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Abstract: A prediction method of rolling bearing life based on improved regression support vector
machine (SVR) is proposed to accurately evaluate the running state of rolling bearings and
predict their performance degradation trend and remaining life. The time domain and time-
frequency domain features of bearing signals are extracted, and the feature indexes are fused into
a normalized comprehensive index by principal component analysis (PCA) method to characterize
the running state of the bearing. Data sets of training and prediction vectors are constructed by
using the feature indexes and the comprehensive indexe, the optimal penalty parameters and RBF

kernel parameters are determined by the differential evolution grey wolf optimizer (DEGWO),
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and the SVR model is constructed. The prediction data set is input into the SVR model optimized

by DEGWO algorithm to obtain the predicted value of the bearing condition evaluation index, and

the remaining life of the bearing is predicted. The validity of the proposed method is verified

using the IEEE PHM 2012 Dataset. The advantage of the proposed method is examined by

comparing the prediction result with those obtained by the SVR model optimized by grey wolf
optimizer (GWQO), the SVR model optimized by grid search algorithm (GSA), and the long

short-term memory networks (LSTM) model. Simulation results show that compared with other

methods, the MSE values of bearing life prediction obtained by the proposed method is reduced

by 44.74%, 66.67% and 77.27% respectively, and the determination coefficient is increased by

7.25%, 20.72% and 11.94% respectively. These results demonstrate the superiority of the

proposed method in the application of bearing remaining life prediction.

Keywords: rolling bearing; state evaluation; principal component analysis; differential evolution

grey wolf optimizer; remaining life prediction
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Fig. 1 Flow chart of the proposed prediction method

for residual life of bearing
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Table 2 A comparison of model prediction performances

under different iteration steps
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Fig. 5 Prediction results of the first type of prediction model




202 [ . ]

P

Eird i 56 %

R

RN 1 RBERY B SO 45 R 8 5 g5 T A
7K 3-3 55 730 BEEIEE 830 B (M B B Y B B 1Y 38
AT RS VAL T8 b5 19 B S AN . A SCrh HoAth JL
AT ) T 25 Ak AR IR G .

FHESE 2 JSRIR, Bl 2K GE AT IR A AR 48 hR ol 13
—fLEE s T B A A R 3-3 (551 5
Ak I BUREAE AN 14 I AR SRR AT L A R I IR () B
1) Ty BT 650 AECHE AINGHAEA, J5 435 N
M AEA . ] DEGWO Bk g &It S8 c fl g,
FE&H SVR LAY 47 3l AR F0 4y A5 i TN L 55 2 28 Fi
Y B T 25 SR an T 6 TN . iR R R AL O AL 2,
BERL 1A 2 5000 P B8 PP AG AR T DL 3. X LB A
5 FIE 6, JF B3k 2 FIER 3 Al AN M A 28 SVR
150 70 347 g S B b 7R TR Ay A U 5 s s A T B
FAF SR IE TR A B A2 Ak IF F T il 7K J6) 4% 7 A T
s SR 1 AH G, 8RR 2 () m 0. 003 0, FRET
21.05% . p F1 7% 435 K0. 967 9F0.907 9. 4w T
2.39%0 M 6.39% , MURLAL 2 (1 N 1 BE AL T 15
HERG 8RR N RS PEAG T8 b5 T 159 BU A AL, H 3

0.7
0.6

0.5

0.4
i:'a

0.3

0.2

0.1 Pl

o L0
730 755 780 805 830
i T8 A 5 R

Bl 6 55 2 ST (Y T30 45
Fig. 6 Prediction results of the second type of prediction

model

F 3 KB TR AL A 4 TR AR R
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