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Properties of Distribution of PD Pulses accompanying
with Propagation of bush-type Tree
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Abstract - Inception and propagation of
electrical tree and properties of partial
discharge(PD) pulses accompanying with tree in
low density polyethylene were discussed. We
observed the characteristics of process of
electrical tree by using optical microscope and
investigated the statistical characteristics of
the PD pulses by analyzing PD quantities and
distribution patterns. The PD pulses were
analyzed by qn, ¢-n and ¢-q distribution.
The statistical operators used were skewness
(s}, kurtosis(k) and average phase angle.

The skewness and average discharge phase
angle of PD pulses increased as the
Propagation of tree, The kurtosis was about 1.8
at the Inception of tree, but It increased as the
propagation of tree,

1.4 B

2ALA A ArEs} TR FIH
o olsle mARAAY AFHA £4L
E4& A4E3(1). "ty HAsag vldd
7 AAE ArEede FAH ARG E B58
ol 42 Fosith AriEzed 24n AL =
9 AAY FAFA @ FELAY LA 7%
[21.(3) B-8¥Ad H2e AZEYY HA4gz AA
¢ MY FEHD Be HEE e gl l
2 HaA 2EYA 2% - 4L v}is}t’ril
a3y AR g2 A3t dAFEAT, FEEA
29 Ar1ES APAEY BAZ =& He

3 ol g oz HEHED U2V (6.7), +RE

b B n (8], ol wEdME LDPE«Ae
ZIEgle] LA ARG oo FutEle REWA

29 §4¢& 3% - JES9

U\

t‘Rol’.
n&r&v{ioxlnﬁ‘-*'ﬁgfmm»as‘:rﬁoﬁ

2.2 B

_A

dyyd
& ¥E 0.92(g/cn)9) H8¥ LDPE A &E A
A

H’..

32

£atdem 120 (TIA 582 7HEste Azg Ay
—% 2x30%1imm] 27|82 A& F T A BAUAIRA
A-Fw AFE AAYAs A, Ede #S

- 1478 -

g golaA &y st AP FAE w2 vhs
A Atk 28 10} AH) 4L Jehidn

LR R R,

a3 1 AR89 B¥

B AEaM AgE 49439 Block Diagram$ 2
g 2¢] vehRdct.

HV - Micro- > CCD
Sourse Scope Camera
v v
S le COM1
amp Image
A \4
PD COM2
= Detector PHA

a¥ 2 493AY BEx

NBolA 24 Arlede AAGAL F& @nF
3 CCD 7ietE Al&sted Bastn HFE 1A 24
A2 g 9o, PD A&sldM 22l s A
s AFE2H A5E BA, AAsn, FPEY 2
28 ERXEA A%, Hdz F& ASSIT. dde=
£ PD free® MY 27 AANE A8l A3 18
(V)8 Age SR A, ArlEde] Bz AH
2 ojo] FutElE BBl Hae AAWSE BEAUG,
AEA, & 23T, &% 75%RHeIItH

guRoz $EPd Yatk Azd get B2 ve
Yez daxes 230 AR PEEHE A7



C8he el Bt gty 2 dYdMe
4 ¥edd H2E 5pC o449 Havrd 74}%?'5}&% 3
AA oz AsAd.

a8 3 A4 Az g Wy Eeel ARE
BE BAE Folg. FAR ArlEde 2RI F
A3 APEAY, JHFIdM e S0t S,

] —ai—Longh of yee
e W of rre

Growth of tree{mm}

Timetmin.}

¥ 3 A AV 78
Arle S 4T

¥ 4€ A7IEYY AP wE FEPd P9
g-n £X9 ¥HFolE =AY Folth. aFoA A7)

Egje 4% 279E qn BE AQ FREEY §
2% 7RG AVIERs 448 wet g-n ¥E Y
azAn, ddAez $Ad AgF 2t AL g2
7t ol %*3‘6}% F3E Boln Uk, =¥ Ul
A mEtA BAREFe A A AN ESst
AR, AAx7 FF3e FAE RolAT WY

de & dirt gle Ao zZ et

m
==
—_ 4
8 1amin
~ amb i
o .
o,
5o
k3 :
¥ i N
g ‘
5 ©®f 4
2 i
E g
olf
&
i
N a \*r- i
[ ° D EJ ]

Peak Charpel pCl
39 4 AVEDe] AHe] swE FEYH oo
a-n EEe] Wztiol

33 5¢ A7E2Y 4Pl BE PRud Yad
g-n RIS WHIolE TAY Aoz IPAN Pl
ZoloMel $¥gAs Bge AAEY 47 270

£ 60° ¥2elN BEHAT, ArlE YAl gt
A w34 4ol 4532 oFRET ¢ 4
gonl, g9l FrlolMs Ryl $4L 255° B

AM F2 RN, ArlEA FPe] ABHel
gebq Fgel BAFYze] 230° ¥Ioz ol
ooolRY ¥EwHEel sl ushie fgzel

