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Condition Assessment Method for Rolling Bearing with Fault Features Enhancement
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Abstract: To improve the insensitiveness to early faults and reduce the heavy dependency on historical full life cycle data by the
existing assessment methods for bearing conditions, a rolling bearing condition assessment method with fault features enhancement
is proposed. Wavelet packet transform is used to extract the signal features, and based on the hidden Markov model and exponential
weighted moving average, the evaluation indicator is established to evaluate bearing health status and enhance early fault
information. After initial failure occurs, the enhanced power spectrum is applied to lift the frequency domain features of the signal and
identify the fault types. Experiment results indicate that the proposed method can effectively describe the degradation trends of rolling

bearings, find early faults in time and identify fault types.

Keywords: state evaluation; rolling bearing; fault features enhancement; exponentially weighted moving average; hidden Markov model

0 55

EEAMIU R T B BB R Br it e FIRAE
YEMEAT T 3B o B AN B A & Y TR SRR Y
127, HABRRR L S W& L s T P . UL, =5k,
S HS] 1 W A ZECR S S W R | BE S SRS R 4R 1B 0R
W5 A A B T e S B Tk A = ]
SR Ak

BHACTRZAS TTAG 1) DA AL T AU IS 5 R A 5 48 5K
P, AN AR (WPT) 2 7E 4 /N AR 5 5L Atk [ 9 ek
HE, IR T A W A2 WA, N A 4R i
A WPT 5 F 10537 T AR IR B O 22 3 R B 45 4 4
i, WANG D 2551 F WPT 2 BUAS [7] 9% B 1 5 4 40 4%
GRS U RS R MG R NS, B
IRBFRAR (HMM ) J&—Ff — e B AL B AR, /e 455 230
SVSURN 7 o AR AE ) IR R A e IR R A
T TR & 2 W, JIANG H M 2550 R ] HMM 24
Al @ PRI bR A RO IR T R A AR EER S

JUEH VR 51 S Rl ARCIR S PEAG B9 5 B gl 2 4, AR SR

FANEA —E R R ERE, BT X5 X SE ), A SO ) — i
SHR R IE A S TR S A RR S PP 7 i o U WPT 42
YRI5 1 B SRR E 5 2 HMM 25 5 48 BUm AR 3l 7 3
(EWMA) 42 i L 95 41 H8E 5 3 BB 16 3F £ BE R 45 b
(DEPY) , LAt R ARPEREIR AR DL , I 45t X 07 B4 L K
I 2 BRSO o B SUY e i A I 0 P B 1 49 i 2 R
TR RREE R BEAT PR IS W 8 S S 5 S I 5 T RE
KU MR TEREIR AL R 3 | B IR AG I 309 3, 5 7 kg e
SRR JE PO U R A

1 EigoH

1.1 WPT [RIE4SH

5N A AR L, WPT 7E 85 450 B B A B %5 1 4%
R LA U7 BHAREESSHE @ (1=2n) j K53
TREE p WATAUT S0 198G p) AL HOBRIE IE S HE AT B A3 Ay
WA TIE K BIVZS ] U7 T 43 g 0/ BRI S F 25
] U2 R U% ) () AE 47, p) bR N AL 250

(n)= (x(1) ¢! (1=2n)) (1)

HE&WA . EEHRBFEEAT FIWH (51707501) ;11704 & A0 & 3R H ( BE2018127)
FE—1EHFR/ N O (1996—) , J  BIALER TN LS A BESE 5 [0 R R A i A A B

.79 .



- fEREA .

PO F - MEH RN R R B AR SR F ik

SHHL ! (n) BTRESMIE I 2, (n) 1 2 (n) o, () Fi
() WAl TR () AT

cffl(n)=c;.’ *h(-2n) (2)
I (n)= ¢ % g(~2n) (3)
d(n)= ¥« h(n)+e¥ # g(n) (4)

SR OB BUE TR AE ; o A AT 5 60/ B L R
BCE N 05h F g 43531 Ay AU i 368 O O e EL E AR 34
PR, WPT H]AE A BO IR e 81 BEA T 20 i, A A T 4R H

(5 4R,
1.2 HMM RIS

HMM £ & — 4~ 1] WA A BEAIL T 51 Rl — A B 1) 2 7R
A gt R, BRI AT S AN EERHAR T,

1) N BERIRBORE R, i8S, , S,, -+, Sy, MR N
AR g, NAERITE ¢ IF 20 Y SEBROIRZS I ¢, € 1S,
527"'38N} o

DM AARETRIMEBEHE, BZEV, V,, -, V,
RIS R A M A HOULINAE o, ACFAERIAE ¢ B 29
WL, W v, € 1V, V, 0, Vil o

3w WIRIRE MRS, BRI 7= |, WA W]
GRS B

m,=P[q,=S,],1<i<N (5)

