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Fig. 1. In the two-dimensional case the high-energy elec-
trons of particles transfer to stable low-energy electrons at
the interface before and after collision (the black dots are
high energy electrons, the black circles are low energy elec-

trons).
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Fig. 2. (a) The average tribo-charge variation when increasing of the particle size for different size distributions; (b) the tribo-charge

distribution among particles considering the arbitrary velocity.
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Fig. 3. (a) The tribo-charge distributions in granular systems with different particle size range; (b) the tribo-charge distribution in

granular systems with different volume density for large particles and small particles.
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Fig. 4. (a) The simulated randomly tribo-change dispersion in two-dimensional granular systems; (b) the number of collisions under-

gone by particles as a function of particles size.
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Abstract

Triboelectrification in an insulative granular system is a common natural phenomenon, but until now it has
not been well understood. The space on the moon or Mars is suffused by a large amount of fine dust. These tiny
dust particles are so adhesive that they can easily stick to any exposed surfaces, which may provoke serious
problems, such as reducing the efficiency of solar panels, and resulting in the thermal control failure and the
false instrument readings. In recent years, dust removal by using an electrodynamic field is considered as an
effective method to mitigate dust pollution. Research shows that the triboelectrification on the particle surface
contributes most to the electrostatic source of lunar dust. Consequently, the study of the mechanism of
triboelectrification is very important in removing dust particles. In this paper, an analytical model based on the
high-energy electron hypothesis is developed to predict the triboelectric charge distribution among particles.
The particle size dependence of the tribo-charge is obtained, and the influence of the size range on the tribo-
charge probability is also demonstrated. An upper limit for the charge distribution is revealed, and its possible
cause is discussed. The particle dynamics simulation is carried out to investigate the charge transfer during

particle collisions, thereby verifying the prediction results obtained by theoretical analysis.

Keywords: triboelectrification, insulative granular system, high-energy state electron, particle dynamics

simulation

PACS: 45.70.—n, 45.50.—j, 83.10.Pp DOI: 10.7498 /aps.71.20211647

* Project supported by the National Natural Science Foundation of China (Grant No. 11702241) and the Independent R&D
Project by China Aerospace Science and Technology Corporation (Grant No. JTKJ2019051001).

1 Corresponding author. E-mail: zhuangjianhong@spacechina.com

084501-7


http://doi.org/10.7498/aps.71.20211647
http://doi.org/10.7498/aps.71.20211647
mailto:zhuangjianhong@spacechina.com
mailto:zhuangjianhong@spacechina.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

	1 引　言
	2 理论模型
	3 颗粒摩擦带电量的数值模拟
	3.1 颗粒间的电荷转移
	3.2 摩擦带电的分布规律

	4 结　论

