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Abstract: The thermal characteristics of machine tools have emerged as one of the most important fac-
tors for the performance of high-speed machine tools. The spindle is the key component of machine
tools. Thus, the thermal characteristics of the spindle determine the maximum cutting speed and pro-
cessing accuracy that machine tools can achieve. Controlling the effects of thermal error of machine

tools during the spindle design stage is of great importance for improving its thermal characteristics.
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During the past century, several researchers have focused on studying spindle thermal design meth-
ods. There are essentially three parts, namely thermal characteristics analysis, thermal design and op-
timization, and thermal characteristics tests. First, the necessary parameter is obtained from the mod-
eling and analysis of thermal characteristics such as temperature field distribution, thermal deforma-
tion, and thermal balance time. Second. thermal design measures such as spindle structure optimiza-
tion, material design optimization, and cooling system design are employed to obtain superior spindle
thermal characteristics. Finally, the analysis and design optimization results are validated via thermal
characteristics tests. The whole process is repeated until satisfactory results are obtained. The status

of research in this area is discussed from these three aspects. The advantages and disadvantages are

summarized, and future research prospects are discussed in the conclusion.
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Fig.1 Thermal FEM model of a bearing and its surroundings
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Fig. 2 Components of thermally induced preload

bearing system
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Fig. 3 Temperature distribution of spindle housing
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Fig. 7 Geometry definition of investigated spindle

and housing including heat sources
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