[ Downloaded from jeps.dezful.iau.ir on 2026-06-28 |

Journal of Novel Researches on Electrical Power - Vol. 9-No.2 Summer 2020

[ DOR: 20.1001.1.23222468.1399.9.2.1.1 ]

9 s — 38 0 lac ~otp Jlo ~ 32 58 (5 Dlinid o — ale Al

e o5l bawgd & yu8 b (315 (S adRd Ga80 ausld g julU]
Goil (6390 p e 9y (65w AT g (omord mas A

7B hagyd e
a_darvishfalehi@sbu.ac.ir )| 5! «\Eolis ( oDl ol5T sl8iisls «yFolis alg ¢ 5, 05,5 JLoliw

QU 15 pdy g AUV il e b

Yok (Gloj o 30 g Vb 5lod b YL 5y ol 50 4T diiund 508 Ui phed Ol 1 ©y03 Gyl ToduSS
oSy ol Jole o Fioten (S ands g il oo Gl Ll e cansh £ 55 (loj 90 41 95 cnl 5150 ,5 o0 (6510 0 40
S by 50 ! (ol Candl 1)1 (Fi Al Gado aukid )0 YU €S 5 & by ol by D oo sl LT
(S5 T 9 o 403 30 381 4y e D93 Asgd 4 3 (1 & el JUSw (s oyl g AT guudw 4 55 el Jgaro
0955w b ST g (cononi (omae A oy 9801 (a8 Gla3l (o ads e Gmesd g dlie cpl 50 .03, 0 o
b1y Shg polie g 03, eoliwl w)yud o3l gly Uas (ARl s 51 (95 (2 D90 Sy L30T (5955 1 (Sine
SH90 yeb a1y Glosgs resld a5 Cowl (pl hgy (r) oo gei wblgs sl Cabl g (e, il (5,95 (b,
TP a3 Lo s S oo Zl il (connnd (omas aSuh gy < o p YU iy 1) L SHg b 03ld g w5 o0 00 pid
CP Pl w0y Vo b poxi (g g ol YL (000 YA ) gl 4Y iz (g 49 S w0y Qe Sldio b ENN ansld

B 0 liS |y el

(S 37 B (ot ok a5 (5] ()55 (i yud byl oS s o3lg

e S5 SoS adss eagyy asdllas b alaly jo a8 ]l
oy ololis lp [Vel gz pe jo [0 Al T (ilo sl
P e gy ol 0508 slaygileyshail s 0 Sy adss
oy o yse L [N e e 50 el oas ool SVl g,
S50 ol gl 5Ly cod Heilejsanil s glagle jo (S adss
ot 50 63 mae S5 I VY] e o ol 438,51 8 oy
oolaiwl a8 slo,gilejsandl iy S adsd ey 48 5K
oy £y e plulid g cyp DY ao e jo cailonys S
3 Cwlasd F O ae D08 jgile, gl sl o S ads
B Cowlaes dDLA )l5 LJ"‘ k.S"}“a GLQ)W )‘ oolazul L\ L>L~"
o0l A18)5 o 4 segileS Sy (6wt w5 [VE] a6
spleysandly sla@le o (S 4l sy g58y e U ul
.oo)f f?l’m 9 @L\AL\M U)J.S
Shay 3 0598 slag )l Sy adss pasess cue Vol g2 e o
I gy ol Jlo 50 Klosges eolawl 58 audl x5 FBG
Sgl sl slo gy 9 Vb oslall 398 (WlS B Ly (unolineg 2SI
L aslie oyl S adss 5 o)l (o 1) colaiul oy iy

doddo =)

