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Parameter-adaptive VME and Its Application in Fault Diagnosis of Axle
Box Bearings

HE Yong LIYang WANG Hong’
School of Mechanical Engineering, L.anzhou Jiaotong University s Lanzhou, 730070

Abstract: To address the issue that the effectiveness of fault feature extraction of VME method in
axle box bearing fault diagnosis was affected by manually preset parameters, a parameter-adaptive varia-
tional mode extraction method was proposed based on the improved mean kurtosis. An improved mean kur-
tosis index that does not require predefining the number of subsegment divisions was utilized to adaptively
determine the optimal parameter combination of penalty factor and center {requency, and the desired mode
with the highest improved mean kurtosis value was subjected to envelope spectrum analysis to diagnose its
fault type. The proposed method was applied to the processing of experimental data pertaining to three dif-
ferent fault types in axle box bearings for locomotives, metros, and passenger trains. The results show that
the proposed method may effectively solve the parameter selection problem of VME and accurately extract
the fault characteristics of three different types of axle box bearings. Compared with the Autogram and
CFFsgram methods, the superiority of the proposed method in extracting fault frequency and its harmonic
frequencies of axle box bearings is verified.

Key words: axle box bearing; improved mean kurtosis; variational mode extraction(VME) ; param-
eter optimization; fault diagnosis
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Fig.1 Calculation process of improved mean kurtosis

BEAS T B R o e A P S T L B
MEAR Bl A R T B 7 B BE A8/ B X
(6) ™ sum (r,=3) ¥ /T 0, 5 I [E] I, 27 J5] 30 7
ok b L WX 5O oy B AR A T R B A T
B i AR 3 Ry 422 30T 5 BV [ max (7)) —min(r,) J*
{1 N T B U Y LR L ey T I W E BN VR T
TE T A B B R o BIRCE: L 55— 7 If L aE g 1A
) F R B B R R X SF X B O R A AR Y
S

4) 47 R(2) <20, WA 4k A5 5 o #ad B2 7y
H s BB RN RN s W ekt 1

S)H AR 7 R B kN I35 5 o B A
FCOFBI B R (o) Al W, RGN (7) K3
HE 5 2 BB B E (), B R

E(x)=max(W,) (7)
1.3 VMEZH LR %

VME J5 #: A& T o R0 803 o, 8 Ff
A Z 8. 0, B9 Z B 0 B AT E N
g €[ puin fos P S 1o FE T LR B AR5 19 R A 3t
F s Pins P 73 1) 0 0 AT B R BR A BR L £ £k
LRI Ap. HEH o AFEZ . S o IATE
Pl ZEARKE N 2 B BERE . A5 T AL 12 WA L 119
(] i 48 12 2 B AR AR BEE S 8 a BB R
DAL TE BN @ €[ Quins Qe 1 TE XL N Z 5 a 1Y

- 2126 -

e KH Aa.

K FH A 48 R kX LR RSB A AT R
b, RIS /AT, 5 S8 a MRS o, 10 175
SR B AR LR ey, = an.) - W4k
L2 RS a ARG L I 52 O A A 3
J& KA At (B @ = @ T Atn) o A S
S8 a WA 25 a,, 3 6 D0 AR 3 T DX TR] Py D0 452
1EPEAL i e S8 G B AR R LK 2,

BERE 2 o P ARTE BB ot il oo, DA AT Ao
BE S p BRALTERE pooin B pras, AR Ap

'

R B R P15 B A A A P4 A
5 2 B A FE Y e 2 L (oopts o)

