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VIRTUAL TESTING

« Physically-based \/
« Time consuming X
« On-the-fly X
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STRUCTURAL COMPOSITES motivation

@ Fiber-reinforced composites present a simple -but efficient- hierarchical
structure that leads to tough materials from brittle constituents.

dominant fiber diameter
length scale ~10 um

matrix shear yielding

interface decohesion

ply thickness
150-300 ym

crack bridging
fiber pull-out
fiber kinking
interply decohesion

laminate thickness
2-20 mm

buckling
crushing

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 101007022.

@ Understanding the fracture behavior requires a multiscale approach for
characterization and modeling to account for the interaction between
length scales.




domminio STRUCTURAL COMPOSITES motivation

Intralaminar failure (fiber failure, matrix cracking, interface decohesion)
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Wisnom et al., 2007

Totry et al., 2008
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elamination |

Spearing and Beaumont, 1992

Non linearity (geometry and material)
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Damage triggered at the microscale
Carbon/E oxy Transversal Compressmn [0]g SEM In Situ Test
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This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 101007022.
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This project has received funding from the European Union’s Horizon 2020 Llorca’ J’ GonzaleZ! C! MOIina'AldareQUias 'J M, Segurado, J, Seltzer, R, Sket, F,
research and innovation programme under grant agreement No 101007022. Rodriguez M Sadaba S MUHOZ R Canal L P Multiscale modeling Of Composite
materials: a roadmap towards virtual testing, Advanced materials, 23, 5130-47, 2011
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@Fiber centers are generated randomly and sequentially to reach target volume fraction in a
square RVE. A periodic microstructure is formed by an indefinite translation of the RVE.

@A 3D parallelepiped containing a random and homogeneous dispersion of fibers is obtained
by extruding the 2D RVE along the fiber axis.

@ Periodic boundary conditions are imposed between opposite faces of the RVE (jig-saw
puzzle)

as received funding from the European Union’s Horizon

h and innovation programme under grant agreement No 101007022.
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@Fibers behave as elastic solids: transverse isotropic (carbon fibers)
and isotropic (glass fibers)

UNIT CELL MODELS

FIBER MODEL

@Interface decohesion is accounted for using a cohesive crack model

INTERFACE MODEL * Onset of damage -m.a;z:{ <f\”) Igs'} —1 . A _ onset of damage
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@The epoxy matrix followed a modification of Drucker-Prager plasticity (Lubliner)
to account for brittle fracture in tension and shear yielding

MATRIX MODEL
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MATRIX PROPERTIES Instrumented Indentation

Pmax-_

Cw,
[ IWe

Load, P

Material Ac

- >
hr hmax
Displacement, h

eLoad P vs. depth h of the indenter is monitored
@Hardness H is dependent on the yield strength 6
@Real and apparent contact areas differences (pile- up and sink-in)

@FEM detailed model of indentation in pressure dependent materials
@Drucker Prager solids Gnyq and

Th p] ct has received funding from the European Union’s Horizon 2020
rch and innovation programme under gra tg eement No 101007022




o o MATRIX/FIBER INTERFACE PROPERTIES
domminio

120

Ll o e
L L NN B Toef

i ush-out 1
100 A/p i

2r ﬁ/l ) ao-

Z 60 i
> E
L= :
- & = 40 _
1 t (=15 pum) 20 I

PR PERTETR I B
0 5 10 15 20 25 30
Displacement into the surface (mm)

M. Rodriguez, J. M. Molina-Aldareguia, C. Gonzélez, J. LLorca. A methodology to measure the
This project has received funding from the European Union's forizen 2020 interface shear strength by means of the fiber push-in test. Composites and Technology, 72, 11924-
1932, 2012.
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THREE POINT BENDING

« TPB notched specimens
« ay/D = 0.5 for stable crack growth
* On-line detailed inspection of failure micromechanisms
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Composites Science and Technology, 72,1223-1232, 2012.



