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Table 1.  Comparison of CCL model and RIC model.
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A three-dimensional simplified simulation model based on
charge conservation law for internal charging in spacecraft’
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Abstract

The simulation is one of the important methods to evaluate the internal charging risk in spacecraft. In this
paper, based on the charge conservation law, a three-dimensional calculation model of the potential and electric
field of internal charging is established, and the one-dimensional steady state and transient solution algorithm
and the two-dimensional and three-dimensional solution scheme of the model are given. An interative algorithm
is designed to solve the required conductivity and the electric field intensity, and the convergence of the
interative algorithm is analyzed. Using the finite element algorithm and the local mesh refinement, the model
has the advantage of easily investigating the electric field distortion at key points. Comparing with the existing
radiation-induced conductivity (RIC) model, due to the fact that the internal charging time constant is much
higher than the charge capture time and the trap density in the dielectric is much higher than the charge
density after the charge balance, the free charge will be rapidly converted into the captured charge. Therefore,
it is unnecessary to consider the charge capture mechanism in the RIC model. The CCL model can be used to
evaluate the internal charging and has higher computational efficiency. Comparing with the experimental data,
the correctness of the three-dimensional calculation model is verified. It provides a means to evaluate the

dielectric internal charging in spacecraft.

Keywords: internal charging, spacecraft, electric field distortion, radiation induced conductivity (RIC) model

PACS: 52.25.Mq, 94.05.Hk, 94.05.Jq DOI: 10.7498 /aps.68.20190631

* Project supported by the National Natural Science Foundation of China (Grant No. 51577190) and the National Key
Laboratory of Electromagnetic Environment Effect Foundation of China (Grant No. 614220501020117).
1 Corresponding author. E-mail: qingyuny@163.com

