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Fig. I General schematic diagram of landing buffer device of lunar

surface leaper
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Fig. 2 Schematic diagram of buffer structure
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Fig.3 Schematic diagram of friction brake structure
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Fig. 4 Workflow diagram of landing buffer device
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Fig. 6 Landing buffer process diagram of experimental prototype
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Fig. 8 Schematic diagram of single leg parameters of landing

buffer device
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Table 1 Design parameters for buffer mechanism members
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Fig. 10 Comparison between kinematic model and simulation model results
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Fig. 13 Comparison of response of lunar surface leaper before and after optimization
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Design and Optimization of Landing Buffer Device for Reusable Small

Lunar Surface Leaper

WANG Longfei', JIA Shan"*"”°, ZHOU Donggiang"’, LIU Shaoyang',
YUAN Jiaqi', CHEN Jinbao”""™*

(1. College of Astronautics, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China; 2. College of Physics, Nanjing
University of Aeronautics and Astronautics, Nanjing 211106, China; 3. National Key Laboratory of Aerospace Mechanism, Nanjing 211106,
China; 4. Key Laboratory of Mechanism for Deep Space Planet Surface Exploration, Ministry of Industry and Information Technology, Nanjing

211106, China; 5. Laboratory for Aerospace Entry, Descent and Landing Technology, Nanjing 211106, China; 6. Anhui Aerospace Equipment
Technology Co., Ltd, Chuzhou 239236 China; 7. Beijing Institute of Spacecraft System Engineering, Beijing 100094, China)

Abstract: In order to address the needs of multi-point repeated landing explorations on the lunar surface in the future, a leg-
type reusable small lunar surface leaper was proposed. Firstly, a reusable landing buffer device was designed for the lunar surface
leaper, and the basic configuration and repetitive buffering mechanism of the device were introduced. Secondly, a ground impact
test system was established to verify the rationality of the design scheme at the working mechanism level. Thirdly, the single leg
kinematics model and landing dynamic model of the landing buffer device were established, and the accuracy of the mathematical
models was verified via virtual prototype simulation. Finally, with the optimization objective is of reducing the structural load on
key parts of the landing buffer device during the landing buffer process, non-dominated sorting generic algorithm with elite strategy
was used to optimize the design parameters of the buffer device, and the optimization results were verified by virtual prototype
simulation. The research results indicate that the device’s workflow meets expectations, and the optimized design parameters can
reduce structural loads of key parts during the landing buffer process by 12.49% and 7.33%, respectively. This can provide

reference for the design of future lunar surface leapers.

Keywords: lunar surface leaper; landing gear; dynamic simulation; multi-objective optimization; drop test

Highlights:

e A leg type reusable small lunar leap device was proposed, and its overall configuration, reset controllable buffer, friction
brake and other mechanisms were designed in detail.

e A ground drop test system was established to verify the rationality of the design scheme at the working mechanism level.

e The kinematics model and dynamics model of the single leg of the landing buffer device were established and verified by virtual
prototype simulation.

e The design parameters of the landing buffer device were optimized, and the structural loads of the key parts of the device during

the landing buffer process were reduced by 12.49% and 7.33%, respectively.
[T RE, EXFR: RAMHE]
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