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Multi-attribute strength of composites

Application-driven, multi-
attribute (static-, fatigue-,
Impact-strength) efficient

simulation methods

Composite simulation

Efficient
predictive
modeling
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Characterization A
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As-manufactured propertiesé

Fatigue of inter- and intra-
ply
Strain-rate dependent
behavior of composites
Micro- and meso-scale unit
cell modeling
Homogenization techniques

Effect of defects in
composites
Modeling and testing of 3D
woven
Behavior of foams an link to
helmet CAE challenge
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Experimental characterization ——
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Challenges

ALarge amount of samples (~3000) 2T -
i X! ¢3¢ {0 HONDA [ ] Honids RAD &o, Lid
and data proceSSIng y \ o F) > SIE;‘!“'E*?N{'?“{'— Honis BAD Ge, L ;&- JL'
ANon-standard testing to be :
developed _ ) UD and Woven fabric
ACover several material factors Intralaminar static:T&cC

(e.g. strain-rate, temperature) : Fatigue: TT, CT and CC
propertles 3 lay-up sequences

Key points (inside the
pliES) 3D woven :
AFull mechanical material fabrics
characterization in static, fatigue UD and Woven fabric + Delamination
and dynamic (Multi-attribute) : 0//0 and off-axis
ARobust testing method Interlam_mar interfaces
development properties  u Mode |
ALink between material " mggz I|I-||
characterization and parameter (between

identification for simulation .
the plies)
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1 Composites fatigue modelling KULEquH —_—

Intra- and inter-laminar behaviour UNIVERSITY e

Challenges Micro-crack initiation prediction

- Based on failure type, amplitude & max.

EiiieEns ene (e [EblE stress C Accurate . e ke ge
simulation of fatigue damage 1 P L (e
22 y 2 23 24

phenomena C Brittle failure C Shear failure 5' K, K3 K,
Ke, KS, Koy KE,

2 K&z Ks4
Ks3 Kga

COUPON

| \ Stress transfer matrix C Efficient mapping
Key pOintS st R, A of global stress to local stresses

hN

a.10

Aintraply damage i Continuum
Damage Modelling (CDM)
AMicro-cracking
AVieta-delamination G-I(\ID?(l;)rve = oo N g
Ainterply damage i Cohesive or ! g (CzM)
zone model (CZM) A e R [ | lnpuiG-Ncurvefromonse“e\
ADelamination onset and R T RS BB W OIS TR 452 O FEM simulation resuits
propagation ‘ ' : 0 ‘ p ‘ :

Number of cycles log10{N)

© 5% compliance results

& DIC results
= = Run out

8

m SERR Gmax (N/mm)
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Continuous fiber composites m SIEMENS — .
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Intra/Interlaminar fatigue prediction \' —

i H . Free edge
APrediction of continuous flber Multi-axial loading

I Road giti Intralaminar
‘5 dd d oaad conaition = Decohesion : ;
€d values e Variable Amplitude loading /7T F® foemauix RS (B=—=2)

composite behavior for high cycle . .. g |

fatigue ’* / ] o
Alntra/inter-laminar coupling fatigue Bl 14 e LN ~ " Delamination R F7CERO i ¢
AMultiaxial and variable amplitude Interlaminar

loadings.

Buckling

Intralaminar Interlaminar
Key points Stiffness degradation Energy release rate degradation

Alintralaminar fatigue prediction via Permanent strain ™ =k Linear damage accumulation
stiffness degradation i
ACombined with interlaminar HIEE SRS SR -
fatigue onset/ re-onset prediction Initial damage due to first loading T

‘é':g?zz;g:?’o:]e caserate 0 Considering stress/strain redistribution after damage accumulation for

e fnesr ealeulifon i [preds both intralaminar and interlaminar elements
accurate stress and strain fields U Non-Linear FE calculation for delamination onset/re-onset prediction
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AM3 Program and addressed domains in the twin M3Strength projects

AKey R&D details of the twin M3Strength projects and related

Industrialization
1. Composites fatigue modelling

Quasi-static and dynamic multi-scale modelling ~— Q
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3. Effect of defects by multi-scale modelling
4. Composites dynamic modelling for crash and crush
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’ Composites quasi-static and dynaml

Multi-scale modelling _“ | UNIVERSITY Fmer—

Challenges [~ Microscale Mesoscale Macroscale

ﬁquuentlal multiscale: - [0/90],
micro A meso A macro ,
Avirtual tests reduce
experimental ones

Key points

ADedicated models for each scale.
ANon-linear and damage response.
AStatic, fatigue or impact loads.
ASimulation tools for:
Acomposite design
Amechanical improvement
0!

