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Architectural design of fault diagnosis methods for aircraft complex
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Abstract: Current research on fault diagnosis for aircraft complex motion mechanisms primarily focuses on system functional failure
analysis, neglecting a comprehensive understanding of the correlation between motion characteristics and actual faults. This study investigates
fault diagnosis methods for complex motion mechanisms and proposes a three-tiered framework encompassing data generation, feature
processing and data analysis to address this limitation. The framework utilizes dynamic modeling and a fault parameter system to generate a
dataset of time-series signals representing typical fault conditions. One-dimensional time-series data are mapped using two-dimensional image
conversion methods, constructing multidimensional tensors through feature-level fusion based on sensor types and feature extraction methods
of the complex motion mechanisms. A deep learning-based fault diagnosis model is employed for precise fault identification of complex motion
mechanisms. This framework further incorporates collaborative feature transformations using Gramian angular fields and Markov transition
fields, as well as residual network models with channel and spatial attention mechanisms. Experimental validation using a landing gear lower
strut lock mechanism demonstrates high accuracy, exceeding 0.9566 at a 95% confidence level, thus validating the feasibility of this approach
for fault diagnosis in aircraft complex motion mechanisms. Ablation experiments confirm the effectiveness of each component, highlighting

the overall superiority of the proposed framework.
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Fig.2 Data generation layer
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Tab.1 Structural parameters of lower pole locking mechanism
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Fig. 14 Data generation layer processing flow
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Tab.3 Fault model parameter setting
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Tab.4 Residual network structure parameters
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Fig. 27 Experimental results of fault diagnosis models
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Fig. 28 Confusion matrix of fault diagnosis models
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Tab.5 Summary of ablation experimental results
TR e FEEES F158k POEAEIIES FFHAUC
A (ARN) 0.9603£0.0037 0.9603+0.0037 0.9603+0.0037 0.1817+0.0272 0.9960+0.0006
GASF# A0 /E I (GASF) 0.8627+0.0296 0.8627+0.0296 0.8588+0.0340 0.4403+0.2045 0.9824+0.0035
MTF4%45 Fpt AR ] (MTF) 0.9483+0.0053 0.9483+0.0053 0.9483+0.0053 0.2416+0.0380 0.9948+0.0009
T YGEEE R ST (CAM) 0.9493+0.0049 0.9493+0.0049 0.9493+0.0049 0.2190+0.0264 0.9950+0.0007
FUR 23 [ B (SAM) 0.9574+0.0047 0.9574+0.0047 0.95730.0047 0.1698+0.0189 0.9960-:0.0006
WA TEEJIB(RN) 0.9553+0.0037 0.9553+0.0037 0.9553+0.0037 0.2039+0.0229 0.9951+0.0008
FEHCE I (EDR) 0.9497+0.0057 0.9497+0.0057 0.9496+0.0057 0.2056+0.0315 0.9953+0.0007
Sigmoidi# i pEEX (SIG) 0.7937+0.0793 0.7937+0.0793 0.7757+0.0906 0.8200+0.4112 0.980620.0067
U B PR AL (NAF) 0.9477+0.0062 0.9477+0.0062 0.9477+0.0062 0.2265+0.0212 0.9946+0.0004
BUHERITE 22 P (NER) 0.9487+0.0031 0.9487+0.0031 0.9486+0.0031 0.1644+0.0116 0.9960+0.0006
HHLCNNM 45 (CNN) 0.9337+0.0076 0.9337+0.0076 0.9333+0.0081 0.1743+0.0174 0.9933+0.0004
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