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Accuracy Design of 2UPR — RPS Parallel Mechanism

ZHANG Jun CHI Changcheng JIANG Shujia
(School of Mechanical Engineering and Automation, Fuzhou University, Fuzhou 350116, China)

Abstract; Geometric errors have an important effect on the pose accuracy of the parallel mechanism
(PM). In order to reveal the influences of geometric error sources on the pose accuracy of the parallel
mechanism and determine its optimal intervals, a 2UPR — RPS parallel mechanism was taken as an
example to demonstrate the accuracy design of over-constrained PMs. An error mapping model of the
parallel mechanism was established by using the first-order perturbation method, based on which the
geometric error sources that affected pose accuracy of the end-effector were obtained. The set of sensitivity
index of the geometric error sources was formulated with the interval analysis theory and the sensitivity
analysis was carried out to reveal the influence of the geometric error sources on the pose accuracy of the
end-effector. Based upon the proposed sensitivity index, a accuracy synthesis model of the geometric
error sources was established, in which the uniform design method was used to provide appropriate pose
points within the workspace of the parallel mechanism. The optimal intervals of the geometric error
sources of the parallel mechanism were derived and the accuracy class and the fitting tolerances of key
components of the parallel mechanism were determined. The Pseudo Monte Carlo method of Sobol
sequence was used to estimate the pose accuracy of the end-effector of the parallel mechanism. The
simulation results showed that the optimal intervals of the geometric error sources obtained by accuracy
synthesis met the accuracy requirements of the end-effector, confirming the feasibility of the accuracy
design and providing a reference for the development of physical prototype.
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Tab.4 Intervals of geometric error sources

RER X ] R X ] R X [7]
Ax;,/mm [ -0.071,0.071] Ays,/mm [ -0.149,0.149) Ax;/mm [ -0.007,0.007 ]
Ay, /mm [ -0.043,0.043] Az;,/mm [ -0.032,0.032] Aay, /(°) [ -0.005,0.005]
Az, /mm [ -0.011,0.011] Ag;/mm [0,0.022] Ay /(°) [ -0.017,0.017]
Ay,,/mm [ -0.024,0.024] Az,, /mm [ -0.022,0.022] Aas, /(%) [ -0.003,0.003]
Az, /mm [ -0.019,0.019] Ay,/(°) [ —0.064,0.064 ] Ay;,/mm [ -0.04,0.04]
Az, /mm [ -0.011,0.011] Aa, /(°) [ —0.043,0.043] Ay, /mm [ -0.04,0.04]
Ag;/mm [0,0.01] ABy/(°) [ -0.007,0.007] Ay, /mm [ -0.215,0.215]
Axy,/mm [ -0.12,0.12] Ay, /(°) [ -0.069,0.069] Aysy/mm [ =0.04,0.04]
Azy,/mm [ -0.024,0.024] Ax,,/(°) [ -0.007,0.007]
Ax;,/mm [ -0.168,0.168] Ax,,/mm [ -0.007,0.007]
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Tab.5 Accuracy class and tolerance of key components
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Fig.5 Distribution of position error
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Fig.6  Distribution of orientation error
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