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Bearing intelligent fault diagnosis based on improved joint distribution adaptation

PAN Xiaobo', GE Kunpeng”, QIAN Menghao®, ZHAO Yan®, DONG Fei’
(1. School of Information Engineering, Xuzhou University of Technology, Xuzhou 221008, China; 2. School of Electronic Engineering,
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Abstract: In the process of bearing fault diagnosis, there are some problems, such as lack of sufficient fault samples and different signal
distribution under off-design conditions. Although the application of intelligent fault diagnosis method based on machine learning and deep
learning method has made many achievements, this method still faces some challenges in the application process, which hinders the
application of intelligent fault diagnosis method in actual industrial scenes. Therefore, an bearing intelligent fault diagnosis method based on
improved joint distribution adaptation( BIFD-IJDA ) was proposed. Firstly, the vibration signal was decomposed and reconstructed by wavelet
packet transform, and statistical parameters of construction signals were calculated to build original features set. Then, a transferable feature
selection method based on feature importance and Kullback-Leibler (KL) divergence was designed to quantitatively evaluate each statistical
feature. Next, the improved joint distribution adaptation method was used to adapt the distribution of the feature sets in the source and target
domains to reduce the distribution differences between domains. Finally, the fault diagnosis model trained by the source domain feature
samples was employed to predict the fault category of the target domain samples, and the fault diagnosis experiments under different working
conditions were carried out using the bearing fault data from Case Western Reserve University test rig and mechanical fault simulation( MFS)
test rig. The experimental results show that the maximum fault diagnosis accuracies of the fault diagnosis method under the two bearing fault
data are respectively 100% and 96. 29% , which is significantly better than other comparison models. The results show that it has the
potential to be applied in actual industrial scenarios.
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RCS-DAE-SoftMax 62.29 57.67 53.50 69. 67
RCS-CNN-SoftMax 73.08 70.13 69.83 80.00

RCS-TCA 67.13 62.83 55.67 77.13
RCS-JDA 73.83 71.17 69.83 79.00
RCS-GFK 63.13 55.83 53.13 69.17

RCS-TFFK-TCA 93.75 94.83 92.79 90. 80
RCS-TFFK-JDA 96.50 97.50 95.00 92.29
RCS-TFFK-GFK 91.04 89. 38 86.67 85.42
BIFD-IJDA 97.92 100. 00 96.25 93.75
FE5% 5 ~8 T BYAS [RIA5E 260 i 532 Ui o ff 22 5% L
22 BN,
*®2 £%55~8 THRRERME LI ARE L

o A B e
A T AR ik ¢

%5 %6 1157 (158

RCS-SVM 70.50 66.71 73.08 72.71

RCS-KNN 72.60 68.50 74.58 76.67

RCS-DBN-SoftMax 81.67 79.67 83.71 82.50
RCS-DAE-SoftMax 71.33 66.17 63.13 56.83
RCS-CNN-SoftMax 79.79 77.50 79.79 80.13

RCS-TCA 76.67 75.00 72.79 75.83
RCS-JDA 78.50 76.83 77.13 78.75
RCS-GFK 72.13 69.83 65.17 69.83

RCS-TFFK-TCA 96. 88 95.83 92.75 95.63
RCS-TFFK-JDA 98.50 97.08 93.75 96.25
RCS-TFFK-GFK 97.29 95.83 90. 38 95.63

BIFD-1JDA 100.00  99.17 94.17 98.75

1555 9 ~ 12 T W/ RIS A S 512 T vE ff >R ot L 2
23 PN,
%£3 E59~12 THREEE BB ERETLL

g T S T HE R R %
12 WA 2
f£459 {E% 10 1E511 B4 12
RCS-SVM 75.83  65.17  70.83  72.71
RCS-KNN 79.79  66.67  62.83  71.46

RCS-DBN-SoftMax 85.21 80.17 82.33 85.63
RCS-DAE-SoftMax 59.17 62.00 57.50 53.96
RCS-CNN-SoftMax 82.50 72.17 78.33 80.00

RCS-TCA 77.50 76.50 74.17 78.75
RCS-JDA 83.33 76.83 80.17 81.67
RCS-GFK 71.88 65.33 62.00 70.83

RCS-TFFK-TCA 97.79 93.13 93.75 96. 88
RCS-TFFK-JDA 98.33 95.21 97.29 98.50
RCS-TFFK-GFK 98.17 84.58 89.17 99.58

BIFD-1JDA 99.58 93.33 98.33  100.00

21 ~3R3 A,

BIFD-1JDA #5741 % f K B 12 W HE B SR B I 5 T
RCS-SVM ., RCS-KNN . RCS-DBN-SoftMax, RCS-DAE-
SoftMax F1 RCS-CNN-SoftMax #5575 it i [512 Wr  1 35%
HLIX 5 oA (1 fie RS R 12 W R A R 38 A 2 90%
IREERFZI T AT TN F AR #E 2 WY
HH,

RCS-TFFK-TCA ., RCS-TFFK-JDA H1 RCS-TFFK-
GFK T fy d5 K B 12 WK o i 5 B 5k 555 F RCS-TCA |
RCS-JDA Fl RCS-GFK #5278 () 5 % 12 W7 i 1 %, RCS-
TFFK-TCA BEAITE 12 AT 55 F 0 i KRR 12 W v o
Oy W RCS-TCA 7 26. 62% .32. 00% .37. 12% .
13.67% . 20. 21% . 20. 83% . 19. 96% . 19. 80% .
20.29% .16.63% .19.58% .18.13% , RCS-TFFK-JDA
BERUTE 12 AT 55 T By d R I2 W v A 53 i) L
RCS-JDA 1) Rl B2 Wit i 2% 51 22. 67 % .26.33%
25.17% .13.29% 20.00% 20.25% .16.62% 17.50% .
15.00% .18.83% .17.12% .16.83% , RCS-TFFK-GFK
BRUAE 12 AE 55 N By B KRR I2 W v i 258 0 ) L
RCS-GFK &5 27. 91% . 33. 55% . 33. 54% . 16. 25% .
25.16% 26.00% 25.21% 25.80% .26.29% .19.25% .
27.17% 28.75% , L iR&5H R, TFFK J7 kg7t iE
Fo2 SRR A | R[] T 050 12 W v i 15 3
HH 4R T

