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Abstract: To extract weak features and diagnose rolling bearing faults, a new resonance demodula-
tion method was proposed based on subbands-reconstructed and-rearranged dual-tree complex wavelet
packet transform(SRR-DTCWPT) and peak frequency extraction. The SRR-DTCWPT-based frequency
band division method was fine, maintained the advantages of DTCWPT in approximate translation invari-
ance and less spectral energy leakage, and solved the problem of band misalignment. The resonance de-
modulation method based on SRR-DTCWPT and peak frequency extraction did not require the participa-
tion of any indicator, might extract frequency bands at any position, avoided the influences of strong impact
interference, and automated the calculation processes. The proposed method was compared with Fast Kur-
togram and Autogram in simulation and case studies, and the results demonstrate the effectiveness and effi-
ciency of the proposed method.
Key words: bearing fault diagnosis; resonance demodulation; dual-tree complex wavelet packet trans-
form(DTCWPT); subbands reconstruction and rearrangement(SRR) ; peak frequency extraction
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Fig.1 Spectral cliff map based on binary ternary

wavelet packet decomposition

Gy kAT KA QIR AR 5 MBS A ER 2
14 A8 £ Tt [ I e SR A o A 2 B AR B R
Il — 2 S ORI G B R AR @D B Rl 43 F
TN 8 53 M LIRS ff 478 $2 40 17 o (8] 457 8 114 i e
T

HT MODWPT 5 Jofw F AH ¢ Cunbiased au-
tocorrelation, AC) A 4t ) Autogram Jy % fit Pt 1
IR FK A #4-6kFE . MODWPT fifi il # & i 1
SRS . B DS — N 0 A 50%
WS, HAEA S O N R o0 B K R /N i R R
%’Eﬂ(‘#ﬁ”’“?ﬁ vk T AL 5 WPT R R SR A 1 Rl i)

HERARR R, AC AT DL L BRES h
m%ﬁﬂ%w%ﬂ%m}%Mﬂ%ﬂkﬁl,ﬁﬂﬂiﬁ,ﬁ%v%%
I PE IR 4> 45 2 49 58 . Autogram B 1k FE A JR B
mr,

B4, A MODWPT X {5 55 i A7 = U™

BN 3 W R A A R O 2 Y
AC Ui B
Ryt N— Zx X(4,+7) (5)

itrh:X%ﬁjﬁﬁ’ﬂ%ﬁ@%;rﬁﬂ#h&l?—,r:q/ﬁ,q:
0,1, -, N— 1; N B E 5 09 R BB K B 5 R
i a]

SRJE T AC I B2 45 2 18] 2 it /R 1Y Auto-
gram I BE &, 35 0 3 B R 00 By = 4K

SR Fh P 2 7] WL MODWPT B 45 B X1l 43 1K
O = =0/ A A e BN PR — AR O
F14) A3 3t O (7]

BE Af,
1/2
1/4
1/8
1/16
1/32
Z—Iz—l

F + : . B f
0 1/8 1/4 3/8 1/2

B2 Autogram Ay I B &
Fig.2 Spectral cliff plot of Autogram

- 2024 -

K K® K K® K K® K K®
KO[KP[KP[KO KO K® KPP KO K 0k ]k 02K 00K 0olk §9]k 09|

WO

2 PR

B0 bR ), 52 T 5T SRR-DTCWPT
5 U A AR 4 ) S IR A 9 O 0
2.1 E-F SRR-DTCWPT #9571 E& %1l 5

KINGSBURY ™42 Hi 1 XU &2 /N i A2 46 (du-
al-tree complex wavelet transform, DTCWT) J7
125 I T7 U AN e R AR R LA DAL
B I/ U A2 J 7 R O AR P 25 LT AR I O T R A
[A)

DTCWT i A& Hilbert 25 # X £ B 524 Al
FE R /N ok KA 3] L R

$"™ (1)~ Hilbert (™ (1)) (6)

A Hilbert(+) 3R Hilbert #2455 T 5 . A AR,
T 3 1Y il A 52 /N e Ry

p(t)= g™ (t)+jo"™ (1) (7)
INTE R () R ™ () X Ry A FIR 38 3 48 AL
HU AT T AR
A h‘“(z—o5> nez (8)
RBERE o () FI/NBE R (1) 75
Tl RUEE G &
ﬁZh;; ¢ (2t—n) (9)

(=2 Zh;’ Ty (2t—n) (10)

Horr <o > FIR“Re” 8 “Im” 5 B A /N I & %L
dr " (n)MREZRE o (n)@ ot N A .

