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Fig. 1 The recurrent structure of RNN
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Fig. 3 Flowchart of the proposed method
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Fig. 4 Bearing test rig and sensor placement illustration
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Fig. 5 Failure photos of bearings
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Fig. 6 The correlation index of features
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Fig. 11  The full life vibration signal of bearing 3

Horp: A BRI FH A AE ¢ B 20 TSE; F, BT
A

1 il 7GR R B B 220 5 ST LSTM W 45 1
YIZEPR%E . g LSTM it 25 o 2 F50 I A5 78, R Il 25
R 4 75 A RO IR AL R AE S BUE VI % LSTM [ 4,
IR 5 5l 2 5 B ?ﬂﬁuﬂhﬁ [ B 43 ) R
JH BP 412 W 2% Fil SVRM 47 % Fe ik 56, Y 2R 45 0
0 3 BA A 389 Sy e BRAS B 90 AR R B 1 4R B 1Y)
IR FRAE S BORBR 25, 15 2000 Uk K 5 1) 50006 5
SEFRAE AT ELZS SR E 11 fros . & 2 5 T LSTM
I 25 Fil BP i 22 W 25 1| R E 9 X 45 280, SVRM #%
bR £R ] RBF % pR 4K

2 MEI%EsH

Tab.2 Network training parameters

W 4 285 LSTM % BP [ %%
iy A In] i 4E 8 8
iy S 1) i 4 1 1
e 5 J2 B G R 256 [60.,200,80]
o 4% J2 K 4 4
22 R 0.000 6 0.000 6
IEGIPRRIS 30 o
R KN 50 X

MIE 12 A R AT EE T LSTM M 4% 19 6 %
5 WO 7 3k xR 5 AT I BT AR B B0 77 i
(85 LS i (B P R A AT ) 4 il ) 5 R E g

— BIE
1.0 — BPHHZ W 45 Tl 45
€ - — RBF-SVRMTiJll 4 &
$ — LSTM 4 Tl 45 5
= 05
S
5
0

0 50 100 150 200 250 300
¢/ 20 min
B 12 T gk
Fig. 12 The prediction result

UG RO IR B o B 2 Al AR O W3 5 2 A0, T
235 SRk B o 70 3 A8 /0N T 45 SRR L S W) G R
JEREIN o SR FH SR ) d 1m] 05 B E AT [0 S A% o
KOH“RBE” i B 25 S 5 H S {E W) & R AR T
LSTM [ 48 TR AL . BP i 25 ) 45 0 25 5 % 2y
B TOIDRS B2 AIG

HR G20 L) TF 58 4 ol 790 00 5 325 1 000 5% 2
£ 3R, AT LLFE ) LSTM B 4% 7 2 A 1% 2% (8
0. 091, /)y T Aty 9 b 757 o DR 2 1 7 325 ] DA A
TOINVR B Al A T o A s O A BRI A R0 ZE 4
M

F£3 Bz

Tab.3 Prediction error

K RMSE
LSTM [ % 0.091
RBF-SVRM 0. 257
BP 1 4 M 4% 0. 239
5 HRiE

VR 5y ol AR TR 4 A7 i TN R REAR R AR B2 B IR T
FRIES RO EE A, 28 28 R R 2 O AN $5 AR 0 4
IEZ BOHEA T 5 3 ) 30 T 12 0 2% 5 BLIR 3 il
ARTF A B JF SR T R A . B AU
TR DR FHRE 2 BOT 98 b1 € 2 B AR IE S
WOt 25 A2 52 Ui 0 B R S I ek R A 4 75 i S A
PR fb I R A R B 4R R T A T ARG 2 s @
SE T AR TG 1B A I 20 0 T A T B L 4R
T 7 A N ER L . SR I T U — A B D I R
PR&E o AT A5 il R 2 5 A A TR f) 72 A X ] A 2k Ak
1 (L JBE B 1 2 A3 R 4 e o T 45 SR PR R T 5
K 2 )2 KAWL AL W 2%, AT L5853 F B A i [R]
PSS ERIDBERIADTE W €/ R G R K PN i - ER AR HIU RN
ST %’% Z R R IE M 25 B Ar s S B T AR
2 BRI BRI AR R T A R R A% 2 il LI RS E

s % X ik

[1] QIU H, LEE J, LIN J, et al. Robust performance
degradation assessment methods for enhanced rolling
element bearing prognostics[J]. Advanced Engineer-
ing Informatics, 2003, 17(3):127-140.

