v
F! =TDS,, X(A/((| . )B _1D 0%
F: =TDS,, ><(A/((| ) _1j) (00)

ay 0 Sles loj g 00 cmasisb (V) alaly &g a4 (V0) alay

(/L) ()2 ) =1

FS
t, =(@-=F)xt, +F,

pr
aS oyl Sy TDS, a0 (1, )R, o,y 0,80es Loy (V) alaly jo
emly by las gl sl dle BB (F) alaly 5l eolanl b
f)é ] av) A""“) TDSfaB TDSpr ] (tpr )Rpr 4") é)ﬁ"’c QL")

(%)

Y

G oesis 4 Mgy My oM o8 a58e aungiily (7)) ala,
0,8as ploj (pizmed Wigd oo iy yxi (Vo) B (VA) Ly, &0
o e a5 Wl Casss (V) abl, Ojse & 55 Ry, o,

sl o sy TDS,, 5 TDS,, 4 o 1, alas

My =A/((K, 15 1, )° 1) OA)

My =A/((K, 15 1,,)° 1) 0

M =A/((K i /1,)° -1) (¥

t, =TDS, xM_ +TDS, xM (1- m;’r) )
"

t,, =TDS,, xM,, +TDS, xM , (1 My vy
ba

Blod b Ry ooty o 5 Ry ol 4, ot (Sislen slise o

aayl; Ogo 4 (Soles dolee Ry vy aly s o Slee

5 hol ) 0 Slee yloy B sles 3l 06d 0 iy 25 (YY)
4\))|\) (Si:’w" ).‘.) TDSfa L) TDSba 9 TDS pr 2 csLLC uw
ty —tp =(TDSy xMy, ) =(TDS , xM ,, )+

(TDSfa X(M fa((M ;Jr/M pr )_(M*;ﬁ/M ba )))) w


http://dx.doi.org/10.61186/jiaeee.21.4.147
http://jiaeee.com/article-1-1626-fa.html

[ Downloaded from jiaeee.com on 2026-02-17 ]

[ DOI: 10.61186/jiaece.21.4.147 ]

VARSIV lomio D F T Ghins) ooz o,lad o5 5 o Jlo eyl Sidg oSl 5 3 osikiges sy

Jslate b galis -)-Y-F

w5 )13 adlllas 3590 Jolato (g, b Ladl) (Sialos o3 (il o
Sboe » Jshiie (s 4 siloanagy alie Jo L L) (ol o 2l
b, sl Sl 5 Sloy e ook (rlawSs slas oL >
ld)) ciz (glp o, Sles laplo) iy Dloodas b el odl cuvsy
o,y gy 3 ,SLae Bl b oo gl sl 00 dpuslns (1) oo 3ilas
gl byr @ axg bodas Gl g0 0 15 ailede] Candy Caws g0
5,Skas o Ssinlsii oo wi b Lt Coans 90 clodl, aglie Sloglass
oo gl b,z Glie Lo Jobo o 955 00 Sl wdj90 o, S oo
Sglite o 53 pl 5 odel ey (slosle) g A sk & Lags o
Foie 3,50 (loj oz b2 i 4 4z L ladl) im0 waaly>
3901, (V) ooz AL Jlgi e 9890 (nl (o) p slp ipd oo L
ot Kinlen 3y Sy (ol 3 AL it e ol 5 o
by ol W adle (Saalod puc 392y Silo Al ke ke g lad,
ey g0 15 4 cenlin (g9l (laaSid gl

Jolase (g, b bty 9 (ol 4 8,5 oe oo () Jgu

d,) i b3 coadse u,J-‘a‘ a, ol 4, tpnman/ tbackup At
\ FP1 R1 R9 IADF e N[DOY  —efees¥
v FP1 R1 R9 I ATERVEIN A SRV RN
A FP2 R13 R15 YANYY YIYATY /e YeA
VY FP4 R6 R8 VIFEYD VIPOON  —+[es8Y
V0 FP5 R5 R6 VIYEEA VIOFYA  —+[+)AR
\# FP5 R5 R6 VIYEAS NIOOFY  —+[+1NQ
YA FP7 R8 R3 \/DOF- VIAOY /- DAY
Y- FP8 R8 R3 AR AR TRV ZNARERYRRYA ¢

