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SA-DACNN gearbox fault diagnosis method based on multi-sensor data
fusion

ZHANG Ya-zhou'?, ZHAO Xiao-giang"*', HUI Yong-yong"?, CHEN Peng®

(1. College of Electrical Engineering and Information Engineering, Lanzhou University of Technology, Lanzhou
730050, China; 2. Key Laboratory of Advanced Control of Industrial Processes in Gansu Province, Lanzhou 730050,
China; 3. College of Electrical and Electronic Engineering, Lanzhou Petrochemical University of Technology,
Lanzhou 730050, China)

Abstract: To address the problem that single sensor data are easily affected by their own quality and environment, which
makes it difficult to monitor the overall operating condition of gearboxes, a SA-DACNN (self attention-dynamic adaptive
convolutional neural network) gearbox fault diagnosis method based on multi-sensor data fusion is proposed. Firstly, the
method treats the collected sensor signals from different locations as multi-channel signals and uses the multi-channel
signals as network inputs simultaneously. Then, a multi-channel feature fusion module is designed, which solves the
feature-level multi-channel data fusion problem by adaptively weighting the information of different channels to ensure
that the important information of different channels can be effectively fused. Finally, before the fully connected layer, a
self-attentive module with residual connections is used to help the network automatically learn global information and
enhance the feature learning ability of the original vibration signals. Experiments are conducted on two gearbox datasets,
and the results show that the proposed method has a high fault diagnosis accuracy and can meet the task of multi-sensor
data fusion fault diagnosis.

Keywords: fault diagnosis; multi-sensor data; data fusion; gearbox; convolutional neural network; self attention
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D%

5)BP HILSTMiZHZ y 15 CNN W2 fifoxf B

6) SA-CNN W 2% [ 25 ¥ 2 8 5 A ST th 7 %
— B, AN 22 b 2 ) 265 B 22 T R AE R A AR

7) DACNN W 2% TG [ ¥ i JJ s B, HL 45 1 2 40
B E5ARITE .

T BRBEALE R 51 R AT, L b sEag i
10 VX, FF K F 10 Y% 52 56 (412 Wt o 1 2R 1% 1 35 {5 A0
s o 22 SR VP A B B 5 v MR B, SIS 45 RNk 4 By
71N 4 ], A SC R4 O R 1 G 2R A0
T2 Ay 6 AT T B T Tk, I G i e R 3 4
100 %, I H AR B YIZRIT (R 2 1.7 5. X K B
AL T AR WS Wi A 2 R IR A8 T TR A —
AR F. A EE T BP AITLSTM [ 75322, A 3C 7 1 19 Ak
TR R 50 B3 T 25.07 % F115.67 %, 2% BH 4 AR A 7
FEFFAESE IR 43 24 77 T 43 A JHCAth 94 28 v L AU, R A
. H Et T MLPC-CNN F1 HMS-MACNN ] J5 25, A
S5 VE BN AR W R 2 DR E 43 R v T 2.53 % Al
1.83 %, 32 B Fir 152 T 1) 22 38 38 RFAIE fi A A R e 8 Xt
AN [ 8 T (1) A TR A L, R T g e 1) o A R
AH EEF 2D-CNN F1 P-2DCNN [ J7 355, A X5 35 (1) i
W12 T RS B 23 Tl 3 51 1 4.04 % F113.95 %, R B 1D 45
R 2% 56 I3 & IR 3015 5 B RFAE SR HL. A LE T SA-
CNN FI DACNN, 4= 37732 I B 12 W i B2 70 42 v

71.90 % F10.59 %, 0 H v & IR HR 2 0@ T8 R IE
i 5 R R 0 4 5 XK 2% 1) B LR S T A2 AL RE
T4 ARG ENBIEIZHESE R
WA /% MR /%

ENGIWRES YIZRHE L /(s/batch)
FME bREE CFIME briEE
BP 9549 1.62 7493 4.14 10.95
LSTM 9690 0.96 8433 3.77 45.32
MLPC-CNN 99.27 037 9747 6.01 4.95
2D-CNN 99.81 0.10 9596 391 6.51
HMS-MACNN 9952 028 98.17 3.93 19.89
P-2DCNN  97.39 086 96.05 3.46 3.90
SA-CNN 99.95 0.12 98.10 4.23 1.61
DACNN 99.96 0.03 99.41 134 1.53
SA-DACNN  100.0 0.00 100.0 0.00 1.70
32 R f2

