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Abstract

With the continuous expansion of wind power installed capacity and the continuous improvement of unit capacity, the reliability
and intelligent maintenance level of wind power equipment have become key factors restricting the development of the industry.
Wind turbines are exposed to high loads, strong impacts, and complex climatic environments for a long time. Key components such
as gearboxes, main shaft bearings, generators, and blades are prone to fatigue damage and sudden failures, resulting in economic
losses and shutdown risks. This article is based on the theory of wind turbine condition monitoring and fault prediction, and
constructs a multi-source data fusion health management framework. From signal acquisition, feature extraction, health assessment
to remaining life prediction, the system explores intelligent diagnosis and predictive maintenance strategies for key components. By
introducing deep learning and digital twin technology, the transformation from passive maintenance to active health management
can be achieved. The research results indicate that the health management method integrating data-driven and mechanistic models
can significantly improve the accuracy of fault prediction and the utilization rate of wind turbines, providing technical support and
application demonstration for intelligent operation and maintenance of wind turbines.
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