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Non destructive evaluation at CEA List

*NDE team at CEA List : » Three-fold R&D activity = Experimental & numerical platforms

~ 100 staff members
(80 permanent people + PhD, postdoc, ..)

= Large industrial partnership in main sectors
concerned by NDE

= Strong academic collaborations : through CIVA
network, National, European and International

projects, ...
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Addressing the main NDE modalities: ”‘m\\\\\\_ | m?
Ultrasound, Electromag. (ET,...), X-Ray & CT, -
Guided Waves, Thermography (IR), ...
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Distributed by EXTENDE

c I VA Developed by CEA-List
ND=

A multi-technique software platform

NDE simulation and CIVA platform

v

2020

NDE Simulation and analysis

» Scientific strategy: To integrate within the platform the results of basic research
(internal or collaborative) achieved at CEA List.

* Release of annual versions containing new tools based on this research

* CIVAis also a collaborative plat-form: Integration of modules developed
by partners, Plug-In technology, dedicated tools for specific applications.

Commissariat a I'énergie atomique et aux énergies alternatives

WORLD LEADER
IN NDT SIMULATION

CIVA USERS: More than 300 companies
and Labs in 40 countries
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An easy access to advanced modelling

EMAT 1D Linear 2D Matrix Annuijar or 2D Sparse Array
Sectorial
||\ '

Immersion Contact TR array Flexible Linear curved

Standard PC compatibility

Probes and Materials Data Base

Parametric and CAD specimens : : :
Simple case: less than a minute
Complex case: less than an hour

Parametric and robotic trajectories
3D Visualization, User-friendly Very complex case: less than a day

Socmm | Pose | impecon | Amysetiegs | Suston ety | R
o i oy

—_— Hodes. o  comnon  teecltb
Deoyiws | CJarges | Computaten sotons < A lowey Tasmmson T v~ “a e A
TR RCSE. | [ pnces e g | ol damce wsim |y | n

i

i

€
1

Clowisn lroaine rootune won [ ijem  |[F2E0TTTLE

[Clsackts pobe

LUS4Metals, 2022

Commissariat a I'énergie atomique et aux énergies alternatives



Cea

Parametric studies and statistical approaches
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Probability of Detection
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influential parameters

Physical vs Databased predictions
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Simulation assisted machine learning

CIVA can overcome the lack of data on defects and provide numerical data bases to train algorithms
Simulation can assist the conception of a ML based diagnostic algorithm

DEFECT SIZING IN GUIDED UNDER PROGRESS: DS,

WAVE IMAGING SHM CIVA DATA SCIENCE @

Numerical design
of experience on

PZT sensors :
representative defects

on a plate structure

Input layer  Convolutional & pooling layers Fully-connected layers  Output layer
o W )
e f W‘1ﬁ ‘ Convolutional Neural Network

’ \ y / a

trained on simulated images Classification by Al

Convolutional & pooling blocks

True Vs. Predicted: Pos. y

Validation on experimental data

Simulated data base

True (mem) ’ Troe (men)

Localization Sizing
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Basics of physical modelling
for ultrasonic inspection of complex materials
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PC compatible forward simulation

Challenges of accuracy/rapidity/easiness of use & . .
O, O o
. . . & ° Z$§> \$3§
Based on NDT1 U|trasonlc & numerlcal expertlse In-lab, offli obé:@& On PC, NDT-oriente (b'(i&"\& Online simulation
simulation g simulation @0 ¥ for analysis
Hybridization allows optimizing each step of the simulation | | Lt | tortmsemmoion | )| s
Sensitivity & Optimization /

Complementarity semi-analytical/numerical

_InnerSpec
Corroded elbow
(IH— 7 Power Transmission Reflection_Weld

Wave Number
With Corrosion
l I :I: * Fas
; Fi3 Lok
A
= 1200
5 = RYRAMID = 1000
o 5, — s conaborat 3 R 800
o0, - WO 5 25 600 rime VS
Modal propagation (SAFE) Modal conversion (FEM) Modal excitability & signal reconstruction

Guided Wave Testing simulation for unidirectional waveguides (train rails, bars, pipes...)
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cea Levers of action

Several levers to operate behind the software interface

Physical modelling
NDT asymptofic form, strongfweak Numerical

expertise coupling.... analysis &
% engineering

Simulation build up

MNDT-oriented GUI, parametric
meshing, clustening...

|dealized framework: modelling assumptions are ensured

Operational framework: their validity must be evaluated :
Computational solver
Analytical (modal, ray-tracing), numerical

Ralse awareness among casual users and train expert users (FDTD, FEM, BEM...), hybrid

Software
engineering
dpy : '
top: experimental
d¢! bottom: simulation
™ p
Ro
Modal ray pencil T ———
GW propagator FEM defect Ve =
diffraction o o

In progress: GW formalism extended to plates GW-SHM module based on Transient Spectral Finite Element Method c
Defect hybridization — Ph.. A. Allouko (7ms ENHANCE Loading conditions in pre-stressed structures — Ph.D. A. Dalmora &zzcze— Sy
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UT simulation in complex materials

Complex in the sense that the configuration description

* is not deterministic (simulations around a nominal state)
 results from prior material assumptions
Motivates fast simulation with only relative accuracy

Strongly related description & inspection models
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% 4100 5
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Jm00 FrII I s oot
3700 0.00 T T
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Averaged over several runs and/or by integration on a line

FEM simulation of concrete inspection and influence of the aggregate description on effective material properties ﬁ:;;em:
Ongoing: research of a semi-analytical model — Ph.D. N. Khalid U\’\A
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cea Simulation of weld inspection

. . . . “Morphological Scale” — Wave-scale Simulation
Weld bead inhomogeneity causes beam deflection and attenuation Phoed!

