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Abstract

To address the challenges in detecting defects in hydraulic steel pipes, this study systematically investigates the methods and
effectiveness of ultrasonic guided wave identification. It clarifies the types and characteristic mechanisms of defects such as cracks,
corrosion, and weld flaws, and delves into the propagation characteristics of guided waves and their interaction mechanisms
with defects. The research optimizes excitation parameters and transducer placement, innovates a signal processing workflow
encompassing filtering, noise reduction, and feature extraction, and designs and applies multi-angle high-frequency guided wave
transducers. By integrating pattern recognition and machine learning, a defect identification algorithm system is constructed.
Validated through numerical simulations, experiments, and practical case studies, this technology demonstrates advantages such as
long-range rapid detection, high sensitivity, and non-contact operation, effectively identifying various types of defects and ensuring
the safe operation of hydropower stations. The study also analyzes limitations, including insufficient accuracy in identifying complex
defects, and outlines future development trends such as technological integration and intelligentization. Recommendations are
provided on the selection of detection technologies, determination of inspection cycles, and personnel training. This research offers
an efficient and feasible solution for defect detection in hydraulic steel pipes, holding significant theoretical and engineering value.
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