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Abstract : With the advancement of the "dual carbon" goals, smart grids have significantly increased reliability
requirements for relay protection devices. Traditional fault diagnosis methods such as expert systems
and support vector machines (SVMs)that require manual feature extraction fail to adequately address
nonlinear device failures involving multi-source coupling, resulting in low diagnostic accuracy
and delayed fault localization. This paper proposes a deep learning—driven solution combining
convolutional neural networks (CNN) and long—short—-term memory networks (LSTM). Specifically,
CNNSs extract static hardware fault features while LSTMs capture temporal patterns of software and
communication failures. Knowledge distillation is applied to achieve model lightweighting. Experimental
results demonstrate this integrated approach achieves 98.5% fault diagnosis accuracy with
localization response times < 20 milliseconds—dramatically outperforming traditional methods. This
breakthrough provides critical technical support for maintenance and operational optimization of smart
grid relay protection systems.
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