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Modeling and Compensation of Coupled Thermal Error of Spindle
and Feed Shafts

SUN Zhichao, TAO Tao, HUANG Xiaoyong, MEI Xuesong, WANG Xinmeng,
YANG Jun, ZHAO Liang

(State Key Laboratory for Manufacturing Systems Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: The mutually coupled thermal error of spindle and feed shafts for a lathe strongly
affects precision of workpieces. A coupled thermal error model is proposed and implemented for
machine tools. For a Headman HTC550/500 precision lathe, the coupled thermal error of spindle
and feed shafts is decoupled, and fuzzy clustering is used to optimize the temperature measuring
points. Subsequently, a multi-variable linear regression model for coupled thermal error is
established and applied. The results show that the coupled thermal error model coincides with the
lathe” s actual situation; the fuzzy clustering effectively lowers the multicollinearity among
temperature variables to improve the prediction accuracy; the prediction accuracy in x and z
directions reaches 88. 4% and 90. 7% for spindle, and 82. 9% and 71. 3% for feed shafts, so the
accuracy of the lathe is improved by 60. 3% in x direction and by 56. 6% in = direction after com-
pensation.
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