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Abstract

As a pivotal component of clean and renewable energy systems, wind power development and technological innovation play a
vital role in advancing energy transition. This study comprehensively examines core aspects of wind power technology, including
fundamental theories, key components, grid integration, and operational optimization. The analysis begins with evaluation
methodologies for wind resources, classification of wind turbines, and their operational mechanisms. Subsequent sections delve into
critical technologies such as aerodynamic blade design, generator conversion systems, and intelligent control systems. The discussion
further addresses grid integration challenges including stability assurance, energy storage configurations, and microgrid integration.
Finally, the paper explores operational strategies for fault diagnosis, performance evaluation, and lifespan enhancement, providing
theoretical foundations for the efficient, reliable, and large-scale application of wind power technology.
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