[ Downloaded from jeps.dezful.iau.ir on 2026-06-24 ]

[ DOR: 20.1001.1.23222468.1395.5.2.3.5]

Journal of Novel Researches on Electrical Power - Vol. 5 -No. 2- autumn 2016 & winter 2017

A0 Gl 5 malimpod o)lod —poy Jlo =G )0 (g8 Dl paass - cole alos

&9 398 9 JESI sbvcamy Ol oy s ol 5 9 Ol joni 9 (55940

"oLals dlsle < sobl ol gl pl dosme o Fgobls S e

ali.karimabadi90@gmail.com .l »l « gl (55, o)l,5l8 &8 o -V

me.hajiabadi @hsu.ac.ir <) ;1 (g lg s S o831 ¢ FaumalS g 5y (sl 008l (5 05,5 ¢ Lokl -Y
ebad.kamyab@gmail.com | »l o)Ll 5 gladlate 5, &S 1o (5,10 0 00 Sdglee (Jlal 8 280 -V

Gais 32 Hals Cqz 30 G picald) )yud his g piiay Sgw gl p sldilie &y GBS 1 (G b5 Slul b ToduSs

Al (5,10 2 0 gt S 3 5l (2 gF JB S o5 (5,10 g e (a3 LS Lowl) (] 50 008 o0 IO 395 (55l
Gaaals g JUl bohs 595l jghumil i wiilo § y a8 Ol 550 Byb 510,10 (hclan Coodl wadd oo JuSid | JUil
Wil oy (Sogu 8 )lrs pos Job Sl b (b jeb 4 wilaid )5 5158 (55105 0 2 990 ALDLAS AR Wi Jgb y0 45 )08
CubiB Lis (gl oS widud axlgo 00gm 8 Ol 9o (SHp (Wl L gladbin 3 S b polo Jlo jo ams )o
30 Olpoad Gy (oomdo $3) by b chgels 4 barjo (S aais 3o I 5158 g Joud BB o 50w (Ludo!
Gl (3l Gl @ s o0 g i glaibie Gy LES P W 9B GLad )0 (regred 0GS oo LA 1) Al

Syl dlio ol 10 .wids doldl (oo oz By LT 51 6518 52 0 ¢ comwlivo Ol poad planil L YU jlownr loais 38 b 039w 8
O g Al Sl Ol el plonil 12 Ol Co gl (e (il Sl O o’ plonil ot €5 e Ao 53 o0y ol
1P G 4 ol s glaikie Gy o Ol ol 6 lel Oldlhe e ol ouud yg 0 A8l Ol jubS Corod
P Sreel srymly ol @3¢ 39 9 JUS! slacum Ol (25 (owyp b ol ouds plxil (1FA--ITAF) JLo
plel b g @llid 1) bewy wlue B (lgioe wiamed )5 Sldidny bluw Ol 6)luaSg mond plal
aeed 025 b blewy lawb! Cabll (b3, Ll )0 055 psle Olpani JB055 795 5l cowbo (6089 yond

ol a8 )5 518 (pwyp 9590 BoF 5lo Jol Y Slae SoS 4 dzgi L &l puSiey 651 9 ol Lo ko g oo

&9 @98 9 JU! Cannny cylimab! sl (55l 3 pmoxi 1 g0dS” (g0]g

IR\ PERLINE LIS IR SWORIF TE SR Y DVONES SR T XL SE doddo —)
A e dzl )0 g S IS e iy Sobl can j0 eolus, R z.
] ; . G 0 3551 —1-)
el oges Plas ulplo 0gh o S i g0l slaws [l alad .
. ) ) . ) iz sl s JLs 0,90 (6551 el (559 00l A, g, Lo o
0,550 loig Coenl 5l Wlg o Gy ol 5l 5L S i O I R ST R RS T B S
Coedl I hedae 5 polie 0gd A Wi slaisn eaax 4
Ik 3 sladle o s, rl e o9l
i Spgp G & S8l 50l easS el slacS
KIURCRPCIUOING J R} R USRI U U INCA IS
o, as o el JEl 5 maje8 398 oy (s0b; Slawy 5l ISae

2y Slpesd (ogad 4 ()l yeend 53 sla b jo ol

RO PTRARRP I V.


https://dor.isc.ac/dor/20.1001.1.23222468.1395.5.2.3.5
https://jeps.dezful.iau.ir/article-1-122-en.html

[ Downloaded from jeps.dezful.iau.ir on 2026-06-24 ]

[ DOR: 20.1001.1.23222468.1395.5.2.3.5]

Journal of Novel Researches on Electrical Power - Vol. 5 -No. 2- autumn 2016 & winter 2017

O Sy alols TBM g, b aslie 0 CBM (g, 3o )5 0
GBS Sleasd a3 4 )3 3 ge Gl 1) Sl yasd pln
Sl 4 5l Slyren 5SS ol e ye (Jy S8l salys
S Sliad g dre 4 Ggiie Dy yd 5 3)b ()l
v s @ o] asl wel)ls g, Wi oo
Ll ood Cuz o5 2050 Dbl plailed dacgee @
@S ol 2 50003, el (6513500 00 (o> )3 e 0515 38
Ol S 9590 Dlpani 5 IS Cdlad g5 5 oy ] ) Jol
Slr SRl Jee @ G g8 Gl 08 S
St S Glye 4 asy bl pod @l Sty 5 (Mol e
(P syl Ol Gk ) gileaneS Jlis 4 a5 cul
Ol kol b sl Sligas jo Sl 5 (55lagSig e gloaiy 3o
Gk 3l el g il Sl b ool gl mex
Pl Jolo g am g, 5 aid wead g pslaer sleesls
b Jelod g s @b ol ogdll WAl olulid 09l o
o piie T e Cawd 4 oloy Jsb o Ll 5 alie lpas
Wl sy des (A1 GLad by (I s goasie
IA¥] 35 oo )l 0t g e Sl ccud b oSG 38Ul Canglio
Y d Ol pozs @
Slaglojle 5 4l dnng mlio ;o bose AV (5 lagSy pmoss
Cbl ol I ey S0 gl M oy pae 45 (glen
mo 1A ool 5,50 Wil wdgs o b g Sl il
5 elolis gl a5 ol b WVl 6y eend 3,5
ey ol wpSee el SoLELE I sl Mo e
@ e Wl & bl meal Gly oISy e
SISy rens by adie ST Wgd Sligad (Sogm 3
il @bl Gl 5 (Sogw b slo)siSl ) sl AVl
AP g8y Byl )0 (SoLSL 5l g (SOl ) Ll S
A azsi 950 5 | (SoLSLE Sl ool nd slate, Mo momad
Lag¥] ams o
Gl Bud -Y-)
oS el ol 98y (loj 50 Ceny Sl ol o Sles
CeblB sla sy g 0gh e 4l 5l 55,5 (Pl 4 Sl
O CBlge ams so 8 ,IL cow il 4 1) aSis Lol
1) 6 )aeSigymens sasliy Conl (Dlign llas gods 5l AU
plnl glagiagyy @ pisloy dlie Gl 5l Ban 0o S
e il oSy Sliond ol gy T et Ae) 0 00
Sl i g @l Sty Oless ploil gl Sligas Coglsl
Sl ol )bl Sldlas yuimed abb o 4K Dl gz
OYA--YA9) Jlo V8 o 4 lul s glaalhie 5, o

390 9 Jul glacuy Oligas o3 swyp b ocol oals plxl

A0 Gl 5 malimpod o)lod —poy Jlo =G )0 (g8 Dl paass - cole alos

AR

SIS 9 ol S 595 32 5590 —T-)
Ol ot c0dae A gz 4o ATl 0 (6 )leS g e
YL Ol ypond g aling Ol e il ) Sty O pons ( >Dal
Drloss oo son s