Soolud Jow ool gl -Y-Y-¥

S g 009 oy gl ST el LB g, 4o b,y y  Scaleal 042
O saitled Crond oyl 50 098 oo ooliin] Chond pl jo  Salys Joe
ol 1o, 3 Slae (sl (Soolizs Jao B b 5 ity S0 & 1nd
awgs sl b > Blod b g5luaigs awgp plol 5l ax .l ool
aliis 098 0 gy polie elod g oal ey ol angy Sloydas
4 bos o calio sloojly jo 3 Aty Slandais S o §ouo (3ludige
3,8 loj ( awss glallas 5 Slodas I b il 13 5o
bal, cax dep o Solen a5 058 o asein Glize ol
Egomo gy (pl o el 0al 03,915 At aiel Jlade 4 axg5 L
orin 45 459Slen il oo 4l VAPV L il d)) o Slee o)
Olej e Slen pac JSiw Jo poglle  Solns Juw bld b ol
0)911.3 » csLLC Q‘yLSA ULM Ll ..\.\LLSA u...:olS 5% LQdJ) Q)S.Lo.c
2,5 &l 55 g S bl (g SOl 068 sl

AN

39 ol gy L bead) oy (Sialon (o) il 095 o0
oL L Sgus g0 a0y T j90 Ay ps 8, Slas Layl
o9y dslol jo 098 esls las e 90 slab > slp Ghs, ol
Dy90 350 odd ol S Jo gl (Seline Jow bl 5 s
bad, o, Shoe Gl 2ol gz @ wales )0 055 (o0 18 (o)
Sibwaned L Gl oy 5l oslital sl solering (Bs)
olpiing 7,k a5 ol S5 a a3l 09 oo anlllas ] gl g 0o
3,50 (g3de laald, olass L5 el osds Jow golaidl & g0 4

W8 Jilas 7o b ol o colaul

o y90 &y @y O Mo baal pb 50 Jgloto (g b Jor 1 B> (Sl
v

PSS gl b o il eslaind b (g3l (s

Sl 4y (Swolod Juo Bl b Jo 2 ol  Salon
v
awgd glas b > 3l edliidd b (g 3lwdmds gldcad

!

s ol caps B L Jo 1 S8l (Salon
v

ygo & Ao (055 o (Sl (il (6 5 eaoud iz U1 51 oolisid
6&‘.@25‘

v
ol b 5l el b (g5lutends glound

ilvtnrd oo Ginles 1) JSCh

L owodd gl slagus, 51 S e Sl 8 TR I
3,50 IEEE o lasbial anl VF s moj98 35w 55, silwaned
Al bl ol oad a3 3 L o g osalS o) aasie
alie 098 0 dodl) 3l S5 o Glp K oo g Sbya (Sloy Slenas
XY g N by iy 4 TDSp, s TDS b solie (g3loding:
A PRCSe SO VA PN VA N PR JRRV SR eR U P IS
e 05 g Blod YE 5V b ol s @ 5 K s Ky polie
el 00 Jol?ci‘/YL)‘)&MO}J&J}f&‘fﬁCTI

Goue s -Y-¥f
IR son 290 0l grlae laghs) ded @S (i ol yo
b (Sialod G D930 (o) Jolote (g il Il 3,5 (o0
) s ey 3 ool e gy 5 (el Jao Ll
ol 00l aiBlo y golazdl- 8 Jow gl Juldos 4y Lolys 09 oo


http://dx.doi.org/10.61186/jiaeee.21.4.147
http://jiaeee.com/article-1-1626-fa.html

[ Downloaded from jiaeee.com on 2026-02-17 ]

[ DOI: 10.61186/jiaece.21.4.147 ]

VAFSVVS lorio O F T Ghins) ooz oylad o5 5 Com Jlo eyl Sidg iUl 5 3 osikiges sy

s sladl, jloslital g lad)) 1o 4 5l goleiiin by, (Silwosly
s, ade 4 b o9 oo |zl (golaidl 8 Jow al> o (ol o el
ol o 00ls Lid (V) UKo j0 alol> g5l jlogei 00,8 ascine (goae
@ bl Sl oolanul plie Kby foged (I oo SO cnl 5o
At Baa &l jlade Sy loged G090 joom g (M0)d e p)

oo (Ll 3 Sloe o) ggamme (sila i) (5laise

&3eudiny (9 (bl 2 ity 9 Shol oy 3, os (o :(F) Jgor

6\-’)ﬁ"—"’? U“>M~"59—° g;'ol 4-]) QL'-'-W 4-]) tprimary tbackup At

S0l d Juono 3 oozl b baaly o ySlos oo :(Y) Jgu

d, chx b3 coadse Jold, Gl d, tpn'maw tbackup At
\ FP1 R1 R9 AR RN A A ANRYEA R &}
Y FP1 R1 R9 AR SRy /2 A AERYEA R R 4
A FP2 R13 R15 SFNY A JAY
VY FP4 R6 R8 JEVAY - [POA +/-YAA
10 FP5 RS R6 PNEY L INVEY
\# FP5 R5 R6 </PNAY - JANAY
\A FP7 R8 R3 SIPYOY  JAMYA o[- 0FF
Y- FP8 R8 R3 </DOAY IYENY ofe N F

