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Key Points and Practical Research on Safety Control of
“Human-Machine Collaboration” Operations in Substation
Operation and Maintenance Work

Weixin Du Zhenjun Yan Mireda Wukaili Bo Sun Jinbao He
State Grid Kuitun Power Supply Company, Kuitun, Xinjiang, 833699, China

Abstract

With the advancement of the “dual carbon” goals and the acceleration of smart grid construction, substation operation and
maintenance is gradually transforming from “manual dominance” to “human-machine collaboration”. While this transformation
significantly enhances operation and maintenance efficiency, it also brings about safety hazards such as ambiguous human-machine
responsibility definition, equipment reliability risks, and insufficient personnel operation adaptability. This article distills the
core points of safety control from five dimensions: organizational management, technical support, personnel capabilities, process
norms, and emergency response. It verifies the effectiveness of the control system through actual cases and proposes optimization
countermeasures for challenges such as technology integration, skill iteration, and dynamic risks, providing theoretical and practical
references for the safe implementation of human-machine collaborative operations in substation operation and maintenance.
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