[ RS RAA g P |

B2 VMEZ#HELITE

Fig.2 VME parameter optimization process

2 EET M

HH SCHRL7 JRT 0 A 4 e 0 0 B4R 5 A
AR AY 53 51 by b R S LR AT AR S s, I T
U5 BAF S s, FEBL i 05 AT 5 s, F g 307 10 M 7S 45
AR T 50 AR5 BAF S5 B BRI 3 s, |
R BAR 5 B R

s ()= iAku(z‘— kT, — 7o)
5, (2)=0.25c0s(2rw, ¢ )+ 0.25cos( 2nw,¢ ) (8)
(0= At — iT))

u(2)=exp(—p,2)sin(2nw,t)

s KT A R S B e A7 B A5 5 I BE AL v o 05 2005 5
B b AN B s AL AL S R Bk R S B T LA S A RE L
PR 7 BAE S R A =1, A,=8: T, ly bl 7K 41 1] i s
5 BAE 5 1 B . T,=1/65. B il 7K 41 18] 5 s 450 % O 65
Hz; 7, W BEHLI TS R A B w, 2000 S BB 3 B0 3 3R 45
R, B, =900,w,= 65003 w,.w, F U BT 5 19 50 %
w,= 15Hz,w,= 55Hz,

AU A5 FL i B A AF 5 SR AR R 10 kHz . {5
FAF 5 KB R 5120, 8% K 3 Fros 4 F 5 545 5 IR
Bl ENRAGES A, R i 4 s, 0
ZEE] A TT A, B Sl T AE AE B S ) R e A
TE R AL s 8 I SR T R 5 LS S S
TITF K Sa iR IR G155 4I5S LB N
Ze L T B BT A A AR B . SRR SO i



22 Y3011 3 L 78 A 2 MR LA Tl A ol AR 3 A2 W v A

il oy A E4

o =
w (=)
]

fA/(m * s72)
=2

=Y
H
1
o
wn

L

|
—
S
f=]

01 02 03 04 05 06
i ¥ #/s

@B S s

0.5

f§A/m * s72)

&

0 0.1 0.2 0.3 0.4 0.5 0.6
B} 1] #/s
() WA EAZS T 52

BiEA/(m * s7)
& o
—
——
E—

L

~H 01 02 03 04 05 06
i ¥ #/s
(o) BEALI 1 EAF 5 55
3
£
<
m

&

0 0.. 1 OI. 2 0.. 3 OI.4 O.. 8 OI. 6
i) /s
() S 0T M Pl AR 5 s
B3 B&EESAERK
Fig.3 Components of the mixed signal f,
8

fEA/(m = s?)

=
H
|
S

1

0 0.1 0.2 0.3 0.4 0.5 0.6
fif 1] /s

4 REES/,AEER

Fig.4 Time domain waveform of mixed signal f;
Z A N VME J7 ik A 15 B ) e S 80k
(1700,0.5) . P 5b N ZHH & i VME J5 i $2 1
JIe A58 25 73 12 B R0 2% 3 . DA 18T R AT LB S
2 B il R S Rl R O B AR S B BRI A R B
2~5 AW, IR T AR 3CT7 1% ) LAAE R (E FE AL o
i 8 B 2% 22 U 5 A AR IO Bl 7R A5 1
B ARAIE

3 EB oM
S B 3IE A SC TR B A R AT T &

1.0r
< 08
1]
£ 0.6H
<
= 0.4
E o2

0 100 200 300 400 500
Wiz f/ Hz
(a) JRIRiE 5

1.0
08
£ 06
<

0.4
s
=
=02

0 100 200 300 400 500
WX f/ Hz
(b) AU

Es5 REESfEBH%E

Fig.5 Envelope spectrum of mixed signal f,
15153 Bir v (9 2 B AV B S SR T LR 3805E o |l 3¢
BRLI9T AT s py =01 pon=0.5. AL L K Ap =
0.05, Z 8 a 146 LAV Fl @i = 100 @ =
500, Ak £ Aa = 100, Aay, =500,
3.0 HZEFE AR R B R

HE AL A ol 4 i R B A U B AR S LA
B RAE R AL AR A DA A W 6 TR . ik
565 B v Al AR e O 500 1/ min (% 43 £,=8.3
Hz) . {5 5 R AR A 3 20 kHz, $d R RN T
Bl JRAE A S A AR AT BR 2 7 #Y HD2000, 15 /8
x50 HD20100s 24 7 3 B 26 78 0y 1A el 4
13 » PRI SR A% 8 81.5 Hz,