4 A REFEBMRSMHE, B A={q,} , W

AR W] RS ER
a{j=P[q[+l=Sj‘q[=Si] JA<ijsN (6)

5) B ULIEE A< o3 AT KB, B B={b,(u)} , W5

A S PR A
b(u)=Plv,=V,[q,=S1,1<jsSN,I<sksM (7)

WH HMM Al bR RA A ={7,A,B} ,

3R HMM ARV E T 14 2 8 oW I T 51 1 52 B s
P HHE S 2 RELT I, AT R R A 5
A SRR A 5 B 1 HMM 7 i R 3 28 HMM, 55
HriR AR LR A

bv,) = Z]w,,,,,/v( Vs ) (8)
A M, ARGECIRE S, T W@ R & EH jw, , A
PR AR N (o, e, D, 5 0) FTERECIRES S,
T, Wk, S BRI AR m A
TR A A Y R T B
1.3 EWMA RIES

EWMA #5575 /M #2400 07 1 2 A B AT g, Hos

il 75 % SUh
Zi=yX+(1-y)Z_,,0sy=<1 (9)
KX, S AWNE; Z, S5 AR BUNEGS 372
By ARNERETF, HX(9) EARFF 1S
Zo=y X (1=y)X + (1-v)'7,

K10V R T 2, FFFAT 0 5 s W (8 X5 %, FL
It LI 0 T 2 95 R y (R, ST 44
AP 0B TR B, EWMA A AR FE SR 5

(10)

- 80 -

{8, BAU 505 B LA R 58 0
2 IREHHARSIEHE TR

AR AR RBBUR SRS, X T REARE S 21T
WPT Zp MR 1 A5 5. O B R il 15 5L
JERJZ 1Y A 5 Al 5 L T b 7 DA BB SRR A 1 3 A
fifp I AL S LIAR UL R 463

AR 2Bl S A BN R 7 A 2 o e
{5 MR DK, LW {1 i A 5 5 2 ) 8 A D 394 5, ]
AT ol A R 315 P W L S W R AR BB, 2 T 1 e S
XTI AR KL (ESGL)

Eg(t) = IOgloM (11)
2 env(t)
P THEAG 5 M AR S 2515 19 ESCI (A E

TR 2

A 3. WA Ak HMM AR S50 SR AR sl R I & R
BT T ARG S IFRBUFE , 22T Baum-Welch #3535/
PEARIR A i th ) HMM B S 80 A |, ST (g HMM

R 4 VRS BEARL AR 57 T B R IR A R AE R 1)
0 My AZARFERE R LT Viterbi 83251155 P(O1 A ) I
BRMH, 0T B 1R E R R, BT B USRS (LP)

YR 5. L EWMA $5] LP , RT3 15 B LA 5 5L 1)
TCRERAAE o PR IR B0 3145 09 LP (B 3T 5000 1R T4 A
RAGHE Dy o, TN

Dypry = — (12)

€ X DEPI #y
Dy, = VZ (1- V)ALL’,sz + (1 - 7)’DLP1,0 (13)
BNy (8 B TR0 G5 0 B e B2,
{H<0.5,43C y M{EHL 0.4,
B 6 ARYE 30 JF 2 LB BE Thr 2y

Thr,l = DF.PI,I
12 1 & 1 & 3
T\ :TZIDEPI 3X/\/7,‘:1(DIP[ _7§D|P| )
I,,=T1,,
1 < 1 < 1 < 2
T,, = 7ZDFPI 3% - Dypy; = — Dypy
i = i, = 1 =
T, =T,, =" = T}u,,i (14)

e, RIS B2, 2 Dy /N T HXT R0 T,
I WA A U BRSO 2B A o, O T IR BR
A SRME P AR, SR U T RN, AN S FIRF) BEAN e
Ry S B K S 3 AR I R (5

AR T AN PSS | )RS E S AT IH— 1k
e EF AL A RIS S E (1) .

APBR 8 DAL S M S — P D A5 v T A J S0 o
AT BARCT B, 2O R A I A5 5 B D 3R e R AR AR
PR LT, T, X B (1) 34T [ AR I8 5 15 8 L AR
BAFRII R & () .

