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Abstract: To evaluate the deep charging level of spacecraft dielectrics in complex space radiation
environments, numerical calculations of deep electric field distributions in the dielectric under
mixed radiation of high-energy electrons and protons were performed. A GEANT4-COMSOL
coupled charging evaluation method was proposed by combining Monte Carlo particle radiation
and numerical simulation of electric field using FEM. A 4 mm-thick slab model for spacecraft
polyimide was established, and charge deposition, energy-deposition distributions of incident

charged particles in the dielectric, as well as nonlinear dark conductivity and radiation-induced
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conductivity in the dielectric were taken into account. Using the coupled charging evaluation
method, distributions of potential and electric field intensity were calculated for polyimide
dielectric exposed to mixed radiation of monoenergetic electrons and protons in five different
energy-combination sets. Furthermore, electric field distortion characteristics were evaluated
under mixed radiation of electrons and protons with energy spectrum at three typical locations in
the sun-synchronous orbit (i. e., the Antarctic region, 45° N, and the equator). The study
results indicate that, under mixed radiation of monoenergetic electrons and protons in different
energy sets, differences in charge deposition depth between electrons and protons produce a
“double-peaked” electric field profile; under mixed radiation of electrons and protons with energy
spectrum in sun-synchronous orbit, the maximum electric field intensities at the three typical

locations were 0.372, 0.196, and 0.210 MV « m™'
exhibiting the highest electric field intensity in the dielectric. The electric field distributions

, respectively, with the Antarctic region

under mixed irradiation of electrons and protons demonstrate that the electric field distortion
characteristics in the dielectric induced by the two charge species—manifesting as either enhancement or
attenuation—are characterized by complex radiation depth-dependent distributions, and that, under
specific radiation and latitudinal conditions, the resulting dielectric charging may reach levels that
pose serious hazard risks.

Keywords: GEANT4-COMSOL coupled charging evaluation method; electron; proton; sun-

synchronous orbit; mixed radiation; electric field distortion
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Fig. 1 Schematic diagram of the collision process of

charged particles
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and protons
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