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Topological Coupling-reducing Design and Kinematic Performance Analysis
for 1'T2R Parallel Mechanism

SHEN Huiping WANG Da LI Ju MENG Qingmei
(Research Center for Advanced Mechanism Theory, Changzhou University, Changzhou 213016, China)

Abstract; According to the topology design theory and method of parallel mechanism (PM) based on
position and orientation characteristic (POC) equations, a PM which can realize one-translation and two-
rotation (1T2R) was designed. The main topological characteristics of the PM, such as POC, degree of
freedom (DOF) and coupling degree (k) were analyzed. It was shown that the PM contained only one
sub-kinematic chain (SKC) and its coupling degree was one, but its symbolic direct position solutions
could not be obtained. Only the numerical methods could be used to solve its numerical direct position
solutions. Therefore, the topology coupling-reducing design was carried out to obtain the 1T2R PM with
zero coupling degree, symbolic direct position solutions but constant POC and DOF, because zero
coupling degree would benefit the subsequent error analysis, trajectory planning, motion control and
dynamic analysis of the PM. Both the symbolic direct position solutions and inverse solutions were
derived, and the correctness of them were proved by example. The singularities of the PM were analyzed
based on the Jacobian matrix, and some cases of the singular positions of the PM were given by the
graphs. Based on symbolic direct position solutions, the workspace of the PM was calculated and
analyzed, which was consistent with that obtained by the inverse position solutions. At the same time, it
showed that the workspace of the PM was large and the shape was regular. It was found that the
workspace based on symbolic direct position solutions had the advantages of less computation and accurate
boundaries.
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