\ FP1 R1 R9 </YYA9 VIOYYD  #IAAVE
Y FP1 R1 R9 <IYFee VIOYEY  PIAASY
A FP2 R13 R15 <[FA20 V/CAAY L /¥VA
\Y FP4 R6 R8 <IYYPY - /F0F ./-YYY
\0 FP5 RS R6 AR ARERYI 2N A1

\ld FP5 R5 R6 AR ARy AR

A FP7 R8 R3 PNNE < IAAAA -] YYY
Y- FP8 R8 R3 DAY A SRRV AT MERVERPN

hol by 5 Shos ¢ylo dun i (V) S5

2 Sy sy 5 (ool Joo f oolital b Lol 4y 5,Shoe oo
oS Sl 00l o0ls lzs (V) S5 o K wox coyo 3 oslinul sl

Dgds 0 (6 S Az (ool b, 3 ool b oy o Sles loj ialS
WSy a8, |5 4 goue gl slass JulE L gl loged 4 axgi b
sleal; 51 LBlas solaul oS ooy (rals dl) o Sloe b £gaxe
San &l jlase palS cel gooe d) ons Dl 4 cos (goue
Obey oz oSl 4 0gd o 4l YV /AAA a4 a5l NV O/P-Y )
a5 435Slen .S o la (oo ,0 YA/D 1 Kei iolS badl, o Sles
da ol do il ladly o Slas (o (RalS Cunl etk 55 logal ]
ool b ol o3 al o ol 50 10 sy co glail @y Jloged g s 0L
Sike 4035 patie dias (ol Glp ang e S ereal S
S G ln 4 0g wales panse goae sladl, Sl esliil
b g Sl onds iy pod ddod wiz &l S g 4 alis @i alad
Ol e Sedy SB35 590 Al el (6 S el o951 5l 03l
bl ol atrin (A) UG 10 ) s gope Djge 4 Sl
S pgo bl altes (pl 3 aBbioo 0) Jpuz @lhae Gl o))
oo L b adlpe Slais g0 aSl o goue W) S Sl Sk
adlas Sy dige bl e 4 Gl 02580l 0 C Jlade o ey

el odls (Byme aza g a3 Sles (loj (e

YAY

G laiin golaidl- S8 Juo gl -Y-Y-f
2 e sl by Sl eslitul b el ) (Saales 4 25 cnl )
Wil rhawgs glas byr Bld L K oy o055
S Dygo 4 g oad Jlesl s ol > LS 0 oo (pl 0gd e
Sl 0dls 48,5 a3 o (gilwdigs uxie

ol b, b el Ain i (1) Jgor

o)los b el )y o leds b el )y
4, TS 1, K a4 TS 1, K
R1 <IVVA VYEIY \ R9 Yy VEPIY \lid
R2 AR SR £ J0 \ R10 LA R \YEIY \
R3 Y \VY/Q \ R11 Arsd ARTA YY
R4 <1\ \YYIY YY R12 RIANAN YVIV \
R5 INAN YANY \ R13 A ARAZAY YY
R6 <1\ VEEY \1Al R14 Yy \YV/E \
R7 YIY AAN/E \ R15 LIARIA \YVIF \
R8 <IYYY AANIE \ R16 YIfovy  YIANF \

(Sloy Sloclas sl ansge polie wsilwaigs awgn sz 5l as
Jgoz Gllas sileain e (ol J> Gosb SIK ol g Sbyx
b9y 3 esliul b g ol s Sleplats 4 4295 byl o0 sy (7)
Sy (1) Jgor Billae Loty g (Lol sladl; 0 Shoe (o) (soleiing
Slp LAL 4l ke 4 g b g oo oanlive a5 w55Skea ]
2 Bl (Saler o5 C85 ax e dba> slacusdse olod
S0 Bk latloe 8 bad)) ci olos (sl ol 9y ol
il juals 6, Keie Oyge 4 ladly o Slae o) 45 398 0 oalive
Al oo 4l VAV L il by o Slac o) g0ome g, )l 5o el
o 4l Jy el adly alS asye YAV S clle a4 cos &S
e sbaly 4y oy oled Wil (g, ol j0 a5 Clls axgi £goge
63k aupe waals g9d9e (nl 5 3pS jge Al Gl Bl e
A dalgs aslsy golaidl 8 Jue 5l alols mls 4 aslsl o 1A el
30 o W8 oS aSles oy ogllae oo 4y baa)y slows 4o LG


http://dx.doi.org/10.61186/jiaeee.21.4.147
http://jiaeee.com/article-1-1626-fa.html