=2 2@ wde D

o =2 wl0g T Zimd (12)

A em A HIHEEm=1, -, J,

DTCWPT f DTCWT 4 J& ifif 5", @ 1 45
— By BouE AR AN (n), AN () ) R AT ()
Ry (n)ye B R uE PR (AN (n), ()} AN
(A (), R ()} 38 FH 38 0% 2% { fo (), () A2
B A7 SRS 4 (4 A 3 43 S A AT 45 6 R D
A an B 3 s . R . [ AL 58 WPT — %,
DTCWPT 57 AE A 585 BL G ) &, &l 4 fros
DTCWPT Xf H i B AF 5 g ) 56 = B /Nl +
AR B A O AR T R 2 3 1G0T HE S
I 2 T BB A 3 5 e T IR

SRy Sk R A L R [R) L 5] AL SRR-DTCW -
PT WM e X . &5 W55 7 DTCW-
PT %3t . #RJ5 M A DTCWPT 3% 48 $ 8 k) 5 4
AN TS BRR it ot R P SRR B A A il /N ik
T A R G fige 2 B0 0 T 3% R0 A 26

>



BT IR O RS R RS T —— S B ERF K A

i
iz fict
AR50

A-sio- {7
s

sz
— fo}-dizm)
(A swo-{7H

(a) fRAT S5
®
®
(b) 43 i (c) Ak

B3 DTCWPT 1 45 #7028 B9 £ A
Fig.3 DTCWPT’s parsing structure and use of filters

HH Ja /N BT A R S TR £ 5 A R L BB AR
PRAE Y % 745 15 5 B IR 2r B R . ) R A
Je B /N e - R HE S L 2R T A B B HE A
(reconstructed and rearranged subbands, RRS), A
fifp R AR AT S LAY R, AR HRAE AR

P 2R T, 2 B R HE BN R R R
i A7

i—1=>2"n, (13)
meN
i=1,2, -
FH 0550 G B ), 3 3% 16 A HlE ST 0 3 54 )
i=>2"n,+1 (14)
meN
nl = mod (n,, +n, 1,2) m=20,1,2,3 (15)

n, m=4,5, -
P mod (+) F R BB I8 B AR .

26 G IE 5 5 =2 AN T A L g
W Ab Jit 7R+ 3 Sk AR SC i 252 3k F U (1 401 3 412 B 1Y
A I A B o ) TR AR
2.2 ETIEE MR IR BRI # S 87 B 1R 1%

i o %R 15 5 47 SRR-DTCWPT 4347
Y F A3 ik )2 B0 VG T R AR 3 A i e st
VU 3 R B R B B PR A3 M 2 B0 R 5, AT A5 E]
2AHHAEM (R =1,2,--+,32), AT
28— ol ik 0 (AR R B BB 5 L A 324N e
T R A0 A B 5 L B2 T

T 5 X E AL R AT 25 L R
T L 155 32 4 F 4% %S, (h=1,
2,+++,32), HAKI 5 . Hilbert 25 05 1 A7 M 75 +

0. 04
e
0
0.04+
0020 g
0
0.04r
0.02}
0 .-
o004}
0.02
; o il
=

0.05

vy

0

8

g' |LLLLI|
It ‘M._—
0

1t

2.

0

1000 2000 3000 4000 5000
W#E f/Hz

(a) DTCWPT 3 fift J5 5 = )2 8 B/ M -4l i (8 L3l

0.04
i
0
0.04 1
0.02 ﬂ!
0
0.04r
0.02r | ﬂlﬂd
0
0.041
0.02r
0 M—
0.04 1
- .
0
0.04r
0.02F
0 AM-LLA

