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Role of gravity in intruder dynamics in granular media
HOU Meiying', CHENG K¢, LI Tuo’, QIAO Zhihong*, DING Jianzhi‘, LI Xiang®, SUN Wei*
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Abstract This research work aims to investigate the gravitational effect of intrusion dynamics in fluidized granular media under
low—gravity environments, in order to support engineering applications such as lunar and asteroid exploration, simulation of low—gravity
geological processes, and space powder processing technology. Through the drop tower experiment, the gravity—sensitive dependence law
of the resistance and the penetration rate correlation when a cylinder moves uniformly through a granular bed was measured. In the 0—1g
gravity environments provided by the variable gravity cabinet aboard the Chinese space station, a high—precision Hall sensor array was
used to track the trajectory of a single magnetic ball in the vibrating fluidized granular medium. It was found that the resistance
significantly increased with the moving speed under Og conditions, while the rate correlation significantly weakened under 1g condition.
Further experimental investigation on the space station revealed a significant dependence of the scaled damping coefficient and the
hydrostatic pressure coefficient on gravity. These findings provide important evidence for the mechanics of granular media in asteroid
exploration and lunar base construction, and deepen our understanding of particle separation (Brazil fruit effect) and the planetary
formation process.

Keywords granular matter; segregation; microgravity; Chinese Space Station; intrusion rheology
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