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Harmonics Analysis of Leakage Current Waveforms and Surface Discharge
for EPDM Polymer Insulator
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Abstract

This paper presents the results of

spectrum analysis of

leakage current waveforms on

contaminated polymer insulators under fog conditions. This is a basic study on development of a
monitoring for aging degree and surface pollution state using distortion rate(%) of 3rd and 5th
harmonics according fundamental frequency[60Hz] under environment conditions. Arcing on the surface

was always associated with distortion in the leakage current ; hence the low frequency components of
the leakage current can be used as a means to evaluate the surface degradation. The results indicate
that the distortion rate by spectrum analysis is available for the monitoring of contamination condition

of EPDM Polymer insulators
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Fig. 1. The whole system diagram.
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phenomena of discharge(Aging Begining).

1016

a9

2 Yehy

age

o 4%¥ Aselth ¥ 6(b)elA

H oA

f:;l.

i

o 4

O

et
of =&
9] 3‘.7] 9 3 %u

6@ dME AYQA7t 6%
-3tk “i}i’cﬂ e
244 mA7| &34 1, st

e

AR, dHmrt 43
A E3(192)o] e 3;
& 517 %. 194 %o]th.

el ar

YRS B

HUYUTE BE

Leabage Cutrent[m A]
=}

250

Time [ms)

(a) 4 HFad

£ 200
2
£ 180
<
RN
¥
@ 50
0
a9 6.
Fig. 6.

180 240 300 360 420 480 540 600

Freauency (Fz]

(h)=HE

a A

|
Leakage current waveform, spectrum
and phenomena of discharge(after 6
minute).



aY7@AME A4A7t F 61EAAM deye
FAAFEx gYgesa FHHQ Edota WA
dozAd HHs MFd = e AP ARt
FA = YeluE 2#H2 2 £ Slvh

ad Tbell M ~dEY BA AfdA 72
= oS ZE A (36085 323 AETRe] o
b vedE Aol 7 stel W 3nEs o
5nzwe dFEE 166 %. 42 %olArh F4A
Fatd sagEe 2 280 mAF =0l 6%
Hlgte] AR A3 ¢ 115MAE SIS
¥ ¢ itk

yd

Haeolz ez

400
300
200
100

-100
-200
=300

Leakage Current[mA
(=)

YIS $E12
10000
& 8000
E
£ 6000
5
5 4000 - e -
& 2000 T = - =
p e bIL i A el i
0 60 1200 180 240 300 360 420 480 540 600
Fequency[Hz]
(hy=dEH
(c) HHAA
3% 7. FAAFHY, 29EY a9n dudy
618 %)
Fig. 7. Leakage current waveform, spectrum and

phenomena of discharge(after 61 minute).

1017

A7 AR 5o = A, AT 93, 20049 99

aPBa)NAE HEade FAAFAHEE Y
Buiich FHAFHEe HA%e 377 mAS 7]

sa9a, EWAA U obgel dojvim
AE & AR TAAR AT 62

sle] 15454 F7kE AFHe Z71E B4 Aok 7
H3h(9253)e] o 3 3; 3 @ suzse gIge
69 %, 51 %E YErAL

Leakage Cumeni[mA]

Time[ms]
SEER

HeEm

10000
8000

6000
4000

Spaclrum Amplitude

2000

120 180 240 300 360 420 480 540 600

Frequency [Hz]

(b= EY

O 8. THHRAY,
EEEED)

Fig. 8. Leakage current waveform, spectrum
and phenomena of discharge(Flashover
Immediately Before).

29 9w FEAl dehte #7189 Rge

Rolagosa et Uehte FHAR Hyol



J. of KIEEME(in Korean), Vol. 17, No. 9, September 2004.

o AEAl A3FL 400 mAS 7123, 7B
3H39572) o] W& 3mEs} 2 5 e
26 %. 051 %& 71532 QUvh

1o
o
A
o

a=
500
400
g 300
£ 200
§ 100
5 0
5-100 i
Qi i b 0 155 7 0 5 5 0 . L R
el [ 5 T R T
=500
Time [ms]
(a) 74 A7F19
st
45000 -
40000
¢ 35000
Z 30000
£ 25000
SEUOUI)
£ 15000
£ 10000
KOO0 —
PSS | RS G s £ L VR
Q 80 120 180 240 300 360 420 480 540 800
Frequency (Hz]
b)2=#HEH
(c) A
a8 9. FHARNY, 295y delw PR
(A=,
Fig. 9. Leakage current waveform, spectrum

and phenomena of discharge(flashover).

