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Calibration of Parallel Coordinate Measuring Machine
— Kinematic Calibration with Multi-Links —

Osamu SATO, Gheorghe OLEA, Masahiko HIRAKI and Kiyoshi TAKAMASU

This article describes a geometric calibration method for a coordinate measuring machine based on a three degree of
freedom parallel mechanism. In generally, identifying whole, necessary and sufficient, kinematic parameters included in
kinematic models of parallel mechanisms is hard because of the strong correlation between each parameter. In this study,
we propose to use some different links on the calibration to improve the mathematical condition of the Jacobian matrix on
the least squares method. To use the different links, all kinematic parameters are estimated and the positioning accuracy
of the parallel coordinate measuring machine is improved from 100 um to 5 um in the experiments. Firstly, the pilot unit
of the parallel coordinate measuring machine is introduced. Secondly, necessary and sufficient kinematic parameters of
the parallel coordinate machine for calibration are formulated. Finally, kinematic parameters are estimated through the

calibration experiment.

Key Words: Parallel Mechanism, Geometric Calibration, Kinematic Calibration, Coordinate Measuring Machine, Least

Squares Method
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Fig. 1 Models of Parallel CMM
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Fig. 2 Prototype of Parallel CMM

Tablel Specification of Parallel CMM

Size 400x400x250 mm
Measuring Range 170x170%x110 mm
Resolution 1um
Repeatability of Positioning 2 um
Set/Reset Accuracy 3um
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Fig. 3 Classification of Each Component of Parallel CMM
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Table2 Kinematic Parameters of Parallel CMM

Components Number of Parameters
End-Effector 15
Links 8
Base Unit 12
Coordinates Transformation 6
Total 41
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Table3 Condition of Parameter Identification

Link Set Symmetric Nonsymmetric
Number of Measuring Points 27x1 9%3
Error of Outer CMM 3um
Error of Scales 3um
Length of Links 235 mm 135 mm, 235 mm
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Table4 Results of Experiment

End-Effector [mm]

Xe1 O0(Nominal) Vet O0(Nominal) Zg O0(Nominal)
Xe2 O0(Nominal) Yeo | 29.986+0.003 Ze -0.218+0.265
Xe3 -41.046+0.558 Ves | 57.020+0.323 Ze3 0(Nominal)
Xes -67.006+0.561 Ve | 42.070+0.321 Zey 0.553+0.244
Xe5 -67.083+0.441 Ves | -12.470+0.438 || zs 0(Nominal)
Xes -41.101+0.444 Ves | -27.323+0.440 || zg 0.606+0.269
Xe -34.129+1.025 A 15.966+0.609 Z 68.147+1.093
Links [mm]
Iy 235.750+0.010 I, | 235.376+0.011 || I3 | 236.326+0.010
Iy 236.343+0.010 ls | 236.188+0.010 || lg | 236.243+0.013
lg 135.506+0.014 le | 135.312+0.013 —_—
Base Unit [mm, deg]
Xp1 | 96.000(Nominal) || Y 0(Nominal) Zo1 0(Nominal)
Ox1 O0(Nominal) Oy O0(Nominal) 0n O0(Nominal)
X2 -44.622+0.564 Voo | 84.744+0.309 || zp -1.556+0.732
Oxo -1.006+0.440 6y | -0.088+0.241 0, | 119.995+0.004
Xb3 -44.116+0.456 Vo3 | -84.671+0.452 || zy3 -2.199+0.674
O3 2.801+0.372 bys 0.109+0.241 0z | -119.977+0.004
Coordinates Transformation [mm, deg]

My | -97.484+0.474 M, | -0.353+0.227 M, | -4.482+0.852
Ox -0.081+0.279 6y -0.004+0.001 0, -0.010+0.003

Y mm -100°-80 « o

a) Before Calibrationd Magnification : 100

b) After CalibrationO Magnification : 20000
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Fig. 6 Positioning Accuracy
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