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A Fault Feature Extraction Method of Rolling Bearings Based on

Parameter Adaptive Maximum Correlation Kurtosis Deconvolution

ZHANG Shoujing, SHEN Mingjun., YANG Jingwen, WU Rui

(Xi’an Key Laboratory of Modern Intelligent Textile Equipment, Xi’an Polytechnic University, Xi’an 710600, China)

Abstract: A parametric adaptive maximum correlation kurtosis deconvolution (MCKD) method
for rolling bearing fault feature extraction is proposed to solve the problems that periodic fault
pulses are difficult to be extracted due to the interference of transmission paths and strong noise
in rolling bearing fault characteristic signals, and that MCKD influencing parameters needed to be
selected by human experience. Firstly, the envelope spectral entropy of the deconvoluted signal is
used as the fitness function to adaptively select the best parameter combination of MKCD
algorithm using the powerful global search capability of the sparrow search algorithm. Then the
MCKD method with optimized parameters is used to deconvolute the fault signal, and the noise in
the signals is filtered out to enhance the periodic fault pulses excited by the bearing faults.

Finally, the deconvoluted signal is envelope-demodulated to extract the characteristic frequency
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components of bearing faults. Simulation results and comparisons with the genetic algorithms and

particle swarm optimization algorithm show that use of the sparrow search algorithm makes

MCKD parameters have faster convergence and stronger stability in optimization. The results of

the whole-life cycle experiments on rolling bearings and experiments on engineering cases show

that the proposed method can adaptively extract the periodic fault impulse components of bearings

from strong noise, and the kurtosis value of signals is increased by three times and the robustness

is stronger. Comparisons with the methods of direct spectrum analysis and fast spectrum kurtosis

show that the proposed method can completely extract fault characteristic frequency components

from signals, and the success rate can reach 100% , which effectively improves its fault diagnosis

accuracy of rolling bearings

Keywords: rolling bearing; fault pulse; maximum correlation kurtosis deconvolution; sparrow

search algorithm; direct spectrum analysis; fast spectrum kurtosis

TR Bl il R AE Sy B T e % HILAR Y 3 2204
FEHE B LR B A5 1) T AR R Jy T i 5 2R A, K
i BREAR I 142 5 i LA 18 A% 1 - RRaE AT . B gt
VR Sh i R B 28 0] o B AL AR B R B 1 4506 ~
55900 PRt Al R A S S A AN 2 BB, R AN
Ul Il B 28 B S L IR R AR TR R A W ARE AT, 5
B L BTl R T AR R BT AN SRR R 2R 15 Al R 3R
B S ARG Ry B 4% T A2 TR SR A1 B 1 il 7 i e
5 3% B A% i I A 1) T R R A MR R ) R R B
i A R A B e o R A R AR A AN RS R
VR Bl i R i 2 T A — S RO A T 04T A R0 A
SR I 7 v R ICHIC I R I 0

TR SR P A i R e R T R RS
LA 22 ] 11 s A0 I R 6 RV S T i i 7 ) 0
iAo R A R U L ) Gn 4% 2
(/N AR 4 (WT) (56 /NI A8 4 (EWT) | Ja 3B 34 {8
43 (ELMD) Fil 28 35 155 285 43 fif (EMD) 45 38 3 43+l
K53 8% A & 5 iR T O O — R A A
ZIN I 7 A 1) /0N R R i 2 BTG TR A R e
RS 0 it £ 77 A i SR N A S IR B PR R A 4R
BUSCRAE

7 B o MR PSS A% i AR Y 5 ) i A R
D5 BN O 2 4 B B0 R bk A s TR
/N6 BLCMED) J5 365 L i 5 15 5 0 B 1Y
He KAk TR B A v Bk 2 . (2 MED J5 3 6 vk X 4
WAL Ik ek 0 00 kv DR DGR T e KM S i R i
& RLMCKD) J5 k1 MCKD J5 3 X JE 390 2 3 % Jhk
R SRy R, IR o R O I B AR K AR B4 S R
M0 MCKD Jr ik i 45 BUME RE 52 08 I 2% K
L G RUR I T A8 45 07 B 50 M sg -, 1
oL P TR RGER I B REAR M £ 0, i K

