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Abstract

The finite element temperature field and thermal deformation field model are established, the
boundary conditions of the whole engraving machine are analyzed, the heat generation rate and
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convective heat transfer coefficient of the motor and bearing inside the electric spindle are calcu-
lated through the theoretical formula, on this basis, the simulation model of the electric spindle
under 110 W cooling capacity is established, and the thermal state characteristics of the electric
spindle are analyzed by using the finite element software to obtain the steady-state temperature
field of the water-cooled electric spindle. Through the optimization analysis, the structure of the
heat conduction sleeve is redesigned, the spindle temperature field is uniformized, the thermal
deformation of the spindle is reduced, the thermal characteristics of the optimized electric spindle
system are analyzed, and compared with the electric spindle under the water cooling system, it is
found that the temperature field of the electric spindle under the optimized thermoelectric cool-
ing system is more uniform, which effectively reduces the thermal deformation of the spindle and
makes the spindle temperature more uniform.
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Figure 1. Modeling diagram of the upper part of the engraving
machine
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Table 2. Thermal load and boundary condition data
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Figure 2. Transient thermal simulation of the upper part of the engraving machine
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Figure 3. Temperature display of each time period in the upper part of the engraving machine
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Figure 4. Optimized heat shield
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Figure 5. Unoptimized steady-state thermal temperature field of the electrospindle
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Figure 6. Spindle temperature field when the cooling capacity is 110 W
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Figure 7. Steady-state thermal temperature field of the optimized electrospindle
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Figure 8. Spindle temperature field when the cooling capacity is 110 W
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Figure 9. Optimized front and rear electrospindle temperature
comparison
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