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Study on condition evaluation of vegetable oil-paper insulation based on
fractional Zener model

ZHANG Tao', ZHANG Chen', WANG Shuo®, REN Qiao-lin’, XIAO Sa’
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2. Hubei Provincial Engineering Technology Research Center for Power Transmission Line,
China Three Gorges University, Yichang 443002, China;
3.State Grid Hubei Electric Power Company Xiaogan Power Supply Company, Xiaogan 432100, China)

Abstract : The frequency domain spectroscopy method of dielectric response theory can effectively assess the insula-
tion condition of transformers. Therefore, in order to quantitatively study the relationship between aging of vegetable
oil-paper insulation and frequency domain spectrum, the fractional Zener model is used to extract the characteristic
quantities of the frequency domain spectrum of vegetable oil-paper insulation, with the concept of fractional element
and fractional calculus introduced in this paper. This method can directly reflect the information carried by the fre-
quency domain spectrum of oil-paper insulation, and obtain the parameters of fractional Zener model by using the
complex permittivity obtained by the experiment. Firstly, the least square method is used to establish the optimiza-
tion objective function. Then, the model parameters are obtained by using genetic algorithm, which contain the
shape parameter B, parameter £, and relaxation time 7. The results are verified by particle swarm optimization algo-
rithm. Finally, the calculation results are reconstructed. The results show that the simulation results are in good a-
greement with the measured data and the R-squared in low frequency is higher, which shows the suitability of this
model. It is proved that the relation between shape parameter 8, relaxation time 7 and acid value in the oil is expo-
nential. The parameter &, has a linear relationship with the acid value in the oil. Therefore, a new idea for evalua-
ting the insulation state of vegetable oil-paper insulation systems is provided.

Key words: vegetable oil-paper insulation ; fractional calculus; fractional Zener model ; frequency domain spectros-

copy; complex permittivity