[ Downloaded from jiaeee.com on 2026-02-17 ]

[ DOI: 10.61186/jiaece.21.4.147 ]

VARSIV lomio D F T Ghins) ooz o,lad o5 5 o Jlo eyl Sidg oSl 5 3 osikiges sy

S35 ol
Geb Sl dpd s oo ol e colex b Giagy ()l
ol 00338 ool VE Y/ Y/ 8 550 FAAY 0 Loty 5,5 ELL

&=y

[1] R. Jafari, Gevorg B. Gharehpetian, “Compensation of DGs
impact on overcurrent protection system of smart micro-
grids”. 2013.

[2] Baghery A, Aghaei H, Shamsi M, Abedi M, Hashemi-
Dezaki H. Optimal Combined and Adaptive Protection of
Active Distribution Networks Considering Different System
Topologies Incorporating Optimal Selection of Standard
Relay Curves. Journal of Iranian Association of Electrical
and Electronics Engineers 2022; 19 (4) :223-239

[3] Chen, M., et al. "Minimum break relay dependency set
approach for coordination of directional relays in multi-loop
networks", IET GTD, vol. 11, no. 5, 2017.

[4] Ataee-Kachoee A, Hashemi-Dezaki H, Ketabi A. Protection
Coordination of Microgrids Using Dual Setting Directional
Overcurrent Relays Based on Optimal Operating
Characteristics and Curve Breakpoints. Journal of Iranian
Association of Electrical and Electronics Engineers 2023;
20 (2) :111-130

[5] R. Mohammadi Chabanloo, et al. “A fast numerical method
for optimal coordination of overcurrent relays in the presence
of transient fault current”, IET GTD, vol. 12, no. 2, 2018.

[6] M. Ghotbi, et al. “Mixed-integer linear programming method
for coordination of overcurrent and distance relays
incorporating overcurrent relays characteristic
selection”, International Journal of Electrical Power &
Energy Systems, vol. 110, no. 1, 2019.

[7]1 R. Corréa, et al. “Online coordination of directional
overcurrent relays using binary integer
programming”, Electric Power Systems Research, vol. 127,
no. 1, 2015.

[8] A. Vasileios et al. “A novel quadratically constrained
quadratic programming method for optimal coordination of
directional overcurrent relays”, IEEE Transactions on
Power Delivery, vol. 32, no. 1, 2015.

[9] N. Sethembiso, et al. “Effects of particle swarm
optimization and genetic algorithm control parameters on
overcurrent relay selectivity and speed”, IEEE Access, vol.
10, no. 1, 2022.

[10] sh. Meng Yen, et al. “A two stage fault current limiter and
directional overcurrent relay optimization for adaptive
protection resetting using differential evolution multi-
objective algorithm in presence of distributed generation”,
EPSR, vol. 190, no. 1, 2021.

[11] A. Yazdaninejadi, et al. “A new protection algorithm for
tackling the impact of fault-resistance and cloud energy
storage on coordination of recloser-fuse protection”, IET
GTD, vol. 17, no.8, 2022.

[12] H. Ebrahimi, et al. “An ENS-Oriented voltage protection
scheme for inverter-based generators in active distribution
networks”, IEEE Transactions on Smart Grid, vol. 13, no .4,
2022.

[13]Vasconcelos, Luis Henrique Pereira, et al. “Hybrid
optimization algorithm applied to adaptive protection in
distribution systems with distributed generation”, EPSR,
vol. 202, no. 1, 2022.