AR 9O T HE SRR B R AR SR AR R, W R BRG R



- EERAK - ¥ A

V- MR AR R AR A A AR SRR T

FRIBLR A R DA AT W (ELINAS AT 38 50 2 3 LA

ST HESR LAY , AT 25
; e/(f)
E (f) 72 12
Zum» Z\ﬂM
’m (15)
772 f2

> @) [ T 1o |

£ REEIAR, [ 1 BRSSO 5 i R
ISR DR | 0tk T R4 v (I A DD A AR
Wik, A T PSR SCRRSMNE AR RS R
FERABBERHEAR B £, L S, S S, S SRR
FRIEARA S R A SRR TIEARR B AT Y BB A

6 x10"
41 4
= Yo 8,
T4 /=2 — -
L [A— / o, /
=, /
E

100 200 300 400 500 600 700 800 900 1 000

3 xlo”'
E 2L o 2f R
A
o
o /
0 | l | 1

100 200 100 400 500 600 700 800 900 1000
A% Hz
(b)) BRSO {5 SRR 32

BT PR I B e

3 SCIGIGE

3.1 SIGHIE&ENE

S B EE A IR A P ILRS Y 4 2R B AR 4

i S AR SR AN, eI e R I TR R B LR 10 B

PagE 1R A e IR R AR REZE IR R G0 (IMS) G

SCEGAR T ISR 6] o Edn e 2— B4R 4 IR A LMK A

i B W 0 BB A 52 50 % (XJTU =SY) |, 4 G 55 56 4t 15 I 3¢
NIAR

S Hz
(a) HRINEHELS S0t
F 1 TREIRETEHFR
YGRS kA LB 8/ (+/min) KRR R/ kHz A BAL BALYCR A AR RALE
B¥EHE 1 Rexnord ZA-2115 2 000 20.0 984 20 480 ShE
K 2 LDK UER204 2 100 25.6 122 32 768 {40
BatE 3 LDK UER204 2 100 25.6 52 32 768 P + 51
Bl 4 LDK UER204 2 250 25.6 491 32 768 N
32 TREBELSH BLE 1462 RFE S BARLE 4 MR/ NBFEARM S 1 366

R ECHRSE 1 SC0 Y FHLBESE IR SR AR II 1 BRI
SRR B R I REAE S AU 16 B, B/NB R 5
1 200 /RAE 55, K H Daubechies 10 /N 34T 4 )2 WPT
G-k T 80 LR I T 44 VI ZRARAE 25 ] Fe A Bicdi A A
H PP RCIRES

T EARE 1 RRMERER I ITARZ5 R B 2(a) fT
N, BEEWRIA RS DEPL (2 IR Ftash , RAE R & /Y
B, fERHEAR 533 Z i, DEPIL {H - #5742 His T Thr
{8, FR Bl AL TR BDIRAS  AEHE A 533 LLJG , DEPL {E HF
1R 0 TR ELACT The 5, 58 B flR 1 B0 R BRS04 51
TEFEAR 703 1965 Ab , DEPT 09 Wi 3 4 k| F2 W fil
430 M B B ke e RO, R, AR AR 533,703 AN
965 X i i 2 A R AL Y 3 AN S a] A K R AR
AS3 h R R e B R R 4 AN BB
TR 2B S A A 30 T R o R A R S B A T2
Wr, B 2(b) MAEA 532,533 F1 534 AYIG SR Th &%

E 2(b) AIAT, AR 532 b %A B S A RRAE A R BEAR 533

1534 b 35K A1 RETBS AR A3, SR BH I A A A1 P

PR BRI AR & AR FEREAR 533 XENIETZ, R RSk
FEIR T SR i 25 3R — 20 T T B i i stk

RIEEAEEE 2— 4R 4E 4 ST Y s ALHEFE IR R
AR B RORAE S, B AR 2—BR 4R 3 A/ N B R AR

AL LT 10 2B TUIZREER e e S8R 1
SEH YA G B — L

Ob —— Dy,
—T /T_ yd
330 | Dy(703)
~1000| oo |
10 m/ n(532) | !
£ |
Q 20001 310 / |‘ |
Din(533) | I
-3000L 3% ! :
520 530 540 350 |
< »a
~4000(¢ EETTIE o uwm i
100 200 300 400 500 600 700 800 900 084
AT
(a) XTEHHEE LR ILITAL 455
0.04[ A2 ]
0.02| PGP RS
100 200 300 400 500 600 700 800 900 1000
g 0.04[ ; " " TRAS ]
& 0.02] .
& 7
E 0 |
= 100 200 300 400 500 600 700 800 900 1000
o4 // ‘ THEAS ]
0.02|

100 200 300 400 500 600 700 800 900 100
Az
b)) BRAE 1P3AREA I R T R

B2 XHEdEE 1 REITALSE

BT RS 2 YRR YEREIR LI AE S5 R AN 3 (a) P

- 81 -



- fEREA .