http: // zkxb. xjtu. edu. cn

A ], 3k /0N 5 o fige 4 AEURS BEC S T e T
JH T A U0 00 e B e AR MK 1 S B S
Rk eh Ak 22 PR R O ok
Wi MCKD J5ik s L. T Ml M e fEd &, X
BR16-18 1435 R I T BB 3L (AFSA) (i v 5
B RA L (CSA) X MCKD 2% L ft M #4731
2 T R VR hoo R BEAL Y 2h S B0 T & K
(s SCRRC20 TR R F #E B 7L (PSOY X L Al T itk
1T B3 W Ve, 2 T M OXHE 5 b bk b 0 52
DL BB i S50 £ AR AN R Jo R
J3E Z FEE R /IN R

JPR A 48 B L (SSA) P I 2020 4F B 41 HY il —
FPRERE BE AL 1k 7 v M EL T DL B4R 4k U7 35, SSA
L EA IS D 5 R PSR N Y R
JUEE A . IO T s IR MCKD J ¥k 76 2 80k %
R R T S EH Y MCKD 5% 3l il & il
BERFIE4R BT . Z i R SSA ik &R &R
RE F7 58 A MCKD Jy 2 H €0 (1) 50 e R AiF B2 B RE 77, A
fift 2 BUG AR 5 WAL 45 35 0 O A ok Bk, B 3 4 R
L.THMM Wi G R REmERES Ed
A5 £5% fifk ] 42 UL il 2RO R R AE . i I T
FAG S M55 UG T 452,

1 % HEN MCKD Jrik
1.1 MCKD #Hi%x

MCKD 77 LI AH & I BE B KAk B Aw , il 0T 2%
REWMEERIEHK S EITHERZH IRIUE S+
() JE S0 ok b B 02 RS B AR

N

) (ILsear)

f

( 2 52 >M+1

n=1




% 34 SKST R A5 R HI S 880 1 38 0 A SRR DG I 2 8 A R0 T 5 il R I R A B2 B 7

ey, ARHAE .
ARG E IR A f >3RS
d

FKl(T):Oy k:1927"'9L (2)
k
SRATUE W A% 1 i f 0 REH G A MRS T
2 M
f=Aol SXOXD T D) X e, (3)
2Bl o
Hrh
X, r=
X1—mT X 2—mT LT LN—mT
0 Xi—pmT L 2—mT LN—mT—1
O O X1—mT LN—mT—2
0 0 0 IN—=mT—(L—1) JLXN
it (VF Y v
1 2 .2 2
yz—m’r(yz Yo—1°°" yz—mr)
o, = .
Noar (R yie e ) v
YViYi—1°"*Yi—mT
Ve Yo7 Yo—MT
B= .

YINYN=T """ YN-MT | Nx1
1.2 SSA i MCKD 7%

SSA FRE R T RRERE A Z BLE A
% A R AT 9 Rk At Ao B AL fe 3k . 5
AL L AR L SSA R AE B R B #R & T
4 SR8 R A T R ol O B A SR TR R D L ATl
SICH R PR AL SIORS FE R R

Pt MCKD fif 45 U5 5 19 45 350 1y SSA
Bk UL I LB pR R FAE B RN R AR B 15 5
(250 JEL AP b o L DA % O R /N ELAE
FIBr SSA LI EE R B kU T

N
E == > plap (4
k=1

s pe WAL TEAE 5 W BE 53 70 %

¥ MCKD F k2 S 80 L. T Ft M [ 3E [ &
SCH SSA Bk A B R A WL X =L, . T, .M, | A
JBRAE @ ML E (SSA Bk TR IRL 58 @ A S5l
A IEE X b E YRS F.=E(X), Bk 41
HLL T M X R E R/, S8L.T MM 1
HE N kB AR T .

