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Abstract

To address the needs of bearing fault diagnosis in wind turbines, this study systematically investigates the full-process technical
framework from fault mechanisms to diagnostic implementation, focusing on vibration signal analysis as the core approach. It
elucidates structural characteristics and typical failure modes of bearings, analyzes vibration excitation mechanisms and characteristic
frequency composition. A data acquisition scheme incorporating optimized sensor selection and rational measurement point layout is
designed, with signal denoising and interference suppression methods employed to enhance data quality. A multidimensional feature
extraction system integrating time-domain statistical indicators, frequency-domain spectral analysis, and time-frequency analysis
is established. Comparative evaluations of diagnostic models based on statistical learning and deep neural networks are conducted,
followed by the development of a multi-feature fusion and decision-making mechanism. The diagnostic system architecture
and online monitoring workflow are designed, with method performance assessed from accuracy, robustness, and adaptability
perspectives. This research provides systematic technical references for bearing fault diagnosis in wind turbines.
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