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ABSTRACT This study simulated the defects that could occur in bearings when installed in wind turbines, conducted experiments,
and detected them using a 2D CNN. Tapered roller bearings, which have similar characteristics to those of wind turbine bearings, were
selected to overcome the limitations of accessing actual bearing data. In particular, four cases were simulated, including a normal
bearing and three defective bearings corresponding to outer raceway, roller, and combined outer raceway defects. Furthermore,
vibration data were collected by setting the load and rotational speed as variables to simulate the environmental changes caused by
wind acting on the wind turbine. These collected data were analyzed using a 2D CNN-based model, and the model reliability was
verified through cross-validation. The results were compared with those of SVM, KNN, and 1D CNN to verify the model performance.
The results demonstrate that the proposed 2D CNN model can successfully detect bearing defects and is expected to be useful for
diagnosing defects in bearings installed in actual wind turbines.
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Nomenclature F(z, W;): residual mapping
. o : activation function
y : output vector
z : input vector Y; : predicted probability of j-th class
o(z); : softmax function
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Abbreviation

1D CNN : 1D convolution neural network

2D CNN : 2D convolution neural network

FFT : fast fourier transform

HOG  : histogram of oriented gradients

KNN  :K-nearest neighbor algorithm

O&M  : operation and maintenance

STFT  : short-time fourier transform

SVM  :support vector machine
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Fig. 1. Average downtime of components
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Table 1. The specification of Tapered Roller Bearing
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Specification Value Unit
Model number 30308 -
Inner diameter 40 mm
Outer diameter 90 mm

Width 23.25 mm
Contact angle 13 ¢

Static load rating 95 kN

Dynamic load rating 106 kN
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(b) Components of test bed

Fig. 2. Bearing test bed model
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Table 2. The specification of test bed

Specification Value Unit
Rated torque 48 Nm
Rated speed 1,500 RPM
Max. Force 50 kN
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(a) Position and size of the fault

(b) Outer—race fault

(d) Outer—race & roller fault

(c) Roller fault

Fig. 3. The type of bearing fault
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Table 3. Grid search list for Hyper—parameter optimization of

each model
Model Parameter List of grid search
kernel function Linear®, RBF
SVM box constraint 0.1% 1, 10
kernel scale 0.1, 1%, 10
number of neighbors 1, 3,5, 7% 9
KNN -
distance euclidian, cityblock™, cosine
learning rate 1le—3, 5e—3%, le—4
1D . - *
CNN minimum batch size 16, 32, 6{1
maximum epoch 1, 5, 10*
learning rate le—3*, be—3, le—4
2D . . -
CNN minimum batch size 16, 32*, 64
maximum epoch 1, 5%, 10
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Fig. 9. Confusion matrix

Table 4. Comparison along the classification models

Model Accuracy | Precision Recall F1_score

SVM 79.43 82.16 79.43 0.7837

KNN 65.37 67.45 65.34 0.6464
1D CNN 50.78 55.16 50.80 0.4867
2D CNN 92.96 93.19 92.97 0.9294
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