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Prediction Modeling of Spindle Thermal Error in CNC Machining Center Based on SFO-BiLSTM
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Abstract: In high-precision machining processes, the spindle error of CNC machine tools has a significant impact on
machining accuracy. Among them, the thermal error of CNC machine tools accounts for 40% to 70% of the total error, making
it one of the main error sources. To improve the accuracy of thermal error prediction, a method for predicting and modeling the
thermal error of CNC machine tool spindles is proposed, which uses the Sailfish Optimization algorithm (SFO) to optimize the
Bidirectional Long Short-Term Short-Term Memory network (BiLSTM). Taking the thermal error data obtained by the
five-point method of the machine tool spindle and the measured temperature data as inputs, the SFO is used to optimize the
number of hidden layer nodes, fully connected layer nodes, learning rate, and L2 regularization constant of BiLSTM, so as to
establish the SFO-BiLSTM prediction model for spindle thermal errors. Case verification is carried out on the VDL-600A CNC
machine tool, where measurement and identification are performed using the five-point method, and the temperature near the
spindle is measured simultaneously. The experimental results show that the Bidirectional Long Short-Term Memory network
(BiILSTM) optimized by the proposed Sailfish Optimization algorithm (SFO) has higher robustness and accuracy.
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Fig.5 Prediction results and residual error of spindle
thermal deviation
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Tab. 10 Model goodness

SFO- Bilstm Bilstm AO-CNN BP
RMSE 0.3104 0.4636 0.7602 0.9356
MAE 0.2284 0.2348 0.4011 0.3403
MAPE 6.9% 7.09% 12.12% 10.28%
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