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Data-driven multi-winding tension cooperative control system

PANG Hao"?, DU Qin-jun't, XU Dong-xiang®, WU Yu-tong', MA Bing-tu'

(1. School of Electrical and Electronic Engineering, Shandong University of Technology, Zibo 255022, China;
2. State Grid Shandong Electric Extrahigh Voltage Company, Jinan 250000, China; 3. Zibo Product Quality
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Abstract: The three-motor winding system is a strongly coupled nonlinear time-varying system with time-varying
parameters such as spool radius, rotational inertia, and friction coefficient, which leads to low accuracy of tension
cooperative control. To improve the accuracy of the winding system model and enhance the dynamic performance of
the tension cooperative control system in real-time, we propose a multi-kernel least squares support vector regression
prediction model based on an improved whale algorithm optimization and a model-predictive tension cooperative
control system utilizing crisscross optimization. According to the principle of least squares support vector machine
regression, a multi-kernel LSSVR regression model is established, and the improved adaptive whale algorithm is used
for offline optimization to obtain the system prediction model. Employing the established prediction model, we
construct an adaptive model-predictive controller. The vertical and horizontal cross-optimization algorithm is
incorporated to attain the optimal solution, effectively mitigating the risk of the solution getting trapped in local optima
and thereby enhancing the dynamic performance of the tension control system. Through extensive simulation and
experimental analyses, it is demonstrated that the tension cooperative control system designed in this paper exhibits
superior dynamic performance and robustness.
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