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Fault Diagnosis Method for Planetary Gear of Mine Hoist Based on Multi-Scale Acoustic-Vibration Fusion
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Abstract: To address the problem that the planetary gears in the gearbox of mine hoists operate under long-term low-speed,
heavy-load, and alternating-load conditions, and that single acoustic or vibration signals are easily affected by propagation path,
measuring point position and background noise, leading to insufficient feature extraction of fault signals, a fault diagnosis
method based on point-symmetric acoustic-vibration fusion and ARFM-Net is proposed. Firstly, an acoustic-vibration
synchronous acquisition test system for the planetary gearbox was established, and the differences and complementarities of
acoustic and vibration signals in expressing fault information were analyzed. Then, Variational Mode Decomposition (VMD)
and Feature Mode Decomposition (FMD) were adopted to process the two types of signals according to their respective

characteristics. The effective modal components containing major fault information were selected and mapped into a polar
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coordinate feature map by using the point-symmetric graph method to realize the image-level fusion of multi-scale acoustic-
vibration information. Finally, an ARFM-Net diagnostic network composed of Adaptive ReplLK and Frequency-aware Moga
was constructed. An adaptive large-kernel convolution was used to enhance the extraction capability of local fault details and
long-range texture correlations, and a frequency-aware multi-level gated feature aggregation was used to highlight fault-related
information and suppress background redundant textures. The experimental results of five types of planetary gear fault states
show that the average recognition accuracy of the proposed method reaches 98.72%, and it shows favorable diagnostic
performance in both comparative and ablation tests. This method can effectively improve the fault-recognition accuracy of planetary

gears in the gearbox of hoists under complex working conditions, and provide technical support for intelligent monitoring of operation

status of hoist transmission systems in mines.
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Fig.1 Test bench for simulated planetary gearbox
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Fig.8 Fusion feature maps of the hoist planetary gear under different fault conditions
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Table 1 Comparison of accuracy for test sets

under different types of input data
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FE - R A ConvNeXt-T 93.68
A CTr ik 98.72

FEFR B BB AT . R A IDCNN Ab 3 5 45
FE AT I M E B R ALR 79.2%, K EE S
T 3 Ry I R ) i A ARFM-Net , I 28 o i % 32 13
% 89.6% , % 1IDCNN F ik T 10.4 AN 43 5K
FH SDP EEAE A i A B 05 o B 232 85.4%0, 8
IDCNN Jrik #2835 6.2 A~ A 70 4 A5 H s 331 [ 4 AT
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Table 2 Diagnostic accuracy of each ablation network model
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Fig.12 Site layout of sensors on the hoisting system
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