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Error Modeling and Sensitivity Analysis of Linear Driven Parallel Robot

YU Jin' YU Wei' WU Chaoyu' CHENG Min' QIAN Xiaowu’
(1. The State Key Laboratory of Mechanical Transmissions, Chongqing University, Chongqing 400044 , China
2. Department of Mathematics, Physics and Chemistry, Zhenjiang College, Zhenjiang 212002, China)

Abstract; In order to improve the position precision of moving platform end effector of linear driven
parallel robot, based on structure and kinematic model of parallel mechanism, the dimension errors,
driving errors and assembly errors of parallel robot which influenced accuracy of the moving platform end
effector were analyzed, the non-linear mapping from the actuated variables in joint space to the pose of
the end-effector in operating space was established with analytic method. On the basis of the sensitivity
error model, an error source selection scheme was proposed according to the global sensitivity evaluation
index, which was defined to evaluate the error source on the position error of the moving platform in given
workspace, and the main error sources that affected the location accuracy was selected. It was found that
the position error of the moving platform was basically the same between all error sources and selected
error sources by randomly simulating the dimension errors, driving errors and assembly errors of the
parallel robot with Monte Carlo method, which verified the consistency of the evaluation index. By taking
laser tracker as measurement tool, the position precision of the moving platform end effector of the parallel
mechanism was improved remarkably after detecting the selected main errors of the parallel robot and
calibrating the forward kinematic model, which verified the validity and feasibility of the error source
selection scheme and reduced the complexity and computation of the error parameter identification. Tt had
greatly important guidance to the error compensation of the complex structure.
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Fig.1 Three dimensional model of linear driven parallel robot
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Tab.2 Theoretical coordinates and measured coordinates mm
- O B A 4 A R P AR (19 A AR A
x y z x ¥ z
1 -10.970 -10. 294 915.422 0 0 959. 070
2 -10.985 -162.215 914. 195 0 - 150. 000 959. 070
3 —-11.009 -141.991 914. 415 0 - 130. 000 959. 070
4 -11.037 -111.549 914.705 0 —-100. 000 959. 070
5 -11.049 -60. 854 915.119 0 -50. 000 959. 070
6 -11.028 20. 192 915.570 0 30. 000 959. 070
7 -10.910 70.719 915. 766 0 80. 000 959. 070
8 —-10. 688 141. 001 915.611 0 150. 000 959. 070
9 0. 609 0.613 815.980 10. 000 10. 000 860. 000
10 0.967 1.019 765.772 10. 000 10. 000 810. 000
11 6.959 7.028 705. 849 20. 000 20. 000 750. 000
12 8.443 8. 643 916.317 20. 000 20. 000 960. 000
13 9.632 9.233 986. 759 20. 000 20. 000 1 030. 000
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e O IR I 2 Al b TR A 1 Al b
x y z % y z
14 10. 089 9.095 1 006. 901 20. 000 20. 000 1 050. 000
15 8. 884 -162.174 914.014 20. 000 -150. 000 959. 070
16 8.854 -131.930 914. 334 20. 000 -120. 000 959. 070
17 -1.381 —-10. 342 915. 464 10. 000 0 959. 070
18 38. 106 -10.356 915. 177 40. 000 0 959. 070
19 127.289 -10. 537 914. 691 140. 000 0 959. 070
20 -139.842 0.081 916. 947 -130. 000 10. 000 959. 070
21 -60. 862 -0.007 916. 028 -50. 000 10. 000 959. 070
22 18.270 -0. 146 915. 334 30. 000 10. 000 959. 070
23 -120. 203 10. 190 916. 754 -110. 000 20. 000 959. 070
24 47.968 9.908 915. 206 60. 000 20. 000 959. 070
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Tab.3 Approximate solution of errors
Sk dR,/mm dr,/mm ds,/mm dL,/mm da,/ (°) 48,/ () 40,/ (°)
1 -0.601 0.466 0.715 -0.468 -0. 361 -1.083 —-0.040
2 0.729 -1.042 -0.410 0.358 -0.963 1.123 -1.163
3 0.910 -0.844 0. 669 -0.536 -1.203 1.324 —-0.842
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RN
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Fig.8 End position volume errors of moving platform

Fig. 7 End position volume errors of moving platform

of 2=959. 070 mm plane before calibration
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