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Temperature control of CFRP induction heating based on fuzzy neural network
YANG Ning', FU Tianyu’, HE Bin', SHI Xuegian'
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Abstract : To improve the accuracy and anti-interference capability of temperature control in the induction heating process of
carbon fiber reinforced polymer (CFRP), an intelligent control algorithm based on fuzzy neural network PID was proposed. Aiming
at the problems of nonlinearity, large time delay, and insufficient anti-interference capability in CFRP induction heating systems, a
dynamic parameter self-tuning controller was designed by integrating the robust reasoning ability of fuzzy logic and the adaptive
learning mechanism of neural networks. First, a transfer function model of the CFRP induction heating system was established based
on electromagnetic-thermal coupling theory, and system identification was performed using genetic algorithms with experimental
data. Second, a five-layer fuzzy neural network architecture (input layer, fuzzification layer, fuzzy rule layer, neural network layer,
and defuzzification layer) was constructed. The error backpropagation mechanism was employed to optimize membership function
parameters and fuzzy rule weights online, enabling dynamic adjustment of PID parameters. Simulation verification results on the
MATLAB/Simulink platform show that under disturbance-free conditions, the overshoot of the fuzzy neural network PID control
system is only 2.4%, which decreases by 87.6% and 82.2% compared with those of traditional PID (19.4% overshoot) and fuzzy PID
(13.5% overshoot), respectively, and the settling time is 570 s, with system oscillations being completely eliminated. In anti-
interference tests, after applying step disturbance and sinusoidal disturbance, the recovery times of the fuzzy neural network PID are
600 s and 620 s, respectively. The experiments demonstrate that this method significantly enhances control accuracy and anti-
interference capability of the induction heating system by dynamically optimizing fuzzy rule bases and PID parameters, providing an
effective solution for temperature control challenges in CFRP induction heating processes.
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