71227t Ao} a2k Hobrle ZEe IR
o me g Aol Asdn. & F
23 A5, AskAske] F40] BH"HE
FURE, BAAST FRHE 2 B
FtAstAtolel ) FE8A0] sy mEoltt,

ot o
o M oA

Repetition ratcf>$pC. 1sce

ag 5 Azl A #id FELH A9
g-n Bxe Hsldol

a8 68 WriEe A =g FEEE g2 ¢
-g BX9 ¥3}FolE =AF Aot aHCA HAJE
glg) A &7l g-n X7 Y MgA e
valgt, A rlde 340l £e R PAA

stgol @ Reddel YATE ¢ & A%
.2
P ‘.‘.. A v,.’ B ‘ —— dmin
. Dy : .- i
P 24
3] - - Gmin
§ BE
% b
= E
shi
% ™ =
Phase angle in degree

a9 6 WS ARl S8 $REA Yoo
y-q $E Waidol

a9 7.8 9% ¢-q REINS RELA Yoo &
e el Aoz REYel 240 WFs7 A
GEnb) i) A 2R Bad 48 BEs
7 AAAE el FololM SAsE $RYN WA
gERes AYse Rol MPAsT,

a9 7 $RWA "ad 0-gn REAN BF %
A A4ne T Aoln, FRUA Badl AR 2
ol ztzte] 94E 0 @etn, ade) FE LA
2L g;289,

K xﬁ-:l ®;9; 1 ?}q/

of st 7@ & Slow Yol PRl LA

- 1479~



Averag: discharge Phase ange
=]

BE THANE vtal RolAD Use ¢ £
o},
»f
—e—Fosihe svarage Plwee
—o—Negthe merage Phase

3% 7€ Adr1EY A Futd R g2

o
o
g
#

PARGGe & ¥

a9 8& H/EY JHd we FEwd "
9 FXE Ued Aoz sHRAM F2 34}
EAstg e, A71ELI ARGl watA
29 sge ¢ Fr &9 F7 BT

Ae Aoz vy, oRie Al %
B3 darh 2gdg e "»i% vl

Lia= g

AEn IS

Kurlosis

04 §-
—0— Pustie devms
~—O— Nepw shevas
02
w /\ g
/
42 -
/
Q4
1 1 1 1 3 1
4 10 2 x O 0 &
Time fmm/)

a9 8 ArlEel Aol +uE FRYH Bao
Aol Wiol

Paifve b
—O— N ke

v T
L] 0 2 »

e
©
/84

Time [min)
2% 9 ArERe el fua
Helxol WAslFo

FEHA 29

29 9% AZED Ao g 22wy gao

4

o EAY ez PEWH Yae A
NEe] 470 o 1.8 sAAA dehtm, 4
ol MyHel A gl AXNA Hew, e wa
o2 %& AN ReAcA AP T $RUA Y2
b 2asE RE A

Helxel W2

(

©0:

3.2 &

A7l ERe] 243 WP Fitde FE0A e

|

PE 54 A7e) Aot AARGE Askael AQ
o e ArlEde 43 FEIR TAPEE 53

@ 2# e Fe Z2ES AU

YAste] 18kvel 2FAY
of 18730] wAsta] A

A-3n A2L

€ A% Ax A7E":
¥ Arled 2 AANYG.
2) Hxol 3B HAAGGE FH(+)Y F219 Bl
£ 9% 55-65°% el R (-)9 F)9 Ffele &
230-235°% Jerliden, At A7pAde] uhebd
vletatA ZFrbste FAE JEUAC
3) BAY ArERY 28Wd 2 $3XE iR @
o F718t g9 FrldAM BF AA Hteol TN WA
Aslzko] & Ay A= EXFHAY 5o =ZA
veigten dxs 344 HA4HY, AVE=Y 4
ZJ”°“ wal A el A%E At

) FAY AvlESe BEWA X £39] HAdxEs
7\‘17153194 BAGAdE o 1.8 el A7)
Ede] A wa} ovjkstA Frlste AE8E GERAA
o} '

1) LDPE

(& 2 g 8)

(1) Eugene J. McMahon., "A Tutorial on Treeing”,
IEEE Trans. Electrical Insulation, Vol EI-13 NO 4,
pp. 277-288, 1978.

[2) R. M. Eichhorn. "Treeing
Electrical Insulation”, IEEE. Trans. EI,
No.l, pp. 2-18, February 1976.

(3} C. Laurent and Mayoux, “Analysis of the
Propagation of Electrical Treeing Using Optical and
Electrical Methods” IEEE, EI-15. pp. 33-42, 1980.
{4) Suwarno, Yasuo Suzuoki and Teruyoshi
Mizutani, “Pulse-Sequence Analysis of Partial
Discharges in a Void and Electrical Treeing”, IEEE
Electrical Insulation, Conference, Vol.1, June, 16-19,
pp. 130-133, 1996.

(5) C. Mayoux and C. Laurent., “Contribution of
Partial Discharges to Electrical Breakdown of Solid
Insulating  Materials” IEEE = Transactions on
Dielectrics and Electrical Insulation. Vol. 2, No. 4,
pp. 641-652, 1995.

(6) Tatsuki Okamoto

in Solid Extruded
Vol EI-12,

and Toshikatsu Tanaka,
Auto-correlation Function of PD Pulses under
Electrical Treeing Degradation”, IEEE, Transaction,
El. Vol.2, No.5, pp. 857-865 October 1995.

(7) John. H. Mason, “Enhancing the Significance of

PD Measurements”. IEEE, Transaction, EI, Vol.2
No.5, pp. 876-888, October, 1995.

(8) Tatsuki Okamoto and Toshikatsu Tanaka.
"Auto-correlation Function of PD Pulses under

Electrical Treeing Degradation”, IEEE, Transaction.
EI, Vol.2, Ne.5. October 1995, pp857-865.

- 1480 -