a9 Wieed b 99,80l 90 (e &5 (S Al 4 i addss
P S adE 3529 00,5 e Dbl s 0 2 (e &30
B PS4 ke g 009 (Gule cind 5l s (658 )Led Sl
2 P alss il Kl 5,00 5l 0s oo 5 iale pacns
Slosmg Cmenl 5l ja 8 slag s adex 5l (558 ,Lid Slpgas
Ol (ole g Sb5)) Jole 0p e Glgie a9 009 10,95
roe 4 D35 gla (315 pae Jsbo VYT 058 o wrslis (598 s
JToass S agle b 555 o cxw Logos ol iy lay] _isle
Shle osbe y3 LallBl g Cush) s &5 )90 (ndy W35 wds
gt o ol 38U s Ll ol ol Lol sy a5l 34
oo Ble gl 50 (e SSIESG 28 @i 4 e (LallBL S92
Sels £ rdse iz Al 688 Gl b slo it 5o 5 090
Sl gy Sl S5 4l sl JUKew sl 3 arals [0 oFsls
255 9l GheS ads) Ul ) ol panseis pae 50 40
Lol 5 @3l nlply g e 3 38, e 5l el Ll
LY ol oo comonl S5 adss


https://dor.isc.ac/dor/20.1001.1.23222468.1399.9.2.1.1
https://jeps.dezful.iau.ir/article-1-268-en.html

[ Downloaded from jeps.dezful.iau.ir on 2026-06-28 |

Journal of Novel Researches on Electrical Power - Vol. 9-No.2 Summer 2020

[ DOR: 20.1001.1.23222468.1399.9.2.1.1 ]

2 Oz leoyi> (S gleadss 5, e

R &LC

&3l gyl gilw S -Y-Y

On &S mpSee S 0 1) el @ile lal o VISA L Gllas

U"‘ .b)‘b )‘)3 o)_é.'> kS.i Q—‘ Oﬁ)o )«)3 0l éﬁ‘} B 5A LSLO:JLH.A)J

LS S, anle 45 Llsn alols Sy 5 3 S b olsise |, o i
Gl 00l oolazwl 00> 0, Joe Cga VS o

i

r=— G %c g2 Us
T
1

DAL S5 adss s lae Jow ) St
ol Olilge g Luly a4 a5 1) Koo slacwend (o WJle slogysl>
5y 51 0505 Joo CP 5 Cs (55 90 b ls5 e 25,l0 18 00>
2 Ole ol a5 350 0l sl B g A laJloe 5 4y Jlos!
S ales Sy adsw Lide o ol wil Gl s 4y 0,8
R Cioglio 0gi o0 Jog obsS jluws (glalax) gl haiad S oIS
O U glie 5lds 31008 o Jow 1) 11 ol 2 dals 090 dgaxe
oyi> 69y UF ojlail & g5ty cdl gl Jlos! B g A sla Jloo 5
5L b agd e 5yl Lled Loyl Ly Gialidl b cosls punlys
Sl s alol pu g0 5lls Ll g o] w9 5Ly Cr (55
d9g0 5 Lid g gob wlal 4 a5 Lols 5Ly 0 0,5YL Bl e
g 220 7,y So Sl adss olee alold jo o ls Sy 0,8 (4950
Wil (B adss gas ahad sly o 5Ws a5 o> b Cr (55
gl o0l

S als b gile e =YY
Sl )l oo o iz 4l Sloogas o (o) caddlae jslatea
ol Ol Glfer sl 0 gileand L L cal oud
@bold 5 sl al o gl 5l s sged gl 1) logas
) sl 5y yo (s (oSl alss (L8, 0 000 (S5 4l
@S Gk ol g n 250 ) JSS e 5l skl bl o
3l e 55 Lo Ui ¢ sl 3,50 o5 g,y e ol

Dyaleat Jls,55 5 b o 4y 45 s 6 5YL &5

9 s — 35 0 lac ~otp Lo~ 32 58 (5 Dliniod o — ale Al

Sz Al b Rle o Wl oo () & nlple g Sl gae
adsl Glo s Wl gad (9, ol wszs I b aiS pain 1) o5l
(b sl wes e ol omb Cenles Jds 4] Se5 L
s5leygidl i i3 (2l e 4wl o oS UHF gl g
565 et & il st Jate 0508 sla (3l Sl e
G peians Heba 1) b ol el sod aisle @508 gl o5l olee
ol B (S o gt Su33) wimd oo )13 5508 9le ghnndl
S malp S slagaki pasis ln ) ol

oo S Jil o plyie 4 Gl |y gl b oad p (slae i
S5 [v#] & o 0 ) e s il semga lacyjl5 4o Bilgs
Ohon Gk @lie slogilE e omb sbiles o G adss
S ks by, 99 05 g0 gy 0l 4 Jlesl s 5 ploj 4 4z
19 2 oy a4 Lol o calead ools Lawxid  oles cogase ples
o 0l St el a5 3 4 ol slaslly Jleel Gloy e
oo &l peis Bubo a5 Cossl o0l Al (i 00,5 co oy 39
Sleaalss 2, ils dule cuss Lilin 5 (Si adss Gl
i 6 el ol g wlioo (Pl 5 @le aj9Sng dod als
CbldFanles SO S go sl mle S