T AL RS AR BHRE R

Elo #MEHMBHFKLES

Fig.6 Test bench of locomotive axle box bearing

X% Al R B IR 4R Bl 15 5 AT L 2% 3G 0T
W 7afiros o W LUR L 425 58 b JLAR 8 5 55Kk
F14 1 £ 14 DA T L I 1 3R 2 e 9 i i #) B o
W74 He 298 £, — £,.156 Hz 298 2f, — f. DL J 199
Hz 27 3fi — 5f. dE— 2 RMAF S8 A &
I VME J7 i % 2% 9% 2 5 5 247 70 47 O 16 15 2
- 2127 -



hE LM T AR 28 37 B 2 9 ] 2026 4F 9 H

RS EHE a w53 R 2400 F10.35, Fris
L2540 2833 AN 8] 7 BT 7% AT L3 B U0 2% 3] 1N el
i A 2R Ko H: 3 A%

1.0

{5 A/(m * s72)
o o o
- [o} oo

&
=
)

100 200 300 400 500

0
Mz f/ Hz
(a)JFIRfE S
LOr |82Hz
& 08
N 246 Hz
£ 06
< 04
o
E o2
0 200 400 600 800 1000
MWz f/ Hz
(b) $REUEZS

7 WIEHERRE KL
Fig.7 Envelope spectrum of locomotive axle

box bearing

3.2 Sk A A 5 AR R Bh KB EE

i A2 B S b R 06 1o e PR 1) 67 3Rk 0. Bl R
BENG R 9 Hz CREES R A 64 kHZ™ ., SCiER[20]
AT VR B AR BRI A %2 Oy 28.5 Hz, 8] 8a i /R
R A B A 5 A 45 4 T 2 U (T FE 00 Ol 54
Hz, 5 7 2h (B8 R 4% 1 2 A5 50 3T 1H A
T TG 1 W 8 LA R DG AF L L TR TS TR R 12 2
BAERDEB . IR SIE 5 2 S50 A & R
VME 7 k530 Ja i 8 A S B G a Fl w, 535
600 F10.15, 4 HCIr 15 458 245 4, 2% 3% 1 &1 8b i
TN TR Bl AR IR AR 3 R L 2 A A R AR A AR
ITEN
33 EFHMAMAIEHRE

AU % A Tl A il R R 56 15 b R B O 1 R
KT #4351 K 5.7 Hz F1 40 kHz , 2% 56 25 & 1 18 9
FEoR o el 56 e B 5 H 2 2 AE Ml D S Y 3K g
HLBL SR 2h BB A 5% o), B LB e i — 2P IR B
R O DS A W U AR B
Bl R A e 0 AR R AT RO R AL AR
TR BB R AR R AT 3.1 W iR & A
WY, 12 i A R S B A AR 5 . LR
B K 32.8 Hz, & 10a 7R « i Bl & J5L 46 3% 2h 5
540 45 3% TP AN B R R I TR R 2 31 A 0 O ) L G
WA R 5 A B A HER . ZES
2280 A 1E N VME 53k a8 ) 1 8 e S8

- 2128 -

10r |54 Hz
08
£ 06
= 04
puul
E
0 100 200 300 400 500
Wiz f/ Hz
(a) JRIR1E 5
29 Hz
10
58 Hz
08 84 Hz
'g 0.6 113 Hz
<
=0
E
0 200 400 600 800 1000
W% £/ e
(b) SREHUEZS

8 MERTIFE B E R B 4K IE
Fig.8 Envelope spectrum of metro train axle

box bearing

FE=0 1 S 12 %

U Ry [ ]
2 [S

B2l L Spz[s —
it S

@4 -

HHRREF MRS AATAIR

(b) S
B9 HEHMEMARRE
Fig.9 Test bench of passenger train axle box bearing

A4 a Flw, 5301 200 F1O, B HURT 1545 75 40 2%
il A0 10D JIT 7R A B e e At 4 K G 2 9 A L 3 A
WIURN 5 A B L AR B T L AT LU E % R BT
S i
3.4 BETFTIENTLE

