W43 % 510 2/ M Fx % W Vol. 43 No. 10
2022 4F 10 H Chinese Journal of Scientific Instrument Oct. 2022

DOI: 10. 19650/j. cnki. ¢jsi. J2209674

FE #2448 S AE Z MR UM R AERY Lyapunov I8 8IS T ik

5

Rfym'? &= 2 MaR Kk &
(1 A ZRAGE R BB sl A pt Bt PERE M S5 PR b E R S SEIR = M8 330013; 2. EARSSE KA S
AL TR ME  330013; 3. TSN B AREEE WA E AL E M5 350300)

T F BT R 7 B 5 MO A fh ARG I 5 SRR AR A R L [ 3L, 2 v R 75 7 SR X AR R MO A TR S 4R B
It Duffing W £ 4050 XS 42 a9 55 72 B2 28 = VP4, HE INTARAE AR LI AT Lyapunov $8ECGRIEABRIE 55 AR SR PERA M . R
FHBRICH LTS B S o7 I I A i A, FEF A Murnaghan #55FI S 20 S50 TSR | IR G098 57 453 403 v A8 3 R v A X
LM RECE AT BEMTHRTY Duffing IRIE RGEXT T AN FHE SR U BTN BE T7 , {5 LLTE 20 dB I, A XF ARt R HhR
2250 132, 12% , 1M Lyapunov YeER 220 8. 82% , [HI T Lyapunov BB AL R BN 5 A T BB RE s W Ah ,%?Xﬂ”‘fﬁ%%
W 55 R IN EA TSI 5T, B IR 1 R B 7R AR ZR MUV, Lyapunov F8ECRIE AT 7 M aT AT M Safesfi vk . F5E 45 SR 3R B, Lyapunov
FERICRR A A 200 X R, R 7 A e M AN 3 2 AR A W L [ R, DA T 2 AR 2 PR R AR SR B ) R B R P] J 2 0 i — 2D B L
T 7 A5 A i O P ARG 5 V2 A 98 55 7 S AGH I 7 ) TR FH A BT

K8iR . AEL R WL R Lyapunov 845 352 57 101005 IRTE R 4

RES2S; TH878 TBSS1 XEfARIRE: A ERRAEFR LR 140.20

Electromagnetic ultrasonic nonlinear effects for the characterization of
Lyapunov exponential analytical method

Cai Zhichao'*? | Li Hao> ,Ni Huifa’,Zhang Lei’

(1. State Key Laboratory of Performance Monitoring Protecting of Rail Transit Infrastructure, East China Jiaotong University ,
Nanchang 330013, China; 2. School of Elecirical and Automation Engineering, East China Jiaotong University, Nanchang
330013, China; 3. Key Laboraiory of Nondestructive Testing, Fujian Polytechnic Normal University , Fuging 350300, China)

Abstract: Aiming at the non-contact detection needs of nonlinear effects of metal fatigue damage and its low signal-to-noise ratio, an
electromagnetic ultrasonic scheme is proposed to collect signals for nonlinear effect. The Duffing chaotic system is used to quantitatively
assess the fatigue degree of metal. Then, the nonlinear characteristics of material fatigue evolution are characterized according to the
phase trajectory diagram and the Lyapunov index. In this article, the evolution process of fatigue damage of aluminum alloy is analyzed
by the finite element method, and the relative nonlinear coefficient change law during the evolution of fatigue damage is studied based on
the material Murnaghan model and the micro-crack equivalent spring model. In addition, the noise immunity of the Duffing chaotic
system for the extraction of nonlinear effect features is investigated. When the signal-to-noise ratio is 20 dB, the relative nonlinearity
coefficient error is 132. 12% , while the Lyapunov index error is 8. 82%. Therefore, the Lyapunov index has significant noise immunity
compared with the nonlinear coefficient. In addition, based on the experimental study of fatigue detection of aluminum alloy, the
feasibility and accuracy of the Lyapunov index characterization and analysis method of nonlinear effect of electromagnetic ultrasound are
evaluated. Results show that the Lyapunov index can effectively address the problem of low signal-to-noise ratio in the process of
electromagnetic ultrasonic nonlinear detection. In this way, the sensitivity and repeatability of nonlinear feature picking are improved,
and the contribution of non-contact ultrasonic detection methods is further enhanced, such as electromagnetic ultrasonic in the evolution
of fatigue online detection.
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Table 4 Eigenvalue error analysis

fEMEt  ARXTHELRPE RS RZE/%  Lyapunov L iR%E/%
INF 0.057 7 - -0.102 1 -
40 0.057 9 0.17 -0.103 7 0.15
30 0. 060 4 4.55 -0.101 4 0. 68
20 0.134 1 132. 12 -0.093 1 8.82
10 0.170 9 195. 89 -0.086 9 14. 88
5 0.263 7 356. 60 -0.135 6 32.81
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Table 5 Fatigue specimen parameters
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