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Fig. 1 Exoskeleton of lower extremity with auxiliary load
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Fig. 2 Structure diagram of energy storage elements
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Fig .4 Human-machine coupled torso motion model
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Human-machine dynamics and stiffness optimization of energy storage

elements for unpowered lower limb loadbearing exoskeleton

CAO Yi"?, ZHANG Jian-jun"®, YAN Qiang"’, QI Kai-cheng"’®, GUO Shi-jie"*
(1.School of Mechanical Engineering, Hebei University of Technology, Tianjin 300401, China;
2.Hebei Key Laboratory of Robot Perception and Man-Machine Integration, Tianjin 300130, China)

Abstract: In order to improve the efficiency of human transport, reduce the joint damage and improve the energy utilization efficien-
cy of the exoskeleton, the stiffness of an energy storage element of the lower extremity exoskeletons was optimized based on man-
machine dynamics. The Newton-Euler dynamics equation was used to establish a man-machine coupling dynamics model. The
mathematical models of the relationship between the joint torque and the length, mass, joint angle and spring stiffness were ob-
tained. The Angle data collected by the 3D motion capture system was substituted into the dynamic equation, and the dynamic vari-
ation rule of joint torque was calculated by MATLAB. The energy flow model of each part of the man-machine system was estab-
lished, and the energy flow analysis in the gait cycle was carried out. The stiffness of the energy storage element was taken as the
parameter, the energy flow of the energy storage element was taken as the constraint condition, and the minimum torque of each
joint was taken as the goal to establish the optimization model. By comparing with the human model obtained by AnyBody human
simulation software, the correctness of the optimization results was verified. The results showed that the wearable exoskeleton can

reduce the impact of lower limb landing on human body, effectively reduce the energy consumption and the lower limb joint torque.
Key words: human-machine dynamics; weight-bearing exoskeleton; energy flow; stiffness optimization
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