Oy 36 A ST i AR P R4 T 4 s A 4 U
AR A A A e AR A K AR LA BT TG Y DI B L AR
TR G SCHRL 17 1eb B9 W 5 RS » 16 56 20 0ol R T -F



22 Y3011 3 L 78 A 2 MR LA Tl A ol AR 3 A2 W v A

il oy A E4

1.0 |47 Hz
0.8F

B A/(m * s72)
o
=~

I
=
o

0 200 400 600 800 1000

P f/Hz

(@) JFIRiE%
31 Hz
Lor 66 Hz

'E 0.6

<

= 0.4

E o2

0 100 200 300 400 500
W= f/ Hz

(b) FRIUHZS

10 EFEMHBEWMACLKIEL
Fig.10 Envelope spectrum of passenger train axle

box bearing

T3, 4 15 UiF JBE i A R0 U BE R AR AE S S 4 E
I VME 75 5 19 H A o B0 1348 3 0 b 46 %l 7K
BEf5 5 AT 20 AT . BT rh (E U B 4R A O A 15 B AL
T M Bk K% 2 Tl AR Tl R R 2 5 S R R (s
w) FAES B G 53 5 R (500,0.4) (300, 0.4) Al
(1700,0.1),

3 o Bl R ol R IR A S A 2% 1R 11
7N o B 11a W] R, BROAR B2 Jal A A R P R G
AR T H 3 AT A T LA I EE B (E A T 1B 7h, 7E
400~1000 Hz 4 Z&36 [Bl N T i 2o i & . 4k2 W
ZE 1 11b R0, b 2% il 4 il 7K VR Bl 4 ik B A 3 T
AR B 11e w4 AR b R Y A 1B
AR N G 2 AR AR O Y I (B AR 8T BT 10D, ik 2D
T 35 5 A5 B

BE TV J7 A 45 05 I B 4R AR AR AR AR B ML A | b
Bk K% A AR b R R B AR S AR Y (s w) B
2 A A 5y 9 o (4200, 0) L (12 900, 0.1) |
(200,0), Hrh, & LM MR IRSF 5 19 VME
SR A R 5 3.3 795 M R Al 2 b b A il K
P2 WS B B AR S 4 S I 12 s . Kl 12a
ATHT BIL 25 Y A b 7 o L e 4 T ok g TR
Ak 22 W %% [ 12b AT 0, b 4 il A b K TR Bl AR
AR AR AT DAL U] fEAE EE T 8b i T A 4%
WiE R .

N i — 2 B UE A SCRT £ 280 H AE N VME Jy
A RO BRI T Yz R F R R R 2
W7 14355 75 75 Autogram™* il CFFsgram ™/ 5 4 30 )y

1.0 82 Hz
0.8
0.6
0.4

{BA/(m * s72)

T

0.2

0 200 400 600 800 1000
Wi f/ Hz

() MLEE A A fh R

LOr 541z
08}

0.6

B A/(m * s72)

0.4

T

0.2

0 00 200 300 400 500
Wiz f/ Hz
(b) Mo A At 2R

LOr 131 Hz
0.8F 66 Hz

0.6
0.4

fEA/(m = s?)