0.02

0.01F
I‘U._J.n

0
0.051

22 200 QO
CO_ 00O orim

TEE A/g

0 1000 2000 3000 4000 5000
WE f/Hz

(b) FHEE 9 8 Be/ N 78 L3
4 EHAREZRNMNEFHENEEMHE
Fig.4 The Fourier spectra of 3 level wavelet subbands

before and after rearrangement

P 1 v A0 0 T 5 5 A R 22 AR, A5 2 Y A A AR
T HEAT - T7 AL 2% a3 b LA v A MR LE L 8 R AE A
AP B 14 i B 4 A0 %

FEW RIS, P BRI S A IR, 45 B4 R
FEFE Mo 3R DR O 8 L AR UG R A0 AT 60 435 0 (i
W R 5 o3 i, 2 IS o il A N R R
M o 5 R U EL AR CHE R % 4500 ] E D T 70 4 42
B /A £ W {0090 25 0 35 A 418 B0 B L i 2 2
S ECHR BOBUAR TU A% e A T BRI 5 4 06 {8 03
AR BR - TR AR S R G B — B £

+ 2025 -



hE LM T AR 28 36 B 2 9 ) 2025 4F 9 H

B W B M, R R — B B A A (] AR
MEESNTFWHES KGR BERGS
{RSiv= pi~ qu Y panqu 53 AR BUE 5 0 2
1k S 7 B REN D,

SRJG N RS HEATF AL 4 oy M AR L&A S,
e WS, T 9 A WA (E A, A5 B R FE N
P 2 A K R U A i TR O 0 (EUR L S
W o T O A (B BRI, VR Bl Al 2R R AR
B B o A0 25 5 T DL R R AR A e S LA L,
P 215 T8 Sy A R R o o S B R O S L 2
FEAE TG BT T . S T XN, B —
AT 48 &R SR IO B A5 M e, 220, 3,0+ U (H
PR 2 (a €N,

e J5 -l A R S 80T 5 A ) B8
s AR AIE AR e, 4 1T B Y B AR AE AR e, 5 e i
FEXF L 2 P 1R 25 /N T 19 5 Hz 1 o, R SE PR il
s R I 400 3, 4 OGS B Y RS BRI Ay e i A B
il R S R O R R AR AE TR 25 AT RESR IR T LA
LA I AR 5 R 4 AL B RS SR (A7 A 7]
BT R R BUR B E TR B S AL B 2 R A
RO PRB R AR R R S, A B R AT RE A
1R 22 5 Bl R (19 W) B2 80T Be A AE — i i 15 28 5
FEAT AR Ak s 4 2115 5 PT RE A7 B A EE I S Y T
PO o SRR R AR A 4R S S i T, TR A 3
0~5 Hz VBN IR 2ZEJE M . 25 b, s 50 45 10 vT 4k
TR L — % 5 s A O A 238 R il s A B

5 0 {1 0 5 1Y e B A B 2 8 T vk b
=AM O 5 5 0y W B4 2 02 5 A1
[7) LA A o B2 75 3% 2 5 O F 7 A0 45 3k v e i A
T AL T AN A3 5 © B E Wi B 4 AF 4 = 5 ]
FB WAL RF AIE A0 23 (0] 1% 25 & 5 /N T 5 Hz, 3B I/
L R A AT R R A B A R 1 I e R —
P B0 RR A0 5 TR
23 HIRBAFAZESE

B 2 7 A G T SRR-DTCWPT # 45 B
Sl 43 0 ik 0 401 3 i TR 5 R 0T B 3 L i
TN R L Y ) A A S0 43R AN S B A5 4R AT T
WA N B TS S 78 Bl R A 88 AR R 4 5
(a2 Y s ETTE= R SR ¥ B LS N =3 (I

DX E S 5 47 SRR-DTCWPT 23 #7 , 23
fift 2B N 52 A5 8 32 A~ FEHEE A A .

2)%F  HE T A A R AT 2 B Ay O
BT AR B IS,

VRIS, T 5 A~ W AE A 6, AR A5 40 2 K
M5y S48 Mo, B — 5 [RI B B AR {67 B % 22 1)
TGS ARG S { RV = pe~ g}

- 2026 -

PR Mo A > (Bye)y(b+1,¢)
b=1:3l,c=1:5 R

BRI N o {(R§¥ | iy = pr ~qu}
d=1:ke=1:9 pr =byq =b+1

z, ZRE R

5 BETEEMERNMSENREENRER
Fig.5 Flowchart of the fault band selection based on

peak frequency extraction
¥ RS BEAT V- IT G143 AT AR B S BE IS,
B R 9 A~ 0 {450, 45 BRI B No, R
N oo HBRE— AT A3 A5 WU I3 Y DAL IR 2,
5% HE B i R AR A3 R o 5 AT R IR A
WA 2, R HC A IR 22/ T 5 Hz BB 15 3
W —— %) 0 32 A5 A1 236 RT3 s A B

