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Context

Numerical modeling of complex elastic media
MF and HF dynamical issues
Complex structures mm) easy use of a reduced model

Developments of « Physical Modeling » strategies

Applications

Comfort and safety issues of complex built-up struc tures
Vibration and noise emission under wide frequency band excitation.
Sensitive equipment protection under severe excitation

Damage detection and monitoring
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Materials Context

Multifunctionnal Materials
Piezoelectric Materials
Shape Memory Alloys
Carbon nanotubes, MEMS and NEMS...

MR and ER Fluids...

Structures and Control Context

Electrode.

Smart (intelligent and adpative) Systems and Struct  ures
Lightweight structures (composites)

Vibroacoustics and Structural health monitoring

Fig. 3 : Echantillons de P FC Fig. 4 : Flexibilit¢ d'un pli com posite actif

Smart Interfaces and Mechatronics
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Satellite —>

Adaptateur —
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Tests acoustiques décollage
(échelle 0.05 %)

Tests acoustiques tunnel
(échelle 0.025 %)

Mesure acoustique coiffe
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Piezoelectric actuators Radiating panel




Indicator

Transmission Loss () en dB

W, : énergie incidente

W5 : énergie transmit

-> Frequency behaviour

#+ & 1" ! 0




H'& &

Vibroacoustic Issues

—

Global Methods

Statistical energy Analysis
Ray tracing techniques

Local methods
Finite element methods
Boundary element methods
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Structural Health Monitoring Issues I

Global Methods

Updating techniques
Sensitivity approaches

Local methods
Acoustic emission
Ultrasonic testing
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Theoretical basics

Wave description

With respect to the Bloch theorem, solutions are shown to respect:

B=) Eigenvalue problem: 7

: The system wavemode (frequency dependant)

Wavemodes properties

Classification at the frequency w of n incident waves and n reflected waves:

Symplectic Orthogonality

mm) Wave Track algorithm in the frequency domain : Find maximasing
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Guided Waves

 Flexural wave modes

e Torsional wave modes

 Longitudinal wave modes
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Theory

General formulation

. incidents wavemodes amplitudes

: reflected wavemodes amplitudes

: diffusion matrix

. external souces effects

Fig coupled set of structural components.
Specefic Problem

Wavemodes Diffusion Matrix formulation through a general coupling element

Dynamic operator of the coupling element (assumed to be symmetric)

=) Coupling relationships between structural elements

23

12 22 2

Two coupled waveguides

Dynamic equilibrium of sub-structures (1 et 2) through
the coupling element

Introduction of Lagrange multiplifiers fields
( et ) at the coupling surfaces namely et

|

Two coupled elements.

EF
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Diffusion Matrix Definition

Wavemodes Reflexion and transmission through a general coupling element:

inversible 1
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Shunted Piezéfor actively controlled systems and
structures

Multi-field formulation: mechanical-electrical parameters.
Condensation techniques.




Aluminum 6063-T83

296 tetrahedral Lagrange 1550 tetrahedral
quadratic elements Lagrange quadratic
(1947 dofs) elements (23913 dofs)

Context

Numerical and experimental analysis of wave propaga  tion in complex elastic media
MF and HF dynamical issues
Complex structures mmm) easy use of a reduced finite element model

Novelties

WFE Formulations for 1D and 2D elastic media and wave extraction by a Finite Element
representative model.

General formulation of wavemodes diffusion at complex intefaces and junctions
Design, Manufacturing and tests of a distributed T wave generator

Numerical/experimental validation of the finding

In Progress
Applications to Structural damage detection

Improvement of the distributed system design

Mechatronic integration of the T wave generator and further tests
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