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Design and singularity analysis of a novel 3-UPU
translational parallel mechanism

Qu Haibo, Fang Yuefa, Guo Sheng
(School of Mechanical, Electronic and Control Engineering, Beijing Jiaotong University, Beijing 100044 )
Abstract

Based on the prototype of 3-UPU parallel mechanism proposed by Tsai, an improved 3-UPU parallel mecha-
nism with three translational motions was designed and its constraint singularity was evaluated, thus a design meth-
od for improving the singularity characteristic of a 3-UPU parallel mechanism was created. First, through analysis of
the terminal constraint wrench system of the 3-UPU parallel mechanism, the condition number of constraint wrench
matrix was used as the measure of constraint singularity to perform the constraint singularity evaluation. When the
condition number is infinity, the constraint mairix becomes ill-conditioned, and the discussed mechanism is con-
straint singularity. Then, based on the obtained contour atlas of constraint condition number, the minimum value of
condition number on the contour atlas was chosen as the design objective, namely, keeping the condition number in
the area around the minimum value. Finally, the singularity of the improved 3-UPU parallel mechanism was ana-
lyzed, and the result showed it had the better constraint performance and was far from constraint singularity.

Key words ; parallel mechanism, constraint wrench system, 3-UPU, singularity evaluation
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