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Abstract: Given that the spindle-column system of a CNC machine tool is affected by thermal
deformation, a coupling analysis model of the spindle-column system is established based on the law of
energy conservation to obtain its thermal characteristics. In this model, the heat source calculation,
heat transfer coefficient calculation, structure constraint, and heat dissipation surface placement are
considered comprehensively, and a wind speed method is adopted to obtain the heat transfer coefficient

between the spindle and air. In this study, a platform for the CNC machine tool thermal
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characteristics was designed and set up to verify the validity of the spindle-column system coupling
analysis model. Further, one CNC machine tool was used as the research object in the research
application to obtain the thermal characteristics of the spindle-column system, such as the temperature
field distribution, thermal deformation, and thermal equilibrium time. The experimental results show
that the maximum absolute and relative errors of the temperature in the measuring point data are
0.71 °C and 2. 94%, respectively, which appear at the measuring point of spindle. And the absolute
and relative errors of the thermal deformation are 1. 49 um and 8. 71%, respectively. The thermal
characteristics obtained by the coupling analysis model of spindle-column system based on the wind
speed method are consistent with the experimental results. The results of this study provide a
reference for CNC machine tools to reduce thermal error and improve accuracy retention.

Key words: CNC machine tool; spindle-column system; wind speed method; coupling analysis;

thermal characteristics; accuracy retention
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SCM4 7850 0.3 460 1.24 52 2.1
SNCM21 7840 0.3 460 1.40 90 2.1
HT300 7300 0.3 532 L7 47 2.0
HLER T80 0.3 465 1.16 18 2.1
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Tab.2 Thermal transfer coefficients of d; spindle section
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Tab. 3 Thermal flux values of heat sources
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Tab.4 Thermal transfer coefficient of each spindle section
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Tab.5 Thermal transfer coefficient of each headstock face
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Tab. 6 Thermal transfer coefficient of each column face
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temperature measuring points
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Temperature-structure field coupling analysis

results of spindle-column system
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