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Research on Controller Parameters Self-Tuning of Machine Tool Feed System
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[ABSTRACT] CNC machine tools are the core equipment in the field of precision machining such as aerospace
manufacturing. The dynamic characteristics of its feed servo system directly determine the machining accuracy. Aiming at
the problem that traditional parameter tuning relies on experience and is difficult to balance rapidity and stability, a
collaborative optimization strategy combining staged hybrid identification and the adaptive genetic algorithm (AGA) is
proposed. Firstly, the feed servo system model is established, and the frequency domain least squares method is used to
provide high-precision initial states for the adaptive extended Kalman filter, so that the goodness of fit of parameter
identification is increased to 0.99, which lays an accurate model foundation for controller optimization. Based on this
model, the multi-objective optimization capability of AGA is used to perform global search on the normalized cost
function to coordinate the contradiction between rapidity and stability. It is verified by experiments that this method can
completely eliminate overshoot in uniaxial reciprocating motion and reduce the settling time by 5.5%. In multi-axis
linkage contour machining, the maximum contour error, root mean square error and average contour error of the system

can be reduced by 68.75%, 76.19% and 77.42% respectively, which has good engineering applicability.
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Table S Control parameters before and after self-tuning
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Fig.18 Variation of actual speed before and after self-tuning
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Table 6 Comparison of performance indexes of feed servo system

before and after self-tuning
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Table 7 Various contour errors before and after self-tuning
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