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Abstract: To address the problems of scarce fault samples, high risk in reproducing faults on real equipment, and high cost, this paper
proposes a marine elevator modelling method and a fault injection method based on multi-physics causal modelling for a fault sample
generation method. Different from the traditional measurement-bias fault injection method that only superimposes deviations at the level of
measurable signals, the proposed method establishes a fault injection model based on the mechanical-electrical-hydraulic coupling
characteristics of marine elevators, and by dynamically modifying key component-level physical parameters, realises the evolution of the
elevator from component-level performance changes to system-level functional failure. Based on the marine elevator fault-injection method
proposed in this paper, the method’ s effectiveness in fault propagation across multiple components is verified through fault-physical-
quantity characterisation behaviour analysis and comparative experiments on performance with measurement-bias injection. Meanwhile,
the effectiveness of the proposed method as a verification benchmark for fault diagnosis is demonstrated through the consistency of the
effects of multiple typical fault diagnosis algorithms. The proposed method can generate fault samples with strong physical causality,
providing reliable fault data support for the training of intelligent operation and maintenance and fault diagnosis algorithms for marine
elevators.
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Fig. 1  Architecture of marine elevator
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Fig. 2 Permanent magnet synchronous motor servo system framework
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Fig.5 Change curves of critical physical parameters during a broken-strand fault injection
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Table 3 Change of critical physical parameters during
a broken-strand fault injection

MRIEE, MR MM, BEM/ BRI

% hifi/N o (°) (°) I/ A
R W 1.32 1461.58 1.86 2.78 49.59
IEHARA 2.20 243597 0 0 53.56
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Fig. 6 Change curves of critical physical parameters during a motor demagnetization fault injection
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Table 4 Change of critical physical parameters during
a drive motor demagnetization fault

WEEER R mMURR AR, SRLEE/
Wb I/ A (rad-s™") (m-s™")
A AL % 0.08 63.23 18. 11 0.56
EFRE 011 53.56 24.98 0.63
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Table 5 Comparison of physical parameter changes

during a broken-strand fault injection
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Table 6 Comparison of physical parameter changes during a motor demagnetization fault injection
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Table 7 Comparison of the effects of friction coefficient
(inner load) and a broken-strand
fault in the winding drum

4R WA, B/ BBLERR BTTEE/

Pk WEE/% () ) HIH/A (mesTh)

E#E®RE 2.20 0 0 53.56 0.62
0.6 ky 1.32 1. 86 2.79 5162 0.64
0.8 k) 1.32 1.86 2.79 5214 0.63
10K 1.32 1.86 2.79  52.97 0.62
L2k 1.32 1.86 2.79  53.80 0.62
L4k 1.32 1.86 2.79 5471 0. 60
L6k 1.32 1.86 2.79  55.98 0.59
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Table 8 Comparison of the effects of the total weight of
the load ( external load) and a broken-strand fault
4R Wimsas Mg/ PR afTEE/

fukfi TKESE/ % (®) (°)  HHR/A (m-s™)
EHRA 2.20 0. 00 0. 00 53.57 0. 62
0.6 m, 0.79 0.67 1.00 34. 00 0. 81
0. 8 m, 1.06 1.19 1.79 41.55 0.75
1.0 m, 1.32 1.86 2.79 52.97 0.63
1.2 m, 1.59 2.68 4.01 61.13 0.48
1.4 m, 1.85 3.64 5.45 71.18 0.38
1.6 m, 2.12 4.75 7.11 83.68 0.17
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Table 9 Comparison of the effects of friction coefficient
(inner load) and a motor demagnetization fault

in the winding drum

- BiEER Sy AL Eﬁméﬁfiﬁwg/ AT/
Wh /A (rad-s™)

IEH R 0.12 53.57 24.99 30. 08
0.6k 0.09 63. 34 18.39 30. 08
0.8 A 0.09 63.59 17.75 30. 08
1.0k} 0.09 63.75 17. 06 30. 07
1.2 k) 0.09 63.98 16. 48 30. 06
1.4k 0.09 64.21 15. 83 30. 06
L6k 0.09 64. 41 15.18 30. 07
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Table 10 Comparison of the effects of the total weight
of the load (external load) and a motor

demagnetization fault in the elevator

P— WHEREY  BAURR Eam@g/ A
Wb I/ A (rad-s™")

IEH R 0.12 53.57 24.99 30.08
0.6m, 0.09 46.94 29.39 30.13
0. 8 my 0. 09 57. 69 24.48 30. 11
1.0 m, 0. 09 63.75 17. 06 30. 07
1.2m, 0.09 83.54 14.39 30. 02
1.4 m, 0.09 100. 15 8.05 29.99
1.6 m, 0. 09 125. 45 5.58 29.98
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Table 11 Fault detection results of the Random Forest

AT K iR PENCIE: F1 204
EA /B2 b7l iem it 0.97 0.96 0.97
) 2 i Y 0.43 0.34 0.36
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Table 12 Fault detection results of the SVM
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Table 13 Fault detection results of the MLP
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Fig.7 Confusion matrix of fault diagnosis based on multi-physics causality-driven fault data
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