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Intelligent identification method for aging state of viscoelastic
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Abstract: Aiming at the difficulties that the vibration response signal of the viscoelastic sandwich structure is strongly non-station-
ary and the change of vibration response signal caused by the change of aging state is weak, this paper proposes an intelligeat identi-
fication method for the aging state of the viscoelastic sandwich structure based on sparrow search algorithm (SSA) optimized varia-
tional mode decomposition (VMD) and adaptive neuro-fuzzy inference system (ANFIS). The vibration response signals of differ-
ent aging states of the viscoelastic sandwich structure are decomposed by the parameter-optimized VMD, and several intrinsic
mode functions (IMFs) are obtained; The permutation entropy (PE) features of the obtained IMF components are computed,
which are used to reflect the structural aging state change; The obtained permutation entropy features are constructed into feature
vectors as inputs of ANFIS to realize the aging state intelligent iclentification of viscoelastic sandwich structure. The effectiveness
of the method was verified through experiments, and compared with empirical mode decomposition (EMD) and ANFIS, parame-
ter optimized VMD and radial basis function neural network (RBFNN) methods. The results show that the proposed method in

this paper can more accurately identify the aging state of viscoelastic sandwich structure.
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Tab.1 The optimal parameter pairs of vibration response

signals for each aging state

ERES

e S o0
[10,136]
[9,2423]
[10,190]
[10,1527]
[10,100]

[9,142]
[8,178]
[10,2013]
[8,940]

© 00 NN > Ul W N =

PLEIR A 1 A6, %8 K, a]=[10,136 ], 5k
J 3 2 VMD B8 E G5 il 6 559 J2 435 4 14 41 2l o 1 A
T MPZEARIRES 10y & — e FE A ER B 43 1 Ry 10
AN IMF 43 &, Hof— S REAS Bl 43 i R 10 4~ IMF /Y
Ak s 1 an &1 9 s ol i WS, IMF9 \IMF 10 15 %5
B ES , B BRSO 15
ARV, Rl B BE R AT U 7R T B HE
SR, BURT 8 A IMF 43 it o H 55, WA £ & A 8 A HE
I (0 R AOE 1) £, FH T 2 5 4 AR S 1 AR Ak

A3 B R R AR S TR B I FE AR 4 VMD

5§ ; v T
% 01 02 03 04 05 06 07 08 09 10

L Boeth A_'s. l l‘ IA .A l Jd
i |

0.1 02 0.3 04 05 06 07 0.8 09 1.0

(==

IMF2 IMF1
S 5 oo
B

(=)
>
—

02 03 04 05 06 07 08 09 1.0

T T T T 3 T T

1 ! 1 1 1 1 2
02 03 04 05 06 07 08 09 1.0

IMF4 IMF3
S o
S22
ol

e 20 T T T T T T T
E—ZO H"I-. L 1 1 1 1 1
0 01 02 03 04 05 06 07 08 09 1.0

T T T T T T T T

01 02 03 04 05 06 07 08 09 10
' vy e T
1 A 1
0.1 02 03 04 05 06 07 0.8 09 1.0
0.1 02 03 04 05 06 07 08 09 1.0
AIEE I IR S S
02 03 04 05 06 07 08 09 10

(R S R Iy O O LR TR
01 02 03 04 05 06 07 08 09 10

B[] / s
B9 ZALRE 1T By VMD 3§ gl i 57 15 -5 i 35 14

Fig.9 Time-domain diagrams of vibration response signals
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Tab.2 Comparison of classification accuracy using

different methods
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