3 BREETAMN

AR 3 R A EAF S AT A A S
FK. Autogram 535 i X5 LLAFF 5% . 38 58 T 42 05 15 1)
ARME

5 BAG S — v (¢) BB vh i 7 91 s, (7)., 5
s T 0, () = B MR g, ()20 G, B Rk
B2 v (1

yi(t)=s:(0)+ 6:(2) + g:(2)

s L) 1 1
b (t)=1.6 Y sin (50 [1— t——
() e sin (50 | 207 ( 1 ))

1‘21

79
() =""e 00 Gin (12000 (£ — 0.017) )

i=0

t=0.01i

(16)

Hh, g, ()il MATLAB H B “awgn” ok 507 4=

(EME L —10) . s, ()BT UL JE 30 4 ke s b <

J 30 B 45 R 100 Hez, B B o o T 76 550 % 5 [ Ry

3500~4500 Hz. {55 B R AFE 5 2 F1 R 4 B ] 43

5124 10 000 Hz F1 0.8 s+ XF 1 5 5 F4 B s 35k 72 4n

B6 . nl W IR A5 5 R A o 0 R AE
S o 87



BT AR A 98 7 vk 04 R Bl il R B2 W —— 1 T

ERF

[T 2

f (1) Lt
A S e H S
= 7o 0.2 0.4 0.6 0.8
e ¢/s
(a) JE R e o o
2oozr
e
- 2 0.2 0.4 0.6 0.8
BFIE) ¢ /s
(b) b T4k
&2
[
= %0 0.2 0.4 0.6 0.8
BHIE ¢ /s
OF:2 1A=L %
4
< 2
2 | ———————
= 0.2 0.4 0.6 0.8
BHIE) ¢ /s
(d) i EfE S

Ee6 {FEES—
Fig.6 Simulated signals |
JIT $ 07 1 n B IUAE 5 O { RY i = 24, 25, -+,
29 1 N P 7a fT 7 Xk B O 3593.75~4531.25
Hz, 58 Fr 7E A3 0 [ W 4 32 U5 5 2A B
14 JE I o o R AT, HF O 43 45 3% (squared enve-
lope spectrum,SES) (& 7b) H i B4R A 4 % ) H &2
YO BT I A] WL . FR IR O AR5 A 98 43 )
h 859.375 Hz 11 156.25 Hz, % I #1i Bt fy 781.25~
937.5 Hz( 8] 8a) ¥ B IR 15 5 Hh stk wh o T4 ir &b

0 0.. 2 0..4 0.I 6 0.I 8
B 1E) £ /s
(a) JEHUF 5

0 100 200 300 400 500 600
ME f/Hz

(b) SES
7T FRAEMGEFS—WIWNER
Fig.7 Analysis results of the proposed method for

sinulated signal |

WL L P 8b T 7 BT AR [ RE X TR A5 £ Y
Si Jk 0 . A SESCIET 8 AL B ] 5 ik
B ol AT S A A A AE L R DA T O
6 b 3 58 i i+ o U TR (R S R 5 e
i o AR X T AR 520 B A TR AU BE A

0
1.0
1.6
2.0
~2
2.6
& oo
mH .
3.6
4.0
4.6
5.0
0 1000 2000 3000 4000 5000
WE f/Hz
(a) 35 Ui 3
0.6
2 0.4
<
@ 0.2
3
0 0.2 0.4 0.6 0.8
B8] £ /s
(b) W AH =
2 .
o |
) |
o
< |
<
puu I
= \ L ,
0 50 100 150
WE f/Hz
(c) SES

B8 FKMWFEFS—HWIHER

Fig.8 Analysis results of the FK for sinulated signal |

Autogram BE B o0 45 F A SE 00 R
3750 Hz F1 2500 Hz, X} W 4 Bz 2500~5000 Hz( K]
a) Bl TR BT A 9 R L E T 0 0R F A
TR W B 5 T A 2 B A ) e A L D
P55 B9 SES & 9b) R 1 2545 - J7 A 4% 3 (av-
erage-combined SES, A-CSES) (& 9c¢) i i 4
(IR TRV @ N4 TR S TG SR EE