Mol Ol ppesi @
S bl (o5 o5 0500 ool Sligzs po (2Dlol Sl yeans
Oygo 5o bl Sl anie g oS el Sbnl pieew sl (S
ool 5 as Sl ey )| &9 Ol s e 4y e 0L ol
51 gl ol Slpans ol 53 LB g e ol
Ol s gmlin 5yl ol 05 Ll a0 a5 Dl jges
Os (ol Slpasd 03,5 el €55 99 4 Olgin |) Sless 53
el Srytelin g (Bolal Dygo 4 (DlS &S el
Sygo ) S a8 a5 0l (53,400 (Mol Dl yani 09l s
WSty 6,y end Gyb 5l (Al Gansis boad i yaebin
Lor]s 8 o yg0 00t (s 2 b

Gl Sy Ol gons @
Sebl s plaebl clblB lEl e 4 alpSin Slpess
Slyess 4y 5L 5l Gl dacans 1alS b Oligad 4 (o yiwd
sl S SesS sl &) Glr ismaelin pe (SN
sl 3 Sy ol plool b g s plal 55 clo 5 4y
Jo o i Jos 4 655l &Sl 5l 5w g5 5 S
2,0 g2y aily Koy Ol s plol sl gy A JBlas 5l

(TBM') culi Sboj sloojl po Olpens -

(RCM?) s il Sl & agi b lpan -

(CBM) 545 S bl Golul o Ol pons =
a5 Sgdee pll (S Slej slaosl o lpens TBM (g 50
5 shibie Gy GlbeS s Sasndh Slops ol 5 Ygers
Sl lyd o glp s b Bl sleain
Solw Jg .l Y ol sl an i s e 4 ol onli s
el Oligas VL Glaabl colill 5 lasd Sl egi cnl (550,800
Slpass ploxl (B9, o Fdglate TBM (g, 0jgpal ol on
30 528 Semel ulusl Sl pess RCM g,y j0 all ail (1 Kiy
O gl obml Sjge 0 AL 4 (hesd aia piens
bosasie sl laghs, «Dlesd 51 Ghg) cnl 0 05 e
o> 50 ) s plasebl ClblB a5 iy, g oo aslie 0SS
ol wyls ol I,k 5l 1) anse JBlas g ansls a5 LS o9
whS Sl o s b lulyd RCM ) 0 Ll ol e
O & 55 4 95 o0 plonl (Gloj Sl pesd CBM g 53 09 ol
oS 4 CBM s il oo oMol S jgiile (sl (3,0 5
S8 e Sosm B g bals (Dl mre lacend S jsile
@bl sl jlae 5l 528 95 5 Sop D 4 e S
rosd gl obml Ll 4y Cad Sl slanze by onds


https://dor.isc.ac/dor/20.1001.1.23222468.1395.5.2.3.5
https://jeps.dezful.iau.ir/article-1-122-en.html

[ Downloaded from jeps.dezful.iau.ir on 2026-06-24 ]

[ DOR: 20.1001.1.23222468.1395.5.2.3.5]

Journal of Novel Researches on Electrical Power - Vol. 5 -No. 2- autumn 2016 & winter 2017

P 55 b S50 8y 1y Blass 53 S @l (S B
S oyl vezy Dlpens Glp g Jol sbbJae 55
Hlai sanlf s 4 Sl S s (Sogert sleanl
Divlogs o Jow

Sygo 90 A S Comdg Glaedl ColB Jolaie Oldllas o
a8 I DN ¥lags o ais,5 a0 O3 Yl b g Wl ShlS
Sl oy Lulpd 50,5 Joe ln Cands 50 L3 (85 Sl
S Lz awyee S 4 cwln las @jud 4l Slges
@ lzes (Dlbd 5l (S p (S 02g b §p 4Sd Dlyes
@ Ol ) S (oo Jds Gees 4 0SS (o0 I8 (S
liaam adgl lipabl bl Joe 4y i Cundy iz Ko
@ Slpens Sl 0gd oo el Olpess cpl 0,5 ddlal o5 adlal
S35 0955 e sl DV Flogs ais 8 s o (o5 e IS5
Iy G Oless (Fogwp lo Cundy o Jli
p S OYolae 4 ax g b 0gd oo oolatwl (35l slaassl s
il 5 Dless ol g5 455,90 0 DIV 355 slasss,
2,8 g3 1SS 5 S Gy (e NS et et

ol 0oy ooliil 5 Sledlol SSb g0 5l [VA] g e 50

Slhears a5 Gloj 4 byrpe w0jud glaals ol Ll -)
el 03gy pll Jl> o Jasrine Sl o3l jo wil Koy

ool Ladkis ool o ed 4 &8 glaoldS zg,5 Ll -Y
JEEJC - VA JUUNL IR JE SNV,

a e aSo) 5 S i OIS il Sty S pan plool
T o0 28, 5 oad alulid Wsd e 5l 008 WIS 2y S
g2 & b 50 0,08 08 DS 25 e Sl S e
¢pgd 0old STl jo il oais plol o1 jo @il WKy &l pons 4545
&l Koy Slyaens glaolyd o sud Slolis S YS! L]
Oy odes S g co ablal a8 glaads Sl LT 4
sols 5l Vb x> 4 5Ls a5 ol cpl DAL g jo 0 00y (Byme
B, adgl sols SSb 9o JuSCis (gl

A EF S cwl Gl e Pl il Ml 1 (S
sl Jlo 5o ol 59y o Conl (Gliess sl I Sl (Dl
(2P 5 9y wnz Sless Sl a5 U3 Calple Sl 009
DAY 058 (s 3 5 555 b D ass 3 s o
roe Jsb tali¥l 1 50 laal S e b (V-] ez o oll
Jdo 4y Bolar sle ol ol LB oolay Solar slo ol > 4
5 09955 (S i BB 9wl o Bl ddelo vl aore il
LYV s sos sl £93y 51 @ilo ail oSt & prans ploxsl
Sy glas 3l ol Snyy dpuslono ~Y-Y
A jo iz

(Flosl Sty sd Dlpmasi 325 sl (Sl (oll B mago
Wl iy Olpaend 30 5 Glidee Sl ol lawgy 4l @

A0 Gl 5 malimpod o)lod —poy Jlo =G )0 (g8 Dl paass - cole alos

Yy

Sl (6,839 yend plnil )3 (5 Sl (s3)00b 0 Gl @58
Iy biwy ol bl Gy omizmen )5 olpiiy bowy
gz 5355 7,5 5| cmslin (55)aqKig peans plowil b 5 Lol
5 5,5 b lnny pliabl Skl 3l el 3 5 5,55l
S5 @ drg b al,Sig 6 laeSg e sloJow 5 diedign
R d.d)f )1)3 WP Oy d}S)Lo J.bLu SYoleo

o ,lis Lo —F-)

sl a0l Sy Sl pesd plosl A 5 4 pg Lisn o daldl yo
Sy90 ul)...QJu ‘5:‘):> )l Lg)Ln] Sldlas Pgw U’"”U B R BPRW
odd plil Jlw V8 Soe o olulys gladhie 5, 68 lad s
S5 b 508 g Ll CoblB SU5 ) p e iSu o el
o 4 pzb iSu y Gl ad ) dadise 4D
it Gt Ll o cwl eal aisly,y Yl (6 lagSg s
A (6 et ol

&l Sl Ol yrond’ plonil digs &5 Y

3590 99 (Sl Il &l Ky Ol e plomil e 25 et 52
gl Gt g3

Olebl Sl slo axli (59, p Dlyass pll 56 ogo -
3o Uz sbnl Ojse ;o 4l 4 Jlael Sy ails 0555 Y
S, boakl) o alise c.?‘).o olping o gy aslsl yo
S| 00 u,J)M Yl.t b)bn

