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Abstract

Under the framework of National Quality Infrastructure (NQI), a quality traceability system for power-
grid materials is pivotal to energy security. Addressing current gaps of information discontinuity, low
efficiency, and weak utilization, this study leverages NQI's metrology, standards, and conformity as-
sessment as cornerstones and integrates IoT, blockchain, Al, and AR to establish a four-layer architec-
ture of “collection-transmission-processing-application”. The system enables real-time, accurate, and
trustworthy end-to-end data traceability and introduces tripartite mechanisms of responsibility, in-
centive, and supervision to enhance quality-risk early warning and closed-loop control. Empirical
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evidence shows significant efficiency gains and cost reductions, offering a power-sector model for
China’s quality-driven development strategy.
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