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Thermal error separating and modeling for heavy-duty CNC machine tools

CUI Gang-wei, GAO Dong, YAO Ying-xue

(School of Mechatronics Engineering, Harbin Institute of Technology, 150001 Harbin, China)

Abstract: To solve the problem of thermal error of heavy-duty CNC machine tools, a thermal error separating
and modeling approach based on linear regression theory is proposed. Firstly, the thermal errors are separated
from geometric error to get thermal error parameters. Secondly, based on temperature sensors optimizing distri-
bution strategies, like main factor strategy and irrelevance strategy, the key points of thermal errors are select-
ed. Finally, a multiple linear regression model is constructed for thermal errors, and an experiment is carried
out on a TK6920 heavy-duty CNC floor-type boring and milling machine tool, and the results indicate that the
thermal error of column is reduced from 0. 45 mm and 0. 25 mm to 0. 13 mm and 0. 09 mm in X and W direc-
tions, that is 71% and 64% of thermal error can be compensated with this model. Error compensation tech-
nology can reduce the thermal error of heavy-duty CNC machine tools, therefore the manufacturing precision
can be improved.
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®1 XHMRRESH

t/ h 1./ mm S.e [x),/ mm SX} 1.,/ mm S

0 0 -5.14E -5 -3.57E -8 3.58E -10 -1.59E -6 -1.03E - 10
1.00 -0.02 -6.28E -5 0. 004 86 -7.38E -7 -0.043 35 -6.30E -7
2.00 -0.06 -7.37E -5 -0.005 99 -2.03E-6 -0.067 14 2.54E -6
3.00 -0.12 -8.12E -5 -0.003 13 -8.65E -6 -0.090 27 2.48E -6
4.00 -0.16 -8.99E -5 0.011 38 -1.02E -5 -0.099 03 1.45E -6
5.00 -0.18 -9.54E -5 0. 005 87 -1.29E -5 -0.176 85 2.97E -6
6. 00 -0.22 -1.03E -4 0.019 77 -1.57E -5 -0.183 82 3.57E -6
7.00 -0.20 -1.10E -4 3.65E -6 -1.85E -5 -0.207 48 4.17E -6
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t/ h I,/ mm S I,/ mm S,y L,/ mm Sy

0 -1.09E -7 -4.58E-12 0.022 58 4.43E -6 -4.95E -6 2.87E -11
1. 00 0.022 1.40E -5 0. 080 92 1.23E -5 -0.054 04 -4.12E -6
2.00 0.018 2.63E -5 0.110 35 2.08E -5 -0.101 62 -1.11E -5
3.00 0. 045 4.40E -5 0. 164 57 3.13E-5 -0. 145 21 -1.58E -5
4.00 0. 067 5.85E -5 -0.063 14 3.95E -5 -0.164 97 -2.11E -5
5.00 0.092 7.22E -5 -0.108 65 4.04E -5 -0.189 31 -2.56E -5
6. 00 0.139 9.01E -5 0. 162 09 5.09E -5 -0.204 46 -2.79E -5
7.00 0. 154 9.92E -5 0.263 03 5.96E -5 -0.229 07 -3.12E-5

®3 WHRRESH

t/ h I,./ mm Son I,/ mm S,y I, /mm S

0 2.74E -7 3.90E - 10 4.49E -6 1.76E -9 0.003 45 -4.40E -5
1. 00 -0.03 2. 11E -5 0. 002 82 -2.76E -5 0. 044 63 -6.91E -5
1.70 -0.08 1.99E -5 -0.005 95 -4.38E -5 0. 066 11 -9.78E -5
2.50 -0.12 1.24E -5 0. 004 79 -3.22E-5 0. 064 23 -1.11E -4
3.30 -0.14 3.18E -5 0.013 89 -2.72E -5 0.073 22 -1.21E -4
4.20 -0.17 3.40E -5 0.026 75 -1.93E -5 0. 093 98 -1.26E -4
5.00 -0.20 3.42E -5 0.041 32 -1.81E -5 0.131 29 -1.33E -4
6. 00 -0.24 2.65E -5 0.042 11 -2.59E -5 0. 087 66 -1.26E -4
6.70 -0.26 2.59E -5 0. 056 66 -2.90E -5 0.103 74 -1.34E -4
7.50 -0.27 4.04E -5 0.079 87 -2.03E -5 0. 102 88 -1.42E -4
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See -0.90 -0.90 -0.98 -0.98 -0.87 -0.97 -0.99 -0.98 -0.91 0.54 -0.98 -0.97 -0.96 -0.98
I, 0.30 0.23 0.42 0.37 0.29 0. 46 0.35 0.32 0.37 -0.16 0.40 0.36 0.43 0.41
S, -0.79 -0.83 -0.90 -0.91 -0.75 -0.95 -0.93 -0.98 -0.87 0.45 -0.92 -0.91 -0.89 -0.91
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