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Installation Error Calibration by Using Levenberg-Marquardt Method
on a Cubic Parallel Manipulator
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ABSTRACT

A parallel manipulator has high stiffness and all the joint errors on the device are not accumulated at the end -effector
unlike a serial manipulator. These are the reasons why the parallel manipulator has been widely used in many fields of

industry. In the parallel manipulator, it is very important to predict the exact pose of the end-effector when we want to

control the end-effector motion. Installation errors have to be determined in order to predict and control the actual

position and pose of the end-effector. This paper presents an algorithm to find the whole 36 joint error components with

joint clearance errors and measurement errors considered, when a link length measurement sensor is used and data more

than 36 times are acquired for 36 different configurations. A simulation test using this algorithm is performed with a
Matlab program which uses the Levenberg-Marquardt method that is known to be efficient for non-linear optimization.
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Table 1 Nominal joint positions of the cubic parallel
manipulator

Base Z ¥ (mm) Platform 23 (mm)

B3 X y z Xp Y Zy
1 -140 | -140 28 -140 | -140 | -28
2 | .-140 | 140 28 -140 | 140 -28
3 140 0 28 140 0 -28
4 177 70 130 | -177 70 -280
5 177 -70 130 | -177 | -70 [ -280
6 0 -205 | 280 0 177 | -140
AA | -200 | 500 | 500 | -200 | 205 | -5

Table 2 Installation errors of the joints

=

Platform & ZUE

AX 2 um)

Base & ZE
P3| AR X um)

Ax Ay Az Axy | Ayn | Az,
1 | 137 | 12 | 894 | 938 66.8 | 37.0
2 | 199 | 299 | 66.1 | 80.3 | 64.7 | 445
3 | 284 | 469 | 65 | 795 | 721 | 795
4 | 988 | 583 | 423 | 1057 | 62.3 | 88.0
5 | 516 | 334 | 433 | 273 | 108.0 | 27.1
6 | 226 | 580 | 76.0 | 352 | 97.6 | 73.7
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Table 3 Calculated installation errors of the joints

Base & ZQIE Platform & ZE
Ha| AR xH(um) AA L2 um)

Ax Ay Az Axy | Ayn | Az,
13.4 9.0 78.7 99.1 ] 67.1 | 47.7
20.3 | 303 | 81.0 | 799 | 643 | 29.6
284 | 469 6.0 79.5 | 72.1 | 80.0
113.0 | 57.9 | 423 | 91.5 | 62.7 | 88.0
37.0 | 338 | 433 | 419 {1076 | 27.1
229 | 683 | 757 | 349 | 87.3 | 74.0
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Fig. 5 Installation errors of the joints on the platform
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