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Kinematic Analysis and Workspace Performance Optimization of a
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Abstract: To meet the requirements for sorting and conveying automotive parts, a novel 2T1R parallel robot mechanism suitable
for sorting automotive parts is proposed. The 2T1R parallel robot mechanism is designed using the topological structure synthesis
method for robots, and its degrees of freedom are calculated based on the position and orientation characteristic set. Based on
geometric constraints, the inverse and forward position solutions are derived, and the position solutions are verified through
numerical examples. The singularity of the parallel robot mechanism is analyzed, and a set of optimal structural parameters is
obtained through workspace optimization design. The research results showed that the optimized rotational capability index and
workspace performance are significantly improved, with the workspace volume increased by 2.58 times and the global rotational
capability index increased by 1.3 times, greatly improving the kinematic performance of the parallel robot mechanism.
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