[2] GEBRAEEL N, LAWLEY M, LIU R, et al. Residual



el

ERE G ST T 2 2% B R Sl Al R O i TR 5 ik

309

(3]

(4]

[5]

[6]

[7]

life predictions from vibration-based degradation sig-
nals: a neural network approach[J]. IEEE Transac-
tions on Industrial Electronics, 2004, 51(3):694-700.
LINP, LETY G, LIN J, et al. An improved expo-
nential model for predicting remaining useful life of
rolling element bearings[ J]. IEEE Transactions on
Industrial Electronics, 2015, 62(12):7762-7773.
THE T IEFE BRI A BT IR A RS RS R AE 1Y H
91l I A< A58 R ] FE M T A LT 1. HLAR TR 27 4l . 2009,
45 (12) :89-94.

DING Feng, HE Zhengjia, ZI Yanyang. et al. Relia-
bility assessment based on equipment condition vibra-
tion feature using proportional hazards model [ J].
Chinese Journal of Mechanical Engineering, 2009, 45
(12): 89-94. (in Chinese)

L2 . BB, MR, %, 3T KPCA f1 WPHM
B 7R B il R AT SE LAY S A A T LT ). RS S
Wi, 2017, 37(3):476-483.

WANG Fengtao, CHEN Xutao, LIU Chenxi, et al.
Rolling bearing reliability assessment and life predic-
tion based on KPCA and WPHM[J]. Journal of Vi-
bration, Measurement & Diagnosis,2017,37(3) :476-
483. (in Chinese)

TAMILSELVAN P, WANG P. Failure diagnosis u-
sing deep belief learning based health state classifica-
tion[ J]. Reliability Engineering & System Safety,
2013, 115(7):124-135.

LI C, ZURITA G, CERRADA M, et al. Multimodal

(8]

(9]

[10]

[11]

deep support vector classification with homologous fea-
tures and its application to gearbox fault diagnosis[J].
Neurocomputing, 2015, 168(C);119-127.

GUO L A, LiN P, FENGJ, et al. A recurrent neural
network based health indicator for remaining useful
life prediction of bearings [ J .
2017, 240(C) :98-109.

ALI J B, CHEBEL-MORELLO B, SAIDI L. et al.

Neurocomputing,

Accurate bearing remaining useful life prediction
based on Weibull distribution and artificial neural net-
work[ J]. Mechanical Systems &. Signal Processing.,
2015, 56-57:150-172.

QIU H, LEE J, LIN J, et al. Wavelet filter-based
weak signature detection method and its application on
rolling element bearing prognostics [ ] ]. Journal of
Sound &. Vibration, 2006, 289(4):1066-1090.
ZHANG B, ZHANG L J, XU J W. Degradation fea-
ture selection for remaining useful life prediction of
rolling element bearings [J]. Quality & Reliability
Engineering International, 2016, 32(2) :547-554.

F—EEEN L% B 19742
TREER LU oS 6 e s O S B DR = E
KEMBEE, Familg AR, B kE
CEEF Y — A7 515 10 09 & 2l il 7K g p
FRAEARIBO) (CHiR 3 3K 5 12 W7 ) 2016 45
536 B 2 WD EIR L.

| E-mail : ftwang@stu. edu. cn

101114011110 11140- 1111011140111 11140 1114011140111 11140111401 [1140- 1140111401111 11140 1140111140 1110111401110 11140 114011140 1110111011110 11140- 1140111140 1110111401110 11140 1140111140 1101114011140 11140 114011110 111011101 1]1[[]] 91| 9|

AT CHR 30 R 5 12 BT )

(IRl X532 W) ol FE SR 3248 v AT s 0 R = AR e [ e 5 ML T 0 3B AR AT 9 2 B
B I SR Sl | B A K B2 W R T I BCR S R R DL BRI . R BRI A
SN LAAR Bl 035 32 1B D Hh e 8 20 2SI BE Ve L T 3 R T B T 5 B L T T 4B AR SRR 2 47 552 56 0 1
FOAR OB BT 7 3 R AR GEAL R A5 5 20 A Bt A B 2 O i IR A R SRR B L
R B RE MR HE S AN T AT L A LT H
AH 2y EI Compendex Bl 2 W 39 TR b SCRZC 99 1 XOH 1) 438 XU R AR B4 5E f 30 I8 42
A 180 JCo XM VT B AR » AR A T T8 452K )5 AR AR R

S Rk - B R A IE A 29 5
F . (025)84893332

s B 2 f - 210016

E-mail : qchen@nuaa. edu. cn

13 : (025)84893332
W4k http: // zdes. nuaa. edu. cn



310 & oF.m oK 5 & W 5540




