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Characteristic Analysis on the Distribution Pattern of Discharge Signals
Generated in the Power Cable
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Abstract

After the 1990's, a computer-aided partial discharge(PD) measurement system was referred in part
of aging diagnosis using digital signal processing as the new technology has been studied. The PD

patterns and relevant information for pattern recognition are discussed in PD research area, because
discharge quantity(q), the number of discharge pulse(n) and the applied voltage phase(¢) was
combined with the system information of the aging state.

This paper investigates the discharge phase and quantity, as well as the number of discharge(n)
with regard to discharge signals generated in power cable.

Therefore, according to characteristic analysis on the distribution of ¢, q and n, it is able to apply
in the aging analysis of power cable which visual observation is impossible and distribution change of
discharge signals offers much information for risk degree on aging progress of insulation materials.

Key Words(ZR2 20{) : PD(REWH), Aging state(% ZtAtel), Aging initiation(Sd £t7H Al), Breakdown(X ¢4
zta}), Phase{$#4t), Distribution pattern(# X z{ &)

LA B

Y AolEe H#3I ZV]|d E Yel AYH
oA A4S HAFeEN H/EDY 24 R AA
of @ A7t ds BASH gen, drERY
7t B4 gl wet gAsts W NE &3 #%
A7E A4S dulg HE BHE dFde T
@AYoz AAPA AAL? £E A7t 2L

« Adddr 2738

(33 394 57 £%%F 30, Fax:062-530-1749
E-mail : syso@chungkye.mokpo.ac.kr)

o SXgEa f9dz §A3HS

w0 ZXOE A7 FHH

o B3O A7 R

19984 79 239 H+, 19989 109 29 AAgE

1035

WA e A T dERe] X
A7t EHAN e, aEEH HVE
ge Jze FAY H4Yd Fol AAFALY A
Z71ed Mgz A7EY Add dF F}eS
T MEE A7/ AARA HUL, HAFY 2
7, S4, AMA 288 T Hd A3 E 93
g3t ¥d 24 A7 A=mUg®

a3y, d3uHd g ENole= AL sL vt
TIAEE ANEE @A Azdorsnz dFHo=
AolEdl A Eg37de GHE /MR T UG "N
Al FA4HE B U359 9IE B E
T3] A A, Y 9 A4 B Tl
Atz o

2 dFele A FHolEoA TAsE
29 Fd Asd) A HRE YA A4,

A4kl @
g 7188:



A Aolgdn BAHE P A5t

az], aza SN ESFE Z2 sy, o
&8 ¢-q, qnd 2D HEHX ¢-q-n8 3D HH™
FEE FFate 43 MARE Fd FAA A
HAE #AE AAdAY 9 d9E& AU

-]
F

2. 4¥ Y
2.1, A2 M=
2 4389 AMae ¥FHHTAAA A
154(kV]8 ¥ AolEoiny, dA# WHAH
#3528 + U=EF 37 A% FA Simmlz
3t AlgEtRT AR TEE IH 13 2

=
T
2
=
dqe

Circular
Electrode

Needle
Electrode

& XLPE

Inner
Semiconductor
Layer

Outer
Semiconductor
Layer

2[{mm]
3" 1. A8 &
Fig. 1. The structure of specimen
4ATEe 4 3§ 47 10 [ml, HVZAE 3’
U AR e 24PY FAAANY AEE AS
stedch 29 2& ARel A% HH& 2AFD 3

AHMITE A

o 29 13 go] Aug Az AT Adst
7l Aalde AEE A712eA 100[CI7HA 54l
713 4087 FAAZY ol dAEHY 7tu E
goldde 25H-d TYIIEE 3o F§o] Hu
AAFE AUty £oldr dFolct Uy AFS
Azsle] Alge] Wy BEAEo Rasgm, A
ztel Azt 2202mml7t HEE AL A

=2

o 2%, 0(C] 2204 S¥ANYE st 78
of o% A& FaA77 Al JEFAZR7IANA

FEE AAsR

1036

£, 44, A4, 4B, o1 2, 12, HeA

Power Cable

4

Grinder

4

Electrical Furnace

L 4

Cooling

g

Vacuum Oven

ad 2 Ag AR e thelot1dy

Fig. 2. The diagram of manufacturing specimen

22, Al#uy

500 [V/slel RYAs4E2 AEel A-49

of Age AnE BHAYAA AsAY F

Aol YAHUA Aol H7Y WA YHEA
AAh o HYA PHHE WA NEE
WA AR7N(YR Pultec A4 FAA AE)