(D) 5E L SSA Bk W 1 S8 K MCKD 521 2
By SRR . B R B 20, B R IEARIRECH
30, K ILH IR 80 % . g LBl kg 2006 . % 4 H

http: // zkxb. xjtu. edu. cn

0.6 E MCKD 2% L€[10,500],M€[1,7],
Telf/[—10,f/fH10]Cf HRFEM R, £ Nk
[EREENT T E DN

OV R E AL E . BENLA 3 T35
HELL, T.MIVERREH R RG0S I H &
SUIRRAE BT A6 57 B 00 35 7 A, 4R W) 16 e v fe £
AR Gy R A AR FE 25 TR B X e o

(3) B 3 Bl B v & B3 LT A 3 R AT 28 1 Aod
B TR PR E XD B RN, B R R i
DA 2y IR AP AE 25 [R] T 9 07 B X

(4) 2596 J& Fie K AEARUCE A5 1k 2% A0 i i A p
fift A MFE 2B PR(3)

2 SSA-MCKD 77 ik B ik 42 BO 2

A SSA-MCKD J5 3 52 81 MCKD Jy
SR S Ve B, e KRR & 5 T MCKD Jr ik
FE TR Sh R B 4 B A B BRI R

(I AR il 7 2 B0 B3l 7 5 350 42 W e A AL A5
B LR T= ./ f PRk spEbg AT=1/ 1,

()P a4 SSA F MCKD J5 5 50 3k X
], SSA F1 MCKD J5 i i S 80k & W 1.2 5 4 5§
(D,

() PUAT SSA K, LU 6 FUE 5 1 40 2% 15
k3 R B RO R MCKD iRt S84 .

DO RETFTEMIL. T MR RERERES .

(5) X} fift 45 BUAR 5 R A 0 4% ik R o 2 BB 7 4 o
FRAE A3 0 DT i 7 ) B 2 AR

3 fiEIH

Hy S T 482 97 955 0 RCHE S L o
SRR P B . 7 S0 5 R

M
() = DAL (—mT —z,) +n()
m=1

h(t) = exp(— Bt)sin(2nf,t) ( %)

A, =1—A,sin2rf.0)
AP R IR Ao =0. 3, I R 5 B=400, RS £,
=2 000 Hz, 545 f,=25 Hz, NI RSR =1/
T:=120 Hz, i BAF 5 RHEEMFEH12 000 Hz, I A
fEME Ly —8 dB B9 M 75, 43 # s B 3 6004, ik
B Jik 8] B 4 0. 008 3 s, i HAH 5 B 38k Ik 1 R 3%
SN 1 B, P la vhar 55 o A R 0 b o
55 58 A W AR M R B S A T S
i [ A R BRATR A 2 000 Hz [ 6 3% 451 % 5 4 2% i
rh I 3PN R 1 T A% B 3 3 T T R A




78 [ . ]

o
<k
4
b

556 B

_4 1 I 1 1 1 ]
0 0.05 0.10 0.15 0.20 0.25 0.30

f 18]/s
() i BAE 5 W% T

0 1 2 4 S 6

3
M2 /kHz
(b) 15 BEA5 5 M 3%

0 0.2 0.4 0.6 0.8 1.0
PR/ kHz

(O AR 5 L 4% 1%
Bl 5 BAF S i B B o
Fig. 1 Time-domain waveform and spectrum analysis of

simulation signals

SR A ST i SSA-MCKD J5 3 %5 B 5 iF
Frob ¥R, 45 AN 2 s, SSA Bk kU E 16 L
BEBTRE MERBIANERNLSHA G h[446,
102,71 % MCKD S0 4 BAF 5 #47 4b 34, %
B BE S E BE S 2A T, Ay s ik sk 23 55
B 5 A 455 33 v T I B R TR P B B RRAE R £ K
FLABA ;s 505 BAR 5 IR bR A 263 A L . P B i o 43 R
TG SV OB T LY ER O R R A R

e SSA B AE MCKD 24038 £ 7 1 (1 48
O, % B GA-MCKD F1 PSO-MCKD J7 % #E47%F [

11.29
11.28
gnm
RN 16
@126 /
11.25
11 24 1 1 1 1 1 ]
() 5 10 15 20 25 30
AKX

() B 285 % 0 {1 B 2% QO Ko 22 1k

http: // zkxb. xjtu. edu. cn

& {5/ (m-s2)

-6 1 1 1 1 1 )

0 0.05 0.10 0.15 0.20 0.25 0.30
B 1]/ s
(b) it 46 FUR B 3838 B
0.100

LV T
7’.“ 0.075
E0.050
]
b
= 0.025
0 0.2 0.4 0.6 0.8 1.0
R /kHz
(OB G L% ik

Kl 2 SSA-MCKD 77 i % f B A5 5 43 B i 45 21
Fig. 2 Analysis results of simulation signals by SSA-MCKD

