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Tree Initiation in Impurity Doped Polyethylene under the Subjection
to Impulse and DC Stresses
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A research for tree initiation at a needle electrode was performed on impurity doped poly-
ethylene under the subjection to impulse and DC stresses. The effect of space charges upon
the tree initjation voltage was discussed. In regard to impurity doped polyethylene, the 50%
tree initiation voltage is greater than that for polyethylene without impurity in the range from
1 ps to 700 s duration of wavefront of impulse voltage, except for 1-2 us duration of positive
impulse for  AS-PE. The greatest voltage is found to initiate trees in 50% of samples when
applying DC voltage. Four types of waveforms were used in the superposition test so that
the effect of impulse voltage could be determined. For the impulse and DC voltage of the
same polarity, (e.g. positive impulse at positive DC and negative impulse at negative DC), the
50% tree initiation voltage is greater than that with a 1/40 ps impulse voltage alone. On the
other hand, the impulse and DC voltage of the opposite polarity shows a decrease in the 50%

tree initiation voltage as compared with that when applying the impulse voltage alone.
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Fig. 1 Experimental circuit of impulse generator.
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Fig. 3 Testing circuit of superposition of DC and impulse voltage.

T
P

Ve
AN
IE

(c) (d)
4 BEE - EREEEERBROE R
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DC and impulse voltage.
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Tr=30 us DOEH U=21.1kcal/mol
Tr=100 ps DA U=9.4 kcal/mol
OEBZThZhBEbh 5.
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SAKEL D, LiedoT 30ps BED T ¥ TR
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E=20MV/cm OBR T+ PE OLHTHEEEIMIL,
P —DRE~NELZEVHEM X h B, —TF, Te Hd
100 us WD &, BTFOHTH=FAFITHEL,
PE DF2UliT52 EMNTET, LHLEIEE b
NIEBCERDIZ 5 ~BEIT 5720, 0% % PE o
Moy FEEMIZE Ty S8R, ERENE LTERESR
B EREZBND.

AT L AS-PE, DP-PE 041213, %k®
IORELDZENTES. BEEERY =F v VO
{LEEL 46~48% RREETH 020, Ty & BHE L Y =5
VVIREEIN LIcEA, OO 50% BEDOIEHEDIS
ERMIAE DAL B L bhb. OB (10)
RERLIC OFIBEL DR, BTFOBERL VES=
AAF LTS, KM PE 0fy 1/2 ¥ CEFD
TEARES MEM S5 LT 5 &, I=5pm T 1x40 ps
DEBEERAM LIz LTU KD B L, E=20MV/
cm ¢ U=19.3kcal/mol & CIgA7T%. LizMoTR
MERINC X D IR L, BFTIXEBAR I D PE oHF
UMW T 50Tl =F A ¥uBH LNTERV
B, Te 2% 1ps T CREMER & BRT5H0 LH
Bahsn. vk, Tz EM LI PE fCcOB/BFOE
AEZCDONTUEESD L Z AP BT, LichisC
2T b pm EERE Lichd, EEIR I oL b
L& IBH b THERS.

EEMEEEERM U L Xicd, Al Rk
Er BT LN TESD. PE PFET S HHEFRRER
CXoTh#Eah, PE 5 F&EM LT Y —DFREN
LEL. AN Lic AS-PE, DP-PE 0 & &
X, R RH DTS — AT VvV AR S TEL
BTN, BRC L - TE I PE - F 2800 L,
b Y~ T . Lich o TR R LI AR
E, fEERIN PE g U OB F LRI R 5 T H
D, Tr ' 1lps BEOZRBR EARYETIHEZDOS
AL, EMO PE L {EW Y ~OREREL IR
%. PE HF#EMcERvL=3 ¥ ETHEFIL,
FO¥EHBRCATCBREL, HELCEDT + v
MER & L&,

4.2 B GREEESHMNEO M) —ORE

M 13 0EERBOFERE L b, Hik L OEHEEREN
RGOS E 50% + U —FETER, HEELOSY
AL EOMEX b b E L, —75, BEkOBHTILE
WEER D, EREEC XS 50% bV —~RAEBER,
K8, 9, LIERLEISCWThORE & b HEE
ERFIC L5 50% ) ~FEBEL D bEV. ZThik
BIREE LN L ic e, shimaes PE fe47kE&o
ZEfEM (REBA) PSERESh, BREMEET S
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B 16 o OB X BRSO
Fig. 16 Potential and electric stress distributions
at needle tip.
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WEERLE LTS, o B R E A RS L
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RPRL B, P ) —~DOREBEE TS 5.
WD ZTRI LAy, RS B R s i
PE [Tl LTS < 0 ke BHATERS W5 7tb, 50%
PY - FEAWEO LR (E, WREEEREEOEE),
BT (B, TREERELEOEE) NE L.

