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Abstract: In view of the difficulty of feature extraction and low classification accuracy in the diagnosis of
rolling bearing multiple faults, this paper starts from the two aspects of effective feature extraction and fault
classification accuracy, and combines the method of variational modal decomposition (VMD) and extreme
learning machine (ELM). An adaptive method for diagnosing multiple faults of rolling bearings is
presented. Aiming at the situation that VMD parameters need to be manually set in advance, which leads
to poor signal decomposition, the Gray Wolf Algorithm (GWO) is proposed to optimize VMD to achieve
adaptively obtaining the best decomposition parameters k and «. Furthermore, in order to overcome the
problem of low classification accuracy of a single ELM model and unstable classification results, an
integrated extreme learning machine (IELM) is proposed to realize the classification and recognition of
multiple faults, and improve the accuracy and stability of fault classification. First, use GWO to optimize
VMD and obtain the best decomposition parameters adaptively; Secondly, select and extract the time-
frequency feature vector of the modal signal; Finally, input the feature vector into IELM for training and
classification. Experiments show that this method can adaptively decompose signals and produce the best
decomposing effect, realizing accurate early warning and identification of rolling bearing faults.

Key words: fault diagnosis; gray wolf optimization; variational mode decomposition; integrated extreme

learning machine; rolling bearing
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Fig. 2 Simulation signal diagram
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Fig. 3 Mode of EMD decomposition
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0 1797
1 1772
B Sl 0.017 78
2 1750
3 1730
0.017 78
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C P 2 1750
0.053 34
0.071 12
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Table2 GWOVMD decomposition of best parameters

EIN k a
EH 9 4860
" 4 585
ERZILEN 6 5170
N 10 6726
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Table 3 Correlation coefficient screening modal signal

i [ IEH P S el Rk
IMF1 0.51 0.27 0.05 0.13
IMF2 0.29 0.41 0.08 0.24
IMF3 0.78 0.66 0.07 0.47
IMF4 0.22 0.63 0.29 0.59
IMF5 0.09 - 0.37 0.67
IMF6 0.05 - 0.39 0.16
IMF7 0.04 - 0.65 -
IMF8 0.03 - 0.62 -
IMF9 0.03 - 0.08 -
IMF10 - - 0.08 -
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