3.2.1 HIEEWHA

S0 B0 SR YR TR i 4 e PR AL R B
%V G H AR P B e B A AR
FEBIIHLAL | 1A 58 A R0 A 1 45 2EL . A 490 40 U xof
GONHER R, HE U RS 1 MURIRAS 70 0 o A UG R /)
ST . KR T G 450 BE RN IE R 25 5 b
ANE I HE R RIS . SEIG S0 HH 2238 AE 9 siJT [ AT 12
ST TA) R BT DI FEAL RS SRR 5 T AR N
25.6 kHz. A SCIER L HLIZ AT %N 20 Hz HEVT 58
INER9 1 HP B SR 50HE, B FhHE 15 W5 A2 600,

FE 03 0 1 B Rl o3 1 R B AN 4R, 50 B AR 4y
R 5 prw.
#=5 RS EBIEEX S
2551 =S MR Fr%
W R e 450 150 0
WIS 5] B4R 450 150 1
st cesfuE 450 150 2
W /N e 450 150 3
W IE R 450 150 4

3.2.2 ARk T

N T BRI BT R 7 ik R AR SR B AE 7, %k ¢-
SNE 3 A K5 85 A A5 e g 4 4E 3E 47 AT WAL, 40 1B 6 Fir
N

80 Class
30 60
RS @0
401 o °¢,.'3
10f 20 ( B
0 -
_10. _20 2
-40t ° 3
-30f _
-80 L, ) ‘ ) ) ) ) ) ) ! ) 60 ) ) ) | ®4
-80 -40 0 40 80 -60 -40 -20 0 20 40 -60 -20 20 60

(a) JRan%E

(b) Z BRI R & B P

(c¢) Softmax %

Bl 6 SRHSHEIRE (-SNE & BFHEMHERTIL
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H1 P 6 BT LA i J5 46 03 BE AL 4 A E 4T
PR R AN SR B AN BE X 43 22 8 1 R AE il B
B B8 0% LI R AE 15 1 2 29, A IR AR AR AIE S 3SR Atk
Z5; Softmax JZ KA [FAFAE 76 4 T8, AN FHFIE 52 4 9
B nT A A BT, 3R B A ST AT AR O v B R
PR R S A 0 RN LA SR S M
3.2.3 ZEBHIEME T

) 25 1 —Bf, Kb 451 2 3k AT B3 T8 A1 2 38 3
N SIZBG S Ve v RIS IR 45 AN R 6 Fion. R 6 1]
S0, AN BB B, AR AR X RN Y B2 R
243 515 97.86 Y% F195.46 Y; 4% N\ Ny 2 3B & I, T

P2 5 L 2 RS B R CL R IE 99.73 %, X R W AT ik
TH I 22 380 0 R A Al A R B B 0 X AN [RS8 T 1) A% SR 2
FHE DAL, FT CASRE T s A A R A, N T B
Wb S5 71 12 T 255 SR, SR P VR V8 R IR S0 O A e TR
ARE ST — 2B o, g5 R 7 B, BT AT R
IHIE W R X il A, BT SA-DACNNI, bR%5 2 Fllbs
25 3 50oF I AL A TR Sy A B A AT DT R G /) it DB
Wi, AFTE 5 % MR AR B 212 HoAh R Y ks, AH EL 2
TOARSCHT IR T EEBR T 4 1 % (U558 /N i W 2= 5
A2 N IEH RS A1, oAl AR A i B 12 W e 1 %2 R
100 %.

