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Effects of Pre-formed Space Charges by Negative DC Voltages
on PD Characteristics in XLPE

EH B -F g &
(Seung Hwangbo - June-Ho Lee)

Abstract — The purpose of this paper is to evaluate the effects of pre-formed space charges by DC stress on partial
discharge(PD) characteristics in XLPE. We have suggested a modified pulsed electro-acoustic(PEA) method and
successfully measured both space charge distribution and current simultaneously. It has been demonstrated that the PD
patterns are strongly influenced by the pre-formed space charge distributions, which are hardly disappeared up to AC
8kV in electrode configuration including air gap between XLPE layer and electrode. From the results, it could be said
that the pre-formed space charges by DC stress can play harmful and dangerous roles in insulating system under AC
operating voltages because of the field distortion and localization due to the pre—formed space charge.

Key Words

.M B

XLPEE HAIAZ Agse A8E AojEdMe ACAH
ute] A7k W XLPEele I3t £3HA g A
oz A gtov ojo uet ACHA stollA AT
d42 aasA] GRoHil 2y Hel=y FEd(water
tree)9} 22 AFo] XLPEY EFHUE FA$= ACHY
g FNAFNHAYL AHA 2o F& df}a Fo2] o
xR o2 ACHSe A7 Rolurt e AAAAA 7
Fuldsee] Azhe] wE W RY & £ U%el(3] 7t
%8 ARES HAAMY qZdd NAFH, B 4L 7}
sto] JYHE EH}(inner trap) BE& F/MAHCZA FIHAE
2 23A74 I

=)}

G FRAR FAAL AANIH FRPF) 24

du e 349 duayel WA @ AAA) o
2 ¢48 75 Aoz wnHT Yo, 5 ALANE A
Q45 A7) Aw AP gREe wERA Fo=
J8 DCALE Arhate ARelth Teju HE DCAYA
dol olg TAa Aol nnE v YLl olHw A
¥4 BUAs} AR ACRA e FL
2% A7t 29 o547t B Uk 0@ olHE WE

Fol EANE A%, DOAYA I

of Hoj=go Z2 F
AREA FAAEE AT ACAYY/ 3 98 4

TE @ BB LXK AETTER BEE - 18
T E & B MEX BERWEEEETET 2R TH
BZH¥ 20034 48 23H
BEET 2003 6 2H

310

: Pulsed electro—acoustic method, Space charge distribution, Partial discharge, XLPE

offt
tio

o ot
morir
olt

P
o

, AFE AolEd U
4 3ae 2AS A3e

AME, #3F% XLPES Ateldl 7% & 7tAe
oA K (negative) DCAYN 28 A &
C7<4?J°]7l' F REYAY B4 niXe 9%
1'.”° Am Bt o] H3te 71E9 PEA(pulsed
electro-acoustic) A RE H Y 4{6], DC 2 ACAHY o
7t Al FAE) HAAFE AR o)Fgle] shvel AF
AR 24T F de M2 FHS Agstn FAsRAT

)

FAYY FEA
}_

r{r
y

o
2

2o
& >
+i>

pre

0%

2 44

a8 13 3% 2% 7 P29 T A3 Ndme]
t}. Imm& &7)&3 530~580umT 712 XLPE BEo] AE
WX Qot. 2z FFEEYL AHLE BtEAZo] i
AFor, gFEuge] ARAITLIZ AEHIC. 2z
XLPEY] HX&E o]&3d 30mm AL & o #7715
S gtEQen AHE 20CoM AC 1~8 kVE U7tstHA
&8sty PEAME S 9% d7AddeE z7) -1kv, &
16ns9] B2g A7tstgrh.

.83 2 4=

23 3 & 3087 (-) DCASHE Qdste & oA 308
 BAsln 23% XLPE We] FdsE Tl o] 29
oA, XLPES 4% EWAA (-) 3TAsst FHFH
, 27123 JE Hel o B& %9 FUAEI FH5HY
AL & £ gl olHF FHIFYAs = AANTE 4
o3 JHzo W AN A dle] He Re=

0 K



g3Ad 9t} [4, 5] XLPE A2 H3% W0 dA4d I
Aste TFANEA FHAF(cathode)2E2HE W&EE A
2ol 93 Aoz B 4 ot

a1 A2 JEE
Fig. 1 Schematic diagram of measuring system

Shielding

AC High-Voltage

ag 2 MEAL g E
Fig. 2 Schematic diagram of electrode configuration

#H, DC 6kVoldol A F=2 A3 7t 44 4£
R ol e AAAE BFo 23 PD/ 2AF Ao
g9

aY 4 & ARAZd 3087 DC -1~-8 kVE ¢rtskes
%9} 249 AFLxe WAzE JEld 1ol o] ¥

2RY AFUEE A g ZAsd DC -6kV ol
°ﬂ*1% A AZEe] At F T3 HE FAde] Jehd of
EaEHE AE Aol FrEtY ol 3 T
DC -6kV HZoA REFYHo] HASHTE o) BFLS

