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Research advances in phase field simulation of dielectric properties
of composite insulating materials

GUO Yu-jin, DONG Zi-wei, LI Qing-min, HAN Zhi-yun, LI Zhi-hui
(State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources
(North China Electric Power University) , Beijing 102206, China)

Abstract: The phase field method provides an effective analysis tool for the microstructure evolution process of
composite materials in the mesoscale range, filling in the blank between the atomic scale microscopic simulation
and the macroscopic scale simulation. This paper first summarized the theoretical basis of the phase field model, in-
cluding the principle of order parameter selection, the construction of free energy functionals and the method of sol-
ving phase field dynamics equations. Then, we reviewed the application progress of the phase field simulation meth-
od in the intrinsic structure-activity relationship, breakdown evolution mechanism, and material structure design of
composite insulating material. Several key issues need to be studied in-depth in the phase field simulation are gener-
alized. The analysis points out that phase field simulation can provide basic methodology and semi-quantitative ana-
lytical means for the study of dielectric behavior of composite insulating materials, but up to now the phase field
simulation method still lacks a unified simulation framework covering different modeling scales.

Key words: phase-field method ; dielectric composites; breakdown ; structural design; review



