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Analysis Method for Micro-morphology Characteristics of Electrode Surface After Vacuum
Breakdown Based on Fractal Theory
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(1. State Grid Jiangsu Electric Power Co., Ltd., Electric Power Research Institute, Nanjing 211103, China; 2. School of Electrical
Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: The objective of this paper is to propose a method for analyzing the micro-morphology characteritics after
vacuum breakdown based on fractal theory. First, the micro-morphology characteritics on the rod-plane electrode sur-
face after vacuum breakdown is obtained through the dielectric strength under lightning impulse voltage. Then , the
fractal dimension of electrode surface is estimated by a structure function method and , based on the fractal dimen-
sion, the micro-morphology characteritics of electrode surface is analyzed. The results show that the fractal dimen-
sion can be used to describe the micro-morphology characteristics of electrode surface and can be estimated by the
structure function method. The estimated fractal dimensions of the horizontal and vertical directions of the curved
surface are basically identical , indicating that the electrode surface after the lightning impulse voltage test exhibits
good isotropy. For the plane electrode , the fractal dimension of surface is affected by the breakdown energy, and has
no obvious relationship with the breakdown voltage. For the rod electrode, the fractal dimension of tip surface re-
mains consistent under different experimental conditions and the value is approximately 2.91. Therefore, the surfac-
es formed by vacuum breakdown under lightning impulse voltage has similar micro-morphology charactersitic , and
fractal dimension can be used to describe such phenomenon.

Key words: vacuum gap; surface condition; micro-morphology feature ; fractal theory; dielectric strength
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Table 1 Setup of the experimental conditions
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Fig.4 Scan area of micro-morphology feature
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Fig. 5 Micro-morphology feature of plane electrode after

the dielectric test
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Table 2 Fractal dimension of plane electrode surface
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