-8R s XLPE A% ¥4H8 FAsted] 7

Aoz dyo] 7hFsit. &, F7Fe] v Fde
-XLPE Aol £A3t: AAE3 Edo] &3 =
Soll o3 A od(carrier) FYol YE N, F7)F0] A
E ZSde ARASozRyg WEd FAPDA o8 @
A FAz 37 XLPE W oF Sdgoegr, AW
oA AlEle) FU& A FHEARI} o= Aoz

-{N' fu

-~

lm r}ﬂ,
o o I &%

Trans. KIEE. Vol.52C, No.7, JULY. 2003

AgE F Uk =%, o]AL FAE YL AFA A
TAFYL duislzm, AZHEAYL  AFA T (electrode
limited)e] o} bulk limited A¥Y 2d=2 ZAHULL
vk},

ol g FHAEI ACHA 54 A 9SS B
57 M E TUAY ACAY oA AFE Golok
gt o]E $8le, (-) DC Hdd) osf FASA ng
HA49 XLPE Al2d], AC 1~8kVe] A4S o 38714 &
7}gteA PD dAes HAF® Fo FAste] HIE 74
zx3gen, 2 A7 727 29 5 & 21F 69 37 o}
Eh ot

4 - ————DCIKV, v>e=-- DC2kV p
"E' ......... DCAKV, ~—mes DCEKV
e DCBKV i o
§_. .l Air Gap J
>
=
n
o
)]
(@)
S
% 2| Lower(Anode) b
-C L Upper
o ppe
4+ After discharging for 30 min, _
0 2004 4001 6004
Thickness [m]
a8 3 3027 () DCHUE QUuist & CiAl 3082

WMstD E™et XLPE Lo SUMSIER

Fig. 3 Space charge distributions in XLPE after 30
minutes (-) DC stress applying and 30
minutes discharging

004 e {
— it
Ky
£
Z 2010
=
2 ; e DCAKV
S sec0dqff 0 DC2kV
—_ £ ¥ OO DC4kV
S mmimn DCBKYV
& e DCBKYV
3 2 &
3 oo
8040 w 6o %0 1200 1500 1800
Time [sec]
a8 4 MAEFZ0 3082 DC -1~-8 KVE ¢IItstdE o
PR DIE
— T

Fig. 4 Current density curves when applying DC -1~-8kV
to upper electrode for 30 minutes

a9 5 o)A PD H¥& DC Astel o A7 3
A7 A9 A 5 ()} §A &3 o|2FH
FRAs7 Y=y dele 47 ACHSES 0~90°% 18
0~270°01 41 (+)s} (-)9] PD7} 243,

HI3Y NFMotol s MY HHE ZZNBIL XLPES| £EUTSHe ojxe I8 311



REP W 52C% 7R 2003%F 7R

AL AU i AC kv
= [T = -J
E‘ [y g.;@‘%ﬁi&g
g -t II I I ! g‘ .
% o5t 33 Ta a2 4t <37 —Te ry rety
Time {sec] Time [seq)
L14 AC Skv TS B AC SkV
Ll e
' T
-t -t
S 5 3T LI D (r ¥ Y53 YY) (Y73 (¥ reh
T AC 6kY [ AC BkYV
(Y3 "
'y s-lw%ug
Y -t
41 =5 1713 1z 7] 32 $urF TH T (7] T
" ACTKkYV * AC TkV
e e
. m G-M
- -g
& Ex Y ¥ T3 L7 g 1.7 ) £ o8 [ [ el
‘" AC BKY 1 AC BkY
sy "1
- h -t
- =5 .3 T [z ] x5 £ s sse & Ll
(a) (b)

a3 5 (-)DCzXo| oist PD T Blm
(@) SZHEs g8 H, b) 8M F
Fig. 5 Comparison of PD patterns by application of (-} DC
{a) before forming space charge, (b) after forming space charge

g Asbugtel Fbehl weh Fwd RaelA (+) o ¥ FFol wAstdl uehd Aoz AT £ Atk
PDE Aed(shapAA L, 9% WEZ FFHE FE a2 old Y48 Faasel 0@ olH@ PD A€ @
JEITh olsh Be @48 PDA g w4 WAL BE @4 DO WHY Ex TUARAY A EA7 =2
XLPE 59 3450 B2 A9 BAE WA G BOARY YAALE DC AYE Akl A% 2
S 740&*1 A9o] A5 3, %ag 2A%e) 9% s ¢ Fol 3% PD AUE vRPoRA o= =

ol
=

3 249 FHARE FANA 224X E PDL Wl Azo) Msditis AL TH Fo.
%Mﬂl gt @9, ACU/ IR ol w}fgon w2 (-) PDe)
arle 3% gaste S Yshisd ol: 72 B3 s : :
(131 dAste Ae2X, WAHYTH Aol 34 g [ T iGiv. mnca 1
of wet kA FFHo| Frhste (-) PD7F 2 3 T Gk
2192 2% PDel 93 FrAS Edol ¥shete] 47 Z ap TACV —-cekv ACRY y
271379 W&ol @Y A A, = PDol o LA s - s
2917 gas7t AAAEY DAL ASE R § A a ——AVV
2 dro) 7gsitt. 22y, 29 5 (byell bt PD ¥ 2 T 1

