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Abstract: As China’s new-type power system accelerates its development, distributed renewable
energy sources and new types of loads are being integrated into the power grid on a large scale. As a
result, power equipment is subjected to complex stresses such as broadband harmonic disturbances and
high load fluctuations, which impose higher requirements on operational reliability and maintenance
technologies. To address the challenges in intelligent operation and maintenance of power equipment—
such as the difficulty in fusing multi-source heterogeneous data, insufficient transfer of domain
knowledge, and the lack of trustworthiness in complex fault reasoning—this paper systematically

investigates the key technologies and development pathways of large model-empowered intelligent
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operation and maintenance for power equipment. It outlines the key technologies and development
paths of large models in this domain and constructs a large model framework for intelligent operation
and maintenance of power equipment, comprising modules such as data, perception, cognition, and
decision-making. By drawing on typical scenarios such as globally data-driven operation, operation
optimization coordination, and intelligent operation and inspection support, the paper elucidates the
mechanisms through which large models function in equipment state perception, task decomposition,
tool invocation, and human—machine collaborative decision-making. The study further analyzes current
application challenges from four perspectives: data quality and security, model architecture and physical
consistency, computational resource deployment, and multi-scenario adaptation. Finally, it proposes
development pathways including private deployment, multimodal semantic alignment, neural-symbolic
integration, cloud—edge—device collaboration, and the combination of large model hubs with small
model plug-ins, thereby providing a reference for the trustworthy construction and engineering
application of large models for intelligent operation and maintenance of power equipment

Keywords: large language model; power equipment; intelligent operation and maintenance; multi-
source heterogeneous data; human-machine collaborative decision-making; multimodal semantic

alignment
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Fig. 4 Power equipment condition warning and health management system
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