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Application of nonlinear finite element method in electric field calculation of
composite insulation structure of transformer outlet
ZHANG Shiling
(Chongqing Electric Power Research Institute of State Grid Chongqing Electric Power Company,Chongging 401123, China)

Abstract: The polarity reversal is a special state of composite insulation in converter transformer’s outlet
system,which can lead to electric field distortion within insulating dielectric and at the interface of insulating
dielectric due to space charge effect. On the other hand, the electrical property parameters of insulating
dielectric are function of temperature, thus,the changes of electrical parameters caused by temperature gra-
dient will affect transient electric field distribution of insulation structure in process of polarity reversal.
On this basis, to accurately simulate the polarity reversal transient electric field of composite insulation
structure with temperature gradient,it is proposed to apply the nonlinear finite element method in the coup-
led analysis of the above two affecting factors of transient electric field. Firstly, the relationship between
electrical parameters of composite insulation dielectric of oil-immersed paper and temperature is investigated.
Then, the flowchart of transient electric field calculation based on the nonlinear finite element method is
introduced in detail and verified by the double coaxial composite insulation structure model. Finally,a 2D
simulation model of oil impregnated paper insulating dielectric of actual converter transformer’s outlet sys-
tem is established to simulate and analyze the transient electric field during polarity reversal considering
the nonlinear characteristics of materials,which shows that the results of traditional simulation are quite diffe-
rent from those considering material non-linearity,and a local high electric field strength area easily appears
during polarity reversal process.

Key words: converter transformer; polarity reversal; converter transformer’s outlet system; composite insula-

tion;nonlinear finite element method ;transient electric field
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Protection method based on fractal theory and cluster analysis for grounding fault
with high resistance of low resistance grounding system
CAO Wensi',WU Qing',XU Mingming’,NIU Rongze’
(1. School of Electric Power,North China University of Water Resources and Electric Power,Zhengzhou 450045, China;
2. State Grid Henan Electric Power Research Institute ,Zhengzhou 450002, China)

Abstract: Because the setting value of the protection in low resistance grounding system is too large, the
protection in low resistance grounding system easily refuses to operate when a high-impedance grounding
fault occurs. Aiming at this problem,a novel protection method based on fractal theory and cluster analysis
for grounding fault with high resistance of low resistance grounding system is proposed. The similarity cha-
racteristics of zero-sequence current between fault line and normal lines are extracted. The characteristic
matrix of grounding fault is constructed by the similarity of zero-sequence currents that quantified by ratio
of zero-sequence currents and fractal dimension, and analyzed by K-means clustering algorithm. The pro-
posed method avoids the difficulty of protection setting. The true-mode experimental recording data verify
that the high resistance capacity of protection is improved to 2000 ) by the proposed method, which has
certain application value.

Key words:low resistance grounding system;high resistance grounding;fractal theory;similarity;cluster analy-

sis;relay protection
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Fig.Al Insulation structure of converter transformer lead exit device
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Fig.A2 Temperature distribution of transformer outlet device
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Fig.A3 Voltage and electric field distribution of transformer oil with traditional method
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Fig.A4 Voltage and electric field distribution of transformer oil under iso-thermal condition
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Fig.A5 Comparison of electric field distribution of transformer oil between traditional and
proposed calculation methods
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Fig. A6 Voltage and E-field distribution of transformer oil under iso-thermal condition
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Fig.A7 Steady electric field distribution of outlet device under actual operation condition
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