BE o 4 gl5o], XLPE Edd| &(-)9 F1AsI} s af e ]
YHYPoRAN, 0~90°I e (+) PD7F WA e whel, , , , _
180~270°1 4 9] (-) PDE =ZA Basdch oA ACH T
3 FAAY Zrlel WE (o) PDY #aAE FLAS Thickness [m]
37 Bd] AvkE A UEdT a3 6 AC 1~8kV Mg olubst o X8 M

weld, WAAIZLY Z7te) BE PD AR FArFNE z

Wde] 98] XLPE RHTA Y A9 Ad Feo] A3 Fig. 6 Space charge distributions measured after applying
o ERAF9N(trap sites)7t Fotetm, o)A <3 FIA3F AC 1~8kV

312



39 6 & (-) DC FAF <o 383 ACHY 3eA PD
HEE 33 ¢ F A 3§ AeoliM SHE T3
AT A, ArAge] Fge) wa FF AF 2
BAY AT A Sz AFLS JeEhid. o
RAe 2P 5 9 PD HAHEFE H4E 5+ Y& 2HA=2H,
249 AR ¥ 0~90°¢ )3 M W& FHo (+) PD
g 2N wEe, 49 g9 FoHdE A4@ TN
We] AALSZ (-) PDe F4dtd Aoz &9 I
Astgo] F2P Aoz E 5 g}

4.8 &

2 A7 e DC 2 AC Aol QENL | 3204
SEES BHAGE A8 o]Fgle] sty AFA=R &
A8 + & AAME PEA WS Agsignt ol iy
& o] 43, AFF XLPE Atold] 1mm FHg EF71%0)
EAste P4 - DC "ol 9] XLPE 348 #
A3 AC FEYAH S e 9% At
AEARZRE TrlFol EAL FL APANY AAFY
AAZ Q3 AFAEs} Zst8lw Fr)2z A XLPE
BEde s He] FEL & 5 AU} o[=2EE PD
HEL Abd A Y FHAs e 24 gge Bon oyt
Aste AC 8kV7HA] AYE Q7lstdx Jolgles s}
At

zatel 2

HAR-FAAGAY 200345 ZAYLL HolH
S8 Q7% AL A7AH A7 98 AU
om, oo A=Y

32 e s

[11 R. Liu, T. Takada, N. Takasu, "Pulsed Electro-acoustic
Method for Measurement of Space Charge Distribution in
Power Cables under Both DC and AC Electric Fields”, J.
Phys. D: Appl. Phys. Vol. 26, pp. 986~993, 1993.

(2] N. Hozumi, T. Okamoto, Y. Ikeda, “Space Charge
Measurement in Water Tree Degraded XLPE Cables”,
Proc. 4th ICPADM, pp. 394-396, 1994.

[381 C. Hudon, R. Bartnikas, M. Wertheimer, "Effect of
Physico-chemical Degradation of Epoxy Resin on Partial
Discharge Behavior”, IEEE Trans. Electr. Insul, Vol. 2,
No. 6, pp. 1083-1094, 1995.

{41 Y. Suzuoki, Y. Matsukawa, S. O. Han, A. Fujii, J. S.
Kim, T. Mizutani, M. leda, N. Yoshifuji, "Study of
Space-charge Effects on Dielectric Breakdown of
Polymers by Direct Probing”, IEEE Trans. Electr. Insul,
Vol. 27, No. 4, pp. 758-762, 1992.

(5] B BAfE, REDIET), HBERE, KABE KEEZ, &K,
"B TFREMRR EMEMHE &BWE, 54X ERSe

Trans. KIEE. Vol. 52C, No.7, JULY. 2003

FE MR A€ E KL, Japan DEI-92-88, 1992,

[6] S. Hwangbo, Y. H. Kwun, S. I Jeon and M. K. Han,
"Direct Correlation between Space Charge and Conduction
Characteristics of LDPE at Various Temperature”, Jpn. J.
Appl. Phys., Vol. 7, pp.4419-4427, 1998.

g5 S (2F B)

1964 59 289 A). 19873 H&dl Fo)
AZ1EGH EA(34h, 19899 F g
4 A7NFEFG EG(AAD, 19983 & o
4 AZIFESH ES4(F4), 19899~
1991 LGRA(F) T4 2F, 19983 ~
a4 3@ Fu BFARAFTHA 2HF
Tel : 062-940-5495, Fax : 062-940-5077
E-mail : hbs@honam.ac kr

ol 3 (Fme )

19623 3¢ 14¢4. 19859 A &d FU
AZ1 R EQEAD, 18873 29 F
WEd A7) (AL, 19929
T Wl Arigets E9(F9), 1993
W~1994d dE AFFYATF4a 4F
¥, 2001d-~20029 ©|= MIT High
Voltage Research Laboratory SAATA(&AEAY X
), 1949 ~dA AT AZIPARENZEL Bafy
Tel : 041-540-5656, Fax : 041-548-6685

E-mail : leejh@office.hoseo.ac.kr

F3Y Rl s AN gAE BUHSIL XLPEY SEUTSMol ojxs dg 313



