it LAUM 135 -l e L

' Lovmatore ncoustiue ‘e-Forum Acusticum 2020
Dec 7-11,2020

eSCO B universite

INNOVATION MAKES SENSE =

EXCITATION FREQUENCY OPTIMISATION TO ENHANCE
HARMONICS BACKSCATTERED BY A NONLINEAR MEDIUM

Volodymyr Gatsa 2 Sébastien Ménigot 12 Vincent Tournat?

1ESEO GROUP, Angers, France
LAUM, UMR-CNRS 6613, Le Mans Université, Le Mans, France



CSCO

INNOVATIC ES'SENS

Le Mans
Université

+  Laboratoire a'Acoustique
3 LeMans Université  CNRS - UMR 6613

Types of defects (example of bonding)

..jll_u._.LL

e-Forum Acushcum 2020

peeling off

kissing bond

‘ Zone of weak ‘ Material 1
adhesion
/ o Crack
Jc;mt_ I s porosity
m(alena ":: .t . .
giue, . ans ¥
plastic, . oo W VsH 345
fibre...) void Fatpiloaety
e — 0.,:‘.::‘.{

~

/

Material 2




%ﬁ e |_ o AL

LAUM Le Mans e-Forum Acusticum 2020

Laboratoire d'Acoustique U n ive rs ité S e

LeMans Université  CNRS - UMR 6613

CSCO

INNOVATION MAKES SENSE

Time of Flight Diffraction experiment
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Interest of the nonlinearity

Source of nonlinearity Propagation nonlinearity exemple

1. the magnitude of the waves is high enough

- Microcracks o )
2. wave propagation is no longer linear

- Delamination
- Weak adhesion bonds Positive part arrived earlier
- Porosity EERTN
- Propagation
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Nonlinear phenomenas

Negative part
arrived later
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- Harmonics generation
fo 2f0 3f0 Frequency

- Intermodulation of frequencies components
- Amplitude depended shift to resonance s
frequencies Time
- Nonlinear contribution to measured parameters
(attenuation, velocity ...)
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Different types of cracks: Vibro-acoustic modulation experiment

(b) Nonlinear Image

(a) Linear Image
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Kazakov et al., Appl. Phys. Lett. 2002
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Nonlinear Nondestructive evaluation
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Intitial signal parameters and cost function

Parameters Nonlinear part (high
(amplitude, Xni < amplitude responce)
frequency, shape )\> X > )
> SySt Linear part (low
> <+« amplitude responce)
XLin

ldea:

adjustment using the function of cost.

\ 4

max(G) = min(Ey;) — +00}

min(J) = max(Ey ;) - 0 CF - Nonlinear Linear Ratio

E
max(CF) = max (ENL)

Lin
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Algorithm ——&  Optimize the detection of the nonlinear answer from the damage

/

Waveform
parameters

—»| Explored material ——®» Cost Function

Algarithm e

Parameters for x - is a random frequency f,
Cost-function - investigate response of the system by specific features

Algorithm - use information of input and output of the system and suggest 5
the following initial parameter to input
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Simulated sample (2D aluminum alloy plate)
-
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Simulateur
Pseudospectral / staggered A-B Crack hysteretic behavior, PM space model
method, with linear propagation of
longitudinal and shear waves. c Fy # F
@ [ « «—
7 1 = P, =P,
P, Stress s S
Crack hysteresis behavior described _ « s
by hysteretic elementary units (HEU) Opening P, =P,  Slress
Pressure
P
? p(Fo, Fe)
Closing

Pressure
PC

MccCall & Guyer, J. Geophys. Res. 99 (1994) 23887—-23897

T. Goursolle et al. / International Journal of
Non-Linear Mechanics 43 (2008) 170-177
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Initial excitation signal
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Cost-function (a)
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Exemple of frequency optimisation

Exemple of optimisation for 800 kPa
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The optimal nonlinear ratio and optimal frequency for different stresses

r 0.9 Optimal Frequency (a) 17 Optimal Nonlinear Linear Ratio (b)
16+ The gain of nonlinear linear ratio
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CSCO Conclusion

. Implementation of a propagation simulation of ultrasonic waves in a

metallic medium
Using an iterative algorithm to adjust the system

Optimization of the excitation parameter (frequency) for various
mechanical stresses

Perspectives :

1.

The optimal command for the experiments takes into account the
imperfections of the transducer and the properties of the
explored medium.

The application of optimal methods to a nonlinear
nondestructive evaluation of solids can increase the response of the defect
In the studied sample.
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