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Abstract : As the core of energy systems, thermal power plants depend on the operational stability of critical
equipment to ensure secure power supply and economic efficiency. Confronted with high loads,
complex operating conditions, and environmental regulations, traditional maintenance approaches
suffer from delayed fault warnings and diagnostic reliance on manual expertise, making intelligent fault
prediction and health management systems imperative. This study proposes a predictive framework
based on Shapley additive interpretation, integrating machine learning algorithms with multi-source
data fusion and deep learning technologies. The proposed system enables early detection of
equipment failures and quantitative health status assessment. By consolidating heterogeneous data
sources including Distributed Control System (DCS) real-time data, vibration signals, and temperature
field distributions, the research establishes a comprehensive technical architecture covering data
acquisition, feature extraction, model training, and health management. This integrated solution
provides a systematic approach for equipment operation and maintenance in thermal power plants.
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