‘ﬂ‘“‘\’}zﬂﬂ' PO = o

gt Ao A Fu, 2HEY BYg Tl
Z1Evte] AES AYAZFAE 10'H)(56), AL
ZFE 618 1 107(360), A A 1 10°4](9,253), 4

1018

R
ksl

(% 30 o 0 o iy =

mm

e ﬂ

71—:@@011 ELIEEEL B

AN weh WAz 2
F ootk o= MY 617
obagiel wAHD Jgow A}
ool G0 LUBLE S
AR E sl

do i S0 B oro g

o H

_?L

rlr

N

W
Wy
i do og

o 8
|m

T.i
:_
A
)

X -
2
2
il

o

o
2
ok
2
£

OIF ox

F 3 =, L
kel EHEIWE Zt7) gad, o&
e H% 7]’0, BN, A%, 2ETol
o] A&z @4 wstslr] o & ol H6].

k3 1. x99 g3&

Table 1. Distortion rate of harmonics(salt fog).
BAE | S rtons) | Distorion59)
%13%‘_7} 398 % 232 %

@%}gg} ¥ 517 % 194 %
@%}6?‘; ¥ 166 % 42%
g A4 69 % 51 %

e 26 % 051 %

(2) H7l(Clean Fog)

ag1091 = b HEA Hedelrt AE A

Ao B3 velda Aok 71 25H269.8)] o
o 3nzxs A s5mxve X &S 769, 22 %S
e A o).

Heroo) g
20
< 15 i I\
£ T
is ot
= 0
S o N (T T w
5 T
-
-20

Time [ms]

(@) ¥4 AFTH




Lot He

0 60 120 180 240 300 360 420 430 540 600
Frequency [Hz]

a8 10, 74 A7 49, 29EPHGAE ).
Fig. 10. lLeakage current waveform, spectrum
(Aging Begining).

P19 E AYdst 9B FAARFIE(O
dlla) 2 2¥9Eed(2€1IDE YeER T A} o
gge d3d dAAA FHo2A, MU} A
Fol wlate] AF7F e AAT, vvjg Yo
2718 B 7 ddY. FAAF 71 2 92042)4
g 3nzas ¥ Snzuel dF&E 3338 1.02
%e 712399 FHFFE o8F UdMEHoem
EHe] ¢80l FE3Y FrAlY Hee e 3
q& B4 o

duartxor

40
E 30
= 20
§ 10 M
3 0
B-10
w® =20
o
= -30

40

Time[ms]
(a) ¥4 AFa
YA 2 98
200 = S
3 2000 -
[=3 S
£ 1500
€ 1000
3 §
a 500
w
, i | cani i

0 60 120 180 240 300 360 420 480 5S40 600
Frequency (Hzl

(b)=H =35

a8 1. FH AFHYE, 2HERO BF).
Fig. 11. Leakage current waveform, spectrum
(after 9 minute).

1019

I812a)l M e 4398F FAAF A8, 1
12(b)& 29ed s Jehfln gl »¥E
A 712 8(146)9) wig 3z 9 53%

A7Z| A2 A2 e =7 A, A1TA A9E, 20043 9Y

B oo

9]

2ge 49 239 %S 73 gch

Leakage Current[m A]

h

a8 12,
12.

&
|

L
o

Fig.

o

o

o

HYWt & az9g

LS

s 1

Time [ms]

(@) ¥4 47513

UL 4395

ﬁ o

;‘:?

-
“LH

4 U\/" vl "V'V‘JVVWV‘{EVWWWWV‘«

60 120 180 240 300 360 420 480 540 600
Frequency [Hzl

(b=

A AFEY, 2¥9EH(439 £F).
Leakage current waveform, spectrum
(after 439 minute).

a9 139 A% 42 A THRF 3Y 9 29

EHE Uehdn vk 7185 # 3nzsd g
29EY 548 £ & Utk 712313t
3uzst R szt #F &L 382, 118 %%
8 an A
guay
15 e e
g

Time [ms)

(a) 74 AFY



J. of KIEEME(in Korean), Vol. 17, No. 9, September 2004.

EERH
160
. 140
fo b
g 100 i
s 80 -
e >
£ 40
' ': b A\A 'L'V w--vulh
0 e TV NS AR A e A
O B0 120 180 240 300 360 420 480 540 600
Frequencv(Hr]
a8 13, FH ARRE, 2HEy (HEE ).
Fig. 13. Leakage current waveform, spectrum

