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I have investigated relationship between partial discharge (PD) in a simulated tree channel and tree
growth from its tip. In this paper, influence of channel diameter on tree propagation from its tip 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. Tree growth characteristic for each
diameter is divided into two different types according to applied voltage; early/random failure type (m<1)
in lower voltage range (Region I) and fatigue failure type (m>1) in higher voltage range (Region II). Border
voltage between Regions I and II varies with the channel diameter and takes a minimum value around 30
pm. The cause of early/random failure type is considered to be statistical randomness of PD generation and
structural weak points around the channel tip for smaller diameters and only structural weak points for
larger diameter. Tree propagation process of fatigue failure type was found to be a thermally activated
degradation process of Ahrrenius type. An activation energy for each channel diameter estimated from
Ahrrenius plots of total number of PD pulses is almost accord with physical bonding energies such as Van
der Waals force. I consider that micro cavity around the channel tip created by scission of physical bond acts

on fatigue failure type effectively.
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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 for each channel diameter.
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of the channel diameter.
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Table 1 Exponent « of V-n characteristic.

N —1% IR 1 I
10 um o=3.80 a=1.54
" (m<1) (m>1)
20 um a=3.41 a=1.54
(m<1) (m>1)

30 um 0=9.26 a=1.59
(m<1) (m>1)

50 um a=9.29 o=1.58
(ms1) (m>1)

100 um a=9.24 a=1.56
(m<1) (m>1)
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Fig. 6 Time variation of PD pulse generation in a simulated tree channel for 230 pm.
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Fig. 8 Ahrrenius plot of total number of PD pulses.
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Table 2 Activation energies for initiation of tree propagation.

i N Y —% YEMEAL = RV % —(kcal/mol)
10 pm ! 4.76
20 pm 4.70
30 pm 4.96
50 um 341
100 um 2.77
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Table 3 Bonding energy of polymer.

ok 6 = F % —(kcal/mol)
C-C 58 96
C-H & 92

CH,-CH, fE4& 1.78
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