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Research on Modeling of Martian Soil Based on Discrete Element Method and

Launch Dynamics of Mars Ascent Vehicles

WANG Huijuan"*, ZHOU Di’, ZHANG Sheng’, ZHOU Dian’, TANG Xiaofeng’, LIU Guang’

(1. College of Astronautics, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China;
2. Shanghai Electro-Mechanical Engineering Institute, Shanghai 201109, China)

Abstract: The launch and takeoff process of spacecraft from Mars is one of the key steps in the mission of Mars Sampling

Return (MSR). Based on the Discrete Element Method (DEM), a particle medium model of Martian soil simulant is established to

study the bearing behavior of the soil. A multi-factor coupling dynamic model including Martian soil, lander, launcher and Mars

Ascent Vehicle (MAV) is also constructed to perform oblique-launch simulation. Results show that the changes in attitude angles of

the MAV are relatively small under different launch directions on a slope. The yaw, pitch and roll angles of the MAV are respec-

tively no greater than 1.0°, 3.2° and 0.18° during the launch and separation process. The launch process will affect the magnitude of

the bearing load of the Martian soil simulant on each footpad of the lander. However, the lander’s pitch angle and sliding distance

are small. The overall attitude of the lander is stable, which means the lander can effectively support the MAV’s launch process.

The research method used in this paper is able to guide the dynamics simulation and stability design of planetary launch devices.

Keywords: Mars sampling return; launch; discrete element method: dynamics simulation; attitude angle

Highlights:

e A particle medium model of Martian soil simulant is established based on DEM, effectively simulating the supporting behavior
of the soil on the lander’s footpad during the launch process and its elastic recovery after unloading.

e The study found that when the slope is no greater than 8 degrees, the slope and launch azimuth have only a slight influence on the
MAV’s separation time and velocity, with relative errors not exceeding 0.51%. The launch device can reliably control the MAV’s
attitude.

e In some cases, the lander’s footpad is prone to virtual support phenomena, but the lander’s overall attitude remains stable which
effectively supports the MAV’s launch and separation process.

e DEM-MBD coupling simulations are performed, synchronously modeling the MAV’s launch process and the lander’s interaction
with the loose medium.

[TE%it: &, EXLF: RAE]
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