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Fig. 1 Energy absorption pull rods (before and after deformation)
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Fig.2 The soft landing gears and pull rods made by TWIP steel for
Tianwen-1 Mars lander
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Fig. 5 The mechanical characteristics of TWIP steel under different
temperatures
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Fig. 7 Droping test of soft landing gear
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Table 1 Comparison of simulation and testing results
S5 iz RIG RS
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72 B ST R /mm 71.1 73.0 79.8 85.0 52.1 40.0
SR AT R /mm 71.1 68.0 39.3 22.0 46.6 44.0
RIS ) WA /N 24.1 26.6 22.8 212 24.2 26.4
e B S B U E /KN 17.3 19.2 18.7 19.7 14.5 16.1
B ST M AT I B /KN 17.3 18.7 15.4 15.0 14.2 16.8
Al B ST A o A U /KN 18.8 24.5 19.7 19.7 125 16.4
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Design and Test Verification of Energy Absorption Material in the Soft Landing Gear

for Tianwen-1 Mars Probe

LUO Min', YANG Jianzhong', HAN Fusheng’, MAN Jianfeng'

(1. Beijing Institute of Spacecraft System Engineering, Beijing 100094, China;
2. Institute of Solid State Physics, Hefei Institutes of Physical Science, Chinese Academy of Sciences, Hefei 230021, China)

Abstract: The landing gear is a key component for soft-landing on Mars, which should use high energy-absorption
and excellent thermal stability material to absorb the impact energy of Mars probe. The energy absorption pull rods made by
directionally solidified twinning-induced plasticity (TWIP) were utilized for the soft landing gears of Mars lander. The mechanical
behavior and microstructure evolution of TWIP steel were investigated. The results show that TWIP steel can sustain the high
plasticity of 600 MPa ultimate true stress and 72% true strain. The landing dynamic simulation and experiment results of soft-landing
gear drop testes demonstrate that that Mars landing system is able to adapt to the complex topography conditions because of the

high energy absorption ability of pull rods.

Keywords: austenitic twinning-induced plasticity steel with high manganese content; landing gear; deep space exploration;
design; energy absorption

Highlights:

e Energy absorption pull rods made by TWIP steel were applied in the landing gear of “Tianwen-1" Mars probes.

e The mechanical behavior and microstructure evolution of TWIP steel were tested.

e 600 MPa ultimate engineering stress and 72% engineering strain of TWIP steel were obtained.

e Mars landing system is able to adapt to the complex topography conditions.

[FTE%4E: RE, (LT 2F)