T

0.2

0 100 200 300 400 500

WiZ [/ Hz
(O ZF TR

11 ETHEEERLASRENEKE
Fig.11 Envelope spectrum of the mode based on
median kurtosis optimization
101132 Hy
0.8
0.6
0.4

fEA/(m * s

&

0.2

0 200 400 600 800 1000
= S/ Hz

() MLAER AT AR

1.0r
0.8F
0.6F

fEA/(m * s

0.4r

&

0.2n

0 100 200 300 400 500

R S/ Hz
(b) kA i R

12 ETFFFEKXELEHEALFERERSHNEEIL
Fig.12 Envelope spectrum of the mode based on

kurtosis optimization of square envelope spectrum

AT AT . i SCHRC23 D] AT, T B A AH G i
JEE T O g e 3 S A ] 300 K e S S0 R R R R
S S DR M A S 8 O B AE A AR O 0 3 AT )5

- 2129 -



hE LM T AR 28 37 B 2 9 ] 2026 4F 9 H

SRy . 3R AR B AR IR S0 1R S AR B
R EL A OG0 B S 13 TR o X e P 7h
FE 13b A 1, A SC O 5 Autogram b i #7R 51 H
TOHL G Sl R 0 1A% (82 Hz) R 3 A% Mt (246
Hz) ; XJ b & 8b FI &l 13d mT A1, A SC 7 ¥ A 8 F

Autogram-Kn. A 2.1, Level A4, Node 412

0 5000
M f/ Hz

() T B Autogram [ (HL 4=l 4%l 7).
Autogram-K H 1.5, Level 4, Node H4
1.50
1.45
1.40
1.35
1.30
1.25
1.20

10 000

Wiz f/10*Hz
() T B Autogram =] (M4 4% b 75%)

Autogram-K,,., H 1.5, Level 44, Node H4

1.45
1.40
1.35
1.30
125
1.20
1.15
1.10

1.0
iR f/10*Hz

(e) FIBIE Autogram [£] (% Z A il A7)
13 AREEBHFAEH AT BE Autogram F X2 B & R

Fig. 13 Diagnosis results of different types of axle box bearings using lower Autogram method

1.5 20

4k 22 % A CFFsgram J7 %5 iR {55 #1743
M1 s CFFsgram J7 ik W12 W 485 e i€l 14 fir 7 . 3l
R WLEE P 14b FET 14d 7T A1 78 AL 2 4l 46 il 7R R 3
Rl A R Z ) . CFFsgram 7 3% 5 A SC O B
5 W 45 2R — B0, AkZ W4 18] 141 A K1, CFFs-
gram J5 V512 W 45 R o e AR T 6L 4% 0 Y 04 i 3
25 2 %5 (66Hz) XF N H TG % WL 4¢ ) 1 A% 4
(32.8Hz) F HAt AR 474 S, o PRI TG 125 1 0 32 7k
FIRy 3 i 2 AR

ZEA BIR X LG A3 B 45 R TR AR SOy AR A
T T B {8 Autogram J5 ¥ & CFFsgram J5 & A 5
2 W RO .

4 H#

DA SCH T — RS AR T 5 56 IR A9 Bl ik
- B BE A AR L I DU bR ek e L T VME
+ 2130 -

WRAE A/(m = s

{HA/(m * s

[

B A/(m » s7)

Autogram J7 ¥ Z2 R I T Mk Tl A R 0 4 8%
I (113Hz) 5 % HL &l 10b FEN 136 AT 1, A 3C T E6 40
3 F Autogram J ik Z R 5 H T & A Rl AR Bl 1Y
SAFH , HAS SC 7 1 v i 2 A8 0 % 26 0 i 58

1.0r 182Hz
0.8
0.6
04
0.2
0 200 400 600 800 1000
Wiz f/ Hz
(b) 54258 1240 F AL WL A Al R)
1.0r 125 Hz
58 Hz
08}
06 84 Hz
04}
02}
0 100 200 300 400 500
B [/ Hz

() FEAZ BN RS L BB A 4 )

1.0

31 Hz
0.8
66 Hz

06F 98 Hz

041

0.2

0 100 200 300 400 500
B f/ Hz

(D) SEAZ AN s LR T A R)

8 e B RIS D - X A SCBE S Tk T
1% 48 VME T 4 51 OB 285 85 R AR N T 28 4 3% X
SRR B 1% A TR i A i&
BEAE

2) FE T HLA Mok K & 42 Tl i Tl R B0 52 4510
e 25 SR A BT A ST 2 07 125 BB B8 A7 R 21 ik 7R
SR AN ) 288 80 ) R R A L O E T AR SO R B
BR8P . IR I 5 O L 45 5 i
U R B {5 Autogram J5 % Al CFFsgram J5 i (1
X H A BT B 1A S B AR

3) AR SCIIT 4 5 AN XoF B — gl 4 ot 7 B B X
SR A AR AT T R R AR AR L S 0 AR 1 T Y Sk
BB P M 5 51 42 5L R s AT PR B M S AT AT — o 22
S R R 75 I 25 5 B e X AR ST I AT IR
ABE .