DA A5 U A5 5 10 60 45 35405 0 - 4 5 D0 A 22 A Uk 2
FE R . 3 B 06 Ak J7 % 09 728 S 00 46 Ak G R - Rl R
AR 20, R AR BN 30, SSALGA fil PSO
FEFRF g R E 3 fron. K 3 SSA Bk
1E55 10 S UuAs B AL OF B8 2009 E /s
GA BRI TESE 15 AR BRI f# ; PSO 575 AL
SRR EX R E fek. BE T A SC AT iR
il SSA-MCKD J5 2 i 10 #k 4:

11.271
— SSA
—GA
g11.26[ —+ PSO
-
8
@11.25F
11 24 | 1 1 1 1 J
o 5 10 15 20 25 30

AKX
K3 SSA.GA Fl PSO J5ik ST 1L
Fig. 3 A comparison of SSA, GA and PSO optimizations

4 AT JE N 5L A5 S g ik

FEAT LA 5 B0 0 i SR A b ds B S 50 R 4R
1) (8 oty A R X T 2 Oy AT R . S A A
W A A & A ) XTTU-SY il & 4 55 4 JH
WIBR A . R 4 2 N S 86 A a4
Jr7R s SE 5 AR A4S0 LDK UER204, H 2 4cin 3k 1
[ B U I IR RS U D7 & byl 61N E iy 0 1 o)
A& 1) 3 R/ A ik L AL ) B kAR A il 7k 4 5 o ] 10
WREAE S . SCE B ERAEMAE £, 25 600 Hz, 3




53

SKST R A5 R HI S 880 1 38 0 A SRR DG I 2 8 A R0 T 5 il R I R A B2 B 79

BT AR N T 6804,
L e ;

A4 AR 4 75 A A o st 4

Fig. 4 Acceleration test platform for bearing full life cycle

% 1 LDK UER204 #h& & %
Table 1 Parameters of LDK UER204 bearing
BFHK d/mm 4 D/mm RFNEZ & g/ O
7.92 34.55 8 0

4.1 SMNEIHE

B ML AL o8 2 100 r/min (B4 f, = 35
Hz) il i 12 kN (4% ] 77, 5256 25 3R il 7k 41 Pl
T o VAR B Bl K S R R R AE AR f, = 10791
Hz, i 8 ) T, = 237. 26, # B Bk s 8] f& AT, =
0.009 3 s,

TR A Bl A5 5 I SR R R A 2% an 1 5 BT
NN E e a e ov = Nt DR R Gy @ 3 QUIFR DL ST E
A1 P I s SRR U AT 2R 50 55 M B L 3 T A AR dE

40

0 0.05 0.10 0.15 0.20 0.25 0.30
it 51/ s
(a) B S8 IE

0 0.2 0.4 0.6 0.8 1.0
M2/ kHz

(b) fiL 25 4%
5 bR A A 5 I S8 T 4 248 3%
Fig. 5 Time-domain waveform and envelope spectrum of

outer race fault signal

http: // zkxb. xjtu. edu. cn

— b,

WESH Te[227.247]. 2% L. M (115 [ [F]
L2501 il B 6 R FH AR SO ik 3t
SNBSS R A PR E B, SSA 3RS B4 KGR E
(e /ME A 12,44, 3K 8] MCKD R 2 54 & N
[339,229,1], feth i 45 FUE 5 B 3ol b a3 ob U0 4%
B b AT, B JE 8 ol s v 43, H5 & Sa A
Fb A5 5 U B 5 T 4. 28 4% s HL AL 4% 1k vh A B
BERFIESR [, AR o R B igdk. 5
TR 5 5 A 25 335 A B, A/ P A s R AF i 43 5 0 L L
T LR R (A B R R T IE] Sb. H I A el R i 2 R
AN B, 5 L A AT

3XAT,

730 1 1 1 1 1 ]
0 0.05 0.10 0.15 0.20 0.25 0.30
it 51/ s

(a) i 4 TR I B8

AT 3o

1
0 0.2 0.4 0.6 0.8 1.0
S %/ kHz

(b) i 6 TR A 45 1%
6  SSA-MCKD J7 ¥k Xf 41 B e B A5 5 14 43 Hr 45
Fig. 6 Analysis results of outer race fault signal by SSA-
MCKD

