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ABSTRACT

This research aims to develop a comprehensive analytical framework for evaluating
the dynamic resistance and performance optimization of offshore wind turbines using
smart control systems under varying environmental conditions. It presents a
comparative analysis of passive, semi-active, and smart control methods for structural
life extension and dynamic response improvement. An advanced numerical model of a
5 MW offshore wind turbine installed on a jacket structure in the North Sea was
developed and analyzed under 29 different marine conditions. The methodology
integrates multi-scale modeling techniques, advanced dynamic simulation, and multi-
objective optimization algorithms. The proposed smart control system achieved a 58%
reduction in dynamic tower acceleration, a 45% improvement in displacement control,
and a 3.2-fold increase in the fatigue life of critical connections compared to
conventional methods. Furthermore, economic analyses indicate the system's
economic viability with a payback period of 4.2 years. The results demonstrate that
smart control systems can significantly enhance the reliability and economic
efficiency of offshore wind energy projects. The practical applications of this research
can guide the design of next-generation offshore wind turbines with improved
dynamic performance and longer operational life.
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