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Abstract
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In order to solve the problem that the thermal deformation of motorized spindle affects the ma-
chining accuracy, this paper first uses Solidworks software for geometric modeling of motorized
spindle, and then carries out transient thermal-structure coupling analysis of motorized spindle
by ANSYS Workbench finite element analysis software, so as to predict the trend of thermal error
of motorized spindle with time change. Finally, the tC-E650 CNC engraving and milling machine in
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the laboratory is taken as the research object to verify the simulation results. The experimental
results show that: The thermal error of the motorized spindle changes greatly in the first 1500 s of
operation, rapidly increases to 40 pm in a short time, then slowly increases, and reaches thermal
steady state at about 4500 s. The maximum axial thermal error of the motorized spindle is 52 pm.
The experimental results effectively verify the accuracy of the finite element transient prediction
model of thermal error of the motorized spindle. It provides reference for thermal balance design
and thermal error compensation of motorized spindle.
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Figure 1. Finite element meshing model of motorized spindle
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Table 1. Statistical table of heat dissipation boundary condition parameters of motorized spindle
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Figure 2. Temperature field after running 5000 seconds
[ 2. t=15000 s R RIRE 1%

Figure 3. Thermal deformation after running 5000 seconds

[& 3. BFh7E t = 5000 s BT EE (RIS . = B

Figure 4. Thermal deformation in X direction after running 5000 seconds
B 4. BLERTE t = 5000 s BFAY X AR =&
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Figure 5. Thermal deformation in Y direction after running 5000 seconds
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Figure 6. Thermal deformation in Z direction after running 5000 seconds
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Figure 7. Thermal deformation of spindle-bearing system after running 5000 seconds
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Figure 8. Thermal deformation of rotor after running 5000 seconds
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Figure 9. Thermal deformation of main components of motorized spindle
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Figure 11. Spindle thermal error experimental measurement
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Figure 12. Simulation and experimental results of thermal error
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