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Fault diagnosis method for aero piston engine based on RMSCNN

Lu Yunyi', Shen Pengfei', Bi Xiaoyang®, Yang Xiao', Bi Fengrong'
(1. State Key Laboratory of Engines, Tianjin University, Tianjin 300350, China;
2. School of Mechanical Engineering, Hebei University of Technology, Tianjin 300401, China)

Abstract: Fault diagnosis methods for traditional distributed aero piston engines require manual involvement, and
the diagnostic process is also discontinuous. Fault diagnosis based on one-dimensional convolutional neural net-
works (ID-CNN) tends to overfit easily and exhibits a single-scale feature extraction issue. In response to the above
issues, a modified residual multi-scale convolution block combined with a convolutional attention mechanism and
a multi-scale feature fusion classification layer were designed. Based on this, a residual multi-scale convolutional
neural network (RMSCNN) was constructed for fault diagnosis of the ignition and fuel injection systems of an aero
piston engine. Initially, multi-scale feature information from raw time-domain data was extracted by improving the
residual multi-scale convolution block. Subsequently, the network structure with parallel outputs was dimension-
ally reduced and fused to form a multi-scale feature fusion layer. Finally, Softmax was used for classification rec-
ognition. Experimental results show that for a dataset of 16 fault categories of the aero piston engine, including ab-
normal ignition advance angle and abnormal fuel injection quantity, RMSCNN achieves a fault diagnosis accuracy
of 91.44%. Compared to common networks such as ID-CNN, GooglLeNet, and ResNet50, it demonstrates supe-
rior fault diagnosis performance.
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Fig.9 Test signals of experimental engine
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Tab.5 Best verification results for different optimizers

et s AR ERS /% IR
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Tab.6 Results of ablation test
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7 v J v J 95.33
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Fig.12 Model training process of the third fault data set
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Tab.7 Fault diagnosis test results of aero piston engine

HRES Ik HERIR/% R % R % S EE/%

VGG19 91.67 91.83 91.67 98.33
GoogLeNet 93.17 93.33 93.17 98.63
ResNet50 90.67 90.88 90.67 98.13
W it S MRCNN 80.67 80.97 80.67 96.13
MSCNN 79.50 79.85 79.50 95.90
MSFFRN 91.67 92.83 91.67 98.33
RMSCNN 96.83 96.53 96.83 99.73
VGG19 89.89 90.22 89.89 98.98
GoogLeNet 86.01 86.27 86.01 98.26
ResNet50 85.33 85.42 85.33 98.18
SUBERTA SR MRCNN 74.33 75.05 7433 96.13
MSCNN 85.80 85.80 85.80 98.42

MSFFRN — — — —
RMSCNN 91.62 91.70 91.62 99.42
VGG19 88.44 88.16 88.44 99.34
GoogLeNet 88.01 88.33 88.01 99.21
RIS (T ResNet50 87.38 87.87 87.38 99.15
SR I R ) MRCNN 75.75 76.13 75.75 98.37
MSCNN 76.62 76.84 76.62 98.44

MSFFRN — — — —
RMSCNN 91.44 91.52 91.44 99.42

*8 FREXASHEMNRAE 1 3.73%.

Tab.8 Total parameter counts and testing times of differ-

ent algorithms

Jiik SSRGS W 100 MEARHT [1)/s
VGG19 4.7%x10 0.19
GoogLeNet 1.1x 10 0.20
ResNet50 3.1%107 0.19
MRCNN 3.5% 107 0.16
MSCNN 2.9x%10° 0.16
RMSCNN 42x10" 0.24
4 & it
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U W R M AP L 40 A RE L SRS MR RRAR T T
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FRAE AR RE 1, A R B R B, Rk RE 4R T

(2) Z RBEFHIE @G 2 68 7855 R A TR I A
T L RN BN RE T, SR THBT R R (72 Ak AN
ZWTRE )T, BRI REARE T T 1.16% ~ 4.10% .

(3) EHIR A RMSCNN B2 Wil , 735
FEAML A K LA 5 W 2R G 12 W v US4
WA P FBHHE SRR 6 BT0L, IRBIERR A
96.83% 5 X T m KFEHTMA ST 9 0, HUHIHE
R 91.62% 5 X FETRIRAM 16 FETH, B HE
% 91.44%.
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