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CONTEXT AND MOTIVATION
The ADVISE Project Euratom
/ Horizon2020 \
- QL= s eDF
» About the project echnologies ey I ktu | B
- Funded by the European Commission’s EURATOM programme under the £ St
ramatome
Horizon 2020 framework programme for Research and Innovation ' Z Fraunhofer
Imperial College 1ZFp
- 13 partners grﬁ‘fgi‘fg{ London 'XT_‘
- Started in September 2017 and lasting 4 years CIVA
» Overall objective ke EUE.JV; g N/ 2A
- enhance the ultrasonic inspection of complex structures materials in \_ J

https://www.advise-h2020.eu/

order to improve confidence and reliability

MODELLING
» Our goal in WP1:
- propose UT modelling tools well-adapted to parametric study for UT technique Macroscale modelling 1
design and data analysis for complex microstructure materials in welds effective material con5|der?t.on z

= “seek a compromise between weld description accuracy and computational cost”
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MACROSCALE MODELLING: COHERENT WAVE PROPOGATION MODELLING IN WELDS

Phenomenological aspect for UT inspection and effective material consideration

» NDT in microstructured material (A/D>>1, D grain size)

y

)

Damped coherent wave
used for imaging

Coda - Scattering noise

u=(u)+ou

» Effective material properties for coherent wave propagation

- Equiaxed grain with random crystal orientations

= isotropic damped material
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austenitic welds: elongated grains with preferential )
texture <100> around grain elongation axis

—> anisotropic (quasi-hexagonal)

damped material whose
symmetry axis is correlated
with elongation axis

<
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Inputs for weld material using macroscale approach

» Properties of the effective media
- Anisotropic viscoelastic constitutive law

- Definition of complex stiffnesses to fit wave velocities and
attenuation variations w.r.t. wavefront directions

COHERENT WAVE PROPOGATION MODELLING IN WELDING STRUCTURES

Stiffness matrix (GPa) - elastic properties
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Typical values for the stiffnesses of an effective material consisting
of a set of elongated grains mainly oriented along the 1 axis,

N
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Inputs for weld material using macroscale approach

» Grain orientation mapping in the bevel
- Local definition of the main elongation axis

Local orientation
identification
— _

“morphological” scale

Experimental or numerical
characterization

Domain with common statistical Effective media for the dominant
properties of grain topology grain orientation
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MACROSCALE MODELLING: COHERENT WAVE PROPOGATION MODELLING IN WELDS

Set of homogeneous areas
with anisotropy
orientation variation

Homogeneous
anisotropic

Inhomogeneous
orientation map on a grid
(e.g, MINA like description)

\\\\\\\\\\\\\\\

Inhomogeneous
parametric description
(e.g, Ogilvy’s orientation laws)

\\\\\\\\\\\\\\
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MACROSCALE FEM SOLUTION IN REALISTIC COMPONENTS

A complementary solution to ray models in order to provide reference results

Macroscale modelling \('d' I/ Zalt
numerical tools based on > ; / ;ﬁ / 3
effective material consideration ) \’i ok |
(ray model, FEM) oS q”._ :
Piecewise Parametric Mapping

UT inspection
simulation

Dedicated simulation

tools for NDT on welds ..
o /b Motivation: \
UT performance estimation -
variation analysis - imaging - Efficient ray model but limitations on various cases

(caustics, surface wave, diffraction...)
- In practice difficult to anticipate these issues

= Need 2D/3D FEM simulation as references

S /

S
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ABOUT THE TRANSIENT SFEM USED IN CIVA

A dedicated Spectral Finite Element Method (SFEM)

=
b
25

» High-order mass-lumped FEM:

- full explicit time-transient solver with diagonal mass matrix

i

» Parametric hyper mesh structure of the UT scene:

- domain decomposition into macro-elements (MEs) containing
material and geometrical inputs

» Mortar element method used for MEs interactions Structured
refinement

» Each ME carries a structured refinement w.r.t. A (final mesh)

» Optimal data structure for parallelization and memory load

A. Imperiale et al., Int. J. Numer. Methods Eng., 2019
DOI: 10.1002/nme.6080

Objective: to enable macroscale FE simulations
for 3D cases on PC for realistic configuration sizes

N <
N\
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ABOUT THE TRANSIENT SFEM USED IN CIVA

Features already using SFEM code in CIVA

» FE BEAM UT (available in the CIVA project version,
planned 2022 for commercial release)
FE solution for 3D field computation in welds

FE Beam UT
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FE BEAM UT: PRINCIPLE

AN

oo
ADVISE:::
ooo

Weld-oriented hybrid technique coupling ray model and SFEM V2.0

FE Beam UT

» Ray-based calculation of the source field in the coupling above the specimen

» Automated build-up of the high-order SFEM hexahedron mesh

Radiated source field computed
by ray model applied as a

boundary condition

Ray tracing pre-treatment to
adjust the region of interest \

=1 I |/ = | ==
\\ / 3D sub-domains

---- COUPLING INTERFACE

[ e isoTROPIC ACOUSTIC

Straight or V-shaped weld chamfer [] ME ISOTROPIC ELASTIC
Plane or cylindrical extrusion [[] MEaNISOTROPIC ELASTIC
Cartesian observation grid ME PML ELASTIC
ME PML ACOUSTIC
CONFORMAL MESH
. 4™ ORDER ELEMENTS
Automated build-up of the SFEM 2 OR3 ELEMENTS / A7

domain decomposition method
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FE BEAM UT: FEATURES

AN

ADVISEE:

A FEM code including anisotropic damping effects of the weld material V20 -

FE Beam UT

» Consideration of coherent wave energy losses from scattering by the
microstructure: anisotropic viscoelastic constitutive law

