0254-6124/2025/45(3)-0783-12 Chin. J. Space Sci.  ZIAHF 3R

ZHANG Jing, ZHOU Biyun, NIE Jiachen, DONG Xianpeng, DING Li. Advances in the Study of the Musculoskeletal Multi-rigid-body Dynamic
Modeling in Manned Space Flight (in Chinese) . Chinese Journal of Space Science, 2025, 45(3): 783-794. CSTR:32142.14.¢jss.2024-0163. DOI:10.
11728/¢jss2025.03.2024-0163

& ZEZREZ NZERERA
AR U HY i 5T 2 B

K # ARz EEKR
EABE O OT X

(ALF S MR R E Y S TR dbat 100191)

5 OFE R P E SRS T s [ s B, KA ) AT TR BN R G P A A b
BRERI AR EE I A IRE I, AR D3 i R 28 4 (B %) G V) [P/ Ay i ol TR RS DU T4 . ) /I B T 3B A2 3
WU ZRGEm0 R 5507 TR BR , 3229 ) 2 E AN S AL B i LB 2R GE A O LB AR A PEA A R
SBT3 SRR A B i A T H. AR SO T2 MRSl Sy 2 B R B ek, L8 B T
BANRSIBNE RGesh 12 B0 Bk AR R I . {E BTG STt R, JR7E s 3eml e T HAETR
TSR IRAMUT R IR Ak S A b B BR A 55 BA 755 7 TR R FHBAR, 2B T4 Hh Rk R SR T S S5 J 1wl

KHEIR] WUE RS, @8 MR R, WiEh h2E, AR

hESES V7

Advances in the Study of the
Musculoskeletal Multi-rigid-body Dynamic
Modeling in Manned Space Flight

ZHANG Jing ZHOU Biyun  NIE Jiachen
DONG Xianpeng  DING Li

(School of Biological Science and Medical Engineering, Beihang University, Beijing 100191)

Abstract With the advancement of China’s manned space program from near-Earth space to deep
space exploration, the protection of astronauts against musculoskeletal injuries during long-duration
space missions and their adaptation to low-gravity environments during extraterrestrial exploration have
become critical issues concerning astronaut health and safety. To address the limitations of ground-based
experiments in studying human motion and musculoskeletal system responses in microgravity/low-gravi-

ty environments, musculoskeletal system modeling and simulation technologies, based on biomechanical
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principles and computer-aided design, have emerged as novel methods and tools for evaluating astronaut
exercise regimens and analyzing the kinematics and dynamics of microgravity/low-gravity environments.
This paper introduces the principles of musculoskeletal system multi-rigid-body dynamics modeling in
space environments, including forward dynamics-driven and inverse dynamics analysis methods. Taking
OpenSim software as an instance, this paper elaborates on the procedure of constructing human-device-
environment models in microgravity /low-gravity environments and the solution of muscle forces and
joint torques via inverse kinematics and inverse dynamics algorithms. Furthermore, to assess the credibil-
ity of musculoskeletal modeling and simulation methods for manned spaceflight research, the relation-
ship between experiments and modeling/simulation is analyzed. Based on existing literature, credibility
assessment is conducted from eight factors: data pedigrees, input pedigrees, code verification, solution
verification, conceptual validation, reference validation, results uncertainty, and results robustness. On
this basis, the application of musculoskeletal system dynamics modeling and simulation methods in three
key areas is reviewed as follows: assisting astronauts in space exercise by comparing the advantages and
disadvantages of different exercise regimens and designing space station-compatible exercise equipment;
optimizing extravehicular spacesuit design by calculating joint reaction torques through human-space-
suit coupling biomechanical models and improving spacesuit design to enhance comfort and work perfor-
mance; and supporting extraterrestrial exploration by focusing on research into human motion character-
istics in low-gravity environments and the development of human-spacesuit-exoskeleton systems to con-
firm the effectiveness of exoskeleton systems in planetary exploration. Finally, the limitations of muscu-

loskeletal system multi-rigid-body modeling and simulation methods are analyzed, and new perspectives

2025, 45(3)

on future research directions and application prospects are proposed.
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Flowchart of multi-rigid-body dynamic modeling and simulation for the musculoskeletal

system in the space environment
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