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Tab.1 Structural parameters of rolling bearing

BEAMRA S REERER/mm W ERER/mm k)

9 7.94 39.36 0

K2 RFHIREERS
Tab.2 Fault size of rolling bearing

HhRCR (£ X %€ X 5 )/mm
E# 0

PAY P e 2X1.5%0.5
A 2X1.5%0.5
TR Bl A et

R3FIHIRKE RS

Tab.3 Fault characteristic frequency of rolling bearing

[ A f/Hz
P 162.23
V] 107.76
I ETIRUN 71.33
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Tab.4 Center frequency of wavelet basis function

eS| sym8 db3 db4 db5 db10

Ui /Hz 0.666 7 0.8000 0.7143 0.666 7 0.684 2

x5 ETNMNEERBNRLIBEL
Tab.5 Optimal decomposition level based on wavelet

basis function

eS| sym8 db3 db4 db5 db10

EH 8 9 8 8 8
A 6 6 6 6 6
SRl 6 7 7 6 7
F3SIRES 7 7 7 7 7

F1 2 5 AT, 25 AN [R] /N D 2 o K, 2% 2R Bl R AR
TR R BATAEZE S . O T RE AR R R R B
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Tab.6 Calculated value of noise power 10 °g’
B sym8 db3 db4 db5 db10
IEH 6.4240 6.7437 6.3730 6.2797 6.2104
™ 1 47010 5.0995 4.9227 4.8905 4.7981
HhE 5.3836 5.7560 5.6589 5.6562 5.4360
IR 43987 57365 4.9726 47957 4.3115
x71 BRENERARF
Tab.7 Noise power ranking 10°°¢
ey 1 2 3 4 5
i 6.2104 6.2797 6.3730 6.4240 6.7437
(db10)  (db5) (db4)  (sym8)  (db3)
- 47010 4.7981 4.8905 4.9227 5.099 5
(sym8)  (db10) (db5) (db4) (db3)
S 5.3836 54360 56562 5.6589 5.7560
(sym8)  (db10)  (db5) (db4) (db3)
— 43115 4.3987 4.7957 4.9726 57365
(db10)  (sym8)  (db5) (db4) (db3)
*8 BREMEREITEE
Tab.8 Calculated value of noise power difference 10 ‘g’
ey} Ap, Ap, Apy Ap, Aps
EH 6.2104 26662 1.3682 3.0718 4.1419
A 47010 1.7552 1.7788 1.0397 1.1498
S el 5.3836  2.0046 1.9321 1.1724 1.3302
WEA 43115 4.0057 23187 1.6830 2.1496

R HRBENRMENEERHENE
Tab.9 Number of optimal wavelet basis functions for
bearing data

2 sym8 db3 db4 db5 db10
EH 0 0 3 4 3
M 0 0 3 4 3
1 el 0 1 3 3 3
Rk 0 0 1 9 0

AR O Y Q& 4 BT . A 4 T R
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Fig.4 Time-domain waveform diagram of four bearings
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Tab.10 Decomposition level of wavelet packet

Tl B Ao I3 1% 2 HL
A J<3.98
A Bl J<4.57
E3SIRES J<5.16

4.3.2 Ik Lo R AR D R R A

TE B 4 2 i R B 4 10 41, % sym8, db3, db4,
db5 1 db10 /)N i JE oR B AT /N A 3 )2 o L O 4%
(10) LD FEAT 5, 15 31 4 28l E0s xR 1)
eI B S8, 3 11 s o 3 2k B il 7% [ 14 ok
A RME 12F8 .

F11 4RBRPESRISH

Tab.11 Energy fluctuation parameters of four bearings

KR sym8 db3 db4 db5 db10
EH 0.5755 0.5524 0.5675 0.6378 0.5796
A el 0.6160 0.5617 0.6145 0.6489 0.598 4
SRl 0.5825 0.5538 0.5760 0.6445 0.5809
Wk  0.6034 05679 0.5953 0.6505 0.6018

F12 HEHANEITHE
Tab.12 Fluctuation rate of faulted bearing

By sym8 db3 db4 db5 db10
M R 7.03 1.68 8.28 1.74 3.24
] 1.22 0.25 1.50 1.05 0.22

Rk 4.85 2.81 4.90 1.99 3.83
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Fig.5 Energy spectrum of four bearings
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Fig.6 Topological structure of BPNN model
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Tab.14 Fault label table
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Fig.7 Error curves of five neural network models
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Tab.15 Comparison of bearing fault diagnosis results

PLIES BIPE SRR/ %
RSBPNN 520 91
BPNN 329 94
PSO-BPNN 308 96
ULPSO-BPNN 665 94
ANVTPSO-BPNN 273 99
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