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Research on construction method of nonlinear dielectric relaxation
model for transformer oil-paper insulation

QU Limin', ZHANG lJian', MENG Fanhao?>, ZHANG Liang',
ZHANG Peng', GONG Mingchen', YU Muhe®

(1. Electric Power Research Institute, State Grid Heilongjiang Electric Power Co., Ltd., Harbin 150030, China;
2. Key Laboratory of Engineering Dielectrics and Its Application, Ministry of Education,
Harbin University of Science and Technology, Harbin 150080, China)

Abstract: When detecting the oil-paper insulation status of transformer based on frequency domain dielectric response
(FDS), the nonlinear changes in FDS of oil-paper insulation will affect the accuracy of insulation assessment. Therefore, it is
necessary to study the nonlinear changes in the FDS of oil-paper insulation with different ageing degree. The multiple sets of
oil-paper insulation models with different ageing degree were prepared in laboratory, and the nonlinear FDS of oil-paper
insulation were tested at different temperatures. The results show that the larger the test excitation amplitude, the more
significant decrease in the low-frequency range of FDS curve. As the testing temperature and ageing degree increase, the
characteristic frequency range of the dielectric loss factor curve showing non-linear changes moves towards the high-
frequency direction. On the basis of the modified Davidson-Cole model, the shape parameters in the model were obtained by
curve fitting calculation, and then the equivalent circuit model based on the transfer function was established. The nonlinear
variation of the impedance modulus of oil-paper insulation was simulated and calculated. According to the simulation
results, the circuit parameters of various impedance models are closely related to the nonlinear changes of the dielectric
properties of oil-paper insulation, while the change of impedance makes the curve change in the corresponding frequency
range.

Key words: oil-paper insulation; ageing; nonlinear dielectric characteristics; extended Davidson-Cole model
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Tab.2 Average relative error of simulation results
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