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Research on Digital Control Reliability of Pump Groups Under
Different Redundancy Modes

QIAN Hongl’z, YU Kaixiangl’T, XU Zhihui®, SU Xiaoyanl’2

(1. College of Automation Engineering, Shanghai University of Electric Power, Shanghai 200090, China;
2. Shanghai Key Laboratory of Power Plant Automation Technology, Shanghai 200090, China;
3. State Key Laboratory of Nuclear Power Safety Monitoring Technology and Equipment, Shenzhen 518172, Guangdong, China)

Abstract: Redundant pump groups are widely used in various critical parts of nuclear power plants and play a vital role in en-
suring nuclear safety. To enhance their reliability, this study models and analyzes the reliability of digital control of redundant
pump groups under different redundancy modes. Firstly, a dynamic fault tree model of pump group failure is established based
on the different operation and control logic of the digital control system for redundant pump groups under three redundancy
modes. Secondly, the minimum cut-set method is employed, and a Markov model is constructed to obtain the solution ap-
proach for the dynamic fault tree under three modes. Finally, taking the digital control system for charging pumps in the RCV
system of a nuclear power plant as a case study, the reliability of the system is quantitatively analyzed under the three redund-
ancy modes. The research results indicate that, under normal operating conditions, the double hot standby redundancy mode
exhibits the highest reliability for the digital control of charging pumps, followed by the cold-hot standby redundancy mode,
while the double cold standby redundancy mode shows the lowest reliability. The present study provides valuable insights for
improving the reliability of digital control for redundant pump groups.

Key words: redundant pump group; digital control system; reliability; dynamic fault tree; Markov model
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