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Fig. 7 Flexible beam structure and fundamental frequency calculation results
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Table 1 Natural frequency of flexible beam
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394.570
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681.280
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Table 2 Material parameters of foot cushion in buffer cylinder
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P/ (kgrm™) 4500
PV R /GPa 40.22
THIALL 0.34
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Table 4 Particle characteristics and contact parameters
between particles
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kR A2 /mm 10
BRI R E (kgrm™) 2790
BTURLA KL A% /M Pa 10
TR RHEAR LE 03
WH R (P-P) 0.8
B EEHERE (P-P) 0.12
R RS (P-P) 1.7
TORLIR 300
Al P 500
WA B 2.4

x5 PRSRNRE. REMEEMEFESH
Table 5 Contact characteristic parameters of particles with
detector and ground
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WE R (P-T) 0.80
TRENBEEEREL (P-T) 0.25
FR RS (P-TD 1.20
WE R (P-B) 0.80
RBN RN AL (P-B) 0.25
R A% (P-B) 1.20
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Table 3 Material parameters of soil bin
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Fig. 11 Simulation results of vertical landing stability of lander ( under condition 03)
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Fig. 30 Roll angle of the lander
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Design and Stability Analysis of Attachment Buffer System for
Small Celestial Body Detector

YANG Yu', TIAN Hao', SHI Jixin’, GE Dongming’, XU Jingquan', HUANG Yixin'

(1. School of Astronautics, Harbin Institute of Technology, Harbin 150001, China;
2. Beijing Institute of Spacecraft System Engineering, Beijing 100094, China)

Abstract: To meet the requirement of adhesion detection on the surface of extremely weak gravitational small celestial
bodies, a three-legged detector attachment buffer system was designed, and a stability analysis of the attachment process was
carried out. In order to achieve stable attachment to the surface of the small body without rebound in a very weak gravitational
environment, a two-stage buffer system was designed considering with the error of landing speed and inclination angle taken into
account. The energy consumption of the hook and loop fastener and the crushing energy absorption of the aluminum foam were used
to reduce the influence of the contact collision process on the stability of the detector. The multi-body system dynamics model of the
detector and the contact collision dynamics model of the detector footpad-granular medium were established. Based on the joint
simulation of multi-body dynamics and discrete element, the motion law of the detector under different landing inclination angles
and speeds was obtained. The results show that the two-stage buffer system has a good buffer energy absorption effect, which can
effectively prevent the detector from rebounding, slipping and overturning. The detector can be stably attached to the surface of the
small celestial body within a certain inclination angle and velocity range. The research results can provide technical support for the
landing scheme design of small celestial body exploration missions in the future.

Keywords: small celestial body exploration; attaching system; stability analysis; hook and loop fastener

Highlights:

e An attaching system scheme based on the hook and loop fastener buffering is proposed for the first time.

e The designed attaching system has no restoring force during the collision process and can be reused.

e The stability analysis of the attachment process verifies the effectiveness of the attaching system scheme.
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