54 p (St (32 4l bl s 4 V] ez e 0
mdee |y addlae 5)5 0wl BB claSls g lel 5 g5k Julos
b osls (pals 1) loj 055 ialojl 5o &8ly 50 a2y ol uled (55l
Sae Lol o0, (o giales] St bl 28 5 (s 0
asl 5y b $y7 4l (arets wulb ileatt 5 il
ools j1, 8 gol)ld udd 9,0 (6,5 ojlail Jw el T glos g 0V
Lals jSgo cdg OF e B0« + dgum 0 (g5l i ol o ool 00
(i) Sl Slya i 1 28, S5 5 ol s JL]
00 oyl s el 4255 a0 5| sy bl b 4
5l Pt ket Sl 4 Sy a5 5 5 Lo il a5 Sl
sl oo oV o5l

GRS g ou 4 BS O)jgo gla)ls D Al Gl o
LI W E NP T S e N S E P W EL T 0

Sole Judexi 9 (S a5 5w e =Y

&3 dadss Y-

Jlal b el 413,515 05,20 5 iy il o 45 ouiS o0
S 109,58l 90 e SOSIl laie dog sSay (698 )Lad 5L
Sl eog sl ay Jlasl 5Ly a5 550,00l salss ls )95 5 ol
u..:sS 9 J.J“so dL‘U‘ S ad.;du sJ.MJL VSN "'M dJLC )UB Lo.?u >
Ol S oo B ) Bale 9 00,8 (o0 )18 09 58Ul 9 (o (S S
Ot mle g welr slagle o sl Sz adsS 1) ey


https://dor.isc.ac/dor/20.1001.1.23222468.1399.9.2.1.1
https://jeps.dezful.iau.ir/article-1-268-en.html

[ Downloaded from jeps.dezful.iau.ir on 2026-06-28 |

Journal of Novel Researches on Electrical Power - Vol. 9-No.2 Summer 2020

[ DOR: 20.1001.1.23222468.1399.9.2.1.1 ]

Sl ol 0 Saales i Oglite and cl> 4 Slugal
o Shogal Sl Sl s Sl s 5l s JUSo (a5

D o o0l Lglie
wiprs Gl i atis @lp Sl jedleul I eSt
solarul ... ) 6‘ 0y 3> > ‘Q)Jé LngW 6Ylg ‘_,..;“A:A‘ 6Ua>

] 00

(o (gmas A v 98Il =YY

Soa b oojllal cod 6,500 @l 1) et (gras 4SS
SRS Sl (80058 e BN L e lade (n teST 4 o)
&b Rl 2y byl jshiea 3,5 yes e gananss
9b o0 Al pj & ygots Uas

n,
E¢ :%ii(ﬁj - Ojj i )
i=1l j=1

Geell Ba Qij 5 5395 adlse eell sl (255 (el] Sl oS
ot wiysfl Solrgls il el 69955 sln (HBly (29>
el 25 ©)p0t (copasS (omas

<>

2l B g Gl el Gy g sl o dhall gle Uy g s

L — minly: u
wi=minfxi ¢ wl=m
K T.Ek[ il Wy r;}:i([xlj}

2

Polas iy ity 5 b glo adlpe 0l

Xi = {xig, X, g}

ks 5 X gagy e b s 512 BD sl 22 2 51 malic

i \xr(w}{j + \vh)/Z\f(w}(jfwh) /2
EDy = E — T !
=t (wy-wyg)/2

yes

m=p £

No

25l P s gle wlps 0y Gl s
EDy, = min{EDy }

L), U(old)
w +W,
Lnew) L(old m "
WmEJ )= Wm(j '+ U[xu_ 2 ]

