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Anomaly detection method for motion status of control rod drive
mechanism in nuclear power plants by multi-coil joint learning

Lin Weiqing, Miao Xiren,Jiang Hao, Ye Mingxin,Chen Jing
(College of Electrical Engineering and Automation, Fuzhou University, Fuzhou 350108, China)

Abstract ; Control rod drive mechanisms ( CRDMs ), as critical actuators in nuclear power plants, regulate control rod motion by
manipulating multiple coil currents through electromagnetic-mechanical coupling. Their operational integrity is vital for ensuring reactor
safety. However, existing anomaly detection approaches predominantly model individual coils, neglecting the dynamic interactions among
coils and the evolving operational patterns. To address this gap, we propose a multi-coil joint learning ( MCJL) model for accurately
detecting latent anomalies during control rod operation. In this approach, coil nodes and fully connected edges are defined, and a decay
adjacency matrix is introduced to construct a multi-coil interaction graph that captures the dynamic coupling among the lift, moving, and
solid coils. A moving graph convolutional network is then employed to efficiently extract local temporal dependencies across coils while
jointly reconstructing the current signals of all three coils. The residuals between the reconstructed and actual signals are subsequently
calculated, enabling per-cycle anomaly detection using a multi-scale dynamic strategy. Experimental validation using historical data and
simulated anomalies from a pressurized water reactor demonstrates that the proposed method effectively captures dynamic inter-coil
coupling and temporal patterns, achieving high-precision signal reconstruction. Compared with existing methods, MCJL exhibits superior
performance in both reconstruction and anomaly detection. Furthermore, its dynamic thresholding strategy provides flexible decision
boundaries and strong fault tolerance.

Keywords : nuclear power plant; control rod drive mechanism; anomaly detection; graph convolution network; dynamic threshold
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Fig. 1 CRDM structure and motion current signals
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Fig.2 Typical abnormality of coil current signals (the solid coil as an example)
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Fig.3  Abnormal case of the moving coil current
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Table 2 Comparison of reconstruction accuracy for CRDM coil current using different models
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Fig. 12 Visualization of reconstruction performance for different models
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Table 3 Comparison of anomaly detection performance across different models (%)
PETHLkIE ke e 1]
X e A A
0,0 8,0 Sp S, 8, Op S,y 8,0 Sp

k-means 92.73 73.38 78.67 60. 06 77.50 67. 68 87. 11 62. 50 66. 75
DBSCAN 92.83 74. 63 79. 64 87.55 72.13 74. 40 68. 06 82.50 74.59
LOF 86. 09 90. 00 85.50 89. 86 84.50 85.56 68. 03 82.25 74.47
0OCSVM 94.02 85.13 87.63 91.76 88. 63 89.26 81.74 75.13 77.37
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MCJL* 97.27 96. 25 96. 51 94. 62 94. 38 94. 45 93.25 92. 38 92. 65
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