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Abstract

Various data-driven methods based on acoustic emission (AE) signals have been proposed to
monitor and accurately identify the wear stages of the grinding wheel. However, extracting
effectively generalized and discriminative features from AE signals remains a challenging task.
This paper proposes a new lightweight hybrid deep learning model that combines enhanced
convolution with enhanced vision transformer (ViT) to effectively address the above challenges.
Specifically, the key contributions of this paper are three-fold: (1) A two-stage signal
preprocessing mechanism based on variational mode decomposition and continuous wavelet
transform is proposed to improve the signal-to-noise ratio and feature representation of the AE
signals. (2) To prevent model overfitting, a new regularization strategy based on stabilizing
sparse convolutional weights and a weight penalty mechanism is designed. This approach
improves the hybrid mode’s capacity to extract generalized features. (3) To concentrate on
capturing multi-scale discriminative features between different wear conditions, a
parameter-efficient residual convolution module based on the dropout depthwise convolution is
designed, which is utilized to reconstruct the encoder of the ViT. In particular, to improve the
training efficiency of the model, a lightweight mechanism using a stage-stride decreasing
strategy is used to compress the spatial dimensions of the feature maps in the attention
mechanism. The ablation experiment demonstrates the rationality of the proposed model
structure. Comparative experiments show that the proposed method achieves a diagnostic
accuracy of 99.6% on the test set and outperforms other state-of-the-art deep learning methods.

Keywords: acoustic emission, deep learning, dropout depthwise convolution,
kernel weights dropout, grinding wheel
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Abstract. As a critical component widely used in mechanical equipment, the implementation
of intelligent fault diagnosis for rolling bearings can improve the reliability of equipment. In
this paper, a method named JMMD-CKDSCNet is proposed to address the task of fault
diagnosis under unsupervised domain discrepancy scenarios. First, the convolutional kernel
dropout (CKD) mechanism is introduced in the convolutional layer, and partial convolutional
kernel weights are set to be inactive during the training process using the random mask.
Second, skip connection (SC) fuses the features of multiple shallow layers to preserve and
transfer the original features. Finally, domain alignment is achieved using joint maximum
mean discrepancy (JMMD), which measures the joint distribution between different domains
with feature discrepancies under the condition that the target domain lacks labeled data. The
experimental results demonstrate that CKDSCNet exhibits superior generalization performance
and outperforms other models in terms of diagnostic accuracy and model performance.
Compared with other domain adaptation methods, JIMMD has significant superiority, proving
the application value of IMMD-CKDSCNet.

Keywords. Fault diagnosis, convolutional neural network, joint maximum mean discrepancy,
transfer learning.

1. Introduction

Rolling bearings serve as the fundamental components in machine tool spindles, motor rotors, and
various other mechanical equipment. Bearing faults can lead to downtime and damage to the entire
equipment. Intelligent fault diagnosis (IFD) can be used to monitor bearing anomalies, predict
potential faults, and take preventive measures, which are important for reducing maintenance costs
and improving equipment reliability [1].

The development of big data and artificial intelligence technologies has allowed deep learning to be
used for fault diagnosis in industry [2]. The convolutional neural network (CNN) has gained immense
popularity in the field of IFD because of its versatility in handling diverse input types and dimensions,
along with its efficient capability to extract multiscale features through the convolutional layer [3-6].
However, CNN with a multi-layer complex structure has enough parameters to adapt to the features in
the training data, which can cause the model to have weak generalization performance due to
overfitting. In addition, CNN mainly extracts local features and cannot capture global features

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of thiswork must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
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