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Abstract

As a pivotal force in clean energy development, wind power generation is accelerating progress toward the “dual carbon” goals.
Wind turbines operate in complex environments where traditional maintenance models face challenges such as data silos and delayed
responses in condition monitoring, fault prediction, and operational decision-making. Digital twin technology provides innovative
solutions for lifecycle health management of wind turbines by enabling real-time mapping between virtual models and physical
systems, achieving multi-source data integration, dynamic health assessment, and intelligent decision support. This paper examines
application models and advantages of digital twin technology in wind power, establishing an integrated health management system
encompassing structural modeling, condition monitoring, and predictive maintenance. Case studies demonstrate its effectiveness in
improving fault detection rates, maintenance efficiency, and cost-effectiveness. The paper also outlines key technologies and future
development directions.
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