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Effect of swelling effect on electrical tree characteristics of
SiR under impulse voltage
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Abstract: Effect of swelling effect of silicone rubber (SiR) caused by silicone grease coated on the interface between high
voltage cable accessories and cable body on the electrical tree characteristics of SiR under monopolar impulse voltage (250/
2 500 ps) was studied. The isothermal surface potential decay (ISPD) and equilibrium solvent swelling were carried out to
characterize the influence of swelling effect on the trap characteristics and crosslinking structures of SiR. The results show
that with the increase of swelling time, both the initiation probability and fractal dimension of electrical tree in SiR increase.
After 340 h of swelling, the tree initiation voltage of 50% probability under positive and negative impulse voltage decrease
from about 37 kV and about -41 kV to 32 kV and about -39 kV, respectively. In addition, the polarity effect can be observed
in the electrical tree process of SiR under impulse voltage. The initiation and growth of electrical tree is easier under positive
impulse voltage than negative impulse voltage. With the increase of swelling time, the shallow trap density increases, and
the deep trap and physical crosslinking density decrease. The destruction of physical crosslinking structure leads to the
expansion of free volume, which intensifies the collision ionization processes. Meanwhile, the decrease of deep trap density
enhances the charge transport processes. Multiple physical processes intensify the fracture of molecular chains, which
furtherly weakens the resistance to electrical tree of SiR. The polarity effect of electrical tree in SiR under impulse voltage is
mainly caused by the different distribution of hole-type and electron-type traps.
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Fig.1 Schematic diagram of electrical tree test system
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Fig.9 Schematic illustration of charge accumulation caused

by deep trap near the tip of needle
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