Y AOAE S - WA AR 5% 09 R B A ROR &R AE Y ok

/N, DEPTH B AT Thr B, HHBUAEREAR 51 &b, BER L3
R A2t FEAEAS 81 4L DEPT (BRI K, Fl R T 44 i 8
O B e, A SR VE RS AU 2, DEPI [HAEREA 91—FEA 120
A T v A D B R 2 B () BE PN A S A 3 ) A L PR R AR
85—HEA 90 Hif Za] B 4223T TE 155 L, 53 A B R 2 il K
FOIR LR B ES . FEREAS 122 Ak, DEPT {8 28 9K K T %,
AR, FEAR 50 BEAS 51 REAR 52 f 1 R Th Z ik
K 3(b) Bz, BEAR S0 Ab 2 A6 0 30 i s 5 AE 451 2R, B AR
51 FEAR 52 b 35 H BRAR RS B R RF A AR R B A4, TRt
AR T REAR 51 %60 07 B 220 F 1y Hh B I, R 2 0 R £
FRAR R

111 e — 0 N
200 bi30
100 [ 320 (S
o ! (81|
_ Olso | I
& | |
S 100,20 Dui | |
280 | | ]
~200[ 270 | : Din(122) |
40 30 5(| " |
-300, . | 1
400 ﬂ??‘ﬂiéﬁmfﬁ‘ ! ‘ ‘ r‘v)’(ﬂ‘@fﬁf)’k‘ ‘ ‘ I
11 20 30 40 50 60 70 80 90 100 110 122
AT
(a) XFEHEAE2ARA AL 45 R
B
10 x10
FEAS0
50 TCHERICR R
0 . . A A
= 20 40 60 80 100
— 10 x10
= ' AT ' " b
E s r 7/
§ 0 /. M ‘ ‘
- 20 40 60 80 100
10 x10
o 3 FiAs2
s / // ’/ "
0 LM A o~ .
20 40 60 80 100
B/ Hz

(b)) HlAE2r 3R AR B 3 D 3%

B3 SRR 2 MRS ITAR 25 5

SEFHARE 3 MR MERBIR LIRS R 4(a) BF
/N, DEPT {ETEREA 35 AbFF4R/NT Thr fH, W3R 55 & 4
Ay BIAEREAR 40 FOREAS 51 Ak, DEPT {55 fi 25 1F IR 2%,
AR A 00 A B R S T R B B, RER 34 RRAR
35 FEA 36 FEAS 50 MBS IR DR EME 4(b) FiR, HEA
34 W U BEFEARR  BEAR 35 FRAR 36 BEAR 50 R B4
P A B A AT R ELARE AR 50 Hh i H B oAy ) e PR 01 R
B AR AREZR 35 X6 7 Bt 220 A R B AN e s B
P B

; ; : z ; ;
0 D, T N T
" DG == !
T I | I
~1000 \ | |
300 \ o |
~2000 1 D40} !
200 | | |
- I | I
& -3 000{ 100 Den33) | | |
I | I
—4000] ° ! (A |
~100 | | Dun(s1)
-so00f ¥ » I I
. ;
T ~n
600, TWEGRE 1 AR Ly
IT 15 20 25 30 35 40 45 5052
HATS

(a) XPEAEA3HRAITA LR

- 82 -

004 s FHRAAF A s
HISCH RS
0.02 / TR FAEA

L s s s s s s s s
100 200 300 400 500 600 700 800 900 1000

0.04 7" w4 FEAs
002
T 100 200 300 400 500 600 700 800 900 1000
o "
= 0.04 ¥ 4f, 57 FEA36
0.02 /
100 200 300 400 500 600 700 800 900 1000
0.04 \ HEASO
L2 ¥ sf;
0.02 / g
oL/ : /
100 200 300 400 500 600 700 800 900 1000
i/ Hz