G9) » Al Ol J1 gl -)-Y
sl sbul o jee Jelse oly> Lol S a4y ozl [Ve] o
Azl 50 00,8 oo Crmetd Jelge 51 ST e oSl o yo g supes
Jolse g8 5l AU LB 25 gseme S5 e S S
22 sl A cal oo (5,8 ax e cpl j0 09l e (giludos alisee
sy Sl eass Sallib ol 5 5o Sige Sl e
Lo ol e 5l 1Sy srass 5o ol b Sig b 4 00
loo (Rl 59500 (5)l0ke 4 G Sl E 50 ol

59 slaasas jo ol bolas oly Ol pens gasbiy p; W] 50
dw 4 é:)y AS.U..J Lng).\.d L5'l)> é‘>l).o u.)l BN el 0ol feL?u‘
Jc>9.|a> ob; JLaJl J.».o ‘5‘)):> LQLQ‘;‘P J)}»)‘SO M Awd
5ol slaols sl IS sla sl s de ojhie Sogll 5l ok
2LS b 5l o8l Gle gl m g bglas IS SIS oM
S5 b e i g JSiS 1) At dw ol (bghas Gl b
ol b D 5 s LS s s IS (i Jlss
Lol 0as Laseie Eoly> 5kl glaols S


https://dor.isc.ac/dor/20.1001.1.23222468.1395.5.2.3.5
https://jeps.dezful.iau.ir/article-1-122-en.html

[ Downloaded from jeps.dezful.iau.ir on 2026-06-24 ]

[ DOR: 20.1001.1.23222468.1395.5.2.3.5]

Journal of Novel Researches on Electrical Power - Vol. 5 -No. 2- autumn 2016 & winter 2017

Ao alS 7o ol Sae g sl nlBl oS Sl 25 b
WSy o 25 Gl SR b Sl s ok S
Wl Ky Dlyess plxl gl 05 795 loy Do Giuldl el
0 as Sl Qg'l = o Q{‘ PR CJJ"“’ 09y odwes S b).h.\a
Blas aSss 5l 5pon 79,5 Hloy Do oald 48,8 a5 o Bue &b
G i Sl 1 y08 oS 79,5 anie a5 Jb 0 0sd e
Pl lp (Shgels el Sl panie ol ailpSi
Gl Omized LSl WS o S sl Sl as (el Ol s
Ol (651 A« (F3gm 8 0590 50 Al Sty Slpesd i paelip
ool Jlews 28 SO L a8 ol o I ol 1 ye eouis
488 Ve Sowe glp oly Olge Vo7 05l 7> o 5l cdgelS
a8 oS glalas 56 e oS oy 005 alad aSs
Goe (il ad 5 oy 5l 5 005 S o0 WS (55,8
Syl @yad oS s

Slyp &8l Oyud buds Coglgl i Y-V

il Sy, O et ol

45 Glee a2 b Al it Sl RCM 351l
Ol SIS sl 0 gl e (g Ay Wl iy Ol e plxl
Slpass b badye Sldl 5 Jlo glio W1 51 s3bj 0> b (5,
e8y Joo a4 ol p el [YAD s5bigo (6 nFole 4Ky
09 S SS9y 2 S e el (Gludl wlalidl
Ot Slp 09 S (S el el g o) (s
Slp ol Comal 4 gl (So5d Lulyd  opdle iz gl
Y] arle 55 o5y ol wises sl 05 4z g5 (il 58 S
plonl Cqz St &j08 slaaldS Cuglyl s sl [YY-Y]
5wzl ol el sad aBF S 4wl Kig Ol
D8 slaaels IS e gl oenl 5 (b Lulph aSls
St ol Sl (Sosd Ll il (et gl o (st 4D
oo Jsb wiile ala Shs 51 O e sln 5 Sl 008 WIS
&8 0S5 8T 58 008 oS o le a1 Ll e coldS
alip 3l by onl hel cuge YY) 5 [YA] 098 oo ooliul . g
pll Bl il @ 5l a5 cl pl RCM Ol pess g3,
5 &8 0l el Coll el asls g5, Ol prass
$U Ol 4 iy 4B 50 508 05 Sy oeal (22 LS
S pligabl el sloasli 55, 05 (T sla 5 45 el
oobw Sl lis B caxlie (pl odes Cans ahadi il vl
30 O3 slaallS Coenl asld sl gl a5 canl (slodigls

oS ol sleae 5 o ks [YA] 0 diges gl S oo Sl

A0 Gl 5 malimpod o)lod —poy Jlo =G )0 (g8 Dl paass - cole alos

Yy

Slyposs plxil #5 Grals G b Sl ] Sy (pl GelS jo
Sl Sy Gl 5 Sl ol 55 ol el al Sy
Sley sl alold jo | S Dlyass [0 Byb 5l 5 050 o0 4SS 4
b slaansa Gro Grizmes 5 (oBgeld Jlosl 4 jls e oligS
&.«i) wbw;wﬁu‘_gbyj))jﬁdgub‘)b .O)lb ul).‘.odu L5|)J
ESSETIER S

SBalS 5 555l ygindl 5 Slpeass 650,40l b abal, o [VF] &2 e
OlaS 5 ogd oo 4SS Gl o Cay L bl o aid) cuss
Gl -[Yf]és.:.cu,.c S CaslS SluS 5 ol 5l SO ey 0gd
A algs Cay b (38 Cewd I Eely (g 934

(Yol o a5 Jbo 10 09 Cons 5 (59, Sl pwons (3,20l [VF] o
550 [YO] o el oas plonil Jliml aSis (g9, <l prans (s 32y40b
Aloads Blod Jb 58 cews 5l Jolge laas 4y 55

0 S Olod )b gld 4 mie oS ey pa S Slagl S )
W

bshas 51 e 2 zay> S0 a4 09,9 Lok )L adlal ¥
699,9 bshs |l adlsl i 4 casl ssds (B,8 cll> ) o Al
g (oo ghd Cey b e

5 gileysindl s (Jnl bshs &lass spyaby [YE] o
kol Bas el oo plxil Jlo S ey e gl &8 slaa LS
Sl ailpeSiy Sleesd plnil @85 Oloy Geend @20 2l
Jos a4 e 3 s 008 glaldS L oakal, jo ool 4l
odd a3 Hlai )3 aSd Sl obisS Jlail (09,85 oz g S (39,8
Jol> Syge a4 a2 obnl Sl o el 4 Jleel Sy ol
O OlF sz mig Blal anse g (o obml il oyl
3 St Sy il @z pe ol )3 900 a3 SN )8 Laclsy s
AVE- 51 S o sl @dly j0 0ed o0 paeine Jlo clel 51 S 5o
b ogse e o] oy 5l o56 Sy 5 00d gy ol
82 o2 b Jlo calisee laceln jo aSlis Jb maw aScpl @ azgs
wlize glacels ;o 55 5028 S gey 5l (AU Sy WS e
o glecels 51 (L jo cwl S5 a4 p3Y 0y salgs (LS
.b)lyo )° s.iwg_) u—u.u LY )Lo.t g9 00g2 daL.wo 4&.4 (5)“3)9 0y «Iaal).w
e 550 D90 4 ailie

o 0,50 50 40 D,ya8 glaaldS gl Oless 55, 4ol [yv] N
)l VY .\.&c gL 0590 4O RGO BN tﬁL?Ul L;.bs.sz 9 Mn
aSd 5l aldS z9,5 by @ae 9,5 PBlas (Dl pasd (3,400
sl 1o b g il i Ol e plowl cle 4y by @j08 oIS ool
SOl il pSian Ol poss F5 1alS bLogd 0 7B oSl 5l ol


https://dor.isc.ac/dor/20.1001.1.23222468.1395.5.2.3.5
https://jeps.dezful.iau.ir/article-1-122-en.html