(Flashover Immediately Before).

aPMNE HeA FAAFHYES 2uEY
ez glod, 7)2sh3%696)el ol 3mE

o
3 9 Suzste) FHE2 13,039 % 715 3
s

FAZEe) B, A 3uzst R 5axvte
A5&E 26 051 %& 7ISstnglon, HA &
Aol gaglol Asgol A dAFE & T
Ak

600 -

Leakage Current[m Al
o

=400

-600 B
Time[ms]

(@) 4 Ay

der

4500

40000

35000

30000

. 4
240 300 380 420
Frequency [Hz]

e el

480 540 BOO

Q B0 120

180

(hA=HEF

ag 14 w4 AFHY, 2AEY (),
Fig. 14. Leakage current waveform, spectrum

(flashover).

1020

E 2. 1Fz39 I8
Table 2. Distortion rate of harmonics(clean fog).
ASAE | D rion6) | Distorton9)
3327} 769 % 22 %
UETF | mxw 102 %
A %i;% g * 49 % 29.38 %
A A7 3892 9% 11.38 %
e 13 % 0.39 %

o2

fo o oox 27l am

PR o N Jo ot ot o2 0

R A



Aol nF T &5 vk ey nEE e
M He odae eE&dl HolE ARY ddolE
=0t 714 EFol dFE FA Bl
ARG defels = AR ko]
AE AFALE o] tElA HiaR HoRAz, &
£ oM FFE HS AFPEHR dAHY
otz A&l HAAA v F£5FT dFE FA
ot & A7 B ARdMe ngEd 2
B dt HAJAAD ARG ofARE eE® FE
A lAbe] WA wHEEe] @AsA
A& & 771 A ol2M ¥F 548
Aol ael e&E B FH 2 AR
BestE A7k oy Rejrh

mt Rorlr

AEFEE G Aol et gad
FE FHHYS 2AY 5 AN

&4 Qv ez f8%e o

w“Ate 2
2 ATtE ARALREY AP st AN xA
HATHU(02524) F@o2 F3g HAY.
210 23
[1] Felix Amarh, George G. Karady, and Raji
Sundrarajan “Linear stochastic analysis of
polluted insulator leakage current”, IEEE

Transactions on Power Delivery, Vol. 17, p.
1063, 2002.

1021

A7VAA ARG =R A, A17A A9E, 20043 9Y

[2] Jae Jun Park, Young Chul Song, and Doo
Hyun Choi, “A flashover prediction method
sto-
chastic analysis of leakage current”, Japanese
Journal of Applied Physics, Vol. 43, No. 5A
p. 2693, 2004.
Ayman H. El-Hag, Shesha H. Jayaram, and
Edward A. Cherney, shed
parameters on the aging performance of
silicone rubber insulators in salt-fog”, IEEE
Transactions on Dielectrics and Electrical
Insulation, Vol. 10, p. 655, 2003.
A. HEI-Hag, S. Jayaram, and E. A. Cher-
ney, “Fundamental and low frequency har-

for contaminated insulators using a

(3]

“Influence of

(4]

monic of leakage current as a diagnostic tool
to study aging of rtv and HTV silicon
rubber in salt fog”, IEEE Trans. DEL, Vol
10, p. 128, 2003.

R. Matsuoka, K. Naito, T. Irie, and K. Kondo,
“Evaluation Methods of Polymer Insulators
under Contaminated Conditions”, IEEE/PES
T&D 2002:Asia Pacific, Yokohama, Japan,
6-10, No. PO18-11, 2002.
M. Sato, A. Nakajima,
“Spectral

{5]

[6] and T. Komukai,
leakage current on
contaminated insulators by auto regressive
method”, IEEE, p. 64, 1998

Chris S. Richards, Carl L. Benner, Karen L.
Butler-purry, and B. Don Russell, “Electrical
Behavior of contaminated distribution insulators
exposed to natural wetting”, IEEE Transac-

tion on Power Delivery ,Vol. 18, p. 551, 2003.

analysis of

(71



	1014-1: 
	1014-2: 
	1015-1: 
	1015-2: 
	1016: 
	1017-1: 
	1017-2: 
	1018-1: 
	1018-2: 
	1019-1: 
	1019-2: 
	1019-3: 
	1019-4: 
	1020-1: 
	1020-2: 