A

r-{n: :10 o i

M omu He

a8 3R 2 A%
B

A T2 ARATI7 98
FollA HEIAT B dgd AlgE A=
v A7FdAE 1070, & 304 E EAHe= Ags)
Aot A7l Eel 449 HHE tree type, bush
type, chestnut typed] 37}4 §3o2 FA 30, E
g AANALe PEHoeg 8~-85kVIAET w
2 Ed MG v @& 2EHA dYn
e 2EH2 9902 A4S Adsy Usige
24 E@dd dste HAYHE $AH A58 A
Z3t



PD Pulse

[ ' )

Detector System

@ Full Rectifier
Circuit

@ Oscilloscope

Image System
@ Microscope

@ CCD Camera

Personal
Observation of ==—C‘?9'..1|Eé.'=tgr=
Electrical Tree
Type 3-D
Normalization

ad" 3 H) Eg ¥4 9 9H AE HE 44
Fig. 3. The acquiring process of discharge signal
and electrical tree type

Initiation of Eletrical Tree
4
Acquiring PD Signals
4
2D Pattern of PD Signals
4

Decision of maximum value

§
3D Pattern of PD Signals

Oy 4 WHAI AW BA
Fig. 4. The normalizing process of partial
discharge signals

3. dgda § n@

Ase 2D &4
714 €43 H43 Tl YPHE BA

3.1 W™
R B

1037

A7 AA B 88 =24 Volll, Noll, November 1998,

A3 & Pest A APl v A=Y
vlst tEo] fAH NEse] U Hues
AH, Mg Aol Fa% Aoz FAHY: 9
o weld, A7ALS 2 F7(p)el i $A
AgFe 271(@) % $A E4 NESMD), 1Y
YAF] EXo] R LA =SS BAE 9
&3 EHge=A AY Aol AYH d A
Hol ¥ YRE FAY & Aok $A U39 2D
YHE ¢-q gnd AHLZ FAHs, A7
E AAAAY dstd Z wHEe) H3 R 2¥ 4y
He BEE HAFo=zN ArAH dA%E BHE
T Ao

50 .
L_g_ 40
o 304
2
| 20/
-]
]
E 104 .e o* .

0

0 90 180 270 360
Phase ()
(a)

50-
o 451 .
8 40] -
o 357 .
T 304 .
= 251 oo
E 204 °® . [
D 151 e * .
E 1(5)' :k.... - "I..

0

] 90 180 270 360
Phase(o)

(b)

a3 5. A7HAY 7kvIel 3R A dFg e-q
e (a) 2A FG3AA (b) BA 43 9
A

Fig. 5. ¢-q pattern on aging progress at 7[kV]
(a) on aging initiation (b) on aging
breakdown

38 5 (@9 3%, BAAY A7 drt 24y
€ AFe A7t A4 Al o wH AdF
a7) 4 £X ¥guE 29452 Uk 907 ¢ 270°



A AolBoq BAdE A A2~

EEER
=9 3}

u A

pii

AE7 gAH o 10[pCl A
ZE3 9lck Iy 5 (b)e AAAE
3 5 7) 9] o-n WEOE 29 5 (% ¥
a9, WA A FE 45pC) A2 2A Frhetd
A4 g9 BXE H3l: F ye dagddes
2xsta gl

a9 6& 11[kVIE A7 A$EA TkVIdl d]
3 wd Mt Av|E FAMA dEHREH =L
#o® g4 dd gy e A4 £E A
= A AAgdoez gid degE BegFa gl

%e
A3
“

A}
(e}

Magnitude [pC]

270 360

180
Phase(op)

(a)

Magnitude [pC]

180
Phase(o)

(b)
ad 6. Q7HAY 11[kV] d3tF3AH e o-q HE (@)
Ho H3PHAl (b) A B3 g9 H
Fig. 6. ¢ -q pattern on aging progress at 11[kV]
(a) initiation (b)
breakdown

on aging on aging

29y 7 A 93 2719 o JHe g-n H
HozA, 10~20[pCleld He] FFer ULE
BoFn Yok 43 2719 Hdrges 3 s
g AVIE B FoE AL UAR M

1038

9l #AV|HGE
e dsow A4S #A

2ed, 32, A4 934, o B, odEE, du4

Number (n)

10+
8
64
4]
-»e
2] .
.
0
0 10 20 30 40 50 60 70 80 90 100

Magnitude [pC]

(a)

Number (n)

104

94

8

741
6

5]

44 @
3] o=
21 eses
11 ocnsencen o
0

10 20 30 40 50 60 70 80 90 100
Magnitude [pC]

0

ag 7.

Fig.