Z R 1 N

AR A

A5 4 B A ol A Tl R e R A2 W e 9 R

bt I A

CFFsgram Kg, maN0.8, Level A5, Node A6

0.7
0.6
0.4
0.3

TG A/(m » s7%)

600

5000 10 000 0 2(.)0 4.00 800 1000
B f/Hz iR [/ Hz
() CFFsgram [E] (HL 444 Al 7#) (b) 5SROI R LS I (WL Hh A )
CFFsgram-Kp, a4 0.2, Level 7, Node 3 10T 129 Hz
0 022 ~ gl [ 58Hz
é 0.20 i, 08 84 Hz
0.18 = 06F
&3 0.16 £ 113 Hz
Iig 4 0.14 = 04r
5 0.12 o
6 0.10 E o2
7 0.08 \ . . .
0 08 16 24 32 0 100 200 300 400 500
PR f/10'Hz WiZ f/ Hz
(o) ek A Al 7R CF Fsgram [E] (il 4 il 7K ) (d) 587 2534 AL I A A R 7R
CFFsgram-Kr mo 4.6, Level 7, Node 43 Tk
1 4 08F
2 = 06F
<
il ‘5‘ | 04
6 E o2
7 i ; ; i A
0 100 200 300 400 500
ﬁjj_%: f/ O4Hz Wi [/ Hz
(&) % %4 A AR CF Fsgram B (5% Ll i G 7K) (OSBRI AT R LR R 4 A HhR)
B 14 A REHFAEHAIRSES CFFsgram i2 BT 45 R
Fig.14 Diagnosis results of different types of axle box bearings using CFFsgram method
SE ik S0, 2023, 54(4): 1344-1357.
[1] WEKH. B, T4, % RTEREERLNTREY DONG Jianxiong. SONG Dongli, LI Lin, et al. Applica-

(2]

(3]

[4]

(5]

B 91 A il R B2 W D ], 2l i i T R 2441z, 20204 20
(5): 151-164.

SHEN Changqing, WANG Xu, WANG Dong. et al.
Multi-scale Convolution Intra-class Transfer Learning for
Train Bearing Fault Diagnosis[J]. Journal of Traffic and
Transportation Engineering, 2020, 20(5): 151-164.

TRk IR YR, S5 . 4 A il A il ol e 46 1k
HEWHEARUIELT] R i AR RD . 2022,
53(5): 1600-1613.

XU Leis, WANG Tiantian, XIE Jinsong, et al.

on Fault Characteristics and Diagnosis Technology of Axle

Research

Box Bearing of High Speed Train[J]. Journal of Central
South University (Science and Technology) . 2022. 53
(5): 1600-1613.

WANG Cuiping, QI Hongyuan, HOU Dongming., et al.
Ensefgram: an Optimal Demodulation Band Selection
Method for the Early Fault Diagnosis of High-speed Train
Bearings[ J]. Mechanical Systems and Signal Processing,
2024, 213: 111346.

GU Xiaohui, YANG Shaopu, LIU Pengfei, et al. Adap-
tive Maximum Statistical Complexity Deconvolution and Its
Application for Train Axle Box Bearing Fault Diagnosis
[J]. Mechanical Systems and Signal Processing, 2025,
230: 112596.

