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New Type of Self-adapting Rehabilitation Exoskeleton and Gravity Balance Optimization
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Abstract: For patients with the upper limb dyskinesia,the rehabilitation exoskeletons are applied in the rehabilitation training of shoulder and el-
bow joint.Because of the floating property of the glenohumeral joint and the inevitable wear error,it is difficult to keep the axes of the exoskeleton
aligning with human axes in real time.Besides,the additional forces/moments caused in the connection interface reduce the training effect and the
wear comfort.To eliminate the additional forces/moments,an adaptive rehabilitation exoskeleton with the configuration 4R3P2R is proposed,and
relevant inverse position analysis and the gravity balance optimization are completed for the exoskeleton.The configurations PPRRRP and PRRR
are adopted in the exoskeleton for the glenohumeral joint and the elbow joint,respectively.The sub-chain PPRRRP and the glenohumeral joint
form a 3-DOF human-machine chain with proper DOFs.Similarly,the sub-chain PRRR and the elbow joint form a plane 2-DOF human-machine
chain.Based on the exoskeleton configuration,the kinematics model of the human-machine chain is established and the results of the inverse posi-
tion are solved.The function relationship between the gravitational potential energy of the exoskeleton and the rotation angles of the upper ex-
tremity is derived at the any posture.The configuration analysis shows that the flexion/extension of the glenohumeral joint is driven by the second
active joint.The driven torque of this active joint is dominated by the gravities of the rest joints.Hence,the gravity balance should be applied to the
second active joint.In the given work space of the upper limb,a zero-free-length spring is added into the exoskeleton.The gravity balance model of
the spring is established and the relevant parameters are optimized on account of the minimum change of the total potential energy in the exoskel-

eton.Furthermore,a numerical simulation of the gravity balance model is completed and the results show that the exoskeleton possesses better bal-
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