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ABSTRACT

This study uses numerical calculations to investigate the thermal deformation problem of a
spindle head, which may affect machining accuracy when the machine tool spindle of a built-in motor

is running. Assuming motors output powers of 37, 25, and 22 kW, a power factor of 80%, speed of
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7500 rpm or motor output powers of 22 and 15 kW, power factor of 75%, speed of 1500 rpm, and
cooling oil (VG32) flow rate of 40 and 20 L/min, the temperature distribution and thermal
deformation distribution of the spindle and its surrounding structural parts were simulated. The
maximum thermal displacement of the spindle tip was calculated from the results. The VG32 coolant
flow was responsible for major heat removal from the spindle head. A computational fluid dynamics
study was performed to reveal flow structures and heat transfer enhancement mechanisms in the
coolant channel.

The computational results show that the heat generated in a built-in motor and bearings during
operation has a non-negligible influence on the temperature increase and thermal deformation of the
spindle. When the motor output power was 37 kW and the coolant flow rate was reduced to 20 L/min,
maximum deformation of the spindle reached 243.5 pm and highest temperature reached 89.6 °C,
which indicates that it is essential to control the temperature during steady machining and the thermal
displacement compensation during dynamic machining.

Key Words: built-in motor, machine tool spindle, thermal deformation, coolant channel
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