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Abstract

With the rapid development of the social economy, the demand for energy in industrial production continues
to grow. Due to the severe environmental pollution caused by conventional fossil energy, there is an urgent
need to increase investment in the research and development of new energy sources. As the safety and re-
liability of nuclear reactor systems continue to improve, nuclear energy is expected to reach new heights in
safety, economic efficiency, and environmental friendliness, becoming an indispensable pillar in the global
energy system’s decarbonization process. To further enhance reactor safety, fast and accurate system-level
fault diagnosis technologies are particularly important for application in nuclear power plants. Most exist-
ing fault diagnosis studies are based on a closed-set assumption, relying on supervised methods trained on
manually labeled data for fault analysis; however, such models have fixed parameters and are not sensitive
to unknown faults. In fact, fault diagnosis in reactor systems is an open-set recognition problem, where the
system cannot access all information and unknown variables or states may exist. To address these limita-
tions, this paper innovatively proposes a novel fault diagnosis framework for nuclear power plants based on
an L-D adversarial neural network derived from generative adversarial theory. The framework progressively
learns and labels features of unknown faults, enabling their identification while effectively improving model
reliability and incorporating self-optimization capability. The feasibility and generalization of the proposed
framework are validated using the high-dimensional and nonlinear accident dataset generated by the AP1000
nuclear power plant simulation software PCTran, as well as fault experimental data from a PHM system-level
thermal-hydraulic test platform designed and constructed for the intelligent development of the “Hualong
One’nuclear reactor. The results show that the L-D adversarial neural network model significantly improves
the accuracy of unknown fault identification. Compared with traditional open-set recognition algorithms
such as OpenMax and OCSVM, the accuracy for unknown fault recognition is improved by 5%-15%. Through
continuous adversarial training between the L network and the D network, unknown fault features are pro-
gressively separated, greatly enhancing the L network’s capability to recognize unknown faults, thereby pro-



viding technical support for fault diagnosis and auxiliary decision-making in the thermal-hydraulic systems

of pressurized water reactor nuclear power plants.
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