AU RAF L ML L SRR E RN VMD TE 5
RN RS2 Wb LT, R R 2 AR (SRR

[6]

(7]

[8]

9]

tion of Parameter Adaptive VMD in Fault Diagnosis of Ax-
le Box Bearing of High-speed Train[ J]. Journal of Central
South University (Science and Technology) » 2023, 54
(4): 1344-1357.

NAZARI M. SAKHAEI S M. Variational Mode Extrac-
tion: a New Efficient Method to Derive Respiratory Signals
from ECG[J]. IEEE Journal of Biomedical and Health In-
formatics, 2018, 22(4): 1059-1067.

ARRAE XK, BT, AR T RO R AE R A 1G-
WO-VME J5 i B HAE 060 Al R S B a2 e b iy iz JH LT .
PB 2F 4, 2024, 46(12) : 49-57.

LI Cuixing, LIU Yonggiang, LIAO Yingying. et al. 1G-
WO-VME Method Based on Fault Feature Coefficient and
Its Application in Wheelset Bearing Fault Diagnosis [J].
Journal of the China Railway Society, 2024, 46 (12) :
49-57.

MR, M, M. 3T F 3 AR L VMD 1
AR BRI W LT PR3l L 52 . 2023, 43(2) .
231-239.

CHEN Chunjun, ZHOU Linchun, YANG Lu. Axle Box
Bearing Fault Diagnosis Based on Average Autocorrelation
and Optimized VMD[J]. Journal of Vibration, Measure-
ment & Diagnosis, 2023, 43(2): 231-239.

SRILE A WAL, BLMESE L AF . SRS S AR A BN 4RI
11 B HUAR R R a2 Wy s (0], PR 8 TR AR . 2022, 35
(5): 1289-1298.

+ 2131 -



hE LM T AR 28 37 B 2 9 ] 2026 4F 9 H

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

GUO Yuanjing, JIN Xiaohang. WEI Yanding., et al. Fault
Diagnosis Method of Rotating Machinery Using Variational
Mode Extraction Guided by S Transform[J]. Journal of Vi-
bration Engineering, 2022, 35(5): 1289-1298.

P, sk bk, B4, % 3T PAVME [ 5 mpL A&
LA SRR W AT R T]. JR3h 5 b, 2025, 44
(1): 143-150.

ZHOU Qidi, ZHANG Zhongwei, WANG Genquan, et al.
Abnormal Vibration Diagnosis of Diesel Engine Transmis-
sion Mechanism Based on PAVME[J]. Journal of Vibra-
tion and Shock, 2025, 44(1): 143-150.

AT AL, AT BRI TR, AR SR T R A B
Y A1 A R sl il R RS W 7 ik D). ksl 5 ebd
2022, 41(11): 65-71.

YU Huihui, ZHENG Jinde, PAN Haiyang, et al. Fault
Diagnosis Method of LLow Speed and Heavy Load Rolling
Bearing Based on Adaptive Variational Mode Extraction
[J]. Journal of Vibration and Shock, 2022, 41 (11) :
65-71.

MIAO Yonghao, WANG Jingjing, ZHANG Boyao. et al.
Practical Framework of Gini Index in the Application of Ma-
chinery Fault Feature Extraction[J]. Mechanical Systems
and Signal Processing, 2022, 165: 108333.

NASSEF M G A, HUSSEIN T M. MOKHIAMAR O.
An Adaptive Variational Mode Decomposition Based on
Sailfish Optimization Algorithm and Gini Index for Fault
Identification in Rolling Bearings[J]. Measurement, 2021,
173: 108514.

BRI HE , B 2%, XK, 55 L BT 2 H bR 2 UL AL Y
OO AR AL AR O IRL T ] LA T RS 4, 2018, 54
(4): 285-292.

GU Xiaohui, YANG Shaopu. LIU Yongqgiang, et al.
Fault Feature Extraction of Wheel-bearing Based on Multi-
objective Cross Entropy Optimization[J]. Journal of Me-
chanical Engineering. 2018, 54(4): 285-292.

METRAE . BT, T S R T 2O R IR A S ) i
Y 5 S MR R R R S Rl R 2 )] IR 3 5 ek i
2024, 43(21): 107-115.

