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Abstract: [Purpose] To address the problem that the deep-sea mining pipeline lifting system lacks an
effective system-level fault diagnosis method in complex marine environments, making it difficult to cope
with the risks of multi-component coupling and cascading failures. [Method] A multi-parameter fusion
fault diagnosis strategy is proposed. A coupled velocity-deflection-stress dynamic model is established
using the lumped mass method to characterize the dynamic behavior of the system. On this basis,
multi-dimensional key parameter diagnosis thresholds covering fluid parameters, structural parameters, and
motion states are set for the rigid pipe, lifting pump, buffer, and mining vehicles. Additionally, an anti-jitter
algorithm and a fault code library are introduced to build a system-level real-time monitoring and diagnosis
system. [Result] Simulation verification shows that the strategy can effectively monitor key states such as
the deflection of the rigid pipe, the efficiency of the lifting pump, the stress of the buffer, and the position
and posture of mining vehicles. It achieves accurate identification of 15 typical faults, including
deformation fatigue of the rigid pipe, lifting pump blockage and wear, buffer blockage and offset, and hose
entanglement. The strategy still maintains reliable diagnostic performance under extreme sea conditions
and in scenarios with multiple coupled faults. [Conclusion] The fault diagnosis framework and verification
results constructed provide an effective theoretical basis and engineering reference for improving the
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operational safety and reliability of deep-sea mining system.
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Fig. 1 Schematic Diagram of Deep-Sea Mining System
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