(Lold) | L(old)

wHold) 4 Ul
Ulnew) _ . U(old) Vm

Wy = Wy 4 U[Xg ]

2

\/

My

[V o] oons crae a5t o, Ol gl oY S

9 s — 38 0 lac ~otp Jlo ~ 32 58 (5 Dlinid o — ale Al

I3 slalgial 00> Sy (s S abgye S35 Ele o

ol dsdise Giludae GilB Cudil an boyh> opl il a8 )5
100 ,5 g0 iy y5 p5 D jgeods lalid )b

_ggXgp x (a—2b)xb

c M
P c
80 XSr X I’2 X T
cg=02°rt 2% ™
c-h
€n X rz X TT
Cp =07 " )
h
20,5 (0 drlins i S50 a slailgial o i Sl 550 5l
C
Up=Ugx—3— 49)
Cs +Cp
—ojlasl BB p ©jgoar b ga Jle s aliwgas oad IS8T 55Ls 5L
b ge 605
Q=CsxU, ®

S Soslasl 5l eas o] 5,Le cud 5 4 Ur 5 Q ¢l adal,y g0 0

Dl oo (1 0yh pus 90 5Ly g (i adSS
s ausid et joN! -F

SLogdl slo sl 9 09T (65955 =¥

@loadas o el ple iz 5w gloasls sl )50
FSrote b gl a8 oo Jelos 1) S 5 ol sla)ls, L
6oue 5 (o5 aalllas (pitans plate 5 LU B3, 69, 2 S
592 w9l Sloptanes sniTplete (Fhy o e el
dolee vl ool ool lopimmns ;o bl Slug e L8,
el 25 Doty (o el S

2
u—x+ah(x,3‘—)t(j:0 *)

h (x d—x) = %3
adolee ay W ar 58 =1 Ll sasl Ly YU ala, o
Jed adobae a1 51 U ry o abls aloazél Sdls

i
s+ ycos(t)

el 4 Jalas w5, 5 sl sl ) adezais

398 o0 Jrol> Sdls
2

d d
X x® 82 = yeos(t) ")
dt? dt
_ 3 s
x+ x ycos(t) 5 e g8 o] a8

9 2glite 45 e (595

Al e oS pef (23)l05k (59
asl a5 el O Sl £ Sl ekl dolee yo S
Oml B S S e e S e S T L g
b haalsl o g ady Cgil 4 Cglise 1 pimnms > (Dl s


https://dor.isc.ac/dor/20.1001.1.23222468.1399.9.2.1.1
https://jeps.dezful.iau.ir/article-1-268-en.html

[ Downloaded from jeps.dezful .iau.ir on 2026-06-28 ]

Journal of Novel Researches on Electrical Power - VVol. 9-No.2 Summer 2020

[ DOR: 20.1001.1.23222468.1399.9.2.1.1 ]

e2

Voitage (mv)

0.005 0.01 0.015 0.0z 0.025 0.03 0.035 0.04 0.045 0.05 0.055
Time(s)

S8 5l ibe Cend jo Sia ads sldg b S

=y
5

N
15

Voltage(mV)
t =)
= = =

I
2

&
=

0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.08
Time(ms)

Sy (35 JLail o ol Cannd s Sy adss slly 5§ S

bl 6595 (g5l s gl -0-)
IS e S 5L ST e s g5 a0 )0 (55 ol
Sy s Sz g bl 5 WS (oo s pTejlul alss 51y
Lol adss ools fade G cplply aies god lis | sol>
Pl Beb g arulne ©sdl (5K (g3l (AT (2, 5l oolicn]
Sl s Sy slaools 5 gl |) Gl slaptr S
S8 adlr S0 5 Sl 5L 4 JIY Gla S 0908 pealss
Sl BT g, b analons 51 aw 1) a5l 5y adss slagge

Qo o i gl

Right Chaog Eye(X2,Y2)

-30 -20 -10 0 10 20 30

Sty Ble olmal o sl slo i g SISl ol Sho Y S

A2 Ll —pgo o)lodt —pos Jlo =32 55 (g8 Dl paass - ale ale

298 3 S 4ol o oF
alss JiSew s pSoslail allislesl 3 cly 5 ©)lagld ¥ S8
Qe o plis 1y a8 il S

TH .

