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Heat exchange based finite element analysis of thermal
errors in machine spindles

Han Jian, Wang Liping, Yu Lianging
( Department of Precision Instruments and Mechanology, Tsinghua University, Beijing 100084 )
Abstract
In this paper, the thermal characteristics of machine spindle systems are investigated based on the analyses of
the mechanism of heat transfer and heat dissipation of a spindle. The heat exchanged through the surface is conver-
ted into the equivalent volume of heat source, and then, considering the coupling of elastic deformation and temper-
ature, the heat conduction of a spindle system is modeled, in the meantime the matrix equation of nodes is de-
duced. Based on the numerical results, an iterative model of the spindle temperature and thermal deformation is ac-
quired under the actions of thermal loads using the finite element analysis. The static/transient temperature field is
calculated using the software. At last the impact of these parameters on the characteristics of thermal displacement
and steady balance time are analyzed according to the results. The research results provide a theoretical foundation
for optimizing spindle designs and the error compensation of a machine tool.

Key words: machine tool, spindle system, finite element method, transient temperature field