D5 HAF S =y () B JE K b s, ()L 58 o ol
T 6, (o) VWL o3 B 0, (o) Ml B e 75 g, (2 ) 20
J 3R AR
yo(£)=15,(2)+ b, (2)+ 0,(2)+ g, (2)

79
52 ()= D7 e 0% in (5000m (¢ — 0.01y))
=

=0

t=0.02y% (17)

1
“ 1 §in (4000m T — v, (1—1,))

t=1

by (t)=ae

0,(¢)=0.05sin(20ms + 0.5)
+ 2027 -



hE LM T AR 28 36 B 2 9 ) 2025 4F 9 H

~2
£
il
0 1000 2000 3000 4000 5000
W f/Hz
(a) Autogram
1200 | [ | [ [
2 g0 | I | I |
< | I | I |
| I | I |
400
E l | | I |
FINETTY PN TRpraeY b L a
0 100 200 300 400 500 600
W f/Hz
(b) SES
6
I [ | I |
Kt I | | I |
< I [ I I I
m g I [ | I |
= | | | I |
N A s A L -
0 100 200 300 400 500 600
W f/Hz
(c) A-CESE

9 AutogramM{FEES—HSHER
Fig.9 Analysis results of the Autogram for

simulated signal |
Hd, g () 5T EAE S —ZL, h*awgn” bR 2R
TIN5 W Ly —10) 58 vh iy 40 6, () ZBOBAE N
RPN . AT T RAFPUR 5 R AN ) 507 B15 5
— R[] B it s, (¢ ) B9 8303y 50 Hz, BT 76 45 B
h 2200~2800 Hz, i B2 4n 141 10 fif 7
x1 0,(1)HEESH

Tab.1 The specific parameters of b, ()

[ Q, B v, 1

1 3.2 200 0.005 0.13
2 3.6 240 0.02 0.26
3 3.0 260 0.02 0.63

&l 11a f 7R Ry BT 42 05 5 09 42 UM 5 L {5 5
Bl 2343.75~2812.5 Hz({ RYli=16,17,18 }) ,
B o T Ak AR R BE AR W) A, L SES (]
11b) H RE 7 H U 0 A1 32 B Sy g s 430 46 R 38 I8 90
i, FK % B o0 45 R R A s 5l o
1979.1667 Hz #1 208.3333 Hz (1875~2083.3 Hz)
(P 12a) , X AT 5 v i s by 48 3 6, (2 )&
12b), Jok A SESCHE 12¢) iR e [ 7 A 41 2%

Autogram BE U w0 422 R A T8 43 0 A

+ 2028 -

200
< o LR LR L LE L L
a [T e e e errperrer e,
= 0 0.2 0.4 0.6 0.8
B8] £ /s
(a) J& LR e ook
2 3
< 5 | | |
@ 1 , L .
E 0.2 0.4 0.6 0.8
B 1E /s
(b) B phi T4k
20001
= 0F\/\/\/\/\/\/\/v
g—o.l - . - |
0 0.2 0.4 0.6 0.8
FfTal ¢ /s
(c) P o=
Lo 3
< om
o
B 0.2 0.4 0.6 0.8
BFIE) ¢ /s
(d) FHTE s
w4
S 2
w0 ' :
E % 0.2 0.4 0.6 0.8
BFIE ¢ /s
(o) ThiEf5%
H10 fEESZ
Fig.10 Simulated signals Il
Lo
& 0.5
< 0
2
105 0.2 0.4 0.6 0.8
1] £ /s
(a) IRPUF 5

0 100 200 300 400
1A £ /s

(b) SES
E11 FRAENFEGESZHAINER
Fig.11 Analysis results of the proposed method for
simulated signal Il
1953.125 Hz il 156.25 Hz(1875~2031.25 Hz) (&
13a), 5 FK Br e 4 B Je A — 2, i 7 MODWPT
WU K] 3 AN AR OB T T TR R AN BB 1/ (4 A
Fil A 23 B AT 40 23 L BT DL SES (& 13b) Hh 82
A B BRI L BRI A-CSES (] 13¢) i)
DATRU3) 3 5 o 1 0 931 25 K FEATE A0 (E AN 05 3 AT » 3



