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Basic Principle and Common Fault Analysis of Control Rod Control System in PWR Nuclear
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[Abstract] The control rod system is a critical component for ensuring safe operation in pressurized water
reactor (PWR) nuclear power plants, responsible for both power regulation and emergency protection. This
paper provides a comprehensive analysis of the system's principles and common failure modes. It begins by
detailing the system architecture, which includes the actuator mechanism, power supply unit, and position
monitoring unit. Subsequently, it elaborates on the operational mechanisms of power regulation, rod position
control, and emergency shutdown. Special attention is given to mechanical and electrical failure patterns such as
actuator jamming, rod drop anomalies, power supply malfunctions, and signal transmission issues. Finally, the
paper proposes corresponding troubleshooting and maintenance measures. The research findings offer significant
guidance for enhancing the reliability of the control rod system and ensuring the safe operation of nuclear power
plants.
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