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Tab.2 Bearing conditions with different fault types
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Fig.5 Different types of faulty signals and P-box models
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Fig.10 Accuracy box plots of different methods with

different failure degree training sets

HE, FEGHEE BIRA , W JC ik Ewh iR m), #A
4R SVM 43 2 88 #E AT AL U0, 12 Woks B2 4 L 42
RS RUIE 296 2247, BLA RU RS e MR AR 0 . 3X 136 B
PSCP FRIE B 4 RE W8 58 36 X 43 1 7 AN 5] e s A B 4K
it ) 224 W R 2 1), 0 28 2 KRG BE B i R K .
T CNN £ 8 75 4b 2 4 2 Ve FRFAE B e SVM 3 2 A
PR FA, g 58 38 DX 43 i B 28 53], AT 0k 28 35 R B CNINAE
oK. BIEIS N 18RRI AR 2 ML AI A, 33
FE 10 7] DL B, 7 52 B v B2 R0 o B e s R R 4
WG AT 5 B 95% M2 Wik B, (04570 5 7
Al e 2 b F — 5 AR R 92 RS BE X IR T
A ASE Y | R 35 S B O

4 %

1) B X685 AN [v] 55 s A 3 400 AN [) 24 i) 7y i)
FI FH P-box 185 8 1) {5 5 6 25 M AL NAP 53563 B IT
AAE B KA TR) R B 1) 5 0 Ry ) — 2, D55
P R T A1) P R, B v A AR 1Y) A P AR

2) $HFE T PSCP B il 7 i i A2 A f50 K
E VRIS W 7 1%, S S AR TR TR X i e R ) BURR
P i R IS W S B R AR R B0 A A A A O

3) A A LI R A it S A R R AR
M, 22 BT B 1 7 IR AR A A L N B SR
YERG R A 100 %0, B a7 X6 A D 3o 114 e I 752 8 504
TR AR SR BE 0% o B E 17 B R 2 W, B B 1 AR
N A E



490

/) I

w5 2

W 945 5

[3]

[7]

z % x #

K, SoRI, MR, 45 R SR IERRIR AL R I £
JeREM I LT k3 MK S 2 W, 2021, 41(6)
1096-1104.

ZHANG Long, WU Rongzhen, ZHOU Jianmin, et al.
Performance degradation assessment of rolling bearing
based on AR model and multivariate state estimation
technique[J]. Journal of Vibration, Measurement &. Di-
agnosis, 2021, 41(6): 1096-1104. (in Chinese)

XG, BT, @E, % T 24518 8 PTGURHIE Rl
B B S Bl R SRR 2 s (T]. PR3 5 b, 2022,
41(8): 199-207.

LIU Cang, TONG Jinyu, BAO Jiahan, et al. A rolling
bearing fault diagnosis method based on multi-sensor
two-stage feature fusion [J]. Journal of Vibration and
Shock, 2022, 41(8): 199-207. (in Chinese)

CHEN Z Y, LI W H. Multisensor feature fusion for
bearing fault diagnosis using sparse autoencoder and
deep belief network [J]. IEEE Transactions on Instru-
mentation and Measurement, 2017, 66(7): 1693-1702.
ke, BN, AR R, A5 TR R IR AE Y BIL 4
RSB IZ W [T]. 2208 i TR AR 2021, 21(6)
247-258.

ZHANG Long, ZHEN Canzhuang, XIONG Guoliang,
et al. Locomotive bearing fault diagnosis based on deep
time-frequency features[J]. Journal of Traffic and Trans-
portation Engineering, 2021, 21(6) : 247-258. (in Chi-
nese)

R, BORE, WA, S T RO N S Y A AR
i I 265 HE IR ek LT Bk 2l G 512, 2022,
42(2): 299-307.

WU Yaochun, ZHAO Rongzhen, JIN Wuyin, et al. In-
telligent fault identification method based on convolu-
tional neural network for imbalanced data[ J]. Journal of
Vibration, Measurement®. Diagnosis, 2022, 42(2) .
299-307. (in Chinese)

BERLEANT D, ZHANG J. Bounding the times to fail-
ure of 2-Component systems[J]. IEEE Transactions on
Reliability, 2004, 53(4): 542-550.

CRESPO L G, KENNY S P, GIESY D P. Reliability

[8]

[9]

[10]

[13]

[14]

[15]

analysis of polynomial systems subject to P-box uncer-
tainties[ J]. Mechanical Systems and Signal Processing,
2013, 37(1/2): 121-136.

TROFFAES M C M, MIRANDA E R U, DESTER-
CKE S. On the connection between probability boxes
and possibility measures [J]. Information Sciences,
2013, 224 88-108.

TANG H, DU Y, DAI H L. Rolling element bearing
diagnosis based on probability box theory [J]. Applied
Mathematical Modelling, 2020, 80: 944-960.

DONG L C, LIU Y, TANG H, et al. Bearing data
model of correlation probability box based on new
G-Copula function [J]. TEEE Access, 2020, 8:
224565-224577.

WL IETRIEDAL S B 322 2T KR sh R s
Wr 5 PEREIRBALITAG (D], Kb MR R, 2019.
HUANG W Y, CHENG J S, YANG Y. Rolling bear-
ing fault diagnosis and performance degradation assess-
ment under variable operation conditions based on nui-
sance attribute projection [J]. Mechanical Systems and
Signal Processing, 2019, 114: 165-188.

YANG D, LU Y, YUAN R, et al. Robust fault diag-
nosis of rolling bearings via entropy-weighted nuisance
attribute projection and neural network under various op-
erating conditions [J]. Structural Health Monitoring,
2022, 21(6): 2890-2909.

ZHANG H, MULLEN R L., MUHANNA R L. Struc-
tural analysis with probability-boxes [J]. International
Journal of Reliability &. Safety, 2012, 6(1/2/3): 110-129.
STAN Z L, JAIN A. Nuisance attribute projection
[M]//STAN Z 1., JAIN A. Encyclopedia of Biomet-
rics. Boston, MA : Springer, 2009: 1007.

FE—1EEB K, B, 19804F 11 H
2SO 1 ol N 2 0 S L 1 R
FEis W 5 R A4 . 8 R R /Nt
P fire VAU A AR 1 BB 4 A ) (CHL AR
T ) 2015 4F 58 51 45 5 3 M) 4§
it 3

E-mail: longzh@126.com



