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Thermal error modeling method for rotary axis of CNC machine tool
based on improved convolutional neural network

MA Jianchao, XIANG Sitong”
( Faculty of Mechanical Engineering & Mechanics, Ningbo University, Ningbo 315211, China )

Abstract: To solve the problems of poor prediction accuracy and the difficulty in thermal error data collectiom
under various working conditions, a thermal error modeling method based on improved convolutional neural
network is proposed for more accurately predicting the thermal error of five-axis CNC machine tool rotary axis.
A laser interferometer and a thermal imager are used to collect the angular positioning errors and the thermal
images of the rotary axis at different temperatures. Through Fourier function fitting, the thermal error prediction
under different motion angles is transformed into the prediction of the parameters of the fitting function. Based
on the VGG network architecture, the SKNet attention mechanism is introduced to improve the feature
extraction ability of the model for different motion situations of the rotary axis, and the global average pooling is
adopted to avoid over fitting. The established model is used for thermal error prediction, and the results show
that the RMSE of the thermal error prediction is 8.36"” under the heating condition and 9.57" under the cooling
condition, and the prediction accuracy is over 90%, which is better than the traditional convolutional neural
network model. The results confirm the effectiveness of the proposed method in the thermal error modeling of
the rotary axis.

Key words: five-axis CNC machine tool; rotary axis; thermal error; angular positioning error; improved
convolutional neural network
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