SHI Yifei, HUANG Yufeng. WANG Feng, et al. Fault
Diagnosis of Rolling Bearing under Strong Background
Noise Based on POFMD [J].
Shock, 2024, 43(21): 107-115.
B B EI ., ERF . L SR T R ORF S A R
W ELTHHLE 2 T LT SR ML S 2 7, 2024, 44(3)
480-485.

ZHANG Xin, ZHAO Yike, WANG Jiaxu, et al. Helicop-

ter Fault Diagnosis by Blind Deconvolution Based on Aver-

Journal of Vibration and

age Kurtosis Maximization[ J]. Journal of Vibration, Mea-
surement &. Diagnosis, 2024, 44(3) . 480-485.
XUSCIT s B2 X, 45 SR T ) Al A

2132 -

[18]

[19]

[20]

[21]

[22]

[23]

Tl AR R 2 W O i SR L] PR DR 2 . 2025, 61
(6): 249-259.
LIU Wenpeng, YANG Shaopu. LIU Yongqiang, et al.
Research on Fault Diagnosis Method of Axle-box Bearing
of High-speed Train under Wheel-rail Excitation[ J]. Jour-
nal of Mechanical Engineering. 2025, 61(6): 249-259.
Ef LR, RS, S AR 4B B IR il R
Wi Wiy k0] k3 5 ek . 2023, 42(15): 83-91.
WANG Xin, JJANG Xingxing, SONG Qiuyu. et al. Bear-
ing Fault Diagnosis Method Based on Adaptive Variational
Mode Extraction [J]. Journal of Vibration and Shock.
2023, 42(15): 83-91.
PANG Bin, NAZARI M, TANG Guiji. Recursive Varia-
tional Mode Extraction and Its Application in Rolling Bear-
ing Fault Diagnosis [J]. Mechanical Systems and Signal
Processing, 2022, 165: 108321.
DING Ao. QIN Yong. WANG Biao, et al. Evolvable
Graph Neural Network for System-level Incremental Fault
Diagnosis of Train Transmission Systems[J]. Mechanical
Systems and Signal Processing. 2024, 210: 111175.
MOSHREFZADEH A, FASANA A. The Autogram: an
Effective Approach for Selecting the Optimal Demodulation
Band in Rolling Element Bearings Diagnosis[ J]. Mechani-
cal Systems and Signal Processing, 2018, 105: 294-318.
ZHOU Ning, CHENG Yao, WANG Zhiwei, et al. CFFs-
gram: a Candidate Fault Frequencies-based Optimal De-
modulation Band Selection Method for Axle-box Bearing
Fault Diagnosis[ J]. Measurement, 2023, 207 112368.
EXTp, ML Wi, % ST MED 5 A MG 2
P 14 VR B Bl 7R R 12 W7 O [0, R Sl . 2020, 39
(18): 118-124.
WANG Xinglong, ZHENG Jinde, PAN Haiyang. et al.
Fault Diagnosis Method for Rolling Bearings Based on Min-
imum Entropy Deconvolution and Autograms[J]. Journal
of Vibration and Shock, 2020, 39(18): 118-124.

(HE EEIH)

EEEN - 3.5 199144 Rtz . WSS T7 10 BLIE 4240
B B2 W 5 4R 5 B K . E-mail: hylzjt2014@139. com,
2 aCGREMEHR) B 196844, JUR I B 50 R R I, 5T
5 1) Ay L A 0 A T AR A e 3 S R REPEAR AT . E-mails
wh@mail. lzjtu. cn.

AR

o 55 2R PE L E AL 280 7R A A A R IR R A Bl A R
B2 T R A R HICD . A AL T2 . 2026..37(9) : 2124-2132.
HE Yong, LI Yang, WANG Hong. Parameter-adaptive VME and

Its Application in Fault Diagnosis of Axle Box Bearings[ J]. China
Mechanical Engineering,2026.,37(9) :2124-2132.



