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Comparative Analysis of Stiffness Properties of Redundant/Non-redundant
Over-constrained 2R1T PMs Based on the Mechanical Models of Limbs
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Abstract: This paper presents a comparative stiffness performance analysis of two over-constrained
parallel mechanisms (PMs) with redundant and non-redundant actuation, namely the 2RPU/2UPR and
2RPU/UPR configurations. First, the mechanical properties of the mechanism limbs are analyzed using
the weighted generalized inverse method , yielding the distribution of limb forces within the prescribed work-
space. Second, a simulation method for the dynamic mechanical properties at discrete interface point posi-
tions is proposed to emulate the motion of translational pairs, and the simulation results are mutually vali-
dated with theoretical analysis. Finally, based on the above findings, a comparative stiffness analysis of the
two mechanisms is conducted from the perspective of the weakest limb components. The resistance and
force conditions of the redundant limbs under external loads in different directions are obtained, providing
guidance for the development of high-stiffness prototype structures.
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Fig.4 Simulation verification flowchart
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