BT IR O RS R RS T —— S B ERF K A

~2
&/
Y
0 1000 2000 3000 4000 5000
R f/Hz
(a) PR 3 0 2 1]
0.6
= 0.4
=z 0
g 0.2
=
0 0.2 0.4 0.6 0.8
BFE] £ /s
(b) WPAF =
1)
L
<
<
o
= i
0 50 100 150 200 250
WE f/Hz
(c) SES
12 FKFEESZHANER
Fig.12 Analysis results of the FK for simulated
signal Il
0
1
Il
&
K 3
4
5
0 1000 2000 3000 4000 5000
W f/Hz
(a) Autogram
| Lo
L0 | | [
< I I I
pu I I I
= I I I
| | '
300 400
(b) SES
M 6 [~ 1 1 1 1 1 1 1
o [ [ [ [ [ [ [
S 4t [ [ [ [ [ [ [
~ [ [ [ [ [ [ [
< 4 | | | [ [ | |
o | [ | [ [
= m@m&m&w
0 100 200 300 400
WE f/Hz
(c) A-CSES

E 13 Autogram M {AEESE MW ER
Fig.13 Analysis results of the Autogram for simulated

signal Il

e F 2 g B 30T A A I A 2 A e e I B
4 #ER g AT

A AR S BT R TR A
BOHE Ry itE— 2R GY T R 5 VR R T SRR A S A b
(A S S AT TR T e i ARG

R SRR AL AR IR A A 14 BT R A
— A>3 By H AL A 222 T A A 1 B R e
. Bk A& 25 g 6202E , i B 3 56 17 8 1
H AN T e Sl R P P PR TR Ll e
FE il 7 A8 b TD A R SR AR T 3 56 il R A
3000 r/min B (4 4% 3 15 5 >R A 45 %y 10 000
Hz . {5 5 WO 0 & 15a B . AR 35 il 7K B il f—=
60 Hz 5 Bk 2 8, nT L35 15 510 4l & 79 B ik fie
ARSI 2 (BPFD Jy 248 Hz,

WENL B WHEAL T E;H%IJ?E

Bl RE S PR A&
E 14 HERBEENKES

Fig.14 Bearing failure implantation test bench

T B 7 VR I U 5 (I 15b) 9 X6 Rz 4 B Sk
4062.5~4843.75 Hz ({RY[i= 27,28, ---,31}) ,
SES Hf ] DU 5 (50 Haz) S Hil 3% Fn py Pl ik
I R IE A3 2% (248 Hz) Ko FEAE I o 30 0 A7 76 Tk
R A0 R AN 40 6] 15¢ JT 7 5 12 1k R 8 o 1 42
U R R

FK 2 HCAY A0 450 238 F AT 58 43 51 o4 625 Hz Al
1250 Hz(0~1250 Hz) ([ 16a) , JE i {5 5 an 1&l 16b
Js s BT A2 s b TR, A SES (& 16¢)
HP T T Al A B R R A AR

Autogram ¥E Y w0 A2 OR AT FE 43 5 A
1250 Hz #1 2500 Hz(0~2500 Hz) (K 17a) , i F
SES I £ 15 55 5 A Be AL & 2 W R AR B, il
SES ] 17b) v e {5 45 258 CHE B %% 450 ) I I ik 55 4
R AR AE S B L AR A-CSES (B 170) fig
BB s A TR A3 (E s 52 3 2 B 0T L I 72 1Y
JUE S

25 L RTIR  AS SC B A SRR R R O AR T

- 2029 -



hE LM T AR 28 36 B 2 9 ) 2025 4F 9 H

5
2
<<
o 5
=
_10 1
0 1 2 3
BFE] £ /s
() JFRfE S
4
B 2
ﬂ; 0
m -2
_4 1 1
0 1 2 3
B | £/s
(b) $#RHE T
0.2¢ . . - R R
Iy pl sl E|SI £| E|
Lo T AL N J
< o.1f | gl | El ~ il
b [ 213 [ |
[ | I | l |
| I (Y Lo | Lo | .
0 200 400 600 800
MR f/Hz

(c) SES
15 FRAZENREBESHINER
Fig.15 Analysis results of the proposed method for

test signal

2k
G W WM ==
OO O OO

1000 2000 3000 4000 5000
WE f/Hz

() PRI IR

(=}

bo

oy

<

Fa)