[ Downloaded from jeps.dezful.iau.ir on 2026-06-24 ]

[ DOR: 20.1001.1.23222468.1395.5.2.3.5 ]

Journal of Novel Researches on Electrical Power - Vol. 5 -No. 2- autumn 2016 & winter 2017

Al Jg.u oW O.Lwd.d)f J.]aa 3O Loy )54“)4 @ Joy).c 6L®‘5)‘)>
Ol 5 Geimren e o lis |y S sl ol B 5l plaS e ws e
ol 1y olimlaols slaas;s 5 laygileysandl i > )18

A oo lid 3 1) gl jsanil 5 ol )3 ds e ¥ JSE aS e

B Interrupter

= Mechanism

m Relay/Trip coil
m All Other

(V] 5o slaeal > oy 1Y st

2%

B Winding

B Tap changer
® Dielectric

® Mechanical
u Other

u Unknown

H Accessory

Y] gile gl 5 (sl ol 5 auop 1Y IS
Aoy ol sladlaie Gy S8 ity 5 Slollas 28
el 1y didlaie ol o8 ,Lid Glacen Sl o )b] Slllhs
VWAL VN ol 5l e ol o oo el pl3,) 5 Lol ayled oo
ST F U o dralasb oo Jlo V8 Goe 4 \YAS VI
ol oals @Mlel 5L5 el oz 2 0508 sl g5l yinil 5 s,
Sl za,m VAY slows b cdgglS VYV (slo jgilo,gauil 5 oS
sl plaisl 54> 4 by jgilojganil s plo 4 Cond g 5YL
ools las & K& 50 Sljue £98 canr p D0lgm au g5 jloges
OAYL YOY slaws b bolas 79,5 4 jonie Solg> a5 sl oalds
95 e e Solem mse loged SIS S ls ) ke
398 9 Jtl behs (gg, Jlasl a5 ol oals ools lid diol>
zo bl aBbice Hlade (VL dol- YYe slaws b xse
ools pLaS Y S8 55 zo3 Cde s 1 )08 slagile il 5
zoys e als V20 slawi b ey (599,9 abad Lol oald
Ui yiaS Solg LT A JSi 50 ol 009 & ,08 (sla jgile gl 3
Slyagzs JCS el oo ools ylas b xS cde cons 4l
Sl el s0ls olaisl 03 a0 | lade o yiion VA ol b s
Ced b ay dole Sl e 8508 laygilejshudl S zs
o g bl 7o 5 g el ool ssle las A IS o b
Vo JSS 0 WWA0 Lo (b las peelS v e alols olass

el oo ooy ylis

A0 o) g jmlimpgo ojled —poey Jlo =G 50 (g Dlidizd aass - pole alne

Yf

N NCUOVS RN P JURC S FRRIRCINA [P I i I NS RUICIT:
IRV VR [E RO PR SIS | & 2 BRNEESV R 4
Ol 48 (ooulS At 53 g dpdiee @i WIS Gl I 6h0ee Ol
0565 1 5 6 YL Canl I ail alile Al (o (g i (55
o Jll aSes gsils sl 92 b oS coul Jb s cpl el
el oSt 5l oS 5l 6 he Gl Legil e j08 wlST G b & j90
Al oauld el (65,80 Jlade i gl 00 Olie 40l waless

258 all 4l 55 labl Cobls Sl Conl p3Y

Ol 5 31 g k!l wldle Y
sr 9 ool aalllae @ 5l s ol E5 ale Cox
@ pladl alise axle aibioe s 50 odd eols 7,y Gole>
Olee a4 il ooged Laceuy 38, cews 51 LYo (g lel aslllas
5 cblis i [YF] lagilaypails (N3 gmyp Jle
mls coulay] a5l Y] bbb 5 [¥0] S las
5 ol (5l plall s @YU o Lie Sy oLl
[¥8] oy aibico Com o33, coms 51,0 [YY] jgilejginsl
G55 ol el o3l oLl Lo S s 55, 51 s kel slaslllas
Gy Dz 2l (5,155 Al ;o a5 Nordel oledbl sl
) 3955 5 SOledls M (g slo)piS 4 bgpe )08 lo
08,5l 1V IS8 o adlas ol mls el ool 005l wiled oo ol

S 00
Faults per 100 devices
25
2.0 - _’_\_A )
1.5
1.0 -
——400 kV Circuit

0.5 Breakers
0.0 ——r

3 '19@ '159\’ '1,@’» '1,@", "»éf‘ ﬂ,@" ﬂ?‘do
M i i Al
LS S

[re] Jlo jo 58 Jlae Voo a0 o5 slaas 1) S8

olasi asllas 8,50 Sl )0 s o L IS0 pl aS (el len
Jhow 3 B Ve e 0 (SF VY eSSl >
Jlw 50 6Sbjlae Voo j o j0 5 VY 4599-90 sla L jo
aS Cewdls o palS bl 4l 2als 06-97 sla e o
ol a8l o580 L Sl e jLid aSill yals 00 S o A
o oy o U glas e 1) oS jlae ol )5 tals ol
L 1y ol Sapysiile 5 S slapiss & ol g2

b n SIS ey Sl B 5 pgle Sl
it 3ot Gy e Syt 3 S n 55, NERCH 3158
g8 2wl S lry oNn 0y p0 e 5l WS e Cuzmo
SplaS e ly prmen e o plaisl ot 4 | o ol >


https://dor.isc.ac/dor/20.1001.1.23222468.1395.5.2.3.5
https://jeps.dezful.iau.ir/article-1-122-en.html

[ Downloaded from jeps.dezful.iau.ir on 2026-06-24 ]

[ DOR: 20.1001.1.23222468.1395.5.2.3.5 ]

Journal of Novel Researches on Electrical Power - Vol. 5 -No. 2- autumn 2016 & winter 2017

1

0

160 15 137 30 25 200 40 50 140 180

byl ay iols St ey )08 (gl gile gl 5 g5 Ll A USS

[¥Al sl

400 ky 230ky 132kv 3kv

FoghSas ;o ol slawi sy bshs 79,5 jlagai:) e S0

[¥Al s

Cdgel S BY g ATY Y Fee bgls gy 5 4 e ol

bghs

3 ZTe A e Solgx el oad ooy Ll VY IS e

il ge behs loe jo Jlade (i 9550 VIV L gl ST VY'Y
e sy i blis piaws o Sloe atli b Golg> L]
YV olaws b Glae gy o ISl oads ools las VY S jo

2 08 gleygilejsindl s ze s bl il e gl
ol 0ol ools Lzd VY S o Gl e 4y diols sl e
5500 lee 5o 1y Ll o 3L VOY Jlake b gl #YIY - il s

Byl 508 o gile yshudl

350

300

250

200

150

100

50

R

Tl byl Sland Ioglas £y Slaai Dglad g 8 Slasi Dglas £o 8 Sl bglad mg 5 Slasi
ast ClgplS P ClgpLSTT GlylS T Clals PY

[YAlbghas 75,5 4 yoeie Soly> Lol )Y St

L.

