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Fig. 1 Arrangement plan of temperature sensors
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Tab. 2 Installation position of temperature sensors
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Tab. 3 Setting of test conditions
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(r+min 1) (mm * min~ 1) min
1 000 11 250 20
2 000 11 250 20
3 000 11 250 20
4 000 11 250 20
4 500 22 500 20
4 000 45 000 20
3 000 45 000 20
2 000 45 000 20
1 000 45 000 20
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Tab. 4 Results of simple correlation analysis
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ATso 0. 354 0. 060
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Fig. 3 Dynamic clustering map
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Tab.5 Analysis of multiple linear regression model

- [EEEEX~ J5 253 ks 3 TR 48 A%
i A 2 R B t Sig. F Sig. R R? AR EIRbRdEz 7%/ pm
WA —3.819  —27.184 0

2ME - ATy 0. 400 1.839  0.067 2 442,140 0 0.973  0.946  0.945 1. 063 3. 162
AT 16. 342 32.233 0
W —4.363  —30.538 0

3 A5 A o080 ST 0 2 032. 854 0 0.978 0.956  0.956 0.957 454
AT, —0.022  —0.109  0.913
AT 13.483 23.451 0
W —3.485  —24.140 0
AT, 1.541 1.930  0.055

4 ATy —1.897  —7.851 0 2 198. 222 0 0.985  0.969  0.969 0. 802 1.917
ATs —5.081 —10.901 0
AT 9.540 15. 829 0
WA —3.175  —19.520 0
AT, 1.018 1. 286 0. 200

5 1l 23 Al Sl o1 0 1.847.679 0 0.985  0.971  0.970 0.783 1. 875
AT —5.065 —11.129 0
AT 9.354 15. 842 0
ATy,  —3.777  —3.824 0
W —3.088  —19.224 0
AT, 1.612 2.042  0.042
AT, —1.717  —6.166 0

6illaL AT —7.177  —9.995 0 1614.524 0 0.986  0.972  0.972 0.766 1. 941
AT 8. 585 14.019 0
AT, —3.795  —3.931 0
ATs 2.573 3.746 0

T« Ak 1) 5% 22 S IRCT S XL (R

‘;’4 —H‘aj! N N —H‘?j_lj‘ \?;L\D ‘T‘“ /7\
T T AR LB 1) 1ty B TR 22 TN il £ A ]
SOL — -FRSEHE  ---- SR 5 iR,
v 130 VSR PRI AS S B B (00 A a0 7 ] 0 45 80 4
503 R 7 AR MR S KRR (6 55 0 ST B 245 1 B
:?8 i B4 /l\%%ﬁl%gflﬂ M (AT, AT AT ATy )@i
1. T kg (3 o i IR I it 28 4 [
1S 6 1116 2126 31 35 4146 51 56 61 66 71 76 A2 Gy B8 2, T i 2 Jn P 6 .
N #r ELHR F K B 27 A QI BE v, R 4 A4 ¢
i 4 9%@% I E /M E ﬁ%& %E?JDIEWIJM\(ATl AT, AT \AT7)§£_L§W\‘W§£$%
Fig. 4 Data of key temperature measuring points RGOy FELEL 3) , Fm ph £k an & 7 fraw.
x 6 By B A A AT
Tab. 6 Analysis of regression model optimized
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Fig. 5 Thermal error prediction map in model 1
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Fig. 6 Thermal error prediction map in model 2
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Fig. 7 Thermal error prediction map in model 3
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Tab. 7 Prediction results of thermal error models
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22 /pm % /pm
1 1. 850 0. 644 0. 985 0.970 0.784 4
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3 3.134 0. 856 0.971 0.943 1.090 3
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An optimization method of temperature measuring points
for machine tools and experimental verification

CONG Ming"'*, LI Yong-yao'?*, SUN Zong-yu’, LI Hong-kun'?

( 1.Dalian Xinyu Science Technology Development Center Co. , Ltd. , Dalian 116024, China;
2. School of Mechanical Engineering, Dalian University of Technology, Dalian 116024, China;
3. Wuxi Diesel Engine Works, FAW Jiefang Automotive Co. , Ltd. , Wuxi 214026, China )

Abstract: A new method is proposed to optimize the temperature measuring points of thermal error
compensation technology for machine tools. A simple correlation analysis is used to weed out
measuring points which are unrelated to thermal error apparently. Then, the selected temperature
measuring points are classified by fuzzy clustering analysis to eliminate the multicollinearity problem
between temperature variables. Simultaneously, the grey synthetic degree of association is used to
determine the correlation between the measuring points and thermal error. Several thermal error
models are established based on the results. The models are analyzed based on principles of statistics
to identify key measuring points. The number of measuring points is reduced from 20 to 4. Then, a
new multiple linear regression model is built based on these key points. The measuring results show

that the Z-axis thermal error is reduced from 17. 903 pm to 1. 850 pm.

Key words: thermal error; measuring points optimization; correlation analysis; fuzzy clustering

analysis; grey synthetic degree of association