*6 ZBEHEMSISEZIERER

BIBIEB v ES B K /% HEZE /% Fy 35948 /%
- WEAE X T 97.86 97.97 97.87
REE WEAE Y fh 95.46 95.52 95.37
2iBiE WHHE X fh A Y T 99.73 99.72 99.73

1.0
0 0.01
0.8
1 -
E 0.6
<
- 2
[}
g 0.4
3 -
0.2
4 A 0.0 0.0 0.01
T T T T 0.0
0 1 2 3 4
predicted label
(a) SA-DACNN'
1.0
0 0.0 0.0 0.0
0.8
11
3 0.6
]
- 2
(o]
2 0.4
31
0.2
41 0.0 0.0 0.0
0.0

o 1 2 3 4
predicted label
(b) SA-DACNN

7 ZBEREMEREER

324 AETEMERRIER

55 %40 1 #HIA), 4% SCAT5 8R4 FH BP LSTM MLPC-
CNN. 2D-CNN., HMS-MACNN, P-2DCNN. SA-CNN
AT DACNN 5 BT #& Hi 775 SA-DACNN /£ X L, 5 L

SRR T AR, R T LVE W BT A T AR
W GRAERR R I TE 95 % LA I, H # SA-DACNN 1))l 4k
HER 24 99.94 %, & FIT A J51%H 5 4 117; SA-DACNN
49T~ 247300 X VHE i 25 N 99.64 %, HE HMS-MACNN 5 ¥4
151 2.95 %, b 2D-CNN 7572 15 1.78 %. 4k, 5T CNN
R (14 7532 D o 1 % B I 5 T BP ORI LSTM, 1X /2
[A 9 BP AT LSTM WK 45 25 49 ] 5., A K FH S i i A
SERHEIRELEE AN 25 5 SA-CNN FIDACNN J5 ¥
FH T, 245 22 008 T8 R AIE Rl S R RIS, T HE B 5 T [
T 1.01%, 245 { = PG, R R N T
0.87 Y. IX R B AT AT e T 1) 22 38 T8 REAIE il 5 1B R R
A 25 IIAUAS 7] 38 3 ()5 A, 3 5 i 12 Wk T
V3 BRI 5N RT DS B 28 2 B39 2 Y 4%
(%) F ERFAE. BH DA b2 AT T e, AR SO R R T R i
B 12 W 4 ff 2% B 5 v T 0T b O I, I H WS S0 B
,H%'
7 FHAREEENMEISHER
PIZRHERE /% MARHERIZE /%

ENGIVaEEA WZRHE /(s/batch)
I ARz CPIRME bRz

BP 96.81 0.63 7453 1.76 5.07
LSTM 97.42 047 8442 293 23.2
MLPC-CNN  99.90 0.10 98.00 2.85 1.43
2D-CNN  99.76 039 97.86 2.56 2.47
HMS-MACNN 9932 099 96.69 4.43 3.43
P-2DCNN  99.60 038 98.80 0.62 1.60
SA-CNN  99.77 036 98.63 257 0.63
DACNN  99.64 045 9877 231 0.55
SA-DACNN  99.94 0.06 99.64 039 0.71
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4 & @

N TR — A AR R T 1A e AR R 12 K
TRZE W) e J1, AR T — M AT SA-DACNN [ 2
A AR A b & SO W v, IR 3 LU R 4518

1) AR SCBE T 22 08 T8 FRE fil S A B T DRk S A
[Fi) 0 T A A U 2 KA, O 1 O S 1 R A R IR (S
B AHI T IAE S 5 ik 228 E R ) B R R AT DL
5 By X 245 B 7 b 25 ST REAEAS JE FIAR 25 2 18] (1) LSS o0
R, FETHAFC FE (1 W B2 Wi v A o

2) A SCASE FH P A 15 0 AR O S0AIE 7 V2 A AR,
BT T AR AR 5 2 AR R ERHU 2 W ORI R
M), &35 SR % AR 25 A% JR 88 50 Al - T AR A 5 in 4 T )
SRR, A AR R RS P

3) BARAR LT DL TR 2 A% A U Rl 5 i)
AR 2 VTR R I8 IS AT R TR R, AN R L
RS WA A BT 2 e, R R SRR A R AR TR
VIR AR 2 A% RS B il A H0dE — 2B it 9T
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