(b)) BRI REAR R IR I R 1
Bl 4 XPEAESE 3 PR TEAL 45

FEFHARLE 4 HRPERBIR (L ITAG 5 R B 5(a) fT
7N, FEREAR 453 4b , DEPL {H & /T Thr {8, R AEY) 1R 6
W 2 1 s 4y WIAEREAR 463 FEAS 475 kb DEPI B N [ IR E 14
TRl A3 S R D G g e R B B REAR 452
FEAC 453 FEAS 454 [ BESR DI RIE WA 5(b) Fin, FEA
452 ™ HUB R IR RRAT AR REAS 453 BEAS 454 RN
BRI SRR |, DRI, 203K T REAR 453 137 B %)
FEUf H P P e

0 .
—— D [\
—1, I
~2000 (fill
200 N
" Din(452) Din(463) [l
1
-4.000 0 / IH
& Dy(d53) Don75) /f,y ]
= -6000] -200 1
i
wpee 1
. 400 Il
8 000 450 :
a
10000 EHETTHEE 11
1150 100 150 200 250 300 350 400 450 491
FEAT 5
(a) XEHEEANRILTEAR S5 R
%10~
2 BEA452
2,
1 / FERBEAR A3
0 1 " L i L L L
200 400 600 800 1000 1200
x 10~
= ) .
5 2| ( FeAR4s3
o \ 2%, 3
i f
Eo . ./ s ./ L L L L
200 400 600 800 1000 1200
4 x107°
\ FeAase
2 fi 5
ol £
200 400 600 800 1000 1200
WA/ Hz

(b)) Bl R 1
Fl5  XPEUEAE 4 BPRESTEAL 2

Shyitt— AUl B BT O 2 i 8 B DEPT (B 53+ 07
BIM(RMS) JERE (KS) -3 BEFSE(ST) LA SR i B ) 12
T30 ( MISM) B 5 Bt A7 % He | 3o e O gk Y LA St ot 7
ECER[8 AR, 2T e iR AT R, S0 HR R R T
PR | IR EE )7 B PAG 45 51 45 RN 6 s, ST L 2
(a) F1E 6 T, B THUE 4R 1, RMS {8 KS {HAEFEA 703
b A A B AR A IR AR AR 533 Bt 220 i) R T
ST A \MISM {EMAEEAR 533 kb4 S BT B ta 55, K Hh B
R (H 2k SR A SRR R AL

(T#% 105 ;W)



- fEREA .

IR F - ATRASB

) it A B AR AL L

SE Lk

[1] HAN D,YUE C,HE W F,et al. Energy saving analysis for a
solution evaporation system with high boiling point elevation
based on self—heat recuperation theory[ J]. Desalination, 2015,
355.:197-203.

(2] EfZEER, BRI, B THUZE VUSRI AR
AKIEME RG] 3 )1 TR ,2018,38(9) :755-762.

[3] HUANG L,DENG S S,CHEN Z, et al. Numerical analysis of a
novel gas — liquid pre — separation cyclone [ J ]. Separation and
Purification Technology,2018,194:470-479.

[4] Ze—H1. Wm e X o B S BB 5 2T R [ D] . IR AR
MR TARRE:, 2011,

[5] E&F. ERABEXERAEF ARG 8T [ D], 4k
R, 2015.

[6] WEA S AR, 55, AN ) 5 45 1 X e AU 43 B v 1
M [J]. LML, 2017,34(5) :47-52.

[7] MAO Y Q,PU W H,ZHANG H, et al. Orthogonal experimental
design of an axial flow cyclone separator[ J]. Chemical Engineering
and Processing — Process Intensification,2019,144.107645.

[8] TANG Y F,QIAO Z L, CAO Y, et al. Numerical analysis of
separation performance of an axial—flow cyclone for supercritical

CO, — water separation in CO, plume geothermal systems [ J].

Separation and Purification Technology,2020,248.116999.

[9] LI J,WANG T,ZHANG L Q,et al. Multi-objective optimization
of axial-flow—type gas—particle cyclone separator using response
surface methodology and computational fluid dynamics [ J ].
Atmospheric Pollution Research,2020,11(9) :1487-1499.

[ 10] BALESTRIN E,DECKER R K,NORILER D, et al. An alternative
for the collection of small particles in cyclones: experimental
analysis and CFD modeling [ J ]. Separation and Purification
Technology 2017, 184 :54-65.

[11] ZHANG H,LIU Q F. Numerical investigation on performance of
moisture separator ; experimental validation , applications and new
findings[ J]. Annals of Nuclear Energy,2020,142.107362.

[12] XIONG Z Q,LUM C,WANG M L,et al. Study on flow pattern and
separation performance of air — water swirl — vane separator [ J ].
Annals of Nuclear Energy,2014,63;138-145.

