%38 K %54 Aok X F F R (B KR HAF RKR) Vol.38,No.5
2017 % 5 A Journal of Northeastern University ( Natural Science) May 2017

doi: 10.3969/j. issn. 1005 —3026.2017.05.019

HiENAKRETEXKAREASERE N HELWIWIE

3k, /;ir” IR, EAM!
<1kLﬁ¢jaLMWL&%& I KiE 1160245 2. HHEATRIEAR, JLxT 100076)

i . A BB T 2 A TR LR AR R g a7 1 AR 25 R B e e 5 22 Y IR . 255
JEMURAMRIRE  Sh 7 IRFETE ¥ ENGRE BT IR 4R 1 T 2748 B GBI R 25 L A AR L. 4 fe /s — e S )
HHL(LS - SVM) 9773z B iR 22 gt rh , IF0 Fi s dsc /> — 31 (PLS) J7 IR B A 8 1t 1) 32 40l LS
- SVM (15 A JE 1 PLS — LSSVM 4145 #iR 2580 (G AMBHEEEE I Tad B b BHAS I SRR, 4 AH X 4R
T 0 22 IR BV S IR B A A PR 22 M T I A TS5k 2 0 T b R AT SR IR, 45 SR R W . PLS
- LSSVM B LK LS - SVM B3 , b PLSR TG & 1= ; % 1K 25 L 228 51 PLS - LSSVM AR 814 sali % i
BLARA A 2 38 B (B () PLS — LSSVM s BA SR FUMME A9 24 )7 R 1% 2% (RMSE) V343820 7 5. 5 pum.

X 8 R BIEVUR; RRERI, PURZEEMEE,; /D3, oD ISR L

FESZES: TH 161.4 XEFRERD . A MXEHS: 1005 -3026(2017)05 - 0700 - 06

Multivariate Correlative and Combined Thermal Error Model
for the CNC Machine Tool with Experimental Validation

MA Yue', WANG Hong-fu'”>, SUN Wei', HUANG Yu-bin'

(1. School of Mechanical Engineering, Dalian University of Technology, Dalian 116024, China; 2. Capital
Aerospace Machinery Company, Beijing 100076, China. Corresponding author: SUN Wei, professor, E-mail:
sunwei@ dlut. edu. cn)

Abstract: To solve the problem that based on machine tool temperature that is comprehensively
influenced by other factors, and thus the thermal error models had poor robustness, a multivariate
correlative and combined thermal error model was put forward, which overall considers machine
tool temperature, speed of power source, and temperature of coolant and environment. Least
squares support vector ( LS-SVM ) method was applied to the thermal error model, and partial
least squares (PLS) method was applied to extract the principal components as the input of LS-
SVM, and the PLS-LSSVM thermal error combined model was then formulated. In addition, this
model set the differential temperatures, relatively with initial temperatures, as the temperature
variable, which is based on the process of numerical control machining and the principle of
material thermal deformation, to make the thermal error compensation more accurate. It was tested
on a precision machining center, whose results showed that the PLS-LSSVM thermal error model
is more stable than the LS-SVM model, and more accurate than the partial least squares regression
(PLSR) model. Besides, the root mean square error (RMSE) of the predictive thermal error with
the PLS-LSSVM model is 5.5 pwm on average less than that with the PLS-LSSVM * model,
which only takes into account the temperature measurements of the machine tool.

Key words: CNC machine tool; thermal error model; influence factor of thermal error; partial
least squares; least squares support vector machine
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Fig. 1 Technical route for the multivariate correlative
and combined thermal error model
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Fig. 4 Device for measuring spindle thermal error and
partial temperature sensor arrangement
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Table 2 Input variables for different thermal error
models
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Table 3 Results of temperature measuring points optimization and specific input variables for different

thermal error models
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Fig. 6 Optimized temperature points and thermal
error in Z direction of the step speed
experiment
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