(b)
A7 7kV] 28AHF9 gn HE (a)
A 43 A (b) dd #7 HA

. g-n pattern on aging progress at 7[kV]

(a)
breakdown

on aging initiation (b) on aging

Number (n)
Om iNWHEWUBVA IR OO

—

I SANAS S S SRS Eunn et S AN Se Al SRR SNNS Bt SN |
10 20 30 40 50 60 70 80 90 100
Magnitude [pC]

0

(a)



204
18]
16] o
T 14] «
10 o
.‘E: 8] &'
3 6] @
=2 4] ses
L
2] onamem (3] .
T TEe T
0 10 20 30 40 50 60 70 80 90 100
Magnitude (pC]
(b)
Iy 8 AZkAY 11kV] €3AA L g-n WY (a)

A 43 AA (b) 24 #3 A

Fig. 8. ¢ -q pattern on aging progress at 11{kV]
(a) at aging initiation (b) at aging
breakdown

ojdel A=A G3FEE AN FH7A
JAPe w2t 2D A" £X A7 @e A
dgoz FAHPM HAAFA o2 A& &Y
g+ 4.

32 YWH M3eo 3D §N

23 9¢ FAA A7 43 #H Fof A
g Md N3E o-gnoZ A3t ETHdE 6
x20 B89 Yul§ Yeld Rolh

a3 10, 11, 12& A7FAG 7kVIA dadH
7} A7idoz 43 =HUARE gy o277t
9 p-g-n HHEE =AH Ho|th

AZto] AnY4E WA p-gn HEL $49
B¥o A 94oe WA HeFg EXE EUAY #
et

T, 3d g3 Awdd 49
A s 433 9%E dn
g + vk

Z, A44H7} gad olzA e FE 44U
A Y¥AHE PAHEFY VRN olneg
el 2H wIASA YAHR U W 24
=42 8 £ ARG

44 31.-e] BEE ¢-q g-n HME g3
old ArBoE YA AT E p-qgnoz AW}
=3 A3 #3 YEE v £ gA o8
ASS At

A

2A
d&E &

re

K
&

(o

1039

ANARA R E3=EA Volll, Noll, November 1998,

2000 4000 6000 8000 10000

Acquired PD Signal

0

(a)

ks

il

b o

A7F Age HY
(b)

" 9. HEE ¥Ad AUZE o4 o-gn WH
g3 44 (a) AAQE FHFFN A
EHE WA A3 (b)) #A NEY o
~g-n H¥

The normalizing process of @-q—n
pattern (a) signals from
oscilloscope (b) normalizing pattern of

discharge signals

Fig.
discharge

10 1 20 | 30 | 40 { 50 { 60 [ 70 | 80 | 90 |100

a3y 10. 9 43 AANY e-gn HAE
Fig. 10. ¢ -g—n pattern on aging initiation




A% Aolgeld wAsE Y A5

a8 11 A4 93 50(%) 4Hd e-g-n HE
Fig. 11. ¢-g-n pattern at 50[%] aging state

ag 12, 49 e o1 AH ¢-gn HY
Fig. 12. ¢ -q-n pattern at aging breakdown

32 MZH2UES Ol8F & A
NAslzge R NRYe SHte &
2g mebbe gdds Tag wRHoz Wy
s, MR 2ol gx gaAl A AE
A9 vpololxg @A sE ook

odA wHE /HFAS wpolol£F Hgatel A
2 dsiaael W@ 3¢ AHRANE SR
a1, Aoz @syde @ AW U]
Hsaact 387 Y AP BYY G99 3
S LI EERE-E R SN L
37 993 24y 999 @B ge 747 0
st otk B4R A%E 43 99
 E799 0, #9399 T $sHA 2ot
29 109 2ol 4kl ¥ $Euvh ga A
MESE 47 S48 A5, o8 487t ANE o
o HRE $W AE Aoz SFAAT

a9 119 ASE WA AP REE gud
Yool L P UEFE F7+Y AW FUAY
A4l A Waol YKL o), o1& HHH} ¥
39 33 BYo HFAAT

a9 126 @1 e, w4 NES A4 7

b o

S

S840 o Wsge] FHAT JHE ol FHAH
71 AAe wig BAAY AHoz HFAAT

1.0 e, o o ° °

Z 0.8 o

z ° °

= 091 ’ .

=] °

2 0.4 o .

= @ o e
0.2 4 . °
0.0] PP SV S

0 10 20 30 40 50 60 70 80 90 100
Aging Rate (%)

(a)

1401 M g AL 4% 4 a
o A,
Z 084 .
Z . .
< o6l .
= . .
= -
2 04y . .
& 0.2 . .o, 2
A‘A -
1) SRy W W oW T
0 10 20 30 40 50 60 70 80 90 100
Aging Rate (%)
(b)
1.0 s
Z 0.8 RS
Zz . o o . *
< 0.6 ..
2 0.4/ . .
w - -
& 0.2 . e
s
0.0 r2 Iee enls o °
0 10 20 30 40 50 60 70 80 90 100
Aging Rate (%)

