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Fig. 1 Mechanical model of footpad impacting on lunar soil
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Table 1 Mechanical characters of lunar soil
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Table 2 Contact mechanics model parameters of discrete

elements in soil

ZH ZHUE
kLB 3%
BORE 4% /mm 5~12.5
ERINIEE/, (N'm™) 1x10°
YIFRIE/ (N-m™ 2.5x10°
SR ) JEE 5 R 0.75
HRE/ (grem™) 1.63
HIRALBR 0.21
E g (mem™) 1.63
1Al A BEJE Ee 0.84
Y1t S BELJE Ee 0.62

TR R fLBRE, AR BRI REH/ Rifz /
(g.em™) % ) kPa (g.cm™) um
2.9~3.5 40~50 25~45 0.26~1.8 1.36~1.8 30~1 000
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Fig. 2 Linear contact stiffness model
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Fig. 3 Biaxial test results from DEM simulation
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Fig. 6 Failure maps of lunar soil at different penetration depths
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Fig. 8 Contact field diagram of lunar soil at different impact angles
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Simulation Analysis of Dynamic Behavior of Lander

Footpad Impact on Lunar Regolith

LIN Yuncheng', LI Liben’, ZHAO Zhenjia’, ZHANG Rongrong’, JIN Cong’, ZOU Meng’

(1. Beijing Key laboratory of Intelligent Space Robotic Systems Technology and Applications, Beijing Institute of Spacecraft System Engineering,
China Academy of Space Technology, Beijing 100094, China;
2. Key Laboratory of Bionic Engineering, Ministry of Education, Jilin University, Changchun 130022, China)

Abstract: It is important to study the interaction between lander footpad and lunar regolith for landing stability, safety and
landing mechanism design. In this paper, a dynamic mechanical model of lunar regolith impacted by footpads with angle is built, and
the dynamic changes of lunar soil under 0°. 8°. 15°. 22° impact angle and 1 m/s, 2 m/s and 4 m/s impact velocity are analyzed by
Discrete Element Method (DEM). It is concluded that the maximum impact force is 5080.6 N when the impact velocity is 4 m/s and
the impact angle is 0°, and the impact angle was larger; the impact force is smaller when the vertical displacement is the same. In
addition, the bigger the angle of footpad impact on lunar soil, the smaller the compaction effect on lunar soil. The change of porosity
before and after 22° is only 26.5 %. When the impact angle is fixed, the higher the velocity, the more compact the lunar soil is, and
the greater degree of compaction. When the impact velocity is 4 m/s, the change of porosity before and after the impact is 78.1%. The
research has certain reference significance for the design of landing mechanism and landing control.

Keywords: lander; footpad; impact; discrete element simulation; lunar regolith

Highlights :

e A dynamic mechanical model of angled footpads impacting on lunar regolith is established.

e Considering the characteristics of low cohesion between lunar soil particles and zero water content, a linear contact stiffness

is used to analyze and establish lunar soil particles.

e Through the simulation software, the changes of the internal force field of the lunar soil after the impact of the footpad can b

directly, and the changes of the lunar regolith after the impact can be qualitatively analyzed.
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