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Research on Real-Time Thermal Error Compensation Technology for CNC Machine Tool Spindles Based on Multi-Sensor Fusion
Zhao Shuai LiMing Ni Yongjun
Zhejiang Hengda CNC Equipment Co., Ltd. Shaoxing, Zhejiang 311800

[ Abstract ]During high-speed machining of CNC machine tools, spindle thermal deformation errors significantly impact processing

accuracy. This study conducts theoretical research on multi-sensor fusion technology for real-time thermal error

compensation. By analyzing the mechanisms and transmission characteristics of spindle thermal errors, the limitations

of traditional single-point temperature measurement are identified. An optimized multi-sensor information acquisition

system is established, incorporating data fusion algorithms to correlate temperature measurements with thermal

deformation. Through developing an adaptive multidimensional thermal error prediction model and implementing

online parameter correction strategies, a comprehensive real-time thermal error compensation control method is

proposed. The study demonstrates that multi-sensor fusion enables comprehensive capture of spindle thermal state

characteristics. The compensation model integrated with advanced algorithms exhibits high prediction accuracy and

robustness, providing theoretical foundations for achieving stable machining precision control.

[ Key words ] CNC machine tool; spindle thermal error; multi-sensor fusion; data modeling; real-time compensation
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