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Effect of external electric field on micro structure of silicone rubber
insulation based on molecular simulation
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2. Guangxi Key Laboratory of Power System Optimization and Energy Technology, Guangxi University,
Nanning 530004, China; 3. State Grid Henan Electric Power Company, Zhengzhou 450099, China)

Abstract: In order to reveal the influence of external electric field on the internal molecular structure characteristics of
silicone rubber insulation materials at the micro level, this paper used molecular simulation and quantum chemistry methods
to explore the changes in the microstructure and space charge characteristics of silicone rubber under the action of external
electric field. The results show that with the increase of electric field strength, the total energy of the silicone rubber
molecule system decreases, the dipole moment and polarizability increase, and the C-Si bond inside the molecule becomes
longer when subjected to the stretching effect of external electric field, resulting in a decrease of the stability of silicone
rubber structure and affecting its mechanical and electrical properties. Under a higher electric field strength , the energy gap
of the frontier orbitals decreases, and the reactive active sites of the silicone rubber molecular chain change, it causes of trap
energy levels for the electron traps and hole traps in the frontier orbitals of the molecular chain to form different degrees of
trap energy level distribution, and enhances the ability of silicone rubber to capture free electrons or injected charges in
insulating materials. When the electric field reaches the critical value of 12.75x10° kV/mm, the molecular structure of
silicone rubber is disrupted and causes changes in the infrared spectrum.

Key words: silicone rubber; external electric field; infrared spectroscopy; molecular simulation
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Fig.1 The molecular structure of SIR

N T IR TE L B ) P S 5 8 L S
AW FCLL T T AR IR A AR R AR AT TR, OF
KBV A RSB L 45 R WA K . 2 R8BI 5
BT R FER 7> TR, A SO T ARSI (K 2>
TR E 2 frs, Kb KGR T A CHR T, At
A NH IR, KR T SiE T LR T8 0
JE5) B AERT FUEAE i T RO A AL -

ﬁ/’ =] 43
v& 3 @9
@

@3

9 9

4
E2 GRS FIER
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Fig.3 The energy minimization of SIR molecular model
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Fig.8 The variation of SIR molecular polarizability
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Fig.9 The variation in frontier orbital energy levels under

different electric field strengths
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Table 1 The main components of SIR molecular
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Fig.12 The density of states diagram for SIR molecules
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Fig.13 The infrared spectrum of SIR molecules
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