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Multiscale simulations as a replacement to experimental tests

Macroscopic Mesoscopic Microscopic
Laminate Yarn Fiber

* http://www.sailingscuttlebutt.com
** https://lwww.nts.com/ntsblog/x-ray-computed-tomography-scanning-composite-materials/
*** qittp://www.azom.com
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Investigation of textile composites - methodology

Reference approach

Modelling with UD-plies

30°
-30°

-30°
30°

Mapping approach

1. Generation of a realistic FE-Model on the mesoscale
2. Transfer of yarn orientations on a target mesh

Mesomodel ENVYO Target model
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Advantages

,2universal“ approach (weave / UD...)
— fast model generation
— low computing time

Drawbacks

— local effects are not considerated
— fibre architecture is not reproduced

Advantages

— realistic approach
— consideration of manufacturing effects

Drawbacks

— complex model generation
— increased computing time




Modelling methodology for diverse textile composites

Python

Compaction of the dry textile

LS-DYNA

LS-DYNA

Matrix mesh

LS-DYNA

LS-DYNA

Database
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Validation of the yarn architecture in unit cells with CT-scans

FE-model of a 30°-triaxial braid

Simulation CT-Scan Simulation
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Results of the simulation on the mesoscale
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Mapping algorithms in ENVYO

3+1 algorithms are available in the latest version of ENVYO

Closest Point
Direct transfer of fiber orientations from the source mesh to the target mesh, part after part

Element Size Search Radius
Use of element size of target mesh as a search radius for the mapping
Mapping of matrix-rich regions possible

Consider Ondulation

Transfer of orientations starting from the target mesh
Consideration of fiber ondulation possible

Mapping of matrix-rich regions possible

Mapping RVE

Information transfer

Clustering of the source mesh in region with constant fiber architecture ——  Information simplification
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ConsiderOndulation*

b

Mapping of orientations with

0.5 mm target mesh

Source mesh

Mapped tube

Source mesh
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1 mm target mesh

2 mm target mesh
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Mapping of orientations with ,,ConsiderOndulation®

Simulation of a tensile braided specimen
— local strain and stress fields are well predicted

— stiffness and strength prediction are more reliable with the mapping approach

State of the art reference simulation




DLR.de < Chart 10

Crash tube — modelling approach

Modelling of 45°-trigger with offset of the three layers

Experiment | Simulation UD material properties for the yarns calculated with microscopic models

*MAT_262_LAMINATED_FRACTURE_DAIMLER_CAMANHO
o S 0% e 1. approach

2. approach

. - . \4 . .‘.
L e T e N ]

Modelling of the laminate with 3 layers, tied with TIEBREAK contact

shell element

—— cohesive contact
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Bearing test specimen — modelling approach
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Bearing test — numerical results
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Crash tube — comparison of mapping methods on triaxial braid 30°
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Crash tube — benefits of the mapping approach

fibre failure in compression

(history variable 6) completely failed axial fibre under compression

partially damaged axial fibre under bending

reference approach




Reaction force [kN]

DLR.de -

Chart 15

Crash tube — influence of braiding angle
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Conclusion

Multiscale simulation

Micromodels s
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= The simulation approaches on the multiscale have been studied and validated on crash tubes and bearing
specimens.

» The failure mechanisms are realistically reproduced through the mapping with ENVYO.

= The methodology should be more accurately investigated on different specimen geometry and textiles.

=  The mapping requires experience and a good understanding of the parameters.
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Outlook

Sizing tool for composite materials
stiffness/strength/energy absorption
fatigue/probability of default

Material properties ! \

Simulation on the microscale

Resin properties

Material card for
structure simulation

and prediction of lifespan [T T 7777, " T e TR I \
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Thank you for your attention

ARENA2036 DigitPro
AR | Bundesministerium - FORSCHUNGS

PTKA
Projekttrager Karlsruhe

Karlsruher Institut fir Technologie

flir Bildung

und Forschung CZMPUS
offentlich-private Partnerschaft
fdr Innovationen

Mathieu Vinot (mathieu.vinot@dir.de) Christian Liebold (christian.liebold@dynamore.de)
German Aerospace Center (DLR) DYNAmore GmbH
Institute of Structures and Design Stuttgart — Germany

Stuttgart — Germany




