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Research on prediction model of thermal error for CNC machine
tool under variable speeds

WANG Juan, WU Shan

( Xianyang Polytechnic Institute, Xianyang 712000, Shaanxi, China )

Abstract; This study aims to construct a high-precision prediction model for thermal errors of the spindle of a CNC machine tool under
variable speed conditions. According to the research requirements,9 temperature sensors were arranged on the spindle and related parts of the
CNC machine tool, and idle running experiments with spindle speeds of 0, 2 000, 4 000, 6 000, and 8 000 r/min were designed, which
uses olne-way MANOVA, principal component analysis and multivariate binomial regression analysis to construct the prediction model of
thermal error for CNC machine tool under variable speeds based on the data of 9 temperature measuring points and the data of thermal error
under the different spindle speeds,and performs a predictive analysis. The results show that,the influence of spindle speeds on thermal error
is significant, the prediction model of thermal error based on the temperature of measuring points and spindle speeds has strong adaptability ;
from the prediction results, the model is more reliable and can be used as a prediction method for thermal error under variable speeds.
Keywords: thermal error; spindle speed; one-way manova; principal component analysis; multivariate binomial regression
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Fig. 1 Diagram of the arrangement of temperature sensors
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Fig.2 Temperature curves of 9 temperature measurement
points under different spindle speeds
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Tab.2  p-value test results of 9 temperature measurement

points under different spindle speeds

T BE I A5 K iy p 86
Tl 0.262 9
T2 0. 406 2
T3 0.516 3
T4 0.903 9
T5 0
T6 1.059 1x107"°
T7 1.630 3x107"
TS 7.743 8x1071
T9 0.3205
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Tab.3 Eigenvectors of the correlation coefficient matrix

*ﬁ?&{t%i P] PZ P3 P4 P5 PG P7 PS Pg
1y 0.346 5 0.2406 -0.0147 -0.4204 -0.1937 -0.7697 0.1178 0.030 1 0.016 4
l, 0.3412 0.3053 0.0076 -0.1562 0.1134  0.2049 -0.4649 -0.6934 -0.1184
13 0.3433 0.2868 -0.0066 -0.1377 0.249 1 0.3716 0.736 1 -0.0495 0.1910
ty 0.3363 0.280 7 0.207 8 0.8459 -0.0809 -0.2017 0.0323 0.0118 -0.0323
ls 0.2997 -0.4811 0.5447 -0.066 3 0.5778 -0.1462 -0.1014  0.060 1 0.091 8
1 0.3287 -0.3532 0.3557 -0.1034 -0.7359 0.2803 0.0555 -0.0523 0.064 1
tq 0.3323 -0.3470 -0.3941 0.053 5 0.065 0 0.0124 0.1582 0.0327 -0.7619
tg 0.3294 -0.3371 -0.6137 0.1518 0.0187 -0.0437 -0.1410 -0.0442 0.5950
tg 0.340 2 0.3124 -0.0358 -0.1530 0.0327 0.2911 -0.4108 0.7116 -0.0334
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Tab.4 Eigenvalues and contribution rates of the correlation coefficient matrix
FHIE & FHEE it TR
P, 7.59 5 84.406 0 84. 406 0
P, 1.203 6 13.373 1 97.779 1
Py 0.099 3 1.103 7 98. 882 8
P, 0.057 8 0.642 0 99.524 8
Ps 0.027 3 0.3030 99.827 9
Py 0.0113 0.1259 99.953 8
P, 0.002 5 0.028 2 99.982 0
Py 0.001 0 0.0111 99.993 0
Py 0.000 6 0.007 0 100. 000 0
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Fig. 3 Regression curves of thermal error in relation to the temperature of the measuring points and rotational speeds
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actual values of thermal error
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Tab.5 Actual values, predicted values and error analyses

of thermal errors in 50 experiments

JPe PRETBRME/um BURZETONE wm AAXTRE
1 25.6517 24.950 1 0.027 4
2 24.326 4 24.494 1 0. 006 9
3 23.514 1 24.058 1 0.023 1
4 23.1293 23.617 17 0.021 1
5 23.1293 23.2256 0.004 2
6 23.086 5 22.934 0 0. 006 6
7 22.701 8 22.522 9 0.007 9
8 22.530 8 22.218 5 0.0139
9 22.2315 21.944 8 0.012 9

10 26.036 5 24.763 6 0.048 9
11 25.6517 25.145 4 0.0197
12 25.694 5 25.103 2 0.0230
13 26.378 5 25.077 5 0.049 3
14 25.609 0 25.0123 0.023 3
15 25.865 5 24.950 8 0.035 4

16 26.335 8 24.960 2 0.052 2

17 25.8227 24.759 5 0.041 2

18 25.737 2 24.7222 0.039 4

19 25.480 7 24.713 2 0.030 1

20 25.865 5 24.683 17 0.045 7

21 25.737 2 25.1356 0.023 4

22 26.207 5 25.187 1 0.038 9

23 26.506 8 25.137 4 0.051 7

24 25.523 5 24.984 9 0.021 1

25 25.8227 24.996 0 0.0320

26 25.8227 24.900 7 0.0357

27 25.865 5 24.962 3 0.034 9

28 26.036 5 24.990 3 0.040 2

29 25.780 0 24.843 1 0.036 3

30 25.053 2 24.745 6 0.012 3

31 24.326 4 24.936 0 0.025 1

32 24.155 4 24.982 3 0.034 2

33 24.924 9 24.861 9 0.002 5

34 23.898 8 24.8953 0.041 7

35 24.924 9 24.8375 0.003 5

36 24.924 9 24.839 9 0.003 4

37 24.574 9 24.723 3 0. 006 0

38 23.941 6 24.747 9 0.0337

39 24. 668 4 24.634 6 0.001 4

40 24.198 1 24.609 9 0.017 0

41 19.367 0 20.989 2 0.083 8

42 19.025 0 21.7513 0.143 3

43 20.179 3 22.214 6 0.100 9

44 20.179 3 22.426 1 0.1113

45 20.777 9 22.566 8 0.086 1

46 21.846 7 22.646 8 0.036 6

47 21.610 4 22.509 1 0.041 6

48 21.4619 22.478 7 0.047 4

49 22.402 5 22.503 0 0.004 5

50 22.958 3 22.454 5 0.021 9
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