Modelling of the coherent wave at the morphological scale

Transverse isotropic medium with continuously variable orientation map

Fast, iterative ray-based simulation but non-trivial domain of validity

direction isotropic medium

T CIVA oeor

Ray tracing
\\. Mock-up FDR
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Inhomogeneous

Non trivial domain of validity
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m Qualify the propagation model

Qualify the ray-based simulation & replace it beyond its validity domain

Identical wave-scale description of the weld chamfer

AN

aoo

Automated build-up of a high-order, PC compatible, spectral-like FEM solution ” ADVISE&:

In progress: field & signal simulations in various weld geometries with defects

1) Ray tracing pretreatment to adjust —_— 2) Automated build-up of the SFEM
the region of interest (30 x 30 x 75 mm3) \ domain decomposition method

—--- COUPLING INTERFACE
ME ISOTROPIC ACOUSTIC
ME ISOTROPIC ELASTIC
ME ANISOTROPIC ELASTIC
ME PML ELASTIC

ME PML ACOUSTIC

CONFORMAL MESH
0) Straight or V-shaped weld chamfer 4™ ORDER ELEMENT;
Plane or cylindrical extrusion 2OR 3 ELEMENTS / A7
H Ho H R . SFEM SFEM
Ogilvy descnptl_on with cons_tant qttenuaﬂon 3) 2D or 3D calculation on PC 20ps | “5p 0 Ray 3D
Cartesian observation grid Intel(R) Core(TM) i9-9880H CPU @ 2.30GHz p—
_ 1 MHz <1GB <30sec || ~ 2min W
ﬂ 200 min T-1omin
o 2 MHz <7GB <40 sec |-

Final mesh
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Evaluate the material description

Several descriptions available: piecewise homogeneous, parametric...
Ongoing software chaining with

* Modelling of an isotropy from the arc welding book - MINA ‘::;‘eDF

3

* Virtual microstructures - CAFE (@

s
%Dw"‘y

Mafd
(CIVA-dev)

Type | Cartographie dorientation anisotrope (Soudure)

Calcul MINA bas P Calcul MINA haut
Masse valunicue 78] g.on? 1 Oy
P
Propriétés Orientations Mina  Atténuation /Bruit de structure  Visualisation
berameétres de recouvrement et dincinaison des passes — Résumé de la description de la soudure
Nembre de couches 10 Couche  MbPas.. Diaméte Ordre  Desar
RL 0.3 mm
9 9 1.0 Left -
RV 0.4 mm B B 1.0 Right e
- 17 17 1.0 Manual 1;2;3; '_i
LERE 7 3 6 1.0 Right S r % [ 3
Theta C 5 ° g 5 1.0 Left Vlrtua <
n 4 1.0 Right 5
Theta B2 7l e 5 5 w e 0 okl R microstructure
" A 2 1.0 Right i
Di tisa 0.5
iscrétisation mm : : B e 1 ' deflection
Editer schéma des passes - T T
Cacder et Adaptation to the parametric weld

Résultats

geometries of CIVA

Enchainement des passes et angle theta  Orientations des grains dans |a soudure

Smoothing of
orientation

MINA mapping

Orientation map extraction  Wave-scale simulation Grain-scale evaluation

MINA model - CIVA Virtual microstructure — CIVA - ANR NEMESIS
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Same general methodology for...

Grain-scale to wave-scale: CASS<veor | Laser powder bed fusion additive manufacturing

Grain-scale & LUS: Assessment of grain size during hot rolling - P.D. T. Kadi Arcelor’wfml‘

Surface roughness: early stage of a (high quality) WAAM (~TIG) inspection module - C. Larran

Grain-scale to wave-scale, surf. roughness, LUS, towards online monitoring of WLAM “ﬁjf?’fﬂ";

Columbo project

Conlily f drnmaltramants of WEAN smpmnts

WAAM inputs Empirical geometric model

Experimental | /{EE—“E}\

validation

End phe 2| Secondes
s pa Arc para pa parameters
wwwwwww mmnin UT f' t'
eeeeeeeeee 200 | mmynin Con Igura Ion
mmmmmmmmm e mm
aaaaaaaaa @
Centre distance mm -
st 0] e sl UT simulation
Wire and substrate parameters Arc parameters Robot parameters Gas parameters \ - =
2 o
Shield gas | (RTHIREEer | =
Flow rate 20 Lmin

WAAM inspection module (early stage): empirical geometric roughness model & evaluation of available physical models

At the crossroads of research and engineering towards new NDT software capabilities
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Physics-based modelling for ultrasonic testing in complex media

edouard.demaldent@cea.fr
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