4

A ¢ /s
(b) MW AE T
0.03
< 0.02 é: & El
= “l ;TI g
@ o, 01 { I =
4 | | I
0 200 400 600 800
WE f/Hz
(¢) SES

E16 FKMXKESHITER
Fig.16 Analysis results of the FK for test signal
FK 5 Autogram J5 % . % N 4455 rh & Bt k12
W15 S8 AT ik B AT SO A0 2 T L SEBR AR 5 20
BOREETIIIE .
- 2030 -

0
1
& 2
;ﬁ 3
4
5
0 1000 2000 3000 4000 5000
WE f/Hz

(a) Autogram

6000 ' '
gl gl 2l
~ 4000 &l Al 5l
oy Sl oy
g 2000 l | : :
= Al s ‘l A i i I Loy e, [
0 200 400 600 800
WE f/Hz
(b) SES
6
© _| 2l 2!
g 4 E| &| &|
< <l S I
B 2 ' l l
] II I N | 1 .
0 200 400 600 800
WE f/Hz
(c) A-CSES

17 Autogram iR ESH A ER
Fig.17 Analysis results of the Autogram for test signal

5 #ib

DASCHE T B T 1 1A R SUR 52 /N
A (SRR-DTCWPT) 850t &l 43 5 i HoAx
TE fif AT 5 LAY ) I DR DTCWPT 32 8LV 7%
AN VS BE R I 2D 0 O R B b T
55 K EAE , BE S DR A5l B A

2) VLT T B T U {0 4 B BRI 5 B AT B ot
PO T B ALE TR S i RO
UF 0 R G RS R A Sh R AT, ELRERE A IR T 15
A I RO AT 25 118 ff P T — Pk

35 AR 7 o3 b ARl R A2 W 4 0 T L
5 FK. Autogram J5 V& By X L &5 R gk — 250 B 1
JIT 3 T7 12 70 VR Sl b AR 8 R AE 2 I B 12 B 7
T 4 A 25V R

S 30k

(1] ZEEW. ki, TR, %, 80 EHER2ZEMEKN
R BRI W R LT]. R EALAR TR, 2023, 34
(18):2212-2221.
QIN Guohao, ZAHNG Kai, DING Kun, et al. Dy-
namic Wide Convolutional Residual Network for
Bearing Fault Diagnosis Method[ J]. China Mechani-
cal Engineering, 2023, 34(18):2212-2221.

(2] ke, SRS, BOmE . 5% . ZiEE S RE 5%



T LR AR JE T 7k R S RS B2 W —— I R ERF

[T 2

3]

(4]

L6]

L7]

L8]

9]

[10]

[11]

JE T % 2% ) W e e LA 2 T LT ). v R ALAR T
T, 2023, 34(8):966-975.

ZHANG Long, HU Yanqing, ZHAO Lijuan, et al.
Multichannel Information Fusion and Deep Transfer
Learning for Rotating Machinery Fault Diagnosis
[J]. China Mechanical Engineering, 2023, 34(8) :
966-975.

ZHAO Y K, ZHANG X, WANG J X, et al. A
New Data Fusion Driven-sparse Representation
Learning Method for Bearing Intelligent Diagnosis in
Small and Unbalanced Samples[J]. Engineering Ap-
plications of Artificial Intelligence, 2023, 117:
105513.

PRGN, VFig . TRIEESE . B T 05t 75 ik 0 i kAR %<
25 T 4 1 B0 ZE RIS W kL0 ). v R BLA T
T, 2023, 34(23):2854-2861.

CHEN Jian, XU Chang, XU Tingliang. Centrifugal
Pump Fault Diagnosis Methods Based on Dislocation
Superposition Methods and Improved Probabilistic
Neural Networks[J]. China Mechanical Engineer-
ing, 2023, 34(23):2854-2861.

AT, BB, BRI & TR R S
B 2 & S HLB R W L], E LA T,
2023, 34(2):193-200.

ZHAO Yike, ZAHNG Xin, WANG lJiaxu, et al.
Aero-engine Fault Diagnosis Based on an Enhanced
Minimum Entropy Deconvolution [J]. China Me-
chanical Engineering, 2023, 34(2):193-200.