» Different schemes proposed: SRt Nb-of stiffnesses  Memory cost
. Inviscid ohy 1) 1 33 Ny
- Maxwell (constant attenuation w.r.t. frequency) —— — . ——
- Zener (linear attenuation w.r.t. frequency) Maxwell oty o(@+egyi) 1 3% Ny +2xN;
. . . . 1 —% i
- Kelvin-Voigt (quadratic attenuation w.r.t. frequency) Zener ok o(@+ei) 2 3 Na+ 2 Ny
/ _ o \ ;:]Eaﬁinlof%:;'g;:";m A. Imperiale et al., Int. J. Numer. Methods Eng., 2020
IRV I DR RNV KR e )
( ' " N ")g' explicit viscoelastc DOI: 10.1002/nme.6359
pr 8 plelwhidivebagpxis propagators

» Cross-validation with ray-based computation using Maxwell
scheme with calibration procedure at the main frequency

- Validation in homogenous cases for various grain orientations

(LO — 2MHz)
- Very good agreement for simulating anisotropic damping and
beam deviation
—— i i ientati ~
\_ RAY-Inviscid RAY - Damped FEBEAM - Damped main grain orientations N:
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FE BEAM UT: FEATURES
O
ADVISEE:

V20N =

FE Beam UT

Other advantages

» Applicable to the main probe classes handled in CIVA
immersion and wedge contact probes (rectangular, circular or elliptical shapes and focus settings)

single element or any phased array patterns (linear, matrix, dual probe...)

» Field extraction in a 2D or 3D region of interest using CIVA analysis panels

e A4
ROI dimensions:
2047 x 2047 x 50 Ay at 2MHz

Region of interest
for field extraction

» Macroscale description with low-memory

requirements
e.g. for the current use case at 2MHz

ﬁ / o Homogeneous Isotropic < 1 GB
o Heterogeneous anisotropic < 6 GB

SFEM calculation domain
1 -
\

e.g. dissymmetric Ogilvy description
July 28-30, 2021 — ASME 2021 QNDE — Web Conference

& anisotropic damped properties

30 mm
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FE BEAM UT: DEMONSTRATION AND PERFORMANCES

,\\\\

oo
ADVISE::
ooo

3D field computation on the backwall of a cylindrical welding component B
» PA probe with focusing law on the backwall
- 2MHz wedge probe (nominal L45) — linear 48 elements — point focusing law
- Ogilvy description using anisotropic damped material properties
- Simulated time for wave propagation to the bottom: 20 ps

y
ROI dimensions:
2047 x 2047 x 50 Ay at 2MHz

Point focusing law computation considering

Superposed SFEM results
an isotropic metal

with ray tracing analysis B | S
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FE BEAM UT: DEMONSTRATION AND PERFORMANCES

,\\\\

oo
ADVISE:::
ooo

3D field computation on the backwall of a cylindrical welding component A .. Vo0 =

» Quantification of weld material properties
- Beam deviation
- Beam damping

Default result (C1) : 2D Image Field - Xzone/Zzone a 8% £ e & 2% /W Default result (H5) : 2D Image Field - Xzone /Zzone

Default result (C1) : 1D Image Field - Zzone

Zzone

-0 0.0

.qln

-5.0-3.0-4.0 -3.0

[
AN LTI Xl

-19.815.0:12.6810.0-8.0

o 14] 14 I —TT —TT |
b 10 20 2t 13 10 20 2t 0 10 20 2 40 30 20 10 -0

Isotropic Anisotropic Anisotropic Extraction of the max. fields in the inspection plane
(no attenuation) (with attenuation) 1 S

CEA LIST — N. LEYMARIE — A 3D SFEM solution to simulate UT inspection of welds July 28-30, 2021 — ASME 2021 QNDE — Web Conference



FE BEAM UT: DEMONSTRATION AND PERFORMANCES

,\\\\

oo
ADVISE::
ooo

3D field computation on the backwall of a cylindrical welding component V2.0 -

FE Beam UT

» Performances obtained on
- Single workstation using Intel® Xeon® W-2155 Processor (13.75M Cache, 3.30 GHz)

- # of Cores 10 (# of Threads 20) )
Without

: attenuation

=

20 ps Time step and Computation Time | Computation Time
at 2MHz # of iterations FE BEAM 3D FE BEAM 2D
. 1.2e-2 ps N .
Isotropic 1650 iterations ~25 min <3s
Weld de-3 us .
~75 i
(no damping) 5000 iterations min < 10s With ]
Weld 4o3 attenuation
e e-3 us . | :
~85 —\ =
(with damping)| 5000 iterations min <10s A
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CONCLUSION AND PROSPECTS

AN

ADVISEE:

Summary of the present work V2.0 =

» An hybrid ray/SFEM technique
- Ray model used for radiated beam definition at the surface of the sample
- SFEM used for wave propagation into the whole sample reduced to a ROI

» Simulation tool fully integrated into the CIVA platform environment

» A complementary FEM solution to ray-based simulations in weld
- Provide FE reference solution
- Very efficient in 2D allowing intensive parametric studies
- Low memory and computational cost in 3D (several GB and of the order of a few hours)

Next challenges within the FEM in welds

» Geometric distortion and variation of the weld bevel

» Taking into account the geometry of the passes according to a MINA
technical description

» Introduction of a 3D flaw-area and propose echo response synthesis

» Adding structural noise in the FEM propagator

B IS
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CQa Thank you for your attention

Please feel free to send any questions and more details after this
short presentation!

nicolas.leymarie@cea.fr
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