7 S 18 i A o 2 DR 38 i 2 (FSKO) # 4b
PREE SR LU E A K B 45 AIE {5 54l 508 266 Hz, Hls
WA N4 933 Hz, 5 SEA0E MR T HBOR B e
T T L 253 P H e BT A R S B e B AR 0
BORAE

SRER K

e
ocoooonoabaoo
[

L e - =

< w o

o I

0 2

4 8 10 12

6
M E/kHz
Ca) 3% i Ji




80 7

PN

pits
.
=4

556 B

1
0 0.2 0.4 0.6 0.8 1.0
%/ kHz

(UYL AF 5 %%
7 AMEBEELE S FSK 44 R
Fig. 7 Analysis results of outer race fault signal by FSK

4.2 HESNEFEHEESHE

BB ML R 2 400 v/min(FE 45 £, =40 Ha),
JEA 10 kN B 4[] 7 . 52 56 45 oS il R A B L B
RSN I B . 1115 2 R o R A R RTR
Bl AR R R AR AR 4 S Dl i = 196,68 Hz, f, =
123.32 Hz #l f,=82. 66 Hz, #5159k T.=
130.16,T,=207.59 F1 T, =2309. 69, i & Jik m [&] [
A AT, =0.005 s,AT,=0. 008 s fill AT, =0.012 s,

K8 2 il 15 & Wb A5 o M Ho 4% 3% .
8a [T/ o 52 45 L IF S M B T R A M L AN
A SRR v il B0 s 0 Bl 8b T A L A 2% i rp AW £
1) I R AR A R, A R IR PN B R VR Bl A B ARRAE
R L LT 0 AT 1 TG T W Bl B 28 R )
KB

_20 1 1 1 1 1 J
0 0.05 0.10 0.15 0.20 0.25 0.30
A [/
() B 3 i B
1.0
> /
Eos
e
cau
=
0 0.2 0.4 0.6 0.8 1.0
M /kHz
(b) L 253

B8 Hadkkfs o KL

Fig. 8 Composite fault signal and its envelope spectrum
1Eiz F MCKD J5 25 % 52 4 # B A5 5 25 47 il e

RF A 2 IR o ph T A [ Al e 21 R X R AN ) Y il e
JEI 4 2 0 B E T /S48 X T 23 51 S (120, 140 ],

http: // zkxb. xjtu. edu. cn

(197,217 1F1[299,3197], % SSA # % MCKD
ZRF G R E 9~11 frox. B 9~11 "%,
T & T A [\ 48 R B i, SSA 5L S8 15 2
MCKD fe ff Z 84 & 7 5 b [376,131,3].[ 461,
213,51MI[464,311,6]; 5 FIR 1% 5 B A 1L L e fE
G FRAT 5 4 B B2 BB (8] B oA AT 24T, AN
2AT, By &Rk o, JF BLAG 5 09 08 B2 A3 Sl 4R e T
3.02.3. 17 Fi 2. 48 & s e AR B B S L 4% 1,
DAL A7 R R 5l S S o e O A 30 K AR L o3
AT D . 2R BT IR AR SCRT B O I R AT A5 H B

5_
LA
g
<
fg—s— 3XAT,
-10 1 1 1 1 1 J
0 0.05 010 015 020 025  0.30
f 18/ s
Ca) fift 3 FUR i ek 30k 12
0.10
- % 3,
E0.05
S
o
=

1 1
0 0.2 0.4 0.6 0.8 1.0
M/ kHz

(b) i 5 R 5 L 4% 1k
9 Te[120,140]mF SSA-MCKD J7 % F 43 7 &5 51
Fig. 9 Analysis results of SSA-MCKD as T& [120,140]

10
&5
2
g
= 0
cu
-5
-10
0 0.05 0.10 0.15 0.20 0.25 0.30
R[]/ s

Ca) fif 45 U I 3 382 JE

0 0.2 0.4 0.6 0.8 1.0
HE/kHz

(b) fiff 25 BUG AL 45115
K 10 TE[197,217 ] SSA-MCKD J5 ¥ 14 70 B 45 5
Fig. 10 Analysis results of SSA-MCKD as T€[197,217]]




