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Table 3 Clustering results of the 6 operation
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Table 5 Ablation experiment results

) FD002 FD004
ik
RMSE Score RMSE Score
R | 23.97 2633 29.82 7584
L2 22.71 2513 28.88 6615
iR 3 17.83 2066 23.23 2457
HEET 4 16.35 1251 22.65 2287
120 -
100 -
*
80
60 [~ o
° —
40
o0k

e R i3 g
F 13 REESAE

Fig.13 Normal distribution of error
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Fig.14 Comparison between clustering effect on working conditions
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Table 6 Comparison with other experimental results

- FD002 FD004
-
RMSE Score RMSE Score
DCNN'? 2236 10412 2331 12466
GCU-T!* 22.81 None 24.86 None
DBN!” 25.05 5585 28.66 6558
LSTMA!® 17.28 1498 2436 7544
AL 16.35 1251 22.65 2287
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Engine Remaining Useful Life Prediction Based on Operating Condition
Clustering and Residual Self-attention

Zhao Hongli, Zhang Ben, Zhang Qing
Civil Aviation University of China, Tianjin 300300, China

Abstract: Aiming at the problem that the prediction accuracy of the remaining useful life of the aero-engine with multi
condition is low, an engine Remain Useful Life(RUL) prediction method based on operating conditions clustering
analysis and residual self-attention is proposed. Firstly, different operating conditions are divided by clustering, and a
linear regression model is constructed to screen out the degradation parameters that are in line with the engine
performance changes. Secondly, the engine performance degradation characteristics hidden in the data are obtained
by convolutional neural network. Thirdly, bidirectional long short-term memory neural network is used to mine the
temporal degradation characteristics and memorize them. Finally, the residual self-attention mechanism is used to
assign different weights to the degradation features to predict the remaining life of the engine. The ablation
experiments on NASA C-MAPSS multi condition datasets demonstrate the effectiveness of the proposed method. The
results show that the method has the best score and root mean square error, which can provide a certain reference
for the prediction of the remaining life of the aero-engine.
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