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Abstract

As a linear feed transmission device in the machine tool feed system, the ball screw is affected by
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the non-uniform thermal field, and its thermal error has become an important factor affecting the
machining accuracy of the machine tool. In order to reduce the influence of non-uniform thermal
field, this paper proposes a dynamic compensation method for thermal error of ball screw feed
system based on infrared imaging and convolutional neural network. A multi-model ensemble
based ball screw segment compensation method is provided, and a thermal error model based on
infrared imaging and convolutional neural network is established. The results show that com-
pared with the no compensation method, the Back Propagation (BP) neural network model com-
pensation method with selected feature points, and the full layer BP (ABP) neural network model
compensation method, the root mean square error of positioning is reduced by 90.3%, 53.4%, and
55.3%, respectively.
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Figure 1. Principle of segmented thermal error prediction model construction
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Figure 2. Training accuracy of CNN_1 and CNN_6 model
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Figure 3. Compensation errors of various models at positions 50 mm and 300 mm
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Figure 4. Box plots of error for BP model, ABP model, and CNN model
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Table 3. Prediction accuracy of BP model, ABP model, and CNN model
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