110V 3 4
5o saduil 3 sl Ob 2 397ke s ghmil §
5990 9duil 3 g3 YU s

39lesgiudl § DM OIS
B9doles

8 Los Olwgs
S S 6 pSolul (lalel g3y ¥ S

Al olnl o BTy o315 5Ly «g58 JLasd gile jsandl 5 ol yo
s9leysiudly lawgs Sz aldss Ui o0 Gl S
g oxd Sl wasms asis e o9 Vb S Ol
Oy s | (i ands JUS calins Jolo jslaiedy s
bl ol by G O9do0 Jlol gm0 Fgeals 4 Lo
g los msetis 5 Ul (gl oasd (ouae &S 5 gl (5,58
Slasie @S oo Jleel JWSw nl 9, 03 50 o] Sundse

.wlo.\.&oo”—l \ JB..\.?- Be ‘\35))&4‘. u)l""

a8 3 Olasiin ) Jeus

= s jlad o085
ool s 70KVAR
Ll 128pF

5B slows 3
o5 8 60
b 5Ly 380V
b b, 106A

Syl @l -0
sy e lmal Sz Al sl gpSejlail zae SIS
el osbon gl # I F oS 5o i 4y oS

Voltage (mV)



https://dor.isc.ac/dor/20.1001.1.23222468.1399.9.2.1.1
https://jeps.dezful.iau.ir/article-1-268-en.html

[ Downloaded from jeps.dezful.iau.ir on 2026-06-28 |

Journal of Novel Researches on Electrical Power - VVol. 9-No.2 Summer 2020

[ DOR: 20.1001.1.23222468.1399.9.2.1.1 ]

] ; .
- n N - + Casing Wea:
0.8 - - - ® Insulating Oil Anomaly 8
- * . W Sleeve with Impurities
. [] '] i
o - # - -
- +
L] ° - r
" . oo .
0.4 * = F
o) - ] *
L]
L] . + .
- -
02 - ] +
[}
. . *
- . ..
o L4
L .
[
-0.2
0.4 0.5 0.6 0.7 0.8 0.9 1
x

Cowly Conw 0gd] slapir woje8 ol Flo N Y Ui

10 b oo bosls sloy 4 jld ( She polie gilulax lp

oS o o o2 VY S il YZ aiule gl 1, (YX2,Y)

z

f Insufating Ol Angmaly 1

o TaE wear }
Sledve with Impdrities kN |

Q 5 10 15 20 25 30
ral

5ol Gy Bl 5l o st slaeta ms elSls AT S

&5 95 65k g5 & argl il ol AY VY 5 V- Lo
s oo AT S Gllae [, VY 85 (loiy Y VY (ankis
VE S Gillae pansetd (gl 1, VY #5 (F-) o =F) Y w4

RESYPPPL]

: R=0.77873

Output ~= 0.53*Target + 0.24

0t B

S0 = 0 B 1o
Target
FoAY-Y Glaa¥ b ay wix a5l sl Ganm S, o )Y St

|

A8 Ll —pgo o)lodt —pos Jlo =32 55 (g8 Dl paass - sale aloe

40
30
20
Lgft Chaos Eye(X1
10
w0 es” e 2w
- %‘
10 .
LY
. %
20l e
-
0l Lno.\
- s [
g ®
A 20 ET) [} 10 20 30

40
30
20
Left CHaos Eye(X1, X2
10
0
o
.e
-10 i
a®
-20 P
o o Rahif|Chaos Eye(y1,Y2)
-30 -
.y .
ooy, 5"
a0 -
-50
-40 -30 -20 -10 0 10 20 30

o
o3l Jlasl e calBl o osdl slapia o 51ul ol Sho @ s
IPRT
il wiz 10 0 lagls Sir adss S 4 gl
s Gl jshiear wsbioe o b3 gy o ln plojes
Pl 110 s g9 o 6l (Sir 4 alejl sae clanlejl
&'y ms,Imillion 8+) ol 6,90 dw glp b JLKw 5 @0l
SUT Gl (6 sm5 b hol oDl a5 el 5l oy o by o LT
s g5 a8 ggame ;0 5 wsdl miz 10 slawi L g8 50
Olojed Sl ol FLo a5 06 co oanlive slods] )l gl puiz TO
i b Gl iz 0l Glojen STgojlo ]y sl 5 oz piir
ly ot ghinl sla S 0,5 )18 4z si 0550 oiysNl 50 o

