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Biomechanical simulation model of upper limb interaction for

human-spacesuit system

WANG Xiao-dong, WANG Chun-hui, WANG Zheng, LI Hao, LI Fan ( National Key Laboratory

of Human Factors Engineering, China Astronaut Research and Training Center, Beijing 100094, China)

Abstract: Objective To calculate joint torques and muscle forces of astronaut in spacesuit by establishing the bi-
omechanical simulation model of upper limb interaction for human-spacesuit system, so as to assess the risk in
extra-vehicular activities. Methods For spacesuit upper limb, the kinematic model of rigid body rotation and hys-
teresis model of joint resistant torque were built, respectively, to describe the kinematic and dynamic features of
spacesuit joints. Kinematic coupling of human and spacesuit upper limb was fulfilled by restricting the displace-
ment between spacesuit elbow and human elbow, and dynamic coupling was fulfilled by using virtual reaction ele-
ment. An integrated simulation model was established in the framework of inverse sport biomechanics. With this
model, the elbow flexion/extension of the astronaut under pressure-suited, unpressured-suited and unsuited con-
dition was simulated for case study. Results The correlation coefficients of predicted muscle activation and iIEMG
for biceps under the three conditions were 0.86, 0.71 and 0. 65, respectively; the corresponding correlation coef-
ficients for triceps were 0.75, 0.61 and 0. 60, respectively. The consistency between predicted muscle activations
and surface electromyography collected in experiment qualitatively validated the accuracy of this model, and the
consistency between human elbow joint torque working on muscles and spacesuit elbow joint resistant torque vali-
dated the rationality of the model. Conclusions The established biomechanical simulation model of upper limb in-
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teraction for human-spacesuit system can effectively calculate the joint torque and muscle force of astronaut in
spacesuit. The simulation and experiment results indicate that joint resistant torque in pressured spacestuit has
great influence on human joint torque and muscle workload, which offers methodological support for physical
workload and musculoskeletal risk evaluation for astronauts in extra-vehicular activity.

Key words: Astronaut; Human-spacesuit system; Extra-vehicular activity; Muscle activation; Upper limb;
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Fig.1 Kinematic model of rigid upper limb for spacesuit
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Fig.2 Reaction element based on virtual muscle
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