SKST R A5 R HI S 880 1 38 0 A SRR DG I 2 8 A R0 T 5 il R I R A B2 B 81

-10 1 1 1 ! 1 |

0 0.05 0.10 0.15 0.20 0.25 0.30
A [/
Ca) fift 35 U B ek 3 12
0.15
S 2, 3f M of, Th 9,

5t

0 0.2 0.4 0.6 0.8
3%/ kHz
(b) i 6 BUS AL 45 1%

K11 Te[299,319 8} SSA-MCKD J7 ¥ B 43 B 45
Fig. 11 Analysis results of SSA-MCKD as T€[299,319]

R BORAR 5 v 25 R S T O AR AR AR B

Kl 12 2 FSK J5 ik 5 & ik e 5 5 14 b B 45
A BEEAE IR 5 [2 395, 2 665 Hz, IR
JE AR S L 25 % rp A B ORI Jal 7 ) IR AR A 0 R
TIE R

coooonoaoroo
T

aIREHE
AUUB B WWNIN -

(=3

0.20
& 0.15
g

< 0.10
g

= 0.05

0 0.2 0.4 0.6 0.8 1.0
R /kHz
(b) YE WA 5 L 4513

K12 BEMEEES FSK 4 #r 4 k
Fig. 12 Analysis results of composite fault signals by FSK

5 SEhR AR 5 i 4 ik

N Bt — 28 B R BT 4R T 1 A R DU IR
A i e s R 5 6 SR A R K D (91 2 A

http: // zkxb. xjtu. edu. cn

UE . A 1A 58 AR TS BRI 8 A S il R N B S B
FLr, OOHTCE RAER £, 12 800 Hz., %yt 4h
Bl 320 r/minCREAR f,=5. 33 Hz) AR5y
SKF61904 , 11 58 153 2] P Bl ik B R ik 2 0 = 34. 24
Hz, Wi A 9 T, = 373. 83, Hi B ik oh (8] B AT, =
0.029 s, EFEEHE i NT 6804,

B13 45t T TRAES A%, T
AT B 13a iR TRAE S B B 8 o 2 0%,
JCVE LA 2 S5 ¢ oo R A 5 1 13b A0 4% 3% ok
i 4 B2 5 gt P B A O %) AR AE A3 3R 6 45 TG T H)
VB A 7R 1) S S TR A G ) A 2% i R T T R AR

15
10
T 5
2 |
I
a |l
5
-10
-15 1 1 1 1 1 |
0 0.1 0.2 0.3 0.4 0.5 0.6
it [81/s
Ca) I 4 35 T2
0.5
~ 0.4
§03
@02
J::
=i0.1
0 50 100 150 200
f 18]/ s
(b) 1. 4% %%

B13 TRfE S K%

Fig. 13 Engineering signal and its envelope spectrum

KBS TE[363,383], SSA-MCKD J7 i %}
TRAE ST A BELS AN 14 iR, SSA Bk
#1335 MCKD ik tES 8 & H474,371,7],
ARG TS 5 i b (R B o AT B i 4R AIE 48
A S ELUW BE AR T 3.9 A5 . X A % 5 b on] v
W PR B P R B R AR AT A 5 KA AR 43 5 X LE R
13b, B4 7 2 o8 4 58t 1l 7K P R i I AR A

0.4
0.2

0

W8 &/ (m-s2)

