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Comprehensive error modeling and compensation for
precision polishing platform based on orthogonal experiment

and interpolation algorithm
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Abstract: To improve the machining precision of four-axis polishing platforms, a geometric and ther-
mal comprehensive error model and an error compensation method were researched for a four-axis pol-
ishing platform with a float platform and a rotation platform. Several kinds of instruments such as la-
ser interferometer, temperature sensor were used to repeatedly measure and analyze respectively the
positioning errors of X, Z axes at different temperatures and to verify that different feeding speeds
were no significant influence on the positioning error. The change rules of between position error and

temperature change for the polishing platform in X, Z axes were obtained. Based on orthogonal poly-
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nomial and interpolation algorithm, the geometric and thermal comprehensive error model of X, Z axes
was established. According to the comprehensive error model, the prediction data curves were calcu-
lated, and seven groups of experimental data of X, Z axes were fitted and the fitting residual error ab-
solute value was verified to be less than 0.2 um. A compensation experiment was carried out accord-
ing to the forecasting data. The results show that the X axis positioning errors of polishing platform
under the normal temperature, the temperature rise of 60 min and steady state are respectively de-
creased by 89.33%, 92.45% and 85.7% after compensation, and the Z-axis positioning errors are re-
spectively reduced by 89. 23%, 93.59% and 93. 33% after compensation. The experimental results
demonstrate that the presented comprehensive model and compensation method have high precision
and good robustness.

Key words: polishing machine; orthogonal polynomial; interpolation algorithm; comprehensive error

model; error compensation
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Tab. 2 Variance analysis

N $ 3¢, 56,/6 7¢/12 O d..t

1 —10 190 —285 969 0 0

2 —9 133 —114 0 —0.7 0.49
3 —38 82 12 —510 —1.1 1.21
4 —7 37 98 —680 —1.5 2.25
5 —6 —2 149 —615 —1.9 3.61
6 —5 —35 170 —406 —2.4 5.76
7 —4 —62 166 —130 —3 9

8 —3 —83 142 150 —3.6 12.96
9 —2 —98 103 385 —4.1 16.81
10 —1 —107 54 540 —4.4 19.36
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Tab. 3 Statistics of temperature change
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Tab.5 Error coefficients in X-axis

a b ¢ d e
1.538 1 0.195 6 0 —0.0017 0
3.271 4 0.392 6 0. 001 —0.0015 0
3.742 9 0.424 5 0 —0.001 6 0
3.985 7 0.450 8 0 —0.0017 0
4.133 3 0.464 7 0 —0.001 6 0
4. 319 0.485 5 0 —0.001 5 0
4.504 8 0.499 2 0 —0.001 6 0

B ZHEF X e T . .
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/min WA o/ °C W /C
0 18.1 17.8 0 0
25 18. 4 18.1 0.3 0.3
50 18.6 18.4 0.5 0.6
75 18. 8 18.6 0.7 0.8
100 18.9 18.7 0.8 0.9
125 19.0 18.8 0.9 1
150 19.1 18.9 1.0 1.1
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Tab.4 Error coefficients in Z-axis

a b ¢ d e
—4.191 —0. 348 0.003 7 0 —0. 000 2
—3.919 —0.321 0.0037 —0.0005 —0.000 2
—3.576 —0.283 0.0039 —0.0005 —0.000 2
—2.891 —0.213 0.0038 —0.0005 —0.000 2
—2.567 —0.18 0.0037 —0.0006 —0.000 2
—2.262 —0. 145 0.0038 —0.0006 —0.000 2
—1.986 —0.124 0.0037 —0.0006 —0.000 2
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