NOTCHED THREE POINT BENDING MODEL

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 101007022.
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@ Simulations were carried out with Abaqus/standard under plane
strain conditions within the framework of an embedded cell model.

microstructured region

homogenized region (>/

"y —

O O

@The elastic constants of the transversely isotropic homogenized composite
were obtained from those of the matrix and fibers using Mori-Tanaka
@Discretization was carried out with quadratic triangles (CPE6M)

o A ot Progarame Under grant agreament No 107001625. @lnterfaces were discretized with linear ’[riang|es (COHZD)
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NOTCHED THREE POINT BENDING MODEL

Experimental
= Numerical simulation| |

CMOD (um)

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 101007022.

@The numerical model is able to reproduce accurately the
macroscopic P- CMOD curves as well as the microscopic failure
mechanisms.
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MULTISCALE SIMULATION STRATEGY
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MULTISCALE SIMULATION STRATEGY
COMPUTATIONAL MESOMECHANICS

Delamination

X-Ray Tomography
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MULTISCALE SIMULATION STRATEGY
d@f(ﬂft)ﬂlﬂlo COMPUTATIONAL MESOMECHANICS

OPEN-HOLE TENSION

S, s11 S, 822
I I Digital Image Correlation (Avg: 75%) (Avg: 75%)
R 1824.8 67.5 o
1553.7 483
12825 291
10114 99
740.2 -93
469.1 -285
197.9 477
732 -66.9
-344.4 -86.1
: Z 5
X-Ray Tomography 2‘-13
Outer
delamination

regions
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This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 101007022.




MULTISCALE SIMULATION STRATEGY
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This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 101007022.
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MULTISCALE SIMULATION STRATEGY
domm|n|0 COMPUTATIONAL MESOMECHANICS

Test strength Predicted strength Error
AS4/8552 - -
Laminate (MPa) (MPa) (%)
In-Plane Shear 97.5 94 -3.6
Plain Tension - Ql 663 673 1.5
Plain Compression — Ql 540 570 5.6
Plain Tension - [50/40/10] 1076 1040 -3.3
Stlﬁ Plain Compression - [50/40/10] 831 757 -8.9
. i Plain Tension — [10/80/10] 436 458 4.9
Medium - shear dominated
Plain Compression — [10/80/10] 391 404 3.4
Plain Tension - [30/40/30] 761 770 1.1
Soft . .
Plain Compression — [30/40/30] 540 603 11.5
Open-Hole Tension - Ql 371 401 7.9
Open-Hole Compression - Qi 304 306 0.6
Open-Hole Tension - [30/40/30] 446 402 -9.8
Soft
This project has received funding from the European Union’s Horizon 2020 open'HOIe CompreSSion = [30/40/30] 31 1 299 '39

research and innovation programme under grant agreement No 101007022.
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N . Micromechanical & Mesomechanical modellin
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advantages

disadvantages

@Close to the actual failure mechanisms
@Influence of microstructure and constituents properties
@Influence of the lay-up, stacking sequence, etc.

@Time consuming
@Requires expertise on modelling

Digital twin

Strain history Stress results
=11 711
£22 022
£33 033
=23 - 023
=13 013
£12 d12

[ ]
Forward Mechanical Problem
Tris projct has received funding rom the European Union's Horizon 2020, Micro & Mesomechanics 24




. Some similar work ... for manufacturin
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A no race-tracking

This project has received funding from the European Uniol i
research and innovation programme under grant agreement No 101007022.




ﬂ dOI’ﬂI’ﬂIﬂIO Some similar work ... for manufacturing
O PyTorch

2000 OpenFoam simulations as data-sets

Deep Residual Learning for Image Recognition ResNet*
Classification optimization based on CE loss (cross-entropy)
Regression optimization based on MSE loss (mean square error)
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This project has received funding from the European Union’s Horizon 2020

research and innovation programme under grant agreement No 101007022.  *Deep Residual Learning for Image Recognition , He, Zhang, Ren and IEEE Conference on Computer Vision and Pattern
Recognition, 2016
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no RT type 1

type 3 type 4
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research and innovation programme ment No 101007022.
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