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Reduction of Temperature Measurement Points for an NC Machine
Tool Based on Rough Set and Partial Correlation Analysis

CAI Ligang LI Guangpeng CHENG Qiang LI Weishuo
( College of Mechanical Engineering and Applied Electronics Technology Beijing University of Technology Beijing 100124  China)

Abstract: To reduce the number of temperature measurement points and improve the efficiency of
temperature data acquisition a new method of temperature measurement based on rough set and partial
correlation analysis was proposed. First based on the way of partial correlation analysis the partial
correlation coefficients between the temperature variables and thermal error of spindle were calculated
and it was used as the basis of choice of the main temperature sensitive variables. Then the feasible
temperature measuring points of the combination by rough sets were obtained and the most sensitive
temperature variables including temperature and partial correlation degree high point combination were
screened. Finally linear regression model of thermal error was established to test prediction accuracy
and verified in a certain type of CNC machine. Results show that temperature sensors are reduced from 22
to 6 to improve the precision and robustness of the thermal error model to a great extent.
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Fig.1  Overall experimental program flow
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Fig.3 Schematic diagram of laser interferometer installation
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Fig.2  Schematic diagram of temperature sensor distribution

1

Table 1 Installation position of temperature sensor

T, T, T, T,

Tl 1 T] 2 T] 5 T24)
T, Ty T,
T2[) T23 T24 Tlﬁ T27 XNYNZ

TI T8 T9 TIO TIS T22

2.2 4

2

Table 2 Key temperature points combination

1 T, T, T, T, T, Tgq
2 T, Te T, T, T; Ty
3 Ts T, T, T, T, Ty
4 T, Ty Ty T, Ty, T
5 T, Ty T¢ T, T3 Ty

2
sin 0 <0.01

4

10 5

(T Ty Ty Ty,

Ty5 Ty) 4
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Table 3 Partial correlation coefficient between
temperature variables and thermal

error in the direction of z

1 0. 041 0.316
2 0. 158 0. 001
3 0. 60 0
4 0. 065 0.124
5 0.356 0 4 6
6 0.421 0 Fig.4 Temperature variation curve of six key points
7 0.073 0. 047
8 0.041 0.216 (
9 0.399 0
10 0.417 0 ) 42 pm
11 0. 055 0.135 9.7 um
12 0.508 0
13 0.343 0. 001
14 0.023 0.308 N 6
15 0. 045 0.215
16 0.010 0.421
17 0. 089 0. 043
18 0.241 0
19 0.023 0
20 0.299 0. 027
21 0. 082 0.153
22 0. 056 0.142

4

5

Table 4 Size arrangement of partial correlation coefficient

Fig.5 Prediction of temperature measurement point

T, T, Ty T, T,
0.158 0.600 0.356 0.421 0.399
T, > T, > Te > T,y > Ty >

T, Ty Th T Ty
0.417 0.508 0.343 0.241 0.023
Ts > T, > Tg > T, > T

reduction based on rough set and partial

correlation analysis

2.4
2.3

z
Az =32.4526 +8.081 5T, +2.053 9T, —11.220 3T, —
17.444 1T, +25.503 9T ; —8.809 87,
DAz v Ty To~ Ty~ Ty
Ty~ Ty

6
Fig. 6 Prediction of temperature measurement point

reduction based on partial correlation analysis
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