S o 525 V) S5 5 Ve S Bl s o

- + Casing Wear

0.2}
Y ®  Insulating Qil Anomaly
o+ m +e W Sleeve with Impurities ||
+ .
'] [
& .
a2 . - Y
[] LJ L .
*|m
- +u .
-0.4 u -
- L ‘a -
= [ ] -
06 . - o
. P
] & .
08 - )
. o . o|®
L Ll - o 14
|+ » a, m 4
- Ll - L] *
12 b P L. B +
= - 3
n At Y
0.95 0.9 0.85 0.8 075 -07 0.65 0.6 0.55 0.5 0.45
x1

w2 S 098] Glapia @e pl Sho ) IS


https://dor.isc.ac/dor/20.1001.1.23222468.1399.9.2.1.1
https://jeps.dezful.iau.ir/article-1-268-en.html

[ Downloaded from jeps.dezful.iau.ir on 2026-06-28 |

Journal of Novel Researches on Electrical Power - Vol. 9-No.2 Summer 2020

[ DOR: 20.1001.1.23222468.1399.9.2.1.1 ]

a5l andllae ol jo o el Sy adss jaseid gl wgll
Glo S5y polie slp orae b (b5l (sl BPN o555
L ENN by oo Sl380 055 s oo 3 0205 o0litins] gl
S bl @l s mols,l8 Ll 5 4o 090 )55 e alis sl
w20 S dunlie (orae &S0 slahg,

95l e 9,5 sl ISAT 5IGTL s sl S o]
b, SHS U8 cllas asly Socnl poodle 0850550
ool ol ool arwg U adrid i ohaicen 5 cpdlem Ll
5 o5l n (e 09,5 (g3l ST (gl (arsets o, L sl
0 sl (arseis B CtS plool poran sas 4K o3 )5S
il 4255 BB gy codel Caway gl 00 )T plosil &8 sl

&1y

[1] S. Tenbohlen, D. Denissov, S.M. Hoek, S.M. Markalous,
“Partial discharge measurement in the ultra-high
frequency (UHF) range”, IEEE Transactions on
Dielectrics and Electrical Insulation, Vol. 15, No. 6, 2008,

pp. 1544-1552.

[2] M. Ren, B. Song, T. Zhuang, S. Yang, “Optical partial
discharge diagnostic in SF6 gas insulated system via
multi-spectral detection”, ISA Transactions, Vol. 75,
2018, pp. 247-257.

[3] B.Jokanovi¢, M. Bebi¢, N. Kartalovi¢ , “The influence of
combined strain and constructive solutions for stator
insulation of rotating electrical machines on duration of
their reliable exploitation”, International Journal of
Electrical Power & Energy Systems, Vol. 110, 2019, pp.
36-47.

[4] N. Valentine, M.H. Azarian, M. Pecht “Metallized film
capacitors used for EMI filtering: A reliability review”,

Microelectronics Reliability, Vol. 92, 2019, pp. 123-135.

[5] M. M. Yaacob, M. A. Alsaedi, J. R. Rashed, A. M. Dakhil
& S. F. Atyah, “Review on partial discharge detection
techniques related to high voltage power equipment using
different sensors”, Photonic Sensors, Vol. 4, 2014, pp.
325-337.

[6] G. Robles, J. M. Martinez-Tarifa, M. V. Rojas-Moreno, J.
Sanz-Feito, “Inductive Sensor for Measuring High
Frequency Partial Discharges Within  Electrical
Insulation”, IEEE Transactions on Instrumentation and

Measurement, VVol.58 , No. 11, 2009, pp. 3907 — 3913.

[71 M. D. Judd, L. Yang, “Partial discharge monitoring for
power transformers using UHF sensors Part 1: Sensors
and signal interpretation”, TIEEE Electrical Insulation

Magazine, Vol. 21, No. 2, 2005, pp. 5-14.