_0‘2 | 1
0 0.1 0.2 0.3 0.4 0.5 0.6

A [R]/s

(a) i 4 TR I 38 e




82 [ TS S R N S %56 %
047 F T
o 0.3 fi
£l K% w5 52 k.
a [1] RAI A, UPADHYAY S H. A review on signal pro-
= 0.1F cessing techniques utilized in the fault diagnosis of roll-
| . | / | | ing element bearings [J]. Tribology International,
0 25 50 75 100 125 150 175 200 225 2016, 96 289-306.
T/ (2] FEvfE, 28R, TR, SR U2 5 et I/ i
" Vi if s &> ’ R, K W2 i BNy i
(O BRI A R R 5 AR R 1. %
o HY AT 8 HLAFAIE $E . 2
P14 SSA-MCKD Jr 6 TR (5 5 347 b B 0 45 o "
2, 2020, 54(5) . 70-77.
Fig. 14 Analysis results of engineering signal by SSA-MCKD
WANG Jingyue, LI Jiangang, WANG Haotian. Fea-
N ] . , ture extraction of gearbox composite fault based on the
FNAY s P B AR AE S b iy P R R R A A R 4 . . .
Y improved multipoint optimal minimum entropy decon-
28 N N volution [J]. Journal of Xi’an Jiaotong University,
K15 2 TRME 54 FSK kiRl s 5 5 a4 2020, 54(5); 70-77.
i > 2 et 2% 1 — e .
i AN R B P P B R AR AT R A 2 [3] QIN Yi. LI Chengcheng. CAO Folin, et al. A fault
FHT LKL  FSK RN . dynamic model of high-speed angular contact ball bear-
0.6 ings [JJ]. Mechanism and Machine Theory, 2020,
(77\04 143. 103627.
k! [4] CHENG Yao., WANG Zhiwei, ZHANG Weihua, et
T
mﬂg 0.2 al. Particle swarm optimization algorithm to solve the
deconvolution problem for rolling element bearing fault
0 50 100 150 200 diagnosis [J]. ISA Transactions, 2019, 90: 244-267.
/M [5] ACRE, WIESC, BhAE, % — b E R B 4
X =R R Mgt N A b ol o A b N ORI
F15 LRSS FSK A4 R SIS B 4 5 0 R RS W T ok (D). % 4
Fig. 15 Analysis results of engineering signals by FSK Jess2dm 2018, 52(8); 22-29.
DENG Feiyue. QIANG Yawen, YANG Shaopu, et
6 éljj: _\Lb al. A fault diagnosis method of rolling element bear-
ings with adaptive frequency window empirical wavelet
P X 5E MR PR EE T MCKD Jy 32 76 78 3 Bill & il transform [J]. Journal of Xi’an Jiaotong University,
B 42 3507 T 6 A 8 s — 2 D O O 6 2018 52(8); 22:29.
MCKD H s 5 4R B 1 . BLE2  So i 2 2 1) [6] YU Xiao. DONG Fei, DING Enjie. et al. Rolling
Fe T R 2 BB AE T BT 97 0k B A A L FE L 3 bearing fault diagnosis using modified LFDA and EMD
with sensitive feature selection [J]. IEEE Access,
M5B,
. g . 2018, 6. 3715-3730.
()BT SSA Sk dealk iy MCKD Jy i i B 3E [7] WANG Fengtao, LIU Chenxi, SU Wensheng, et al.
2Bz Ve Y u S E f2r N ~
O 45 R AT B U8 2 4 Ak A BUAE 5 R0 L B v B Combined failure diagnosis of slewing bearings based
B LA A . dE s T A EXE ZE X MCKD 244 on MCKD-CEEMD-ApEn [J]. Shock and Vibration.,
e T 2 UHCRAR 5 i R AR A B 2018, 2018 6321785.
(2) BP9 DA 26 38 0 o Ak B AR 0 2801 [8] SAWALHI N, RANDALL R B, ENDO H. The en-
W& W MCKD J5 B30 B T B4k B A% i 1 33 hancement of fault detection and diagnosis in rolling el-
ST R FSK 78 4 30 IR T FSK J7 1 52 2L 4R emezt bearinghs using ;nli{nimum e[nt]ropy de}z]convollution
. . N combined with spectral kurtosis [ J]. Mechanical Sys-
AT Fp SRR R B R ) N A2 L O B4R RO Bl R , , o
2 4 T N tems and Signal Processing, 2007, 21(6): 2616-2633.
FY A 515 1A 53 5 W o (97 MCDONALD G L. ZHAO Qing. ZUO M J. Maxi-

OUFE A AL o 25 R 0 ) H SSA &
[ 3E M e RS R B T MCKD J7 i 10 i 5 L g
fEES S B T 3 A5 LA I B 54 i) TRE L

http: // zkxb. xjtu. edu. cn

mum correlated kurtosis deconvolution and application
on gear tooth chip fault detection [J]. Mechanical Sys-
tems and Signal Processing, 2012, 33. 237-255.




