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Abstract: In order to simplify the parameter calibration process of 6-DOF parallel mechanism, improve
the calibration efficiency and reduce the calibration, a novel device and method of pose measurement based
on orthogonal displacement measurement system is described. First, the pose calculation method of the de-
vice is studied, and the forward and reverse kinematic solution is solved by using the method of spatial ana-
lytic geometry. Secondary, the error model of the combination of parallel mechanism and orthogonal dis-
placement measurement system is established by using the method of micro displacement synthesis.
Then, based on the error model, the model of optimal problem of parameter identification is constructed.
The minimum square sum of the sensor indication error is the objective function, and the parameter error

of the combination is the variables. Finally, the pose of the parallel mechanism are measured by orthogo-
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nal displacement measurement system , and the optimal solution of the parameter error is found by OA-
SIS, and model parameter in the control system is compensated . the calibration of parallel mechanism is
completed. The comparison of the pose error before and after calibration show that: the maximum position
error is reduced by 58%-96% , the maximum attitude error is reduced by 92%-97%. Using the orthogonal
displacement measurement system to calibration the parameters of the parallel mechanism can not only im-
prove the position accuracy of the parallel mechanism , but also simplify the calibration work, improve the
calibration efficiency and reduce the cost.

Key words: 6-DOF parallel mechanism; orthogonal displacement measurement system; parameter identifi-

cation; optimization algorithm; Optimization Assisted System Integration Software(OASIS)
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system
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Tab.1 Nominal value of 42 kinematic parameters of 6-SPS parallel mechanism (mm)
S X Yy Zs; X Yo Zn l
1 —138 99. 354 0 —138 17.965 0 141. 898
2 —138 —99. 354 0 —138 —17.965 0 141. 898
3 —17.043 —169. 189 0 53.442 —128.494 0 141. 898
4 155. 043 —69. 834 0 84.558 —110. 529 0 141.898
5 155. 043 69. 834 0 84.558 110. 529 0 141.898
6 —17.043 169. 189 0 53.442 128. 494 0 141. 898

K3 7N Al EIFBHLI
Fig.3 Photo of 6-DOF 6-SPS parallel mechanism

K4 SM30 F#41 ESSA Y 8% 4 B2
Fig. 4 SM30 series ESSA grating displacement sensor
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Tab.2 Measurement configurations of calibration experiment (mm-rad")
js2=) X Y 4 a B8 4
1 3.94 —5.85 116. 69 —0.010 0.012 —0.001
2 3.94 6.07 116. 30 0.019 —0.016 0.003
3 3.94 —0.25 116.71 0. 004 0.008 0. 000
4 —5.17 —5.85 116. 69 0.019 —0.016 0. 000
5 —5.17 6.07 116. 30 0. 004 0.008 —0.001
6 —5.17 —0.25 116.71 —0.010 0.012 0.003
7 0.20 —5.85 116. 30 —0.010 0.008 0.003
8 0.20 6.07 116.71 0.019 0.012 0. 000
9 0.20 —0.25 116. 69 0. 004 —0.016 —0.001
10 3.94 —5.85 116.71 0. 004 —0.016 0.003
11 3.94 6.07 116. 69 —0.010 0.008 0. 000
12 3.94 —0.25 116. 30 0.019 0.012 —0.001
13 —5.17 —5.85 116. 30 0. 004 0.012 0. 000
14 —5.17 6.07 116.71 —0.010 —0.016 —0.001
15 —5.17 —0.25 116. 69 0.019 0.008 0.003
16 0.20 —5.85 116.71 0.019 0.008 —0.001
17 0.20 6.07 116. 69 0.004 0.012 0.003
18 0.20 —0.25 116. 30 —0.010 —0.016 0. 000
®3 BRERRBMUBERSFIENE
Tab.3 Nominal value of displacement sensor of calibration experiment (mm)
¥ 5 h1 h2 h3 h4 h5 h6
1 —0.240 3 0. 552 1.789 —4.2485 —4.1919 6.497 6
2 0.9121 0.111 —2.1186 3.3031 2.909 5 0.446 6
3 0.0513 1.196 8 0.7527 —0.8175 —0.8526 5.6124
4 1.6729 0.8633 —1.3612 —8.7478 —8.822 —8.6712
5 —0.4558 0.689 7 0.2448 5.4391 5.5136 —3.4925
6 —0.264 4 0.5209 1.763 1.5796 1.2071 —2.6117
7 —0.4399 —0.1406 1.1 —4.0351 —4.402 6 1.860 7
8 —0.2857 2.236 7 0.0134 3.1333 3.1208 2.758 6
9 1.4412 —0.2599 —0.703 2 —0.8658 —0.8018 —3.3019
10 1.4245 —0.2716 —0.7218 —6.2635 —6.628 6 0.4177
11 0.101 3 0.4051 1.643 3 7.7154 7.667 3 5.614 6
12 —0.5377 1.983 3 —0.2413 —3.2411 —3.1438 6.498 8
13 —0.667 0.965 2 0.5212 —6.417 2 —6.4506 —2.6076
14 1.622 1 —0.9192 0.3199 7.6431 7.7341 —8.6726
15 —0.002 8 2.037 6 —0.1833 —3.0036 —3.344 5 —3.4929
16 0.169 4 2.2035 —0.0207 —8.832 —8.7437 1.878 7
17 —0.257 3 1.374 1 0.9339 5.656 5 5.303 8 2.774 7
18 1.057 6 —1.4839 —0.246 6 1.3912 1.3724 —3.3084