Lislgs slpml JULH IS galy JICH JUCH o JILA ol 5 JICA! Sype ol
JEIPTEREY U R T o S Sl b st
SlaaBisy [en—)

oy hie blim w5 Shos asls b sole LT Y S

[¥Alcde

A0 Slie 5 52lipgo o)lad —poey Jlo =32 50 (g5 Slidicd (pamadS — gole Al

Yo

350
00
250
200
150
100

50

T oland gt olaad gt oolaad gpaptolal gt oolaal gt oolawd
obd gyl sl gl iy lh Wy sle T sls el gl T
1YTITs Matianal TYAYY  FeAYTY. FYITs
(YA g o o 508 (sl gile gl 5 29,5 Lol oF U5
400

350
300
250
200
150
100

50

0 7

ey g geme

TS A paie 20lgx Fapt A aie Solye Eapt Ay Bl
Lk e Sl

(YAl ol g9 e 0ly> s loges 0SS

400

350

300

250

200

150

100 220

o L0 s 20 2 . e oy a5 4 o

Erexe Ml Ml o JIGA JEH o JI gl LeRs oy
a5y eh Mey S @l gpd oS Slips e
byt byl oy ol
[SEE N
ey g

[PAlasols 55, Cle o o 0lym mse8 loges FSE

bl h ackdel o)y sl

150

300

250

200

150

100

S JIE S S G sy Ll esppeld et s I s JIEA il
Gape Sl oAk e oled @2k @ladel
S Lot

euy

S hal amlae les Sl
MO Skl lekl ay

[¥Al g5 e cos 3 503 slajgilo gl 5 79,5 Lol oY S

it sl S e JISH e JICE Sl JICE 5t S ool JICE el SIS il
ity ekt et Camg

[YA] o S e o a3 58 @ole> Lol A JSS



https://dor.isc.ac/dor/20.1001.1.23222468.1395.5.2.3.5
https://jeps.dezful.iau.ir/article-1-122-en.html

[ Downloaded from jeps.dezful.iau.ir on 2026-06-24 ]

[ DOR: 20.1001.1.23222468.1395.5.2.3.5]

Journal of Novel Researches on Electrical Power - Vol. 5 -No. 2- autumn 2016 & winter 2017

@S a4 Jlail g (bls,l sle ol b aiadion sl jguins 3l
Ogebogil s o las )5 51 gaieo e sl o9yt alals
Sl yrani 0592 55 ool o )5 cnl 5l (ool 4z LSG (950
bl 2 598 JLad G sl o aliing Olpens 12l ol
Ores g dedsn by @bl gulls Sledbl 2l s
Exose 25 &2y o IFFl S o &0 o] (adly oy B3l
Sl S Sl 69y p Aty Slmeni lpl adlllas 590
ao @ Wlg (oo B wdgs e el oS g ygile gl alex
sk @ oS 65 L (G 4l g Uy 09d pendi (Lol atus
s ol .ol ol jan (CHy) oo g ((55,990) Hy slojl8 L ovac
Sl w5 bpgd alib el e paie o5 (550 Lel b s
CoHy Ll 6lajl8 5gd o 00l olis 05, 0> §l i sla)S L
T g e alsi s ol b o baae CiHg ol 5 CHy oo
ol e adlbioe b (551 Ll 5l Ygeme (335 482 5 ()
g rae bz ool Jds 4 GHy sl 9 Hy 039,908
2 9 il @l &5 318 0925 (cantid by, paiz e
syl 5l eolaiwl & g0 0gd oo coliul o> e 2
ool S5 05500 895 30 51 el 5 325 (T el Lo
osliinl 3,50 yiioy oS Sl (63)l90 51 (o I (S S 5leg S ol
BB Gy Somis gl o 7] gz s po [F0] 0,5 o0 13
4 Cel 0 Lo iz O] Camdy Ol (sl slezel
2 OBz WS oS im0 Al s anl el el
abize )5 (g i JB e S (Bge slacuwglic s,
S8 e b g eSS (50,95 Ojg0 ,0 008 o0 ol o
ooyt 5 ESoshul b a5 4zl B il ) olie by, hsle
Deed GySslr oolel Slaces sen 5l Gl Slals)]
Sl i SG oy oz a8 Job )0 555 sl
o3Il gl g o lolid ol e o0itS Cusi 4 45 lao
9 43 990 i Sl Slasuive (pesd jolite 4 0l (625
S5 CS o 0 i gy wnld g wlad 518 Ll
SR adllae 590 i Olis oo Shoe Spo sl (B2
o bl s 5 il clacoaige o ond plowl Slallls 265
Ll o 5 ole Sldae b o Slidss ol b pll o)k
Wb el (FSge gy 9 Shes (o p poliie 4 S CeSS
SzsS sloais plebd jshaie ay o i Slindad 55, o0 et
i W (K0S 31 atlsts buabs glgil 5 05 el

GV (5l yosi sl Juo -0
S S (il Sygody | Sl pess )“l’ S &zl sl G B
S ol 3gzy Sleni lp 8 Jletol Gladae S o
hola gunld oyson Sligm o3 5 (Fogesd slaanls
VEUSE 5 eers (Sogup anlp Y] a2 pe jo 09800 Jaa
A cpl 5o il oal oole Lid S3 982 W) Camdg A S @

A0 o) g jmlimpgo ojled —paeiy Jlo =G 50 g Dlidizd aass - pole alne

0

230132 63/20 13220 40013220 132/63/20

Aol olasd e 5y 3508 sla,gilejsanil 5 g > PR
YAl sl 5

e 5 oledl o ekl ol 3loas 43 ol Szl g0
Ll ly iy oy 50 cal GRS L sl T s ) 5 52420
i 9 S pgisle hlog & S 55 Sl o) e il
209 ,8 FMal el g0 ol b Olyges liebl Colbld ) aiedise
Syl @lp 1) Guar Glbodll siadgn a4l drwy
el aiedgn aSld Kuygnile (YA smo e 4l aieiies
D8 e Sl 5l 092 g0 S8 b dagy il (g5lwdige
Sl G el Grimes g banie el g Zopoe

[‘:]b}w‘sc Aaligh a8l (golazdl

b O3 e o Oliebl bl 251 6 e o Slallae
e obgy D] g pe 0 ol saiplonl siaiign aSs 0,8
Oyl ot 5l oolaiwl b @ yud piin Ll CoblE 0ape
5 LSun Gezes Sl ealdll Cumdy g Lull Wbl
e el ClbB iol38l jelaieas Sle slaglejganl
S yiile calizes slacunsy [FY] g 1o g oo olulits @508
Shl n Bl oo S g 0T o0 (e |) D508 el wlign
Gy » Mebgd Sy slile Cude DIl by gl BTl Joe
Slr o Jgo b oS oo (et 5508 Gl liebl C L
D)8 Sl geend S 5 2P sbgs sy 4 Al
50 diedsr bbaSls Ky giile Jol 05 el cadal)l

LEr] e 5055050 Jolis )08 gines

5 ool polae ©jgoas Sl Koo jsiile s il ygile il 3
@ baye pzed b esdye Ol azr e e (edle

S Hgile |y Hgileyshal 5
L 6B Gle gl o)l Sl Spsile e oS5
) lin (69 pess slaaal s dlo S0 2 ol 9 0 S (58,

itz


https://dor.isc.ac/dor/20.1001.1.23222468.1395.5.2.3.5
https://jeps.dezful.iau.ir/article-1-122-en.html

[ Downloaded from jeps.dezful.iau.ir on 2026-06-24 ]

[ DOR: 20.1001.1.23222468.1395.5.2.3.5]

Journal of Novel Researches on Electrical Power - Vol. 5 -No. 2- autumn 2016 & winter 2017

Lzl sl aloye 2 50 (6 lnSgymen a5 WS (28 o0
2o 5 Se plgrs a8 03 (o3l 9 I £ g0
o ol oSy Al pe (g a4 Dy aS 09l g0 i8S a5 )0 Jolee
Ao lyis @ D3 g iz 23 90 alope Glsie 4 Do g 5
WOl (o0 S CeSD Al e Gloie  F g 5pas IS ol g

a0 50 Gloy (WSSl = Y2 9 (L) V al> o 50 ey (ke = 11
L) ¥

Yol po 5l aesni 5= Mot g (JUW) ¥ al> e p0 by (nKike =y
U\ b

oo 5l peoni £ = Wt 5 (JUL) Y BT alo ol eass &5 = o
UV b Y

(Lo 1) yoass &5 =l
Al o (28 sl oy sl () ¥ B ) alo e ) Uil &5

as ol ).IOL‘> u{‘d.t.bb) JLQ.&‘AAU.)‘ NG IRV L_;)M\

Jae ¥ al> jo 4y s 095 Sl Col (e ) al o 5k
Jow ;0 S b slo 6l 5o 5l eolannl Lol colas w05

