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Study on error sensibility of 4DOF UPU parallel manipulators
based on probability distribution

Guo Sheng, Wang Naiyue, Fang Yuefa, Li Xiaoxiao
(School of Mechanical, Electronic and Control Engineering, Beijing Jiaotong University, Beijing 100044 )
Abstract

This paper takes a 4 DOF UPU parallel manipulator possessing the function of 3 translational and 1 revolute
(3T1R) motion as a studying object to analyze parallel manipulators’ sensitivity to various kinds of twist angle er-
rors that have an impact on manipulators’ DOF characteristics and kinematic errors. A kinematic model for manip-
ulators is established and typical twist angle errors are enumerated. Based on the model and particular probability
distribution, forward solution is solved and discussed in two cases by the numerical method. Firstly, the position
and orientation error of the end effector changing with time is presented when error is fixed. Secondly, by using the
probability distribution theory, the influence of error sources amplitude on the position and orientation error of ma-
nipulators in the particular time is assessed. With analyzing and comparing the numerical results and simulation il-
lustrations, status of different twist angle errors acting on the moving platform are obtained. The error sources are
estimated according to the sensitivity.

Key words ; parallel manipulator, 4DOF, position and orientation error, sensitive error, numerical analysis,
probability distribution
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