[8] D. K. Mishra, S. Dhara, C. Koley, N. K. Roy, S.
Chakravorti, “Self-organizing feature map based
unsupervised technique for detection of partial discharge
sources inside electrical substations”, Measurement, Vol.
147, 2019.

[9] M. Ramesh, L. Cui, R. S. Gorur, “Impact of superficial
and internal defects on electric field of composite
insulators”, International Journal of Electrical Power &
Energy Systems, VVol.106, 2019, pp. 327-334.

9 s — 35 0 lac ~otp Lo~ 32 58 (5 Dliniod o — ale Al

: R=0.72343

Output ~= 0.58"Target +0.003

-10 5 0 5 10
Target

TV ooV gloa¥ b a wiz oSl gl Ggem Sy mls VY U5

isel eathSen S5 Vel ae o8 celag ¥ e b
| oS £ 5 983 on GL5 TAN 1 5ol £ e 55
2 G yd pdl i ) LA.)).Q) aS Lro oy S oo el 447
Sade UL ENN (pseis 75 casloads gunaid 095 glas g4
5 el yige A5 e Pl TR & glY oz Lbg, 4 e 8+
O e e LS 1) (asiS E5 ol Ve L e G
g Sl i 5503 oyssl g0 LENN (g s a8 098 oo ams
ya Ve o] gl

o ig, 590 LENN o, =l aglie Y oo

2,551 ks (3] &L
™ STV VAPV NI AN g
ENN 1000 98 90 1
Multilayer Neural
Network (2-12-3) [v\] | 1090 79 79 2
Multilayer Neural
Network (2-10-3) [v1] 1000 74 74 3
Multilayer Neural
Network (2-6-3) [v\] | 090 75 71 4
Extension Method [YY] L _ 70 -
S 325 4zl -7

P S R ey ail Cuz sz ol dlis pl o
Az B,k a5 B lie il sl g, ple 4 Cad) ©08 slagy sl
G oS olo g, b Sl (Cunlacd 31,3 oolatuwl 5,50 4LidS ans
ol 428,515 ooliinl 550 Uas cnl (55,5 S ysiile ez (53
oy pailys (sl s
Sliglojl g sy 5IUT 4 bgte opay ol £585 Gado st
Olages oolitwl 5l (Adly Budod (nl )0 galys poley 5,50
G355 2 (K 09,50 (55l KT g soass (sras 4 v 5ol


https://dor.isc.ac/dor/20.1001.1.23222468.1399.9.2.1.1
https://jeps.dezful.iau.ir/article-1-268-en.html

[ Downloaded from jeps.dezful.iau.ir on 2026-06-28 |

Journal of Novel Researches on Electrical Power - Vol. 9-No.2 Summer 2020

[ DOR: 20.1001.1.23222468.1399.9.2.1.1 ]

g )

Wavelet

4093)
39 pRL Oass B Jugye e
oRuils o ©yud -5y 550 ahie o )
J.«aL’> JL’> e o] oa)f & M .\.».er.u
J.’>‘9 LSOBL“‘ Qb‘“ oKl u,.oJ.C uL».GS 5"6"'

9 s — 38 0 lac ~otp Jlo ~ 32 58 (5 Dlinid o — ale Al

[10] J. Seo, H. Ma, T. Saha, “Probabilistic wavelet transform
for partial discharge measurement of transformer”,
Dielectrics and Electrical Insulation, IEEE Transactions,
Vol. 22, No. 2, 2015, pp. 1105-1117.

[11] N. D. Jacob, H. Hassanzadeh, D. R. Oliver, S. S. Sherif,
B. Kordi, “Classification of degradation in oil-
impregnated cellulose insulation using texture analysis of
optical microscopy images”, Electric Power Systems

Research, Vol. 133, 2016, pp. 104-112.

[12] D. Guillen, G. Idarraga-Ospina, E. Mombello, S. Cabral,
“Partial discharges location in transformer winding using
wavelets and Kullback—Leibler divergence”, Electric
Power Systems Research, Vol. 136, 2016, pp. 398-405.

[13] X. Lin, G. Chen, J. Li, F. Lu, X. Cheng, “Investigation of
acoustic emission source localization performance on the
plate structure using piezoelectric fiber composites”,
Sensors and Actuators A: Physical, Vol. 28215, 2018, pp.
9-16.

