|dentification of the parameters
of an image-based model
using integrated Digital Volume Correlation

L. Turpint-23, J. Bénézech?3, S. Roux!

lturpin@ens-paris-saclay.fr
1: Laboratoire de Mécanique Paris-Saclay (LMPS), Gif-sur-Yvette, France

2: Laboratoire des Composites Thermo-Structuraux (LCTS), Pessac, France

3: Safran Ceramics, Mérignac, France

@PS ‘Eg‘st.“y IS \'? SAFRAN



Ceramic Matrix Composites for aircraft engines

e 3D-woven SiC/SiC CMCs
* high stiffness

* stable mechanical properties wrt
temperature

— Hot parts
* increase operating temperature
e 1300°C - 1500°C

* increase efficiency

[www.geaviation.com]

LEAP engine (CFM)

* complex mesostructure
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Ceramic Matrix Composites for aircraft engines

OovM (MPa)
600

Temperature field Von Mises eq. stress
[Chung, 2017]

Root of a superalloy fixed blade in operating condition

 Thermal loading + geometry - complex thermo-mechanical loading

* Influence of the meso-structure of CMCs?
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Influence of the meso-structure?

Punch
Tow
SiC Pore
powder
Shrinkage Tow
cracks

Morphology of SiC/SiC CMCs
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Meso-scale model

Simulated weaving
from shaping of the woven pattern

3D image of the mesostructure

Textile descriptor
neutral fibre and section

Binarised tomography
IBSim-4i 2022 — London — 20/10/2022 5




Meso-scale model

* Thermo-elastic phases
* properties vary linearly with temperature
* initial estimation from the literature

* Matrix
* homogeneous, isotropic
e F,v, k

* Tows
* homogeneous, transverse isotropic
* E11, Eop, vi2, Vo3, Gig, Gos, k1 = kyp =k

3D image of the mesostructure

* Voids
 isotropic with a very low Young Modulus

IBSim-4i 2022 — London — 20/10/2022




Local homogenisation strategy [sénézech, Php Th. 2019]

Macroscale mesh
superimposed on the mesostructure

| | ¥

acroscal mesh Fields of material properties
from local homogenisation
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Linking experiments and models

* Models
e digital twin
— fine description of the behaviour

How to confront models to experiments?

— Development of identification procedures

* experiment
* instrumentation (full-field measurement)
* identification itself
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In-situ thermomechanical experiment

 HT corner bending test

e T ~500°C Infra-red
e« VT ~ 200°C.cm™* camera
e stepwise mechanical loading
e full-field measurement
Scintillator
Punch Sample
Resistor
™~ Sample
[ VT
Clamping Rotating
jaw frame

[Turpin, J. Synchrotron Rad., 2022]
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Multi-modal full-field measurement

v

Reconstruction

Sinogram

[Turpin, Fundamenta Infomaticae, 2019]

Re-projection

Thermogram Temperature
[Turpin, Meas. Sc. Technol. 2021] ﬁeld

Force
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Integrated
DVC
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ldentification

{E,G,v,...}
{pBC,Pinit., }
{Pgeom. }

|

Model

{e,o,T,...}

Model
parameters

Volumes

Integrated
measurement process

In-situ test followed by tomography
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Digital Image/Volume Correlation (DIC/DVC)

* Global DIC [Hild & Roux, 2006]
 displacement field u minimising of the residual, p

plx) = f(x) — g(x + u(x))

u = arg min pida
ROI

* uis expressed on an FE basis, ¢
u(x) = a;pi(x)

* Gauss-Newton algorithm
[M|{da} = {b}
(M] = [ $'VVfpde

{0}

'V fipda
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Integrated-DIC/DVC

 Global DIC
M) = / AV IV foda

[M]{da} = {b;
by =

'V frpda

¢ Integrated—DIC [Leclerc, 2009]
e uis expressed on any relevant basis, ¥

H = [0V
[H]{dp} = {c}
() = [v'Vfioda
* using sensitivity fields, [S]
_ da H] = [S)*[M][S]
%= o {{c} = [S]{0}
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Integrated-DVC

* Weak thermomechanical coupling
* measured temperature field is used as boundary conditions

* Coupling displacements and force

Mo (
S 1'| o3 S Viqm [ So ]
[ S ] 0 SF tdpy = Sp |
o
_ o \

« identification of normalised parameters  p; = N (p;)
E

E =
Enom.

V=1V ];

* contributions weighted by their resp. uncertainty (gr and o)
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HT corner bending test

Step (a) Step (b) Step (d) Step (e)

‘-

T(C)_

550
Measured temperature field

i i N B 0
9.7x102 1.1x101 -1.8x102 8.0x102 -1.8x101 2.8x102 -2.4x101 1.6x102

“Measured” displacement field
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HT corner bending test — Model validation

N
»
»

-3

using initial parameters, ||p|| = 5.6x103 using identified parameters, ||p|| = 5.0x103

Residual field (loading step b)
p(x) = f(x) — g(x + u(p))
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HT corner bending test — |dentification of material parameters

* Set of paramaters
* 9 mesoscale constituant parameters
* 2 temperatures

* Most of them are identified with a good uncertainty
e« Ep(Tamp) = 304 + 2GPa
o k(Tamp) =4.16.107°+1.1073 K~}
. E22,t(Tamb) = 127 + 2 GPa

* Some have greater uncertainty
e G124(T}) = 54+ 6 GPa
* Vgg’t(Tamb) = 0.12 £0.04
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Conclusion and outlooks

* Enriched macro-scale model
» good description of the material behaviour

* |dentification problem
* in-situ tomography + thermography

* complex sample Tomogram, step (f)
— closely link model and experiment

— provide the best material parameter set

e Quantitative investigation about damage ?

Max. Eigenstress
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Thermography

High mechanical and thermal loads for in-situ tomography of
complex CMC parts (PSICHE, SOLEIL)
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