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Causal discovery and fault root cause analysis with time series data for marine
steam turbine systems
ZOU Ziyi* PENG Maolin® YANG Zichun' CHEN Guobing'
(1. Department 1, Naval University of Engineering, Wuhan 430033, China;
2. Unit 92578 of the Chinese People’s Liberation Army, Beijing 110100, China)

Abstract Aiming at the problem that the complex dynamic characteristics, such as multi-physical-field coupling and strong
nonlinearity,exhibited by marine steam turbine systems make it difficult for traditional threshold monitoring and data-driven methods
to accurately identify the propagation paths of critical faults under complex operating conditions, a causal discovery framework
integrating temporal convolutional network (TCN) and differentiable acyclic graph optimization (NOTEARS,i.e.,non-combinatorial
optimization via trace exponential and augmented lagrangian for structure learning) was proposed,denoted as TCN-NOTEARS. By
deeply integrating the TCN and the NOTEARS optimization framework,this framework was intended to solve the core identification
problem of nonlinear time-delayed causal relationships. The dilated causal convolutions of TCN were utilized to capture long-range
cross-time dependencies,and the differentiable acyclic constraint of NOTEARS was employed to learn the directed acyclic graph
structure, thereby breaking through the characterization limitations of traditional methods for linear and instantaneous causality. On
the synthetic dataset,the harmonic mean of precision and recall (F1-score) of 0.82 is achieved by the proposed method for causal
graph reconstruction, which is 7.9% higher than that of the NOTEARS baseline. Experiments further demonstrate that the causal
relationships among multi-physical-field parameters can be accurately identified by this method, and the propagation paths and
dynamic evolution processes of critical faults can be clearly revealed.
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