[14] S. Wang, P. Phillips, Z. Dong, Y. Zhang, “Intelligent
facial emotion recognition based on stationary wavelet
entropy and Jaya algorithm”, Neurocomputing, Vol.
27210, 2018, pp. 668-676.

[15] G. Ma, H. Zhou, C. Shi, Y. Li, Q. Zhang, C. Li, Q. Zheng
“Distributed Partial Discharge Detection in a Power
Transformer Based on Phase-Shifted FBG”, IEEE Sensors
Journal, Vol. 18 , No. 7, 2018, pp. 2788 — 2795.

[16] J. Joseph, S. Mohan, S. T. Krishnan, ‘“Numerical
modelling, simulation and experimental validation of
partial discharge in cross-linked polyethylene cables”,
IET Science, Measurement & Technology, Vol. 13, No. 2,
2019, pp. 309 — 317.

[17]1J. M. Rodriguez-Serna, R. Albarracin-Sanchez,
“Numerical Simulation of Temperature and Pressure
Changes due to Partial Discharges in Spherical Cavities
Within Solid Dielectrics at Different Ageing Conditions”,

Energies, Vol. 12, No. 24, 2019, pp. 4771.

[18] H.A. Tllias ; G. Chen ; Paul L. Lewin, “Comparison
between three-capacitance, analytical-based and finite
element analysis partial discharge models in condition
monitoring”, IEEE Transactions on Dielectrics and
Electrical Insulation, VVol. 24, No. 1, 201 , pp. 99-109.

[19] S. Harjo, “Partial Discharge in High Voltage Insulating
Materials”,  International ~ Journal on  Electrical
Engineering and Informatics, Vol. 8, No. 1, 2016, pp.
147-163.

[20] S. Laamami, M. Behamed, K. Sbita, “Artificial neural
network-based fault detection and classification for
photovoltaic system”, International Conference on Green
Energy Conversion Systems (GECS), 2017, pp. 1-7.

[21] M. H. Wang, H. T. Yau, “New Power Quality Analysis
Method Based on Chaos Synchronization and Extension
Neural Network”, Energies, Vol. 7, No. 10, 2014, pp.
6340-6357.

[22] K. H. Chao, C. L. Chiu, “An intelligent islanding
detection method based-on extension theory for
photovoltaic power generation systems”, International
Symposium on Computer, Communication, Control and
Automation (3CA), 2010, pp. 171-174.


https://dor.isc.ac/dor/20.1001.1.23222468.1399.9.2.1.1
https://jeps.dezful.iau.ir/article-1-268-en.html

[ Downloaded from jeps.dezful.iau.ir on 2026-06-28 |

Journal of Novel Researches on Electrical Power - Vol. 9-No.2 Summer 2020

[ DOR: 20.1001.1.23222468.1399.9.2.1.1 ]

9 s — 35 0 lac ~otp Lo~ 32 58 (5 Dliniod o — ale Al

Analysis and Diagnosis of Partial Discharge of Power
Capacitors Using Extension Neural Network Algorithm
and Synchronous Detection Based Chaos Theory

Ali Darvish Falehi
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Abstract: Power capacitors are important equipment of the power systems that are being
operated in high voltage levels at high temperatures for long periods. As time goes on, their
insulation fracture rate increases, and partial discharge is the most important cause of their
fracture. Therefore, fast and accurate methods have great importance to accurately diagnosis
the partial discharge. Conventional methods often require multiple sensors and signal
parameters, which in turn increases the cost and complexity of the system. In this paper,
extension neural network algorithm and synchronous detection based chaos theory is
proposed to estimate the partial discharge level of power capacitors. This method uses an
error diagnosis system for the power capacitor and extracts the properties of the properties
by the synchronous detection based chaos theory method. The prominent advantage of this
method is effective compression of the mass data and extracts the feature data to enhance the
accuracy of the extension neural network method. The results show that the ENN diagnosis
rate was 90% higher than the multi-layer method (79%) and the extension method shows
70% lower diagnosis rate.

Keywords: partial discharge, power capacitors, chaos theory, extension neural network.
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