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Abstract

This paper conducts a comparative analysis of the design principles and control signals on the non-safety side of the CAP1000 unit,
a third-generation nuclear power project, focusing on the five common redundancy requirements for control signal loops in nuclear
power plants. It finds that the design of some control signals in the current CAP1000 unit does not fully meet the upstream design
requirements. Based on unplanned load reduction events in similar power plants caused by failures in important analog output
signals, this study proposes further optimization ideas for signal allocation. This optimization approach enhances the reliability of
important control signals in nuclear power plants. Additionally, from an operational and maintenance perspective, the replacement
and calibration of modules are carried out to ensure the reliability of signal transmission, thereby preventing unexpected unit
shutdowns, reactor trips, and load reduction events that could impact power generation reliability.
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