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Fuzzy PID control of injection moulding machine barrel temperature based on an improved beluga algorithm
WANG Li, LIU Dapeng, ZHANG Lei
(School of Mechanical and Power Engineering, Shenyang University of Chemical Technology, Shenyang 110142, China)

Abstract : To address the issues of large time-delay, nonlinearity, and parameter time-variance in the barrel temperature control
system of injection molding machines, which make it difficult for conventional fuzzy PID controllers to meet high-precision require-
ments, an Improved Beluga Whale Optimization (IBWO) algorithm was proposed to optimize the quantization and scaling factors of
a fuzzy PID controller. Firstly, to overcome the issues of premature convergence and loss of population diversity in the standard
Beluga Whale Optimization (BWO) algorithm, a Tent chaotic map was introduced to initialize the population, thereby enhancing the
ergodicity and uniformity of the initial solutions. Secondly, a nonlinear cosine adaptive weight factor was employed to dynamically
adjust the position update step size, effectively balancing the algorithm's global exploration and local exploitation capabilities. Final-
ly, a Cauchy mutation operator was integrated in the late iterations to perturb the optimal individual, combined with a greedy selec-
tion strategy to accelerate convergence. Research results indicate that the convergence accuracy of IBWO algorithm outperforms
both the standard BWO and Particle Swarm Optimization (PSO) algorithms. In terms of control performance, the fuzzy control
system optimized by IBWO algorithm achieves a 3.78% of reduction in overshoot and a 93.3 s of decrease in settling time compared
to the system optimized by BWO algorithm. Furthermore, the proposed system can suppress fluctuations and restore steady-state
conditions at the fastest speed. This control strategy effectively resolves the issue of premature convergence in algorithm and demon-
strates superior performance in dynamic response, control precision, and robustness compared to traditional methods, providing a
reliable solution for the precision temperature control requirements in injection molding processes.

Keywords : injection molding machine ; barrel temperature control ; fuzzy PID ; beluga whale optimization algorithm ;

parameters optimization
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Fig. 1 Injection molding machine barrel structural diagram
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Tab. 2 Specific performance indicators for each control system

Control algorithm /% t/s t/s
PID 13.07 21 178.8
Fuzzy-PID 7.83 20.3 163.2
PSO-Fuzzy-PID 5.67 21.8 150.7
BWO-Fuzzy-PID 4.18 22.9 134.7
IBWO-Fuzzy-PID 0.4 233 41.4

Notes: o is overshoot ; ¢ is rise time ; ¢, is settling time.
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