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Shock produced by laser in water confinement regime

SHOCK PRODUCED BY LASER PLASMALASER ADHESIONTEST CONCLUSIONPERSPECTIVE

Principle Why? Scope

Parameters
I Pulse Duration : 1-100ns (shape)
I λ : 1.064 nm
I Spot diameter : <mm
I > Power density : 1-10 TW/cm2

I > Pressure : 100 GPa
I > Repetion rate : <1H
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Shock produced by laser in water confinement regime
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Principle Why? Scope

Parameters for applications
I Pulse Duration : 8-25 ns
I λ : 0.532 -1.064 nm
I Spot diameter : mm
I > Power density : 1-10 GW/cm2

I > Pressure : 1-8 GPa
I > Repetion rate : 1-...1 KHz
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Why confined regime?
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Principle Why? Scope

APL - Fox- 1974

Avantages
I Pression x4 higher than in direct regime
I Loading x2 longer than pulse laser
I Easy to apply and renew
I Cheap

Limitation
I Protective layer/ablator layer
I Breakdown plasma in confined material layer
I No use in MRO process conditions
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Principle Why? Scope

�High strain rate
I 50 researchers
I 15 Labs
I CoCNRS 910

�1 Res.
I 3 Res.

Composite/Polymer
I 3 Res. SHM
I 5 Res. Metallurgist
I 1 Res. Modeling
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Plasma generation
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Absorption Modeling Pressure Tools Plasma Breakdown Tank

rKey Phenomena
I Laser absorption in sub-critical plasma
I Conduction in ablation front
I Conduction at Plasma/water interface
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Laser Collisionnal Absorption by Inverse Bremstrahlung
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Absorption Modeling Pressure Tools Plasma Breakdown Tank

rKey Phenomena

I nc(cm−3) =
1021

λ2

I Abi = 1 − e

ZLλ2

T 3/2
e

IEffect
I Best effiency at short wavelength
I Dependant to gradient (Pulse duration, Power density)
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Absorption - 532 nm - 10 ns : 100 %
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Absorption Modeling Pressure Tools Plasma Breakdown Tank
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Plasma Fabbro’model
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Absorption Modeling Pressure Tools Plasma Breakdown Tank

rHypothesis
I Total absorption
I Perfect Gas
I α adjustable parameters given part of laser energy for pressure rise
I Adiabatic cooling
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Plasma pressure - 10 ns
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Absorption Modeling Pressure Tools Plasma Breakdown Tank

rKey Phenomena

I nc(cm−3) =
1021

λ2

I Abi = 1 − e

ZLλ2

T 3/2
e

IEffect
I Higher pressure at shorter wavelength
I Plasma Breakdown in water
I Good agreement with modeling but...Adjustable parameter α

9/36



Free velocity by Doppler Velocimetry
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Absorption Modeling Pressure Tools Plasma Breakdown Tank
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Absorption Modeling Pressure Tools Plasma Breakdown Tank

rModeling
I Analytical modeling from Fabbro

rESTHER (From CEA)
I 1D Hydrodynamic
I Helmotz/tracying
I EOS/law from Solid to plasam
I Shock wave/damage

ron Abaqus
I 3D Hydro
I Shock wave propagation
I Damaging

rLsDyna
I 3D Hydro
I Shock wave propagation
I Damaging

IPlasma
I Pressure/thermal profile
I Microscopic parameter
I Ablated thickness

IShock wave
I Attenuation
I Interaction multi-interface
I Damage (size/location)
I Stack of multimaterial

IExp/Modeling
I Free surface Velocity
I Material transformation

(phase/damage)
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Absorption Modeling Pressure Tools Plasma Breakdown Tank

I Hephaistos facility
I 532nm, 10 ns

Velocity profile
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I Hephaistos facility
I 532nm, 10 ns

Velocity profile

Pressure Profile

Normalized pressure profile
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Absorption Modeling Pressure Tools Plasma Breakdown Tank

I Hilase, GCLT (CEA)
I Top Hat
I 1064nm, 10 ns, 20 ns, 40ns

Pressure profile

Pressure profile

Extraction
I As input for simulation
I Plasma parameter
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Plasma Parameters
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Absorption Modeling Pressure Tools Plasma Breakdown Tank
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Laser Plasma breakdown at the surface of water
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Absorption Modeling Pressure Tools Plasma Breakdown Tank
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Laser Plasma breakdown at the surface of water
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Absorption Modeling Pressure Tools Plasma Breakdown Tank

dne

dt
= MultiPHotonionisation + AvalancheElectronique + ...Pertes

MPH : A + hν− > A+ + e−

AV : A + e−hν− > A+ + 2e−

Transmission=0 at nc
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Tank configuration
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Absorption Modeling Pressure Tools Plasma Breakdown Tank
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Absorption Modeling Pressure Tools Plasma Breakdown Tank

