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Small Precision Machine Tool Thermal Error Model

Research Based on Grey System

XU Yang,MAO Jian"

(School of Mechanical Engineering, Shanghai University of Engineering Science , Shanghai,201620, China)

Abstract ; In order to reduce the impact of thermal error of CNC machine tools machining precision, the grey system was

adopted to study the thermal error modeling. After the preliminary analysis of the heat source to machine tools, gray

correlation analysis and fuzzy classification method were applied to obtain the 13 groups critical temperature measuring

points, the experimental data was combined with small precision five-axis machines in the actual processing status, GM

(1, N) gray structure was used to model. Comparative analysis of actual data and fitting data, it is concluded that the

grey system model has the characteristics of mature calculation, robust, suitable for machine tool thermal error, etc.
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Table 1  Critical temperature measuring point sampling
R ,/C T,C T/C  T,/C  T/C  T/C  T,/C  T/C  T,/C  To/C  T,/C Tu/C  T3/C
fi1]/min
10 15.20 15.17 19.40 15.19 15.19 15.18 15.67 16.67 15.20 15.87 15.17 15.37 16.37
20 15.46 15.34 21.80 15.43 15.43 15.45 16.70 17.70 15.46 16.90 15.34 16.40 17.40
30 15.76 15.58 24.20 15.64 15.66 15.70 17.54 18.54 15.76 17.74 15.58 17.24 18.24
40 15.88 15.78 25.60 15.88 15.88 15.87 18.61 19.61 15.88 18.81 15.78 18.31 19.31
50 15.98 15.97 26.70 15.99 15.98 15.98 19.67 20.67 15.98 19.87 15.97 19.37 20.37
60 16.16 16. 16 27.70 16.13 16.16 16.16 20.42 21.42 16.16 20.62 16.16 20.12 21.12
70 16.32 16.32 28.70 16.30 16.32 16.31 20.75 21.75 16.32 20.95 16.32 20.45 21.45
80 16.44 16.44 29.70 16.42 16.43 16.43 21.02 22.02 16. 44 21.22 16.44 20.72 21.72
90 16.51 16.51 30.01 16.51 16.51 16.51 21.38 22.38 16.51 21.58 16.51 21.08 22.08
100 16.59 16.59 30.54 16.59 16.59 16. 60 21.78 22.78 16.59 21.98 16.59 21.48 22.48
110 16.67 16.67 30.73 16.67 16.67 16.69 21.84 22.84 16.67 22.04 16.67 21.54 22.54
120 16.77 16.77 30. 86 16.77 16.77 16.77 21.98 22.98 16.77 22.18 16.77 21.68 22.68
130 16.84 16.84 30.99 16.84 16. 84 16.84 22.13 23.13 16. 84 22.33 16.84 21.83 22.83
140 16.92 16.92 31.28 16.92 16.91 16.92 22.23 23.23 16.92 22.43 16.92 21.93 22.93
150 17.00 17.00 31.60 17.00 17.00 17.00 22.30 23.30 17.00 22.50 17.00 22.00 23.00
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Figure 1  Output schematic diagram of

machine tools thermal error
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Figure 2 Contrast figure of machine tools

thermal error model fitting effect
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