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Design and Kinematic Analysis of 3T1R Parallel Robot
Mechanism with Weak Coupling and Dual-Drive Loops
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Abstract: Taking the planar five—bar linkage mechanism as the research object, based on the theory and method of parallel
mechanism topology design using position and orientation characteristic (POC) equations, five types of 3T1R parallel robot
mechanisms with weak coupling and dual—drive loops in their branches are designed. Considering the complexity of the inverse
solution and structural symmetry, an optimally performing weakly coupled 3T1R parallel robot mechanism is selected. Research
and analysis are conducted on this mechanism, and the inverse position solution equation is derived. The conditions for the
existence of singular configurations are studied, and the performance of the reachable workspace and the constant—orientation
workspace is analyzed. The influence trend of the orientation angle on the size of the workspace is analyzed. The research results
indicate that the reachable workspace of this mechanism is characterized by symmetrical distribution, smooth boundaries, and
regular shape, while the constant—orientation workspace exhibits irregular distribution and asymmetric shape.
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