By ol O 380 @l Sl Ul pas (s g mans 53l
ool (lojg yuf (o3l £ 5

[00] 5025 (5,165 5 yrass Jan VOS2
O oolsly oyl Slogs oms San b 5 [FAL a2 e
Silhe (Fogd S5 le s dawgi & pladl g (Foges
Cundg gl N USE Jaw )0 dged glp Cewl 00500 VF S
30 el oals a8 )8 i 855 9 8o Cumdg 90 Sy (Soguwd

9 el 0als 0y §p (Sogu b Coxdy A S S2 Zurds
EA L olized (o )il Cond Cumdy i (ol azgie y9ilnl oz
et b w3l Oedsl plal o cle cnl o sl e plsil
Slosm s free a0l wales (asiine 5o (Sogm B Cundy
S52g S22 Cumdg & JiLl el MM, ¢ My J, slacgsrsg
p9S (SO dl> o 4 5t S22 Camdg 0 s Ojle ol
b onil eyl @bl Laslpls ol 5l 51l ez g el 0als 5)ls
5o oS Slpiday (55l Sg st Joo 0500 plnil o B0z £

A0 Gl 5 malimpod o)lod —poy Jlo =G )0 (g8 Dl paass - cole alos

Yy

&S (Goye 3 D)o gezo 5 Mas g« Sgu B 3979 b undy
wld elol bwgds plwl s 55y 6 MSiges g5 g
Sly el 5425 S35 52 81 slacendy e 5 (Sogm
ol 4l e Fooands jo ol waled B ol3 Sundy
S) Camdy @ Iam Ga Gpsd Sl Gl am g oyl al
Ay C)J L) )l.\f C)" )uj’ 9 /12 f )u[ ‘VJK..; 50 ‘35"“'L5° o&‘b;ﬁ
Scurog Iy 5 [ d) ol iz Glacundy o GS Sym
S Sl 55 )il sl E5 09 B Y Sl e ol
@y b oS 0gdoe B el ik slacendy jl oo
wgd el ] 55y 2 Gaem 8 Az G Sopd luld
Wl iy Sl pens oo lis i3 4 MM g M slacassyg
Cardg Sl S (S 50 oad ools ylis slo Jleis 45 az g5 b
Jo (g by by (U (S Cumsg ples 0 9h X e

RYRY LSSL....Sl Slalocsl

— —
e -
7o w0
| S | S; |}
it A/
[T I
N v
\ &) 11\,\
A e N
N 5w
(m —{ A, |
saﬂo\‘ '/{% 900}"—
51-%-% 51-—'
v
5 Sz
44% 10%

(1] 5005 423 s (5504855 s Jote N TS
5 LAl VD DVYT aolye jo oVl (6)lagSig pmans (sloJoe
5 oKty (5 eSS prens Slalllas a5 el o 03,91 [00-F4]
Sebee o3l ((ee Cobld) (o InSgpess Sl g9
Srytelin $lp o5 GV (6)agSismani slo Joo 5l 55l
plLs olaly wload (b g5l a5 N9 pen
Slapl Sbo el sads ol [0F] gz je jo a5 jshailea wiledl>
axg Lol (ghyaelyn () leSg et Giledoe ;o Ysone Sl
@ ol cll slajloges dal jo Wgd o colaiwl Lol Cuje g0 @
Granlp oS5 b boliws sl (S3LS sole slaJos )l
SloplShs pgs Al j3 s (5, MeSig a3k 2
Joe pbar 22l slados @ el b @ Ol (o0 |, S
Sy, 3l slitul b !, 4 Wlge a5 8,5 has oS e
SISy pmens sladon Wgd Jo Lo SYolue 5 ot
ik &5 Gl 1) 388 it il oo Sl slapl Sho el
e s skaie 4y e Wl Wed e IS5 lojgs Djse 4
ao b 1) 65laSg mend Joo 10 IS8 50 conds dLl (a9 e


https://dor.isc.ac/dor/20.1001.1.23222468.1395.5.2.3.5
https://jeps.dezful.iau.ir/article-1-122-en.html

[ Downloaded from jeps.dezful.iau.ir on 2026-06-24 ]

[ DOR: 20.1001.1.23222468.1395.5.2.3.5]

Journal of Novel Researches on Electrical Power - Vol. 5 -No. 2- autumn 2016 & winter 2017

[6] Chan T, Liu C-C, Choe J-W. Implementation of reliability-
centered maintenance for circuit breakers. In: Power Engineering
Society General Meeting, 2005 IEEE. 2005. p. 684-90.

[7] Jardine, Andrew KS, Daming Lin, and Dragan Banjevic. "A
review on machinery diagnostics and prognostics implementing
condition-based maintenance.” Mechanical systems and signal
processing20.7 (2006): 1483-1510.

[8] Kawada, T., et al. "Predictive maintenance systems for
substations." Properties and Applications of Dielectric Materials,
1991., Proceedings of the 3rd International Conference on. IEEE,
1991.

[9] Do, Phuc, et al. "A proactive condition-based maintenance
strategy with both perfect and imperfect maintenance
actions." Reliability Engineering & System Safety 133 (2015): 22-
32

Bertling, L., Allan, R., and Eriksson, R.: “A reliability-centered
asset maintenance method for assessing the impact of maintenance
in power distribution systems,” IEEE Trans. Power Syst., vol. 20,
no. 1, pp 75-82, Feb. 2005

[11] Janjic, A. D., and Popovic, D. S.: “Selective maintenance schedule
of distribution networks based on risk management approach,”
IEEE Trans. Power Syst., vol. 22, no. 2, pp. 597-604, May 2007

[12] Endrenyi, J., Anders, G. J., and Leite da Silva, A. M.:
“Probabilistic evaluation of the effect of maintenance on
reliability- An application,” IEEE Trans. Power Syst., vol. 13, no.
2, pp- 576-583, May 1998

[13] Billinton, R., and Allan, R. N., Reliability Evaluation of Power
Systems, 2nd ed. London, U.K.: Plenum, 1996

[14] Stopczyk, M., Sakowicz, B., and Anders, G. J.: “Application of
a semi-Markov model and a simulated annealing algorithm for the
selection of an optimal maintenance policy for power equipment,”
Int. J. Reliab. Safety, vol. 2, no. 1/2, pp. 129-145, 2008

[15] Tomasevicz, C. L., and Asgarpoor, S.: “Optimum maintenance
policy using semi-Markov decision processes,” Elect. Power Syst.
Res., vol. 79, no. 9, pp. 1286-1291, Sep. 2009

[16] Ge, H., and Asgarpoor, S.: “An analytical method for optimum
maintenance of substation,” in Proc. IEEE Transm. and Distrib.
Conf. and Expo., pp. 1-6, Chicago, Apr. 2008

[17] Ge, H., and Asgarpoor, S.: “Reliability evaluation of equipment
and substations with fuzzy Markov processes,” IEEE Trans.
Power Syst., vol. 25, no. 3, pp. 1319-1328, Aug 2010

[18] Buhler, J., Krontiris, T. and Balzer, G.: “Calculation of outage
costs for maintenance purposes in medium voltage networks,”
15th IEEE Mediterranean Electrotechnical Conf., Malta, Valletta,
Apr. 2010, pp. 1618-1623