(137 ARHEZE. B0 WROE T 7 13 i BB A0 5 75k e oy Y L
WFELD]. LAt E AR (b nt) ,2018.

[14] wEmefs. B B =0 KA I PERERTSE (D], H & vh
R, 2011

Kim B A 2021 -11-23

ZWIVAVAVAVAVIVIVIVAVIVIVIVAVAVIVIVIVIVAVAVIVIVIVAVAVAVAVIVAVAVIVIVIVAVAVIVIVIVAVAVAVIVAVAVAVIVAVAVIVAVIVIVIVAVAVIVIVIVAVAVAVIVAVAVAVAVIVIVIVAVAVAVIVIVAVIVIVIVIVAVAVIVIVIVAVIV IV IV Y

(EEFE 2 m)

0.5

. 0.3 Ry(703)

S [ sy R \WM/L

1 100 200 300 400 500 600 700 800 900 984

20 T
K(703)

[SERL - ,
R BLREAS I I

i
100 200 300 400 500 600 700 800 900 984
0.6 T T T T T T
)
i 04 i s
“ 02 5(533) i
EEECE U hEREmE
100 200 300 400 500 600 700 800 900 984

S(103)

(X TP o)

" b ./ermz) ,U{I
e (i Ll W el g
=05 M3 7 vme Mmﬁv\;s

1
0.4 | EmEE L tERsE
100 200 300 400 500 600 700 800 900 984

AT
B 6 XTEREE 1 B9 RMS . KS . SI MISM {H 1B fL P4 45 5

FRSIR S BRI, BT Ty vk R R R AR ARG A
PO L NHS W R B DEPT {4 1 (4 3 AROIR 5B
TLRZR 2 IG A T B3, 5 R (04 52 Rl 1 $ AR A5
[Fmt, DEPT {E45 4 Thr {8 n] K i % I8 FL I 5% ; B0 ke o
KBRS T AR BEAG I HH AT AR AR, PR 12
Wt 7R S A

4 GE

P SCAR Y — b R R A L 1 TR S RIS
771 ALV BEAR AL DA ANk R RO P2 BT, G 56
TEFI HE SE S 90IE 120 A R S U0k 25 b B
FEOT EEESBAT

1) %Ik WPT JE USSR E, 56T HMM 45 &
EWMA f A A48 348 05 125 R A OTAG Rl R B AR 2, R 45
AR AL R A S B ) T R T AR A T
ST H O

2) %7 R 1 SR B 14 7 oK /N ERAR BRI
SRt T RO G TR LI

3) ARSI AR R i 78 42 W AR AL T — T s 50y
2, P 3 B R B 7 R S B R R S R s AT, RN
VU R S qE PR AR (I 12 7%
B2k
[1] ZHOU H T,CHEN J,DONG G M, et al. Detection and diagnosis

of bearing faults using shift — invariant dictionary learning and
hidden Markov model [ J ]. Mechanical Systems and Signal
Processing,2016,72/73.65-79.

[2] WM, £, Rl 55 BT 32573 i T B SO M 45
R[], R3h TR, 2019,32(2) :234-240.

[3] WANG D,TSE P W,TSUI K L. An enhanced Kurtogram method
for fault diagnosis of rolling element bearings [ J ]. Mechanical
Systems and Signal Processing,2013,35(1/2) :176-199.

[4] EHAM, RATT K 45, BTG Ba T IR AT 5K A il i g e
Wi [)]. J&sh - Wik 51211, 2018,38(6) : 1091-1095,

1286.
[5] JIANG H M, CHEN J,DONG G M. Hidden Markov model and
nuisance attribute  projection based bearing performance

degradation assessment [ J ]. Mechanical Systems and Signal
Processing,2016,72/73 :184-205.
[6] QIU H,LEE J,LIN J,et al. Wavelet filter—based weak signature
detection method and its application on rolling element bearing
prognostics [ J ]. Journal of Sound and Vibration, 2006,
289(4/5) :1066-1090.
WANG B,LEI' Y G,LI N P et al. A hybrid prognostics approach

for estimating

—
=
[

element
bearings[ J]. IEEE Transactions on Reliability, 2020, 69 (1) .
401-412.

WANG D, TSUI K L. Theoretical investigation of the upper and

lower bounds of a generalized dimensionless bearing health

remaining useful life of rolling

—
e2)
[l

indicator[ J]. Mechanical Systems and Signal Processing,2018,
98:890-901.

K B 2021 -12-07

- 105 -