I Hephaistos facility
I 532nm, 10 ns

Transmission
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Absorption Modeling Pressure Tools Plasma Breakdown Tank

I Hephaistos facility
I 532nm, 10 ns

Transmission

I Pressure up to 12 GPA
I Patented configuration

Pressure Profile

Normalized pressure profile
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A long time ago...
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WeakBondDetection Lasat Results Demonstration

Wright Flyer 1903
all with natural material/bonding
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Weak bond detection for
Carbone Fibers Reinforce Polymer assemblying
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WeakBondDetection Lasat Results Demonstration

Issues ?
I How to ensure properties during manufacturing and use ?
I How to quantify the state of composite structure ?
I NDT can not discriminate weak bond because two parts are in contact
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US C-scan of weakbond
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WeakBondDetection Lasat Results Demonstration
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LASAT > selective sollicitation
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WeakBondDetection Lasat Results Demonstration

Simple impact Double Impact Symetrical Impact - Patented

adhesion test
I Well-controlled Mechanical Sollicitation
I Local - Proof test - no contact
I Target recovering and diagnostic
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How does it work?
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WeakBondDetection Lasat Results Demonstration

Calibrate Reference threshold evaluation

Sollicitate Interface test with laser shock

Reveal Damage reveal weak or kissing Bonds

Detect Damage detection by NDT technique

I Damage weak Bond
I No Damage for correct Bond
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Sollicitate, Reveal, Detect : Shock laser + US C-scan - PhD R.Ecault
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WeakBondDetection Lasat Results Demonstration

I Without shock sollicitation > no weak bond detection >LASAT reveal weak bond
I but... 3 mm is limit detection

Shocked

Weak Bonds

unshocked

Correct Bond
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EUs Projects to NDT assessments
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WeakBondDetection Lasat Results Demonstration

I Controled contamination of assemblying

I - Monopulse - "Very weak" Production scenarios

I - 2 symetrical pulses - Weak and Extented to Repair scenarios
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Contamination
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WeakBondDetection Lasat Results Demonstration
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Release agent detection sensitivity- Laser Shock
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WeakBondDetection Lasat Results Demonstration

I No damage inside base material
I Threshold damage decreases with release agent level contamination
I But...adhesion at 20% of correct bond.
I No threshold for Correct Bond

R. Ecault al,

International Journal of

Structural Integrity, Vol. 5

Issue: 4, pp.253-261
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All contaminations - PhD Maxime Sagnard
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WeakBondDetection Lasat Results Demonstration

I No damage inside base material
I Impossible Test with monopulse
I Detection of all levels of contanimation
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Design by Simulations - monopulse configuration
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WeakBondDetection Lasat Results Demonstration

I Simulation using Abaqus
I Sollicitation tracking to design

Space time diagram - full scale 80% of the maximum stresses

Same sollicitation in depth - selection by bond
weakness
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Design by Simulations - Symetrical configuration
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WeakBondDetection Lasat Results Demonstration

I Simulation using Abaqus
I Sollicitation tracking to design

Space time diagram - full scale 80% of the maximum stresses

Sollicitation at the interface
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Representative Panels
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WeakBondDetection Lasat Results Demonstration

Production Panel

Repair Panel
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WeakBondDetection Lasat Results Demonstration
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Lien Vidéo

https://youtu.be/xHS_GHVcKDQ


demonstration/validation
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WeakBondDetection Lasat Results Demonstration
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Projects Remerciements

Conclusion
I New progress on processes related to laser control and Hydrodynamic simulations
I Laser shock peening : repetition rate, small spot, fiber

Perspectives
I New lab and academic facility
I Multiscale simulations for design ....
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Laser shock projects

2003 2005 2007 2009 2011 2013 2015 2017 2019 2021 2023 2025

Sesame IDF Hephaitos Cronos

GDR Chocolas Fédé Chocolas

ANR Forge : LSPANR Glass

ANR ArcoleANR Syprodyn

CNRS/CNRC Satact

LASAT

MonarqueCompochoc

CombondtENCOMB
CleanSky/Vulcan

Vanesses

Ind. facility at
Rescoll

Hera EPHephaistos
Facility

SHOCK PRODUCED BY LASER PLASMALASER ADHESIONTEST CONCLUSIONPERSPECTIVE

Projects Remerciements
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