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Abstract: Aiming at the problems of difficulty in extracting feature information generated by belt con-
veyor roller bearing faults, as well as low accuracy and poor robustness of fault diagnosis and identification ,
NSST4, SVD and DBN methods were combined to propose a suitable method for belt conveyor roller
bearing acoustic signal fault diagnosis. Firstly, sequential variational mode decomposition (SVMD) was
used to process the acoustic signals to enhance the recognizability of fault features. Second, the processed
one-dimensional signals were converted to a two-dimensional time-frequency matrix by NSST4, which
was used as the inputs of the feature matrix. Subsequently, the feature matrix was downsized using SVD
technique to extract the key singular value vectors that might characterize the status of the roll bearings.
These singular value vectors were then input into DBN, and the DBN core parameters were optimized by
the improved sparrow search algorithm (ISSA) to improve the recognition performance of the model. Fi-
nally, in order to further validate the effectiveness of the proposed method, it was tested by simulated fault
experiments and field experiments. In the simulated fault experiments of the roller bearings, the accuracy
rate of the proposed method reaches 97.91%. Compared with other 5 methods. the accuracy of the pro-
posed method is the highest, and the mean absolute error (MAE) is the lowest. In the field experiments.,
the recognition accuracy reaches 96. 57%.

Key words: fault diagnosis; acoustic signal; double fourth-order synchronous compression transform
(NSST4); singular value decomposition (SVD) ; deep belief network(DBN)
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Fig.9 Comparison diagram before and after

signal reconstruction
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(simulation test)
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Tab.2 Variation of DBN recognition performance with

different number of hidden layer nodes

B 2 B i B R/ MAE
30-16-8 94.85 0.073
64-32-16 96.10 0.060
128-64-32 97.25 0.046
256-128-64 97.20 0.050
400-200-100 96.05 0.058
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Fig.14 DBN parameter optimization curve

(simulation test)
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Tab.3 DBN parameter optimization results
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Fig.15 DBN diagnosis result ( simulation test )
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Tab.4 Comparison of different methods
LU B i il shi8l wEK | WIRIE/% | MAE
NSST4+SVD+SSA+DBN 8 2 3 3 2 96.67 0.061
SST4+SVD+ISSA+DBN 13 0 4 3 3 94.58 0.124
MFCC+DBN 15 3 5 6 4 93.75 0.162
NSST4+SVD+SVM 10 2 3 3 2 95.83 0.157
NSST4+SVD+BP 12 2 4 4 2 95 0.176
ATy 5 0 2 3 0 97.91 0.042

4 Lot

4.1 SEIRIEIE
N T B UEA T R AT R AR B A T
- 664 -

BRI S LR EH TR LR, R
CRY 2110 Tl g% 51 e 75 % Jg 8 % 75 3 {5 5 2R 47
KA. L6 MY S8 1E O an Bl 16 Bk .
FEAR B R B4R M 43.55 mm, T2 N 11.5 mm, 3%



T NSST4-SVD-DBN #aff Ui X HLFE IR BUR B2 Wiy ik—— 00 PR whfs 4%

B 16 IIHIELIE
Fig.16 Field test
fill £ 8 O° R Sh IR A%k 8.
AR RER N 1.1.5,2 m/s B L5 [
B (4 75 15 5 5 SR AR AR 35 % 8000 Hz, SR A A HCH
4000, B PR SE A E AN 26 1 BT o . BOH AP 120 550805
IR R IR H B 175 55 5 R N R S
I LA K VR Bl R i B 75 5 5 T SVMID B3 ik
HHE S 6 NSST4 Xt # #4755 247 5 43
BT A BT s R A& 17 fiow .

0 0.25 0.50 0 0.25 0.50

() S e

i i) 2/s i 5] #/s
(b) P [ e it

3480+

03 0.4 05 0.082 0.092 0.102
il /s B i) o/
(o) IRZN At () IEHTES

B 17 B3RS 4% b B (M 50
Fig.17 Time-frequency analysis comparison diagram
(field test)
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Fig.18 Typical signal SVD decomposition (field test)
TESS 18 L84, Ui W] ISSA BEVE KSR BA I iy
WS B . DBN S84 5 R .

300 -
q
Lz, 200 '\r‘
- \ ——ISSA-DBN
# i:, +SSA-DBN
100 W=
'l* Qa.'
%
¥ %

0 5 101520 25 30 35 40 45 50
BARUEL,
El19 DBNZH S ik (M)

Fig.19 DBN parameter optimization (field test)

X5 DBNSHIMER (ML)

Tab.5 DBN parameter optimization results ( field test)
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noise environments
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