(c)

a3 13 QARY 7kVidiMe ARy A
(a) ¢A 499 (b) AT EAXAHY F3
99 (o ELA 99

Fig. 13. The neural network result at applied
7[kV] (a) stable zone (b) middle zone
between stable and unstable zone (c)
unstable zone

¥ 1378 4% g¢E AR gl HEsto] 3
dAZ d3HYE AT Aol HEE THEA
2 ggHA ¥e Hue Hegd A I I



7kVIQ Afele AA AR F 30[%]74A =
F AT FHE AdYsn e %IFEHE E
A 3 HHQ ¢ EAFE YEHE RAFa A
o} 11kViel A fes FAFHe] ¢ #Fn A7
E7 4% F dol AYA ot & uiz EY
A 492 49 Yo}

1.0 Jmo o
__ 0.8 °°°° °
Z o6
= o04]°
3
3 0.2/
o @
0.0]
0 10 2033“‘:% ls&&o(;/g)so 90 100
(a)
1.0 agam o . e
2 0.8 4 :‘ el
E 0.4 LN . o
o a -
& o2] , .
0.0 fm 2% Knrronstihme attentin o
0 10 20 30 40 50 60 70 80 90 100
Aging Rate (%)
(b)
Lo oo ummponpmmncmage
Z 0.8 > ot
% 0.6 .
2 0.4 ee °
o -
& o02] ° *
0.0-d-;% -
0 10 20 30 40 S0 60 70 80 90 100
Aging Rate (%)
. (e)
a3 14 A7HAY 11kVIdAde A A
(a) ¢A 49 (b) R BEAXAHY 52
49 (c) ¥¢A 99
Fig. 14. The neural network result at applied

11[kV] (a) stable zone (b) middle zone
between stable and unstable zone {(c)
unstable zone

A7) AAAR RS =EA Volll, No.ll, November 1998,

oldel AFAM JAFY=FE HEYo2H o
-g-n HWL2RE 324 HAYYgHe U4l ¢
Fritgen, A7 49 GAE dRdE A
=g 99¥ F AN

4. d B

AY FAolEe AA4Hs d3lEHIN SPHE=
WA ASE A H{d, $H AEF wA A
o] B A2 EN% FI,

D dadel A7y d3t Bd0Ao) e $A
A5 EX Hdg F43ld 43 4HE Q43
= Aol steEAh

2) e-g-n MEY £4 FA4zA H 99 g3
A Sae] 84 9 NEst 5 g 2%
2 HAd4H7 43 He RS 9% = U
3) ¢-q, g ng A3 EHozRE ArH QI
AGPgee] B A B39 HPAo] v ¥
AEE9E A4E 5 AUt
4) ¢-g-n HE EAYYe] g-q, gnBY F
AMe B3 FAHL Ho AfHoT 43y

9
=

Hrrel 2

 AFE AYrieriz d7v] Add 9g3HA
T34, (AABYWE : 9%6-F7]-05)

oD
T

.- ] #

1. G. Mole, "The Portable ERA Discharge

Detector,” CIGRE Report 105, 1954

T. Tanaka and T. Okamoto, "A Minicomputer

Based Partial Discharge Measurement System,”

IEEE Int. Symp. on Electrical Insulation, Conf.

Record 78-Ch1287-2-EI, pp. 86-89, 1978

. D.A. Natrass, "Partial Discharge Measurement
and Interpretation”, IEEE Elec. Insul. mag.,
vol. 4, No. 3, ppl0~23, May-June 1988

. F. H. Kreuger, Partial Discharge Dection in
High-Voltage Equipment. Butterworth Pub.,
1989

. T.Okamoto, “Discrimination of Partial
Discharge Patterns Using a Neural Network,”
IEEE Trans. Electrical Insul, Vol. 1 No. 1,
1992

2.

1041



29 Aclgod B4HE 93 V59

6 H. Suzuki, "Pattern Recognition of Partial
Discharge in XLPE Cables Using a Neural
Network,” IEEE.  Trans. Elcetrical
Insulation, Vol. 27 No. 3, 1992

. E. Gulski, "Computer-Aided Measurement of
Partial Discharge in HV Equipment,” IEEE.
Trans. on Electrical Insulation, Vol. 28 No. 6,
1993

. L. Satish, "Artificial Neural Network for
Recognition of 3-D Partial Discharge Pattern,”

on

1042

2

oy

2ed, 374

A4, A4, o A olE$, a4y

IEEE. Trans. on Dielectrics
Insulation, Vol. 28 No. 2, 1993

9. H Kranz, "Diagnosis of Partial Discharge
Signals Using Neural Networks and Minimum
Distance Classification,” IEEE
Electrical Insul, Vol 28 No. 6, 1993

10. 93A, “WREIERET ExdYg kTe FIAS
ERMEES L2, ELEBY Ky, 2EAE
B, 1996

and Electrical

Trans.