BIFD-1JDA #5 B (1 f5 K e B 12 Wi of o % &
RCS-TFFK-TCA , RCS-TFFK-JDA #l RCS-TFFK-GFK F
A, BIFD-1JDA BHY ) 12 MT55 T 2 Wi i % 50 5]
It RCS-TFFK-TCA #{I 4. 17% 5. 17% 3. 46% .
2.95% 3. 12% . 3. 34% . 1. 42% 3. 12% . 1. 19% .
0.20% .4. 58% . 3. 12% ; & RCS-TFFK-JDA #5% 7l &5
1.42% 2. 50% . 1. 25% . 1. 46% . 1. 50% .2. 09% .
0.42% .2.50% 1.25% .-1.88% .1.04% .1.50% ; It
RCS-TFFK-GFK #5 %I % 6. 88% . 10. 62% . 9. 58% .
8.33% 2. 11% .3. 34% . 3. 19% . 3. 12% . 1. 41%
8.75% 9.16% .0.42% , b iR&5 5 F M 1IDA 15 11
FHRFEIE RS 27 2 O | R AR IR R B s 30888 1] 53
S b, T4 My AE T 8 2% > J5 5 TCA | JDA
1 GFK,

2.2 HREBEISET RG] 2
Rk EIE BIFD-1JDA 5 25 138 1 M | 28 3 uF
AT 2 SZUG A, Horb | TR FH A i e e R 4
H MFS BB 2 Sl s 4 120
MBS 25 A RLSL 5 5 W E 4 s,
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[H{ERES

B4 MFS HHEREAEMIRE

2% S0 1 R e S B TP R 2 B LR Y
10 oAk 580885 . 2 FF L4502 1200 r/min Al
1500 v/min; 10 FRAHACIRESA 4 28, IEH RS R ok
BRI A I N P e e R B e o e B, He b VR B8
AT S I B R P R 5 5 A &1 P ke o B 340 3 e
Wi R SE 4351024 0. 05 mm 0. 01 mm F10.02 mm, 4t
SHEFRIARCIRES | 28 & B HLIE£E 90 14k sh B s FE A,
HohBEHLZEER 30 A10E I IR B 42 , T 4% 60 H11E K
MR | B 4 500 42 L4015 000 4N 2R AR 5L
T

R BE 2 MW S, TS5 1 R
1200 v/ min FAEARV AR (VIZAEA) 2K H] 1500 1/ min
AR BAR I CRAAEAS) s 4155 2 2R 1 500 1/min
TR E A RS (N ZRAEA) >R AT 200 ©/min TR
Bl BARECRAREAS)  SEE P BRAIN A 5210 1
G

MBS W6 2 AR5 1 AT S 2 R R R
RIS B2 WiEB R a3 4 BTN,
R4 HEBERG 2 hES1FES 2 THRREREREL

W AR =

I B2 T IR 2/ %
55 1 1155 2
RCS-SVM 70. 83 50. 83
RCS-KNN 65.17 56.33
RCS-DBN-SoftMax 75.67 52.67
RCS-DAE-SoftMax 62.83 58.83
RCS-CNN-SoftMax 65.00 57.50
RCS-TCA 56. 83 52.00
RCS-JDA 65.50 61.33
RCS-GFK 60. 00 48.17
RCS-TFFK-TCA 76.67 74.83
RCS-TFFK-JDA 80. 83 83.50
RCS-TFFK-GFK 72.17 74.33
BIFD-IJDA 96.29 93.70

MRAER 4 S E A5 R n R AT 55 1 AL S5 2

T, BIFD-IJDA #5780 () f5c B 12 W v A >R 43 3] 3k 3]
T 96.29% F193.70% , M & = F HAWAR AL 142 Wr e #
ARG R BAE T HA R R

3 HRIF

EHE T —Fh LT I A o A A N () T
R REBFEIS M 12 ( BIFD-IJDA) , %071k 54
FE15 5 A0 PR 5 RFAE SR SERS R E R IR B o A 3 1
DA R s R O 4

HBSUEIZ T VA A R DGR B, 2R
FH 9 FE LI PG i A 2 il 7 A B 5000 N MIFS S 56 65 il
AR , 23 2T AT T SR AT

T4 RN .

1) >R BIFD-IUDA J5 ¥ Y 5 B2 Wi A | fiE
BEAEAN[R) T30 T U8 e B2 B e i %2, HLHC 2
T B 25 T v T A AR AR 1 v o

2) TFFK 5 1IDA 7775 X 5 e e e 12 W e i 5 H.
£ A &R RCS-TFFK-TCA , RCS-TFFK-JDA Fi
RCS-TFFK-GFK A1 ) f5e A B 12 W fE B R W] I8
F RCS-TCA ,RCS-JDA il RCS-GFK #5574 ()12 W7 v
2,

3)IJDA B A L4 B iE #4522 J7 ¥k TCA [ JDA Hl
GFK TEARAYPERE , RES I T /5y A SR 2 i 32

T T AR EF W AR ST Rz AL RE T R Y
PSR R W 7 Y, B R AIE T S B8 1 i
VA T i — 2B AR Ak, DA B BE FOR [ BE 5 R 4 1
TIE ST R A
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