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Abstract; Aiming at the problem that the thermal error of spindles has a serious impact on the
accuracy of machine tools, a thermal error prediction model based on heat transfer theory and
thermal deformation mechanism was proposed. Firstly, the real-time temperature field model of
the spindle system was derived from an analysis of the heat transfer mechanism. Then, the
mechanism of the thermal deformation of the main shaft was analyzed according to the size of the
machine tool, and the relationship between the temperature field and the thermal error was
obtained with the physical modeling method. Finally, the thermal error simulation and
experimental verification of the spindle were carried out on two vertical machining centers of the
same type. The results showed that the average prediction accuracy of the spindle thermal error
model reaches 95. 0% , which proves that the model has high precision and robustness.
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Fig. 1 Experimental device and displacement
sensor arrangement
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Fig. 2 Temperature measurement point distribution
of spindle system
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Fig. 3 Temperature change and Z-direction thermal
error of spindle system

(a)—6 000 r/min; (b)—14 000 r/min.
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Fig. 4 Heat transfer model of spindle system
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Fig. 6 Flow chart of spindle thermal error modeling
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Table 1 Parameters for fitting performance of thermal error
n/(r-min~") 5822V [/ um RMSE/ wm R /%
6 000 -6.88 ~4.28 2.07 0. 983 94.7
10 000 -6.01 ~5.30 2.35 0.987 95.9
14 000 -14.77 ~10.51 6.13 0.971 93.1
Fiti L -6.19 ~8.59 1.56 0. 988 96. 4
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