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Abstract

With the increasingly serious aging population in China, the incidence of stroke continues to ex-
pand, and most of the surviving patients have upper limb motor dysfunction. Traditional rehabili-
tation robots with rigid drive cannot effectively deal with spasms and tremors during rehabilita-
tion training of stroke patients, and the training effect is poor. Aiming at the effectiveness and
safety of rehabilitation training of rehabilitation robeot, this paper adopts cam-spring-roller me-
chanism as the stiffness adjusting mechanism of variable stiffness joint based on the principle of
special curved surface, and designs a variable stiffness joint driven by double motors in parallel.
Secondly, the impedance control method is studied based on the dynamic model of the designed
joint. Then, the elbow joint active torque was estimated based on the anatomical data of human
elbow joint and the Hill muscle model, and the joint stiffness was pre-adjusted by the stiffness re-
gulating motor according to the estimated torque. Finally, the static stiffness characteristics of the
variable stiffness joint were verified by experiments, and a Simulink simulation model was built in
MATLAB to simulate the variable stiffness control characteristics. The results show that the varia-
ble stiffness of the joint designed in this study is good, and the effectiveness of the variable stiff-
ness controller and the motion impedance controller is verified.
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Figure 1. Design of mechanical structure of variable stiffness joint
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Figure 2. Variable stiffness elbow joint rehabilitation robot platform
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Figure 3. Variable stiffness mechanism
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Figure 4. Force analysis of CAM contour
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Figure 5. Joint stiffness characteristic change curve
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Figure 6. Collaborative control framework for elbow joint rehabilitation robot
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