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Tab.1 Optimization algorithm initialization settings

of simulation data

A SMA GWO
SearchAgents_no 15 15
MaxlIteration 50 50
dim 2 2
b [2,1000] [2,1000]
ub [8,2 000] (8,2 000]
fitness EKM EKM
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Tab.2 Comparison of two optimization algorithms

of simulation data

GR7S K a EKM t/s
SMA 50189 1503.1665 0.0069  979.898 0
GWO 47519 1476.1272 0.0069 2 028.6340
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Fig.4 Convergence process of two optimization algorithms

of simulation data
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Tab.3 The kurtosis value and mutual information 71 SYAVMD
value of each IMF component of AVMD of 6F
simulation data gi:
IMF IMF, IMF, IMF, IMF, IMF, 3r
IHREEME 2.9972 3.0364 3.1296 2.7302 2.8794 ?:
HAFE 00832 01049 0.1353 0.1171 0.1197 O

%4 EMDE&IMFHEIEEE
Tab.4 The kurtosis value of each IMF component of EMD

IMF, IMF, IMF, IMF, IMF,
24979  3.0119 3.1335 3.1924 27283
IMF, IMF, IMF, IMF,
23881  3.4520 2.666 8 2.016 2
12
1.12f
1.0} af
< 0.8F
& 0.6}
g
=

00 100 200 300 400 500 600 700 800 900 1 000
f/Hz
(a) AVMDE {55 TeagerfFIAIH
(a) The demodulation frequency of Teager of
AVMD reconstruction signal

1.2
222

S
3

o
=
T

EE / (m « s7)
=
>

S
)

0 [ A h \ f
0 100 200 300 400 500 600 700 800 900 1 000
f/Hz

(b) EMDI M55 Teagerf iR
(b) The demodulation frequency of Teager of
EMD reconstruction signal

K6 AVMD 5 EMD 9155 (1) Teager fif I8 47 2 4 Lt
Fig.6 Comparison of Teager demodulation frequency be-

tween AVMD and EMD reconstructed signals

AR N AE A TR SRR AR AR AR R A AR R T S
S L B el SR E R R T SMA
i) AVMD F 3 F GWO [ AVMD 3 B 5 e, s 2>
TN R 2 ok 1R 2 BB T A R B FE A S RRAE
PRI R ABAR S, B — s iRk

P75 EOEUIE 270 7 ¥R By S A48 R Xt HE
Fig.7 Two methods of quantitative indicators of simulation

data
4 LPBREHE

AR5 i FH % 50 S TR T Tl It B 1L XU LA,
K AR B SL-1500 B ML AL, H AL —2fT 2
o PMLAZHBIAIIE S TR . IR EMm4hA
A AT 1B 1D 5%, 28 B Bl 43 B AT 4R O ) 28
TR s B o MR R RS T B AR ) & i AL A
AR Y A B AR R AR Ol 94.53 Hz, % M h
30.20 Hz; & Hi AL J5 % 7K &b 18] 458 05 i B 00 % o
69.53 Hz, i §ii Ay 24.08 Hz; & HL AL il T 76 5l A Xt
HE % A%l 29.69 Hzo SRAESIR Ry 12.8 kHz, K
FERFIE] 4 0.312 5 s

10#
/6#@@41%% \r
- RHELHL
L]
P T# 8#

KIS ML S5 ki 7Y
Fig.8 Unit structural model

VR FE S BN 4 000, AT 43 59136k % % B3 HLAT
il il et 7 0 A1 B A0 HEOHE A R R AL BT A Bl A
XFFR AN K BN VR S RS L D e O B S
B9 frm . Horb, g Sl 7 i 41 B 449 1 5 H A B
B R ehly , B AS 5 R0 & B ML BT A S SRR AR
XHES AT Z S T, 2D 3MMES
ok 5 F T B B AL B A sk L IR 5 EMD Bk AT T
XFEE

A3 50 R 4R A SMA 16 AVMD 2 %07 2
GWO 16 AVMD 2507 i DL K EMD 6 i 17 52 35
M. EOE L R 2 R AR L AVMD X 3
T B A% 5 o0 i 2 BGHE AT 00 DA S0 00 b Ak i
L5, R AL X L LR 6



%52 IR, % . 3 F AVMD 5 Teager 8 &2 55 (19 XU B HIL2H B 512 W 7 395

1.0
05
0
: 5
€
_5 1
g0010.20.3§0246
SEEmEE L] O
0 0.5t
= f 1 L TS W
% 01 o0z 03 % 2o i

tl's f/kHz
RIS GEA € B

Fig.9 Time frequency domain of raw data

*5 ERBERUEZEMIHRLEE
Tab.5 Optimization algorithm initialization settings of

actual data

AR SMA GWO
SearchAgents_no 50 50
Maxlteration 100 100
dim 2 2
b [3,2000] [3,2000]
ub [8,8 000] [8,8 000]
fitness EKM EKM
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Tab.6 Comparison of two optimization algorithms of

actual data

HrEES R Ak K a EKM t/s
N SMA 7.0238 5207.134 2 0.001 4 1503.898 0
IR
GWO 7.4126 5123.6054 0.001 2 2 997.630 4
SMA 7.759 1 4 654.416 8 0.003 4 1456.488 4
Ji h A1
GWO 6.648 6 4548.943 1 0.002 8 2 679.497 4
SMA 7.6845 1279.4687 0.0026 1359.667 7
Jii R X

GWO 6.9997 1344.4984 0.0029 2 968.954 6
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(a) The fault signal of the outer ring of the front axle
of the generator is decomposed by AVMD
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Tab.7 The Kkurtosis value and mutual information

value of each IMF component of actual data

f b mrE AN EE S JEEIANE G S J& Sl At
K, MI K, MI K, MI
IMF, 3.6421 0.0395 1.5992 0.0185 2.0118 0.1550
IMF, 3.6304 0.0835 4.2792 0.1284 3.1748 0.028 1
IMF, 1.8748 0.2416 2.1770 0.3053 2.806 8 0.042 9
IMF, 1.9225 0.2878 1.7138 0.3519 3.9319 0.1342

IMF, 2.7967 0.0882 1.6776 0.3260 4.2115 0.0437
IMF, 3.5619 0.0520 2.5007 0.0681 2.2477 0.263 3
IMF, 2.9278 0.0774 4.2924 0.0607 3.8972 0.1059
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