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Fault diagnosis of rolling bearings in aero-engines

based on EMD-PCA-SVD-CNN
REN Yantao
(School of Electrical Engineering , University of Jinan, Jinan 250022, China)

Abstract: The rolling bearing signals in aero-engines exhibit nonlinear and non-stationary characteristics,
making it challenging to accurately extract fault feature information and diagnose fault types. To address
these issues, this paper proposes a fault detection method based on empirical mode decomposition
(EMD), principal component analysis (PCA), singular value decomposition (SVD), and convolutional
neural networks (CNN). First, EMD is applied to decompose the raw signals into intrinsic mode functions
(IMFs) to extract key features. PCA is then employed to reduce the dimensionality of the feature vectors,
minimizing redundant information and computational complexity. SVD is used to reconstruct the dimensionally-
reduced signals, further optimizing feature representation. Finally, the preprocessed signals are fed into
a CNN for learning and classification. The proposed method is validated on the Case Western Reserve
University (CWRU) bearing dataset. Experimental results demonstrate that the F1 score, recall, and
precision of the method all exceed 99% , with an accuracy of 99.32% , significantly outperforming five other
comparative methods. These results highlight the superior performance of the proposed method in fault
classification and its potential value for fault detection applications.

Keywords: aero-engine rolling bearings; empirical mode decomposition; singular value decomposition;
convolutional neural network; fault diagnosis
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