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Statistical Analysis of Tree Propagation from a Simulated Tree Channel with Weibull
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In this paper, I investigate relationship between partial discharge (PD) in a simulated tree channel and
tree growth from its tip. Also effect of temperature on tree propagation is examined. Voltage dependence of
total number of PD pulses required for initiation of tree growth and the shape-parameter deduced from
Weibull distribution were obtained. The shape-parameter m changes from m<1 (early/random failure type)
to m>1 (fatigue failure type) with increasing voltage. The mechanism of tree growth was discussed based
on the shape-parameter. Statistical randomness of PD generation caused by gas pressure rise and space
charge effect and structural weak points around the channel tip is found to play important roles in tree
propagation of early/random failure type. Voltage region where m>1 tends to shift to lower voltage side
with increasing temperature and that where m<1 disappears above 40 °C. However, it is found that
mechanism of tree propagation of fatigue failure type dose not change by temperature. Activation energy for
tree growth obtained from Ahrrenius plot of total number of PD pulse was estimated to be 4.7 kcal/mol. I
consider that micro-cavities are created around the tip of a simulated tree channel by scission of physical
bond of polymer chains such as Van der Waals fore between CH; bonds and act upon initiation of tree

propagation of fatigue failure effectively.
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Fig.1 Experimental specimen.
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Fig. 2 Experimental apparatus.
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Fig.3 Voltage dependence of total number of PD pulse and its
shape-parameter.
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Fig.4 Weibull distribution of total number of PD pulse.
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Fig.5 Voltage dependence of total number of PD pulse and its
shape-parameter for each temperature.

F1 V-n BB D anE

Table 1 Exponent @ of V-n characteristic.

UBHELEE EIE 1 I
o a=3.41, o=1.54
20C (m=1) (m>1)

o _ o=1.58
40°C (m>1)

o _ a=1.55
e (m>1)

FBERELMCTAEZOHIICTey b (—@—) Liz. &
WRTA—FDOKRES m [T Tm<l, BRI Tm>1
Lhpoln, ZOZ ENLER T T - BIEH, SR
TITEEREAY . b Y — BRI THD Z e Bbho
7z,

3.3 M —HBREEICRETREEORCE

BES) —MBBICED L D REEERETHERF
T B, FAPHREICRT D8 PD 7V AR UK S




274 (38) BESFSIE H25% #5%5 (2001)

L FVINEE : 7.5kvV
7501 BE : 20C

_100‘ L | L I L 1 L | ! [

0 10 20 30 40 50 60
BEFIRR (B)

(a)

- EIINEE : 7.5kvV
-iREE : 20°C

~ T T T N
100 ——0"20 30 40 30 60

EEFTINRER ()

(b)

X6 FHEEbY—PNIZBITS PD OsIMRIE (20°C)

Fig. 6 Time variation of PD pulse generation in a simulated tree channel at 20 °C.
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Fig. 7 Ahrrenius plot of total number of PD pulses.

R L ol TRMERICEESNS DL EbhD
bbb, ZhHOITRMERD PD RIMIXE L & DORE
BB RIETIHCONVTIEL, BESLERTEORERES
ST R~OIEE, S5 MY —BEEICNT vy T ERTK
¥y U7 ORERESLHSHE L Vo BRICEVERSH
D0, EFEIERORLDOITRDEELILND - T,
IO TRIWERE PD AIO@RERELETZE L
Y, FORELPD BREORKEZ L LTRBEND D
DEEILND. FIT, 2O PD AIMOEIME L RFES
Bl® Y —HRBICES E TO PD BREOKEELEZ ]
E LT, 2 OfEEO—F| (EINBE : 7.5kV) %K 6 1R 7.
A () DBPA, PDBHETIFE—ELLR>THDHH,
PD SR IUERI R & 2o T D, Z st LRI (b)
DA, PD AIMORIITEFN TH D bDODLOEME
A 0B L TR, PICiE—HiLAEbiED PD bR
LCW5., ZOLHICRACHMNEETH DI HEDLLT,
PD SIS NCRR->TnB E, MY —HEIZ
ZEAHFETOPD BRI ) OEEBRHDLZ b Y
—fhREH X TERENERO—2L LT, B —
EHNIZBIT D PD AIMOBRIENSET b, £ OMFENE
W N ) B RAORE ERCERMERMRIC LV ES
ENAbOLEbhS. TMmOBBHERE LT/
PR OBRREN /258 SRER4SY, R b U —RRICERNCIERT S
FEYERT8 B DR N Y — SRR I ET DB
EolERMEL N —MBICKEBREEEEXDLOLE
DB, BLED T LB TICB B b Y —HE e
U SR N ) — R R R D AT R A
TANENELE o HRNER & PD RILOBIEHIERIC
I EREhdboEZLND.