195201-10


http://dx.doi.org/10.7538/yzk.2016.50.09.1537
http://dx.doi.org/10.7538/yzk.2016.50.09.1537
http://dx.doi.org/10.7538/yzk.2016.50.09.1537
http://dx.doi.org/10.7538/yzk.2016.50.09.1537
http://dx.doi.org/10.7538/yzk.2016.50.09.1537
http://dx.doi.org/10.7538/yzk.2016.50.09.1537
http://dx.doi.org/10.7538/yzk.2016.50.09.1537
http://dx.doi.org/10.7538/yzk.2016.50.09.1537
http://dx.doi.org/10.7538/yzk.2016.50.09.1537
http://dx.doi.org/10.7538/yzk.2016.50.09.1537
http://dx.doi.org/10.1088/0022-3727/8/5/015
http://dx.doi.org/10.1088/0022-3727/8/5/015
http://dx.doi.org/10.1088/0022-3727/8/5/015
http://dx.doi.org/10.1088/0022-3727/8/5/015
http://dx.doi.org/10.7498/aps.67.20180532
http://dx.doi.org/10.7498/aps.67.20180532
http://dx.doi.org/10.7498/aps.67.20180532
http://dx.doi.org/10.7498/aps.67.20180532
http://dx.doi.org/10.7498/aps.67.20180532
http://dx.doi.org/10.7498/aps.67.20180532
http://dx.doi.org/10.7498/aps.67.20180532
http://dx.doi.org/10.7498/aps.67.20180532
http://dx.doi.org/10.7498/aps.67.20180532
http://dx.doi.org/10.7498/aps.67.20180532
http://dx.doi.org/10.1109/14.256472
http://dx.doi.org/10.1109/14.256472
http://dx.doi.org/10.1109/14.256472
http://dx.doi.org/10.1109/14.256472
http://dx.doi.org/10.1109/14.256472
http://dx.doi.org/10.7538/yzk.2016.50.09.1537
http://dx.doi.org/10.7538/yzk.2016.50.09.1537
http://dx.doi.org/10.7538/yzk.2016.50.09.1537
http://dx.doi.org/10.7538/yzk.2016.50.09.1537
http://dx.doi.org/10.7538/yzk.2016.50.09.1537
http://dx.doi.org/10.7538/yzk.2016.50.09.1537
http://dx.doi.org/10.7538/yzk.2016.50.09.1537
http://dx.doi.org/10.7538/yzk.2016.50.09.1537
http://dx.doi.org/10.7538/yzk.2016.50.09.1537
http://dx.doi.org/10.7538/yzk.2016.50.09.1537
http://dx.doi.org/10.1088/0022-3727/8/5/015
http://dx.doi.org/10.1088/0022-3727/8/5/015
http://dx.doi.org/10.1088/0022-3727/8/5/015
http://dx.doi.org/10.1088/0022-3727/8/5/015
http://dx.doi.org/10.7498/aps.67.20180532
http://dx.doi.org/10.7498/aps.67.20180532
http://dx.doi.org/10.7498/aps.67.20180532
http://dx.doi.org/10.7498/aps.67.20180532
http://dx.doi.org/10.7498/aps.67.20180532
http://dx.doi.org/10.7498/aps.67.20180532
http://dx.doi.org/10.7498/aps.67.20180532
http://dx.doi.org/10.7498/aps.67.20180532
http://dx.doi.org/10.7498/aps.67.20180532
http://dx.doi.org/10.7498/aps.67.20180532
http://dx.doi.org/10.1109/14.256472
http://dx.doi.org/10.1109/14.256472
http://dx.doi.org/10.1109/14.256472
http://dx.doi.org/10.1109/14.256472
http://dx.doi.org/10.1109/14.256472
http://dx.doi.org/10.7538/yzk.2016.50.09.1537
http://dx.doi.org/10.7538/yzk.2016.50.09.1537
http://dx.doi.org/10.7538/yzk.2016.50.09.1537
http://dx.doi.org/10.7538/yzk.2016.50.09.1537
http://dx.doi.org/10.7538/yzk.2016.50.09.1537
http://dx.doi.org/10.7538/yzk.2016.50.09.1537
http://dx.doi.org/10.7538/yzk.2016.50.09.1537
http://dx.doi.org/10.7538/yzk.2016.50.09.1537
http://dx.doi.org/10.7538/yzk.2016.50.09.1537
http://dx.doi.org/10.7538/yzk.2016.50.09.1537
http://dx.doi.org/10.1088/0022-3727/8/5/015
http://dx.doi.org/10.1088/0022-3727/8/5/015
http://dx.doi.org/10.1088/0022-3727/8/5/015
http://dx.doi.org/10.1088/0022-3727/8/5/015
http://dx.doi.org/10.7498/aps.67.20180532
http://dx.doi.org/10.7498/aps.67.20180532
http://dx.doi.org/10.7498/aps.67.20180532
http://dx.doi.org/10.7498/aps.67.20180532
http://dx.doi.org/10.7498/aps.67.20180532
http://dx.doi.org/10.7498/aps.67.20180532
http://dx.doi.org/10.7498/aps.67.20180532
http://dx.doi.org/10.7498/aps.67.20180532
http://dx.doi.org/10.7498/aps.67.20180532
http://dx.doi.org/10.7498/aps.67.20180532
http://dx.doi.org/10.1109/14.256472
http://dx.doi.org/10.1109/14.256472
http://dx.doi.org/10.1109/14.256472
http://dx.doi.org/10.1109/14.256472
http://dx.doi.org/10.1109/14.256472
http://dx.doi.org/10.7538/yzk.2016.50.09.1537
http://dx.doi.org/10.7538/yzk.2016.50.09.1537
http://dx.doi.org/10.7538/yzk.2016.50.09.1537
http://dx.doi.org/10.7538/yzk.2016.50.09.1537
http://dx.doi.org/10.7538/yzk.2016.50.09.1537
http://dx.doi.org/10.7538/yzk.2016.50.09.1537
http://dx.doi.org/10.7538/yzk.2016.50.09.1537
http://dx.doi.org/10.7538/yzk.2016.50.09.1537
http://dx.doi.org/10.7538/yzk.2016.50.09.1537
http://dx.doi.org/10.7538/yzk.2016.50.09.1537
http://dx.doi.org/10.1088/0022-3727/8/5/015
http://dx.doi.org/10.1088/0022-3727/8/5/015
http://dx.doi.org/10.1088/0022-3727/8/5/015
http://dx.doi.org/10.1088/0022-3727/8/5/015
http://dx.doi.org/10.7498/aps.67.20180532
http://dx.doi.org/10.7498/aps.67.20180532
http://dx.doi.org/10.7498/aps.67.20180532
http://dx.doi.org/10.7498/aps.67.20180532
http://dx.doi.org/10.7498/aps.67.20180532
http://dx.doi.org/10.7498/aps.67.20180532
http://dx.doi.org/10.7498/aps.67.20180532
http://dx.doi.org/10.7498/aps.67.20180532
http://dx.doi.org/10.7498/aps.67.20180532
http://dx.doi.org/10.7498/aps.67.20180532
http://dx.doi.org/10.1109/14.256472
http://dx.doi.org/10.1109/14.256472
http://dx.doi.org/10.1109/14.256472
http://dx.doi.org/10.1109/14.256472
http://dx.doi.org/10.1109/14.256472
http://dx.doi.org/10.7498/aps.68.20190631
mailto:qingyuny@163.com
mailto:qingyuny@163.com
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