Acost reduction. e —r
Sran (%) 0.0 0.5 1.0 15 2.0 2.5 3.0
Strain (%)

Stress (MPa)

Stress (NPa)
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Added values 0 VMC ToolKit

. . . . "'-Filg Home Results View  Application  VMC ToolKit 1.2
AViulti-scale simulation replacmg\J o —
. . 0 r- fr - \ = = | L
experimental testing % Gl e P - = = . a

Geometry TexComp Chamis Random Mesh  Material Contact and Periodic Boundary Cohesive Cohesive Homogenization Default

;&SUppOI’t of different CompOSiteS and Packing Process Definition Kinematic Definitions  Conditions Layer  Wrapper Parameters
different scales

AEfficient generation of mechanical Micro scale (yarn level)

material data mlore YEE3] Models Materlal data _

Cenasen am ‘Wil moont
Choev bardely Desttagi] Glanles

Key points : |

ACAD interface to geometry modeler :
WiseTex (KULeuven MTM) : ——— =N Homogenization

AFast homogenization method by
TexComp (KULeuven MTM) for
stiffness predictions

AAdvanced FE-based homogenization
by ORAS (UGent MMS)
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2 3D Woven performance
by multi-scale modeling

Added values Q Material selection

ASimulation-based Woven fabrics

optimization of 3D-woven :’V"""“
T .

structures
- ro. o l .- .
3’-‘-,<_

e ™

Key points

Annovative weaving Resin selection
capabilities to meet multi-

attribute requirements at - 3
minimal weight Awettability, permeability

AViscosity, rheology

AExtensive experimental AMechanical properties
program on coupons and ¥ Synolite 8388-P-1
for optimal resin selection

AFeasibility check of multi-
scale simulation
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Composite production Mechanical testing

New set up to open up the Flatwise and edgewise
fabric during impregnation compression (square)

AHoneycomb structures
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Challenges ~—

Predicting the effect of voids : - - S

. . F B At 3 Laminated composite ransverse cracking in the off-
On Statlstlca”y-controued z v with the weakened regions axis plies
damage in fiber-reinforced

.

Representative defective volume
=

Com pOSiteS CO nfro ntS the S C aI e Step |: Micro-scale computational Step 2: Random distribution of Step 3: EXtended Finite

i S S u e modeling with matrix plasticity and damage weakened regions Element Method

Key points

ADeveloping a combined micro-
meso approach for simulation of
transverse cracking in the reference model
presence of voids B48 _ _ _. model with void
Aln-situ monitoring of mechanical
tests at the meso- and micro-scale : N N N =
. transverse cracks with their formation order i iad

to obtain crack density evolution ' ' ' T e o O AW ——— s
0 0.003 Bxx 0.006 0.009 000w | ET0 | 5 | 74 | 200x | 14800
Micro-scale finite element modeling of Transverse cracks detected by digital image

transverse damage correlation in loading micrographs
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Effect of intra- and inter-laminar de

Added values Q
e

Simulation-based assessmen
of effect of defects allowing
analysis of properties
degradation

3 Composites as-manufactured prop

Micro-level modeling of effect of

Key points voids on transverse failure

homogenized

Intra-laminar defects:
ADeveloping a combined micro-
meso approach for simulation of

transverse cracking in the

presence of voids Aviodeling the same
Inter-laminar defects: geometry and lay-up as

R4P bending on omega-stiffener in the real specimen in
sections with initial delam. Siemens software

Normalized Load [N/mm)

-

F 18mm &Smm

experiments vs. simulations ACohesive zone between

Displacement [mm

flange and skin
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Modeling evolution
of transverse
cracking linked to
CDM models in
Siemens software
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