[19] Krontiris, T., and Balzer, G.: “Assessing the effect of
maintenance on high-voltage circuit breaker reliability,” 11th Int.
Conf. of Prob. Methods Applied to Power Syst., Singapore,
Singapore, Jun. 2010, pp. 761-766

[20] Krontiris, T., Balzer, G., and Rusek, B.: “Analytical
maintenance optimization for HV circuit breakers,” the 6th
CIGRE Southern Africa Regional Conf., Somerset West, South
Africa , Aug. 2009, pp. 1-17

[21] Neumann, C., Rusek, B., Schorn, C., et. al: “Modelling the effect
of maintenance on failure occurrence and lifetime management of
high-voltage circuit-breakers,” the CIGRE session, France, Paris,
2010, pp. 1-8

[22] Endrenyi, J., Aboresheid, S., Allan, R.N., et al: “The present
status of maintenance strategies and the impact of maintenance on
reliability,” IEEE Trans. Power Syst., vol. 16, no. 4, pp. 638-646,
Nov. 2001

[23] Yang, F., Kwan, C. M., and Chang, C. S.: “Multiobjective
evolutionary optimization of substation maintenance using
decision-varying Markov model,” IEEE Trans. Power Syst., vol.
23, no. 3, pp. 1328- 1335, Aug 2008

[24] Billinton R., and Allan, R. N.: Reliability Evaluation of
Engineering Systems: Concepts and Techniques, 2nd ed. New
York: Plenum, 1983

[25] Yang, F., and Chang, C. S.: “Multiobjective evolutionary
optimization of maintenance schedules and extents for composite

power systems,” IEEE Trans. Power Syst., vol. 24, no. 4, pp.
1694-1702, Nov. 2009

=
2

A0 Gl 5 malimpod o)lod —poy Jlo =G )0 (g8 Dl paass - cole alos

YA

loysd 28 SIS lp dne B33 sl o3k Jolsd L sl Wil
2,5 )18 oolatil o0

[FAL o s il ess (5)lgSig oot Jobo 1) £ S

G A -7
LS 25 sl 25 Ml Bl 5l (S 6109 e b
gl Gt Js 4 o)lpen oS8 (pl 5 0oy (sladlare G
oord 55 5 Glebl ClllE Lis ol aitie gliebl el LB
Flam b 5 a8l (guml Jou3 JB 0> )0 aSh Slias o
oo dlie ol jo 0,5 18 (gl oy 950 sllasl Ll
358 5 JUl Glocey Sl @IS g e Elgl 2 e
slibie Gy glocas Oligzs o5 5l bl Oldlae g
plsl Sl o Jal bghas w208 il jshnsl s alaz 1 Ll >
5 JUl sbocuy Olpgas o5 gomaiwns 5 adlas b .ol ool
S IMKig et plxl o el spyeln Ol @iF 3
ol L (g Grimmen 0 Skt ey Sl
SIMSig et plnl by plulis |) &Sl Glallas @ laces,

2,5 $ 5ol gax B Sl 5045 79,5 5l cnlie

&l

[1] Abbasghorbani, Morteza, and Habib Rajabi Mashhadi. "Circuit

breakers maintenance planning for composite  power

systems." IET Generation, Transmission & Distribution 7.10
(2013): 1135-1143.

[2] Abbasghorbani, Morteza, Habib Rajabi Mashhadi, and Yaser
Damchi. "Reliability-centred maintenance for circuit breakers in
transmission networks." IET  Generation, Transmission &
Distribution 8.9 (2014): 1583-1590.

[3] De Faria, Haroldo, Jodo Gabriel Spir Costa, and Jose Luis Mejia
Olivas. "A review of monitoring methods for predictive
maintenance of electric power transformers based on dissolved gas
analysis."Renewable and sustainable energy reviews 46 (2015):
201-209

[4] Endrenyi, J., Aboresheid, S., Allan, R.N., et al: “The present status
of maintenance strategies and the impact of maintenance on
reliability,” IEEE Trans. Power Syst., vol. 16, no. 4, pp. 638-646,
Nov. 2001

[5] Chen, B. R., et al. "Real-time microseismic monitoring and its
characteristic analysis during TBM tunneling in deep-buried
tunnel."Chinese Journal of Rock Mechanics and Engineering 30.2
(2011): 275-283.


https://dor.isc.ac/dor/20.1001.1.23222468.1395.5.2.3.5
https://jeps.dezful.iau.ir/article-1-122-en.html

[ Downloaded from jeps.dezful.iau.ir on 2026-06-24 ]

[ DOR: 20.1001.1.23222468.1395.5.2.3.5]

Journal of Novel Researches on Electrical Power - Vol. 5 -No. 2- autumn 2016 & winter 2017

selection of an optimal maintenance policy for power equipment.
Int J Reliab Saf. 2008;2(1-2):129-45.

[49] Natti S, Kezunovic M, Singh C. Sensitivity analysis on the
probabilistic maintenance model of circuit breaker. In:
Probabilistic Methods Applied to Power Systems, 2006 PMAPS
2006 International Conference on. 2006. p. 1-7.

[SO0] Endrenyi J, Anders GJ. Aging, maintenance, and reliability-
approaches to preserving equipment health and extending
equipment life. IEEE Power Energy Mag. 2006;4(3):59-67.

[51] Maciejewski H. Reliability centered maintenance of repairable
equipment. In: Dependability of Computer Systems, 2009
DepCos-RELCOMEX’09 Fourth International Conference on.
2009.

p. 332-9.

[52] Ge H, Asgarpoor S. Reliability and maintainability improvement
of substations with aging infrastructure. IEEE Trans Power Deliv.
2012;27(4):1868-76.

[53] Heo J-H, Kim M-K, Park G-P, Yoon YT, Park JK, Lee S-S, et al.
A reliability-centered approach to an optimal maintenance strategy
in transmission systems using a genetic algorithm. IEEE Trans
Power Deliv. 2011;26(4):2171-9.

[54] Abeygunawardane SK, Jirutitijaroen P. A realistic maintenance
model based on a new state diagram. In: Probabilistic Methods
Applied to Power Systems (PMAPS), 2010 IEEE 11"
International Conference on. 2010. p. 299-303.

[S5] Abeygunawardane SK, Jirutitijaroen P. Effects of maintenance
on reliability of probabilistic maintenance models. In: Proc Int
Conf Probabilistic Methods Applied to Power Systems. 2012.

[56] T.M. Welte, “Using state diagrams for modeling maintenance of
deteriorating systems,” IEEE Trans. Power Syst., vol. 24, no. 1,
pp. 58-66, Feb. 2009.

409))

oad 3 tgie la 5o c5°LETf°€.)S e
Iy 09 2y OMoass (VWFPA) coul
D03 —E o (w5 glafie
S 9o d>lg ) alﬂ ol iils yo

~ B i 0|l )5 9 (VYY)
L aslg - el oljT olliils o &ju s
GFSS Gemiils yolo b p0 el 03,5 (6 (VYAY) jolis
OTAF) jgilics anly — odlol ol5T olKils 1o & jod =50 o
S b 50 a8 39 9 JLBl slace L) e Wbl )5
SoeaBDle 5 —ingh slocadled il oo usb 5 ol ,5ld
Sl 9 D ju8 Slppinns Cbliz (G 3k ke 50 Gl

ool 3508 gt Lol

OMazs (VWFF) cwl sos adgie w,ls 0 Gluwls allole
el 5 ahade o 1) 055 BB _iils
93,8 o8l ;0 D puB - B (ot
oo ) iS5 (VFFR) ageteo
Nion (g B oSS 5o Sy B -5
PGB -G ke 6550 5 (WWAY)
ol 0555 (6 s Mo oy 3 oSiSls

A0 o) g jmlimpgo ojled —paeiy Jlo =G 50 g Dlidizd aass - pole alne

[26]

[27

[28

[29

=
2

131

(32

[33

34

Jiang, Y., Ni, M., McCalley, J., and Van Voorhis, T.: “Risk-based
resource optimization for transmission system maintenance,
IEEE Trans. Power Syst., vol. 21, no. 3, pp. 1191-2000, Aug.
2006

Choonhapran, P.: “Application of high voltage circuit breakers
and

development of aging model,” Ph.D.thesis, Univ. Darmstadt,
Dept.

