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Thermal Characteristics Analysis for a Motorized Spindle with Shaft Core

Cooling Based on Numerical Simulation and Experimental Research

ZHU Ke, SHI Xiaojun, GAOQO Jianmin, LI Fajing

(State Key Laboratory for Manufacturing Systems Engineering, Xi’an Jiaotong University, Xi’an 710054, China)

Abstract: To improve the existing situation of “cool exterior and hot interior” of a motorized
spindle for high speed and precision machine tools, a shaft cooling structure and system for
motorized spindle was designed based on thermal weak point analysis. A thermal characteristic
experiment for a motorized spindle with shaft cooling was carried out, and the effects of rotating
speed, load and oil flow rate on the thermal characteristics of the motorized spindle were
investigated experimentally combined with the finite element numerical calculation model. The
experimental results show that the cooling structure and system can effectively reduce the
temperature rise of the motorized spindle internal components under different speed and load
conditions. Compared with the conventional spindle without shaft core cooling, when the oil flow
rate for shaft core cooling is 2.5 L./min, the temperature rise of the shaft core and the bearing
decreases by about 50% , the axial thermal deformation of the shaft decreases by 50.8% , the
thermal balance time is shortened by 66.7%. Therefore, this shaft cooling structure can improve
the machining accuracy and efficiency of the motorized spindle. When the axial cooling oil flow

rate increases from 1.5 L/min to 2. 5 L./min, the thermal balance time is reduced.
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