%34 ST 5L 25 R BB E N B KON 56 IR B A7 2 LA TR B A R R AE 2 B 83
[10] HONG Lianhuan, LIU Xiaobo, ZUO Hongyan. Com- [18] TANG Guiji,» WANG Xiaolong, HE Yuling. Diagno-

[11]

[12]

[13]

[14]

[15]

[16]

[17]

pound fault diagnosis of rotating machinery based on
adaptive maximum correlated kurtosis deconvolution
and customized multiwavelet transform [J]. Measure-
ment Science and Technology, 2018, 29(11); 115007.
HONG Lianhuan, LIU Xiaobo, ZUO Hongyan. Com-
pound fault diagnosis of rotating machinery based on
adaptive maximum correlated kurtosis deconvolution
and customized multiwavelet transform [J]. Measure-
ment Science and Technology, 2018, 29(11): 115007.
ZHANG Feibin, HUANG Jinfeng, CHU Fulei, et al.
Mechanism and method for outer raceway defect locali-
zation of ball bearings [J]. IEEE Access, 2020, 8.
4351-4360.

CUI Hongjiang, GUAN Ying, CHEN Huayue. Roll-
ing element fault diagnosis based on VMD and sensi-
tivity MCKD [J]. IEEE Access, 2021, 9: 120297-
120308.

HE Yong, WANG Hong, XUE Hai, et al. Research
on unknown fault diagnosis of rolling bearings based
on parameter-adaptive maximum correlation kurtosis
deconvolution [J]. Review of Scientific Instruments,
2021, 92(5): 055103.

WODECKI J, MICHALAK A, ZIMROZ R. Optimal
filter design with progressive genetic algorithm for lo-
cal damage detection in rolling bearings [J]. Mechani-
cal Systems and Signal Processing, 2018, 102. 102-
116.

m¥, 2. Xk LA R R G R R AT R IO
WoE (1. $wsh 5 ohdi . 2020, 39(9): 144-151.
XIANG Ling. LI Ying. Feature extraction method for
bearing composite faults of a wind turbine [J]. Journal
of Vibration and Shock, 2020, 39(9). 144-151.

B ZE, RZE. T A A I e R AR O Ui B A TR TR
R LW (1] I35 il . 2019, 38(22):
171-177.

HU Ajjun, ZHAO Jun. Diagnosis of multiple faults in
rolling bearings based on adaptive maximum correlated
kurtosis deconvolution [J]. Journal of Vibration and

Shock, 2019, 38(22). 171-177.

[19]

[20]

(21]

(22]

(23]

(24]

[25]

http: // zkxb. xjtu. edu. cn

sis of compound faults of rolling bearings through
adaptive maximum correlated kurtosis deconvolution
[J1. Journal of Mechanical Science and Technology,
2016, 30(1) . 43-54.

ZHOU Haitao, CHEN Jin, DONG Guanming. Appli-
cation of maximum correlated kurtosis deconvolution
on rolling element bearing fault diagnosis [ C] // Pro-
ceedings of the Engineering Asset Management: Sys-
tems, Professional Practices and Certification. Berlin,
Germany: Springer International Publishing, 2015;
159-172.

MR, SkEEE, S, %, 2T PSO-VMD-MCKD J7
2 0 XUALB R B iz iy (1], R30Ik 52 W,
2020, 40(2) . 287-296.

ZHANG Jun, ZHANG Jianqun, ZHONG Min, et al.
PSO-VMD-MCKD based fault diagnosis for incipient
damage in wind turbine rolling bearing [J]. Journal of
Vibration, Measurement & Diagnosis, 2020, 40(2):
287-296.

e L. — o AL ) B RE O AL B R m WF R 5 L
R RA D [D]. L. RAEKRY, 2019: 16-20.
DING Chuancang, ZHAO Ming., LIN Jing, et al.
Multi-objective iterative optimization algorithm based
optimal wavelet filter selection for multi-fault diagnosis
of rolling element bearings [J]. ISA Transactions,
2019, 88: 199-215.

XUE Jiankai, SHEN Bo. A novel swarm intelligence
optimization approach: sparrow search algorithm [J].
Systems Science & Control Engineering, 2020, 8(1);
22-34.

LYU Xuan, HU Zhangi, ZHOU Haili, et al. Applica-
tion of improved MCKD method based on QGA in
planetary gear compound fault diagnosis [J]. Measure-
ment, 2019, 139. 236-248.

WANG Biao, LEI Yaguo, LI Naipeng, et al. A hybrid
prognostics approach for estimating remaining useful
life of rolling element bearings [ J]. IEEE Transactions
on Reliability, 2020, 69(1). 401-412.

(% Rz 3#H)