WIHEIE T CHIGIR ST A—F DRE S mAS m>1 L7
0, BEEEENR N ) —RESES RN TH D Z L b0

oo ZOZENBMMOIDOELERCLD b U — R
wEhizbo L Bbid. EBRSE CHEIHLERICLD
EHFWIROLIT L=v ABDLY, - BERE TH D &
EbNTNE Y. F3. 3ETRAT X D ICERER L MY
~@@%%%E:¢%@@EEK;OTQML&w:&ﬁ
AN, UEDZ Li2SEXTIOEBUITKITSH MY
—EET L=y AR OEL - R L RE LT, 8 PD
RNURICHT BT vouxTay FEITolz. TORER
(FOANEE : 10kV) #E 73R, BPD /UVAREKEIRE
D%k & ORNCITEARN BRI L, ZOBEBICKT
BRY—HEBERET V=R THE T Lol
FITZOEBROEE O b —BRICET HEE =X
NE—E #RDI-E 25, E=4.Tkeal/mol TH 5 Z &b
o2, ZOfEIE C—C A (=96keal/mol) ° C—H S (=
92kcal/mol) ZEDILEEMEAT R AX—V LY b2 K
<<, PD DALY EFEES FHEEET S Z LR
HTehnEBbha, & ZARCHLEFHRALO7 7 o7
LT —NZF) (=1.78kcal/mol) V& F - o ERHYILfEE =
FNAF— L IHFEREENHEEZRLTND. ZOZ LMD
ZOFERICRIT S N Y —hE L WIS & OICITEER
BEEAHHbOEBbND. —RICESFHEDOSE T
T oFAT—= VAN EE o B E s hD &,
TS EFA L UTES THEMIRR M Sd, B
iﬁuﬁ4P®%mK£5&§bﬂT%D,%Km%ﬁ%
SFHBHE OV TR Z OBESE VTN EELLNT
WA D ZOWREEZER L CERIICKTS N —REIC
DNTEETDE, PD IC L HHBRCHEWIER H D T
MBI R E ST PD St OBREREH Lik & AR
OERAPEERL, TRk THEEESNEZI 7 aRA
R ERE AERSY & L CHEINCIER Liciediz b U —1fh
EMNBEBLEZOTHHRWNEZEZLND.
EThY—MHEBIZHTHRESHRICOVTIIEDL D
WEZNUTEWTHA DD 3. 3 IRV T40CLLETIE
W - BRI N Y — R 2 R TR T 8RB0 bR
B ENbhol, ERLELZIICHERIICBITS b
Y —{hEiX PD AIO@RMEICKE AR S, TOMHE
MICEBEEZ D0 UTHE M) —NOZERERDR
DN ESCERRBIC L ARE LR EET . &L, /v
ABBISHERII LD & Ulckka REENIEIC LY, BT
AR IS T 2 ZE R B 038 &L IRE O BRI RE &
NBEHClkot. FOE, BED LRI L TZEHE
TOVMMBE IV B D L Eo Tt MENKFZED T
59 —%, M —BEANOKELFIZOOTHRED L
B LM ESERRENS SV 7 NIHER LB <721,
M) —EBRNOKE EF T 5 & F o lES A



276 (40)

FIMEE : 7.5kV
MRE . 70C

25¢

,PDEFE (pC)
. =

. . L . i ,
0 5 10 15 20
EIEFEMEERE (F))

B8 70°CIzi3i} 2 PD s ALK
Fig.8 Time variation of PD pulse generation
in a simulated tree channel at 70°C.
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