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Abstract : To study the effect of accelerated thermal ageing on the propagation and partial discharge char-
acteristics of electrical trees of 500 kV extra high voltage direct current (EHVDC) cross-linked polyethy-
lene (XLPE) cable, cross-cut and ring-cut samples were prepared. Electrical tree initiation and growth
experiments were conducted at three temperatures, using a real-time electrical tree observation system and
partial discharge measurement setup. Combined with differential scanning calorimetry, conductivity tests

and molecular dynamics simulations to analyze the effect of accelerated thermal ageing. Accelerated ther-
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mal ageing significantly reduces the tree initiation voltage, shortens initiation time, increases tree growth

rate, and elevates both partial discharge magnitude and pulse repetition rate. The oxidation induction

time and crystallinity decrease after ageing, in dicating molecular chain scission and enlarged amorphous

regions due to antioxidant depletion, led to conductivity increase and activation energy decrease. Molecu-

lar dynamics simulations show an increase in the fraction of free volume. The expansion of amorphous re-

gion and enlarged inter-chain gaps enhance charge transport channels and reduce energy barriers, leading

to higher partial electrical field strength, faster tree initiation, and more complex electrical tree branching

structure.

Keywords : accelerated thermal ageing; extra high voltage direct current cable; cross-linked polyethy-

lene; electrical tree; partial discharges; free volume
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Fig.1 Structure and size of the sample and electrode
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Fig.3 High temperature cycled electrical tree real-time

observation system
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Fig.5 Growth process of electrical treesunder different

temperatures before and after ageing
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Table 1 Statistical results of electrical tree growth at dif-

ferent temperatures

‘ ‘ T T K
W/ B ’ -
KB/ pm (pm * min~")
C min
EA 4 e A EA e EA A
4 387.74 397.54 96.94 99.39
8 625.31 687.82 78.16 85.98
30
12 698.38 721.26 57.37 60.11
16 747. 11 816.87 46.07 51.05
3 548.03 650.19 182.68 216.73
50
6 712.81 841.67 118.80 140.28
1.5 425.68 444.88 425.68 444.88
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3 843.09 853.80 421.55 426.90
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Fig. 6 Average partial discharge and pulse repetition

rate at different temperatures
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Fig.7 DSC curve of XLPE samples before and after

ageing
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Fig.9 Unit cell structure of XLPE before and after

ageing
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