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Fig. 1. Schema of spacecraft surface charging.
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Fig. 2. Charging model for the exposed dielectric.
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Fig. 3. Flowchart for the iterative algorithm.
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(a) Charge deposition rate; (b) radiation dose rate.
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Table 1. Parameters of secondary and backscattered electrons.

S r1/107% m  ny r2/107%m  ny Yiax  Pmaxe/keV  Z Y] kev  Emaxi/keV
i 154 0.80 220 1.76  0.97 0.30 13 0.244 230
AR 70 0.60 300 1.75  1.90 0.20 5 0.455 140
R 75 0.50 150 1.70  1.60 0.35 10 0.455 140
RVUIR 2 I 45 0.40 218 1.77  3.00 0.30 7 0.455 140
Black kapton 80 0.60 200 1.77 250 0.30 5  0.455 140
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Table 2. Parameters of severe charging environment
according to ECSS-E-ST-10-04C.
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Table 3. Incident electric current density on polyimide

for the isotropic incidence case.
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Abstract

In order to consider comprehensively the effects of high-energy electron radiation and space plasma on the exposed
dielectrics outside a spacecraft, in this paper, a model named surface and internal coupling charging model for the
exposed dielectric of spacecraft is proposed, and its numerical solution is obtained. It is based on the deep dielectric
charging model, with considering the interaction between the exposed dielectric surface and the ambient plasma by
adding an incident charging current into the boundary in the proposed model, and the potential of infinite plasma is
regarded as the referential potential (zero potential). The determinate solution of the model is analyzed and a numerical
solution in one-dimensional case is provided by using an iterative algorithm to overcome the coupling between electric
field and conductivity. The solution includes the potential of spacecraft body, the distribution of dielectric potential,
and the electric field. Moreover, the new model is compared with surface charging model and internal charging model.
The results show that the new model has an advatage of depicting the electric field exactly with respect to the surface
charging model; if the internal deposition current is equal to zero, the new model degenerates into the one depicting
the surface charging. It considers the effect of surface potential on charging results compared with the internal charging
model. The three kinds of currents, namely the surface incident current, the internal deposition current and the leakage
current, are considered comprehensively in the new model. Among them, the leakage current is the most complicated,
which is determined by the potential and the dielectric conductivity affected by the electric field, radiation dose rate,
and temperature. Using this new model, the surface and internal coupling charging simulation of the exposed dielectric
can be performed. Therefore, the new model can provide a more comprehensive assessment for the charging of exposed

dielectric of spacecraft.

Keywords: charging model, exposed dielectric, surface charging, deep dielectric charging
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