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Abstract

A smart tool holder was developed, utilizing strain gauges to capture spindle rotation data and variations in static and dynamic pulling forces.
These forces were converted into displacements through modeling. Temperature sensors were also integrated to establish a thermal error model.
Experiments at 5000rpm revealed the maximum temperature rise causing deformation occurred around 4000 seconds. Due to the machine's
symmetric design, the Z-axis deformation was 28% and 71% larger than the Y and X axes, respectively. A BPNN predictive model was created
and compared against actual values, yielding individual MAPE values of 3.2%, 3.4%, and 2.5% for the three axes, demonstrating high
accuracy. It was also observed that during the heating process, the cutting force initially decreased by ~7% due to centrifugal forces but
eventually increased along with the rising temperature.
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This study introduces a versatile tension-testing device with a thermal
rise measurement module for static and dynamic applications. Key

Experimental procedure and equipment
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spindle displacement for thermal compensation.
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