YAY

16 T T T T
[ ]
_____ [ I
. 15 I ] 1 1
3 B F---- e e kS
1 1 1 1
3 Bf---- e el Il bd S
T npk---- T T AP,
g | ] 1 1
T l[seweseeseceenoee
- 10 1 1 L L
0 20 40 60 80 100

(e o) (gous aly o jlis o e

95l 5loged :(A) JCio

At bl Sl (gl s U oot 595 b5 :(8) Jou

Olyee &b Oliee &b c
(1Sl Saa (1) oS lie  Ban

VOIESY AN OFIYD N AVY  -/FY
FIYO  VJANA -/AF FYIO  NeAYY -/FY
IO V-AYE LA FAVO  NAVY efYE
VAIVG  VSAVY<JAY - VeAYY Y
Yo VoYY eIvE MO V-AYY Y
FANS VAV Y AVIS  VeAYY O oYF
YVIO O VeRYYsf ANO NeAVY T
FYND  V-AVY /oA Voo VoYY A

O IRVANA < 1OY

& 35 4 -0
dawss slas oyl > vszg cde 4y a5 ol las dllie )
e onl Jo s pd el gl slagty) b (Salen
Goasis o 50 ol A cal by (Sielips Jow 51 eolasul aejls
Sl g b, o Slee loy Gl L g (Salen pae cel S5
Al &l eal, Saler gly waz (g, S allie ol jo copl by
P Kaas e Bime g ladl, Seolis Joo Bld b oo,y cnl 5o
Sibooysly poglle b ad sew laaly o Shos loj & bgiye Joo
cirt o Sy ) e i dad, o Siales
Sy 923 o0 Bl 6 a w cblas g 05,5 ool |y (g5lwaigs lad
Glp 1) g aSlil gole Loyl (o olinisl o Sloe el ol (Koo
sl o giluosly el b o ghin SO wlpl ol idg
s, 6,55 4 wiejls (g, cpl a5 ol 5lage 5 &Sl goae
Lo Joo golaisl o8 Ojgo 4 golpiing (g, ol (g0
Az g5 b ogd &) Tl g gy bl (goas o) olass JBlos
Soball cblas S wlg oo Ghgy onl &5 wb csslin mlbi 4
L rfeinr al8 5 ladl; o Slee 0loj (izmen iled (B2
Q4 Cos gode glod; 5l Blas solaiul a5 jsb 4y aas o lis
asBOFY 5l Baa al Jlade pals cel goue o, o o>
el el o Sles (Lo gaezme (Sl 4 09D 00 45UV /AAA &

S oo oy (gae 0 YAID Ko


http://dx.doi.org/10.61186/jiaeee.21.4.147
http://jiaeee.com/article-1-1626-fa.html

[ Downloaded from jiaeee.com on 2026-02-17 ]

[ DOI: 10.61186/jiaece.21.4.147 ]

VAF-VYF Slao AP Y lines o)l o)lods o5 s

VAY

Gy Jlos o)l ] SCdg 2SN g 350 (modige &

[14] M. Sadeghi, et al. “Optimal placement and sizing of hybrid
superconducting fault current limiter for protection
coordination restoration of the distribution networks in the
presence of simultaneous distributed generation”, EPSR,
vol. 201, no. 1, 2021.

[15] A.Yazdaninejadi, et al. “A dynamic objective function for
communication-based relaying: Increasing the
controllability of relays settings considering N-1
contingencies”, International Journal of Electrical Power &
Energy Systems, vol. 116, no. 1, 2020.

[16] A. Yazdaninejadi, Gevork B. Gharehpetian, “Protection
coordination of directional overcurrent relays: new time
current characteristic and objective function”. IET GTD 12,
no. 1, 2018.

[17] M. Ojaghi, et al. “Piece-wise linear characteristic for
coordinating numerical overcurrent relays”, IEEE PWRD,
vol. 32, no. 1, 2016.

[18] A. Yazdaninejadi, et al. “Dual-setting directional over-
current relays: An optimal coordination in multiple source
meshed distribution networks”, International Journal of
Electrical Power & Energy Systems, vol. 86, no. 1, 2017.

[19] T. Amraee, “Coordination of directional overcurrent relays
using seeker algorithm”, IEEE PWRD, vol. 27, no. 3, 2012.

[20] L. Ying, et al. “Detecting and solving the coordination
curve intersection problem of overcurrent relays in
subtransmission systems with a new method”, EPSR, vol.
95, no. 1, 2013.

[21] N. Mohammadzadeh, et al. “Optimal coordination of
directional overcurrent relays considering two-level fault
current due to the operation of remote side relay”, EPSR,
vol. 175, no. 1, 2019.

[22] zZh. Wang, “Application and analysis of methods for
selecting an optimal solution from the Pareto-optimal front
obtained by multiobjective optimization”, Industrial &
Engineering Chemistry Research, vol. 56, no. 2, 2017.


http://dx.doi.org/10.61186/jiaeee.21.4.147
http://jiaeee.com/article-1-1626-fa.html
http://www.tcpdf.org