324 e KE® TR 5 29 %

F4 HERBMBERFRNEE

Tab.4 Measurement value of displacement sensor of calibration experiment (mm)
¥ hl h2 h3 h4 h5 h6
1 —0.2641 0.7010 1.850 4 —4.2890 —4.2548 6.5308
2 0.9735 —0.1198 —2.2568 3.3596 2.960 3 0.404 5
3 0.1050 1.2667 0.714 6 —0.8101 —0.8554 5.634 2
4 1.7750 0.7031 —1.4550 —8.8325 —8.9709 —8.6974
5 —0.404 2 0.7718 0.217 2 5.4853 5.6018 —3.4733
6 —0.284 6 0.692 1 1.8397 1.548 3 1.1900 —2.5875
7 —0.4787 —0.027 9 1.1715 —4.0990 —4.494 1 1.8761
8 —0.1171 2.3213 —0.1328 3.1921 3.1924 2.7933
9 1.4219 —0.4294 —0.7102 —0.8661 —0.8111 —3.3383
10 1.408 5 —0.444 5 —0.7324 —6.3197 —6.7417 0.3735
11 0.046 9 0.4937 1.696 5 7.7832 7.786 3 5.6332
12 —0.3687 2.0590 —0.3937 —3.2350 —3.1668 6.536 9
13 —0.5831 1.1106 0.503 4 —6.494 2 —6.5635 —2.5760
14 1.506 5 —1.0508 0.419 2 7.688 8 7.8388 —8.7077
15 0.169 3 2.1124 —0.3059 —3.0378 —3.4079 —3.4724
16 0.3434 2.2705 —0.148 6 —8.897 2 —8.8707 1.905 4
17 —0.1941 1.4882 0.894 7 5.703 3 5.3779 2.8024
18 0.9348 —1.6364 —0.156 9 1.390 1 1.3815 —3.3492
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Fig. 7 Visual calculation progress in OASIS
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Tab. 5 42 kinematic parameters after compensation (mm)
i%ii th' YIJI ZU} XP( Y[’J ZI’( lr
1 —137.994 99.433 —0.174 —138.099 18.130 —0.132 142. 088
2 —137.938 —99.214 0.021 —137.803 —17.880 —0.195 142.026
3 —16.957 —169. 070 0. 059 53.482 —128.337 —0.180 141.927
4 155. 164 —69. 987 —0.127 84. 500 —110. 339 —0.052 141.703
5 155.183 69. 841 —0.116 84.419 110. 681 0.193 141. 944
6 —17.058 169. 089 —0.015 53.290 128.693 0.010 141. 887
mm, R G 204 0. 034 mm , BRI T 29 58 % ; 6 % #®

(4) X T Aa, e KB 22 b5 € HI 49 2X107°
rad, FRE JG 2 R 5X 107 rad, FEAK T 297 % 5

(5) X T AR, I K15 22 b5 /& 1T 29 Ry 2X 107
rad, #R E JG 2 0 8 X107 rad, F&AK T £ 96 % 5

(6) X F Ay, fie KR 2 5 & 1/ii 20 2 5X 10
rad, b8 5 290 4107 rad, FFEAE T 29 92% .
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