SUN J K, ZHANG X, WANG J X. Lightweight
Bidirectional Long Short-term Memory Based on Au-
tomated Model Pruning with Application to Bearing
Remaining Useful Life Prediction [J]. Engineering
Applications of Artificial Intelligence, 2023, 118:
105662.

ZHANG X, ZHANG Z Q. WANG J X, et al.
Reweighted-Kurtogram with Sub-bands Rearranged
and Ensemble Dual-tree Complex Wavelet Packet
Transform for Bearing Fault Diagnosis [J]. Struc-
tural Health Monitoring, 2022, 21 (6):2951-2967.
HARTING D R. Demodulated Resonance Analy-
sisl.a Powerful Incipient Failure Detection Technique
[J]. ISA Transactions, 1978, 17(1):35-40.
DWYER R. Detection of Non-gaussian Signals by
Frequency Domain Kurtosis Estimation [C] /IEEE
International Conference on Acoustics and Signal
Processing. Boston, 1983, 8:607-610.

ANTONI J., RANDALL R B. The Spectral Kurto-
sis Application to the Vibratory Surveillance and Di-
agnostics of Rotating Machines[J]. Mechanical Sys-
tems and Signal Processing, 2006, 20(2):308-331.
ANTONI J. Fast Computation of the Kurtogram for
the Detection of Transient Faults [J]. Mechanical

(12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Systems and Signal Processing, 2007, 21(1):108-124.
LETY, LIN J, HE Z. et al. Application of an Im-
proved Kurtogram Method for Fault Diagnosis of
Rolling Element Bearings[J]. Mechanical Systems
and Signal Processing, 2011, 25(5):1738-1749.
CHEN J, Z1 Y, HE Z, et al. Improved Spectral
Kurtosis with Adaptive Redundant Multiwavelet
Packet and Its Applications for Rotating Machinery
Fault Detection[ J |. Measurement Science and Tech-
nology, 2012, 23(4):045608.
CHEN B Q, ZHANG Z S. ZI Y Y, et al. Detect-
ing of Transient Vibration Signatures Using an Im-
proved Fast Spatial-spectral Ensemble Kurtosis Kur-
togram and Its Applications to Mechanical Signature
Analysis of Short Duration Data from Rotating Ma-
chinery[ J]. Mechanical Systems and Signal Process-
ing, 2013, 40(1):1-37.
MOSHREFZADEH A, FASANA A. The Auto-
graml.an Effective Approach for Selecting the Opti-
mal Demodulation Band in Rolling Element Bearings
Diagnosis[ J]. Mechanical Systems and Signal Pro-
cessing, 2018, 105:294-318.
WANG D, PETER W T, TSUI K L.. An En-
hanced Kurtogram Method for Fault Diagnosis of
Rolling Element Bearings[J]. Mechanical Systems
and Signal Processing, 2013, 35(1/2):176-199.
ANTONTI J. The Spectral Kurtosisl.a Useful Tool
for Characterising Non-stationary Signals[J]. Me-
chanical Systems and Signal Processing, 2006, 20
(2):282-307.
KINGSBURY N. Shift Invariant Properties of the
Dual-tree Complex Wavelet Transform [C] J/IEEE
International Conference on Acoustics and Signal
Processing. Phoenix, 1999, 3:1221-1224.
WANG L, LIU Z, CAO H, et al. Subband Averag-
ing Kurtogram with Dual-tree Complex Wavelet
Packet Transform for Rotating Machinery Fault Di-
agnosis[ J]. Mechanical Systems and Signal Process-
ing, 2020, 142:106755.

(4 FHmm)

EERE T : BB &, L, 2000 44 WL BFFEA: . BFSET5 1] My B

2.

E-mail:sigianfeng_lu@163. com. # # GE{GEZ).H.

1989 4F Az i o L B 82 L WL B 50 A 0. WF 5 U 1 Oy e 1 E
L AL 3 R R BRI E . KRB L 40K/ R . E-mail: xylon.
zhang@swijtu. edu. cn,

ARSI

IR T KB A RE T LR AR R T 5 1 A VR B il R
BWILT]. T EHUR TR 2025, 36(9) :2022-2031.

FENG Siqgian, WANG Jiaxu, ZHANG Xin, et al. Rolling Bearing

Fault Diagnosis Using a New Resonance Demodulation Method
[J]. China Mechanical Engineering,2025,36(9) :2022-2031.

2031



