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Kinematic Analysis and Workspace Optimization of 2PaUU-URU

Parallel Robot Mechanism
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(1. Baoji Titanium Industy Co., Ltd., Baoji 721014, China; 2. Northwestern Polytechnical University, Xi‘an 710072, China)
Abstract: A method for the synthesis of parallel robot configurations based on orientation feature sets was used to improve the
design of the traditional T—axis hinge Delta parallel robot mechanism, and a parallel robot mechanism with a configuration of
2PaUU-URU was proposed, on which kinematic and topological analyses were conducted. By constructing the Jacobian matrix,
the forward and inverse kinematic singularities of the mechanism were studied, and based on a hierarchical polar coordinate
variable step size search algorithm, the workspace was further solved and simulated, obtaining a 3D simulation diagram of the
workspace. Meanwhile, the influence of dimensional parameters on the robot“s working performance was discussed, and the
correlation between key dimensional parameters and robot performance was analyzed. In order to improve the robot’s workspace
performance, an optimization objective function for workspace volume and a corresponding constraint model were established,
and the Beetle Swarm Algorithm was introduced achieving the optimal design of the parallel robot mechanism. The research and
analysis showed that the optimized workspace boundary was smooth and symmetrically distributed, with the workspace volume
increasing by 59% compared to before optimization, and the workspace performance significantly being improved.
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