4.3 FU—FOBHR

TR PE ¥\ Tid, BEMIOBOEI & 3 v bt
WREBHC AT T A L (7Y~ F), FofERst
WHOBASBRES L ) — DRECHEL S XITT L
bh T3P, 207 Y — FERIm oW a5 7,
HARMY PEoWT, AR BEABA LTS
3 ~ AR X 0% 48~49 BB KRR D 50% b
V) —REBEALRD. FOMEYE 2R, K2 X
hERK L L IRLRHOMRIC X5 50% 1Y —~RA4E
BRIz & A EENTRD by, Liedd» THBERE
48 IR [ LI I BB L Ic B A, 79 — FRiBit s
bht, KEB GUNERE 24 RRILPIC R FER )
EROCTUIEE Lich 1.

5. 6 ¥ v

EREER Y = F v VAR & UCHE IR (7 —
EAZ Y F 310) BIOBEBELER (DPPD) %L
TeBRO b ) —OREBELEIREIT, EREEY AT
B L. ZLUTEBEME Y =F v v b Y —JhBIE
EDOWEI D, T U~ RAEBE~OTRMFIO BRI DU
Tk,

7—EAXy F 310, DPPD finHE Y =51 v o 45

£2 TV ~FoRE

Table 2 Effect of bleed of impurities on 50% tree
initiation voltage.

50% tree initiation

Time to apply voltage (kV)

7/100 ps impulse

Polarity 4 " prepared AS-PE DP-PE
sample (h) 0.5% 0.5%
3- 4 18.2 22.0

Positive
48-49 18.5 23.0
3- 4 29.2 37.5

Negative
48-49 28.2 37.3

&, WHBR (Tr) 23 1~2 ps O FERHHTREFY 2k
W WIhORBENY & b RENA2 ) =5 v vic
LT 50% by —REBERE D, Lk Tt o
WML LD ERT S ERBELXEMLE L&D 50%

MY —REBEIRDEL /LS. ToREIoWT, 1
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FLOBRL hEE L.

UIA Y =F v v DBE, Tr 28 30 us BEE ik
BTIOBALVBH=H2AFE, RY)=F v vypTrl
B35 C-C, C-H Of5A=FAF L DARE D, Fio
ExE5. —J, Te 23100 ps BEC D L BFOBR
IOBED =3 FE, C-C, C-H Dffid =54 1 [l
LTPEL, BT S v 7EMIC L 5 v ¥ X hT2ER
B (hEEH) 2BRT 5.
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SHOERBERNO M S HGEER ) =57 L v B
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(EE, MEEEREEOBE) S¥5ic+oide e
BB ERD. FMWBEMEY) =5 v voEs 5, &
WA Y =5 v v R UCERBEROMBREITS . L
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i, P —-DREBEI LR L, REEGEEEYE
Bl b FIET 5.
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5.
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HEH, R, G SWERERERERE 2 vT V¥ Th
5. Cs HPEHR L DI 7T~8pF THote.

Vae FIfN 10 HHBTERRBE > TW20T, HH
1 OEBCERETRI. Liedio T, Vae ik G &
C L THERhBC L dh, C>C OREREH S
C XX, Vae UHE 100% G CEIMEh2 &E X
BILMTES., FCCHE2RELELSIZ, Vie=
—10kV 2BRBOFRBHBMC IS Wik, BLAY
AR & e e b, Lich - THE3 @D X 51cH
mMLTEE, FOHEBFEZIOND L CELDHT LA
TE5.
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Append. Fig. 1 Equivalent circuit in superposi-
tion test.
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Append. Fig. 2 DC voltage applied across sample.
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Append. Fig. 3 Superimposed waveform.
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