Elect. and Comp. Eng., Darmstadt, Germany, 2007

Krontiris, T.: “Fuzzy systems for condition assessment of
equipment in electric power systems,” Ph.D. thesis, Univ.
Darmstadt, Dept. Elect. and Comp. Eng., Darmstadt, Germany,
2012

Chan, T., Chen-Ching, L., and Jong-Woong, C.: “Implementation
of reliability-centered maintenance for circuit breakers’. in Proc.
IEEE Power Eng. Soc. General Meeting, San Francisco, CA, June
2005, pp. 684-690

Schlabbach, J. and Berka, T.: “Reliability-centered maintenance of
MV circuit-breakers,” in Proc. IEEE 9th Int. Power Tech. Conf.,
Porto, Portuga, Sep. 2001, pp.1 -5

Balzer, G., Bakic, K., Haubrich, H. J., et al: “Selection of an
optimal maintenance and replacement strategy of H.V. equipment
by a risk assessment process,” CIGRE Session, Paris, 2006, pp. 1—
9

Orlowska, T., Balzer, G., Halfmann, M., et al: “Life cycle
management of circuit-breakers by application of reliability
centered maintenance,” CIGRE Session, Paris, 2000, pp. 1-8
Janssen, A.L.J., Degen, W., Heising, C.R., et al: “Life
management of circuit-breakers,” CIGRE technical brochure, vol.
165, no. 1, pp.1-140, May 2000

R. Billinton and W. Li, Reliability evaluation of electric power
systems using Monte Carlo simulation method, 1st Edition Plenum
Press, New York 1994.

CEA Equipment Reliability Information System, Forced outage
performance of transmission equipment, 1995-1999, Canadian
Electric Association, Canada.

Johnny Vikesjo, Reliability Comparison between Different 400 kV
Substation Designs, M.S. Thesis, Chalmers University of
Technology, Géteborg, Sweden, 2008.

NERC Technical Report: AC Substation Equipment Failure
Report.December 2014,  http://www.nerc.com/comm/PC/AC
Substation Equipment Task Force ACSETF/Final

ACSETF Report.pdf

(o s - s I S5 JEI s -l shikie S 3 [TA]

[39]

[42

[43

=
x

.}

http://www.aptc.ir &http://www.krec.ir

NERC Technical Report: Reliability consideration from the
integration of smart grid , December 2010, [Online]. Available:
http://www.nerc.com/files/SGTF Report Final posted.pdf.
Zhong J, Zheng RM, Yang WH, Wu F. Construction of smart grid
at information age. FEMBHAT. 2009;

Eftekharnejad S, Heydt GT, Vittal V. Implications of smart grid
technology on transmission system reliability. In: Power Systems
Conference and Exposition (PSCE), 2011 IEEE/PES. 2011. p. 1-
8.

Falahati B, Kargarian A. Power system reliability enhancement
considering smart monitoring. In: Power & Energy Society
General Meeting, 2015 IEEE. 2015. p. 1-5.

Eskandari Nasab M, Maleksaeedi I, Mohammadi M, Ghadimi N.
A new multiobjective allocator of capacitor banks and distributed
generations using a new investigated differential evolution.
Complexity. 2014;19(5):40-54.

]

Condition Monitoring Techniques for Electrical Equipment—A
Literature Survey

R.Vilaithong, S.Tenbohlen, T.Stirl,
Diagnosis Based On Acoustic Technique

On-Line Tap Changer

Abeygunawardane SK, Jirutitijaroen P. New state diagrams for
probabilistic maintenance models. IEEE Trans Power Syst.
2011;26(4):2207-13.

Stopczyk M, Sakowicz B, Anders GJ. Application of a semi-
Markov model and a simulated annealing algorithm for the


https://dor.isc.ac/dor/20.1001.1.23222468.1395.5.2.3.5
https://jeps.dezful.iau.ir/article-1-122-en.html

[ Downloaded from jeps.dezful.iau.ir on 2026-06-24 ]

[ DOR: 20.1001.1.23222468.1395.5.2.3.5]

Journal of Novel Researches on Electrical Power - Vol. 5 -No. 2- autumn 2016 & winter 2017

A0 ey 5 5mbimpgs o)lod —pamiy Jlo -G 3o (g Olidod caads - gele alone

b sl are) o plial saieadle 5 iagh sl ool

Al sliate 30,5 25, Jlil 5

plins o 63T olo pudl yml dozxo
2Rl O azs (VYY) conl oads Wgte

“B 2 st olid )5 alaiie jo Iy 095
Ol gy g b oK iily o iy

“B i e 3l el )5 5 (1VA0)
G50 9 (WYAR) oy )l s )0 & y0d
00,5 & yems (VWAY) o cangd b olSiils )0 305 — 5 sowikio
Bk asee) 5o plial gueadle 5 amgh sl dlad ool

il ey Ble i 9 &H08 Gl piaen plaedl c oLl
f“':—i" ozl d)—’ Os)j )L.)La_.ul ,0L‘> Jl> 9 Cns| éﬂ‘
Bl oo (55lg e

L o5 )

' Time Based maintenance

2 Reliability Centered maintenance

* Condition Based maintenance

* North American Electric Reliability Corporation


https://dor.isc.ac/dor/20.1001.1.23222468.1395.5.2.3.5
https://jeps.dezful.iau.ir/article-1-122-en.html

[ Downloaded from jeps.dezful.iau.ir on 2026-06-24 ]

[ DOR: 20.1001.1.23222468.1395.5.2.3.5]

Journal of Novel Researches on Electrical Power - Vol. 5 -No. 2- autumn 2016 & winter 2017

A0 Gl 5 malimpod o)lod —poy Jlo =G )0 (g8 Dl paass - cole alos

A review of the maintenance and equipment failure of
transmission and Super distribution substations

Abstract: By creating electricity markets, regional electrical companies are working to reduce
their current costs for greater profit and maintain Competitiveness strength. In this way, the
reduction of maintenance costs, which is a significant part of the cost of operating the transmission
network, has a much importance. On the other hand, electricity network equipment such as
transformer, transmission lines and circuit breakers that have been exploited over the last few
decades, naturally, With longer lifetime, have been aging. Consequently, regional electrical
companies are now faced with a major challenge, such as aging equipment that to maintain the
reliability of the system to an acceptable level and to escape the heavy costs associated with
outages, they require a coherent planning for maintenance on the network. In the new competitive
environment, regional electrical companies prefer to continue to use aging equipment as much as
possible instead of replacing them with high costs by performing appropriate maintenances. In this
paper, researches on determining the optimal rate of preventive maintenance, determining the
priority of equipment for preventive maintenance and determining the importance of network
equipment have been performed. In addition, statistical studies of the failure of khorasan regional
electrical company substations for 16 years (2001-2017) have been carried out. By investigation
the failure of the transmission and super distribution substations equipments, can be proposed a
more comprehensive planning of maintenance of substation equipment, it is also possible to
identify the critical points of the substations and prevent the outage of the equipment by
performing proper maintenance. Finally, evaluation of reliability of substations with the use of
smart grids and preventive maintenance models has been investigated with the help of Markov
equations.
Keywords: Maintenance, Reliability, Transmission and Super Distribution Substation.
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