N
N

N

HAL

open science

Effective properties of architectured materials

Justin Dirrenberger, Samuel Forest, Dominique Jeulin, Christophe Colin,

Jean-Dominique Bartout, Mathieu Faessel, Francois Willot

» To cite this version:

Justin Dirrenberger, Samuel Forest, Dominique Jeulin, Christophe Colin, Jean-Dominique Bartout,
et al.. Effective properties of architectured materials.
Materials, May 2011, Grenoble, France. 2011.

hal-01713384

HAL Id: hal-01713384
https://hal.science/hal-01713384
Submitted on 20 Feb 2018

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.

1st International School on Architectured


https://hal.science/hal-01713384
https://hal.archives-ouvertes.fr

7% EFFECTIVE PROPERTIES
;j OF ARCHITECTURED MATERIALS

MINES J. Dirrenberger 1, S. Forest!, D. Jeulin +2, C. Colin 1, J.D. Bartout !, M. Faessef, F. Willot 2

Tech ICentre des Matériaux, MINES-ParisTech, CNRS UMR 7633, BM8D03 Evry Cedex, France
’Centre de Morphologie Mathématique, MINES-ParisTechy3® St-Honoré, 77 305 Fontainebleau, France

dépasser les frontiéres

Introduction

The MANSART project, for "architectured sandwich mateialaims at developing innovatiharchitectured materials, exhibiting improved functional properties in
comparison with traditional composites. Our contributishocused omimodeling andsimulation of architectured microstructures, prediction of thefliective properties
usingnumerical homogenizationimplemented with finite elements (Z-set softwai@pid prototyping using selective laser melting allows us to fabricate samalia
validate the numerical prediction. Two types of morphoésghave been identified: randomly distribuegdangled Poisson’s fibresindauxetic periodic lattices Effective
properties of Poisson’s fibres is investigated althoughmedton is challenging since statisticapresentative volume elemen{RVE) size isa priori unknown, due to
an Infiniteintegral range as shown inJeulin, 1989] Scaling laws for variances of properties are computed.efag are architectured materials exhibiting@gative
Poisson’s ratia Mechanical behavior of such materials is investigatedfh elastic and plastic domains. 2D and 3D lattices areqa®gh for industrial applications.

Keywords: Homogenization, architectured materials, auxetics,demi's fibres, RVE, finite elements, mathematical morphagleglective laser melting.

Determination of statistical RVE and dfective properties for Poisson’s fibres

In(1=Vy)
m2R2

— Modeling straight infinite randomly entangled interpeathg Poisson’s fibres with intensitysuch asd = with R fibres radius and ¥ volume fraction of fibres.
— Optimization of surface (vtkSim, Yams) and volume mesli&d$3D) for finite element computation.
— Estimation of RVE size based on method establish¢amit et al., 2003]

— Simulation of samples with an increasing quantity of fipeesling laws are computed.

— Homogenization using mixed, kinetic (KUBC) and staticfanm boundary conditions (SUBC).
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— Modeling of original auxetic periodic cells and examples the literature.
— Numerical homogenization (FE) using periodic boundanydriions with imposed macroscopic stress or strain.
— Analytical representation of elastic moduli and Poissaatio in 3D. £
— Design and manufacture of 3D quasi-isotropic auxetickagtructures.
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Auxetic lattice from the literature (hexachiral)

V — _0.83’ VV — 7% V12 -0’84 4] 0.01 Q.02 0.03 .04 0.03 0.06 0.07
[Prall and Lakes, 1997] gp map for an imposed macroscopic stré&ip = 0.1 of an
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auxetic microstructure frorfMilton, 1991]
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Original transverse isotropic chiral structure Plastic Poisson’s ratio;, vs. cumulative plas-
v=-0.25W = 7% tic straingy, _for a hexachiral cell for an imposed
[Dirrenberger et al., 2011] Macroscopic stress.

Original 3D periodic auxe-
tic cubic cell (hexatruss)
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Cubic anti-chiral structure from the literature
y = f(¢), VV = 7%
[Alderson et al., 2010]
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Elastic moduli as function af for the anti-chiral cell Elastic moduli as function af for the hexatruss cell

Direct fabrication using selective laser melting and expamental validation

— Direct fabrication from alloy or polymer powder

— Compressive, 3 and 4-points bending tests

—Image correlation measurements

— Comparison between FEM and experiments

— Avallable process for production of mici
architectured materials in the industry (aerosp
automotive, biomedical, etc.)

316L steel hexachiral lattice sample made with SLM 4-points bending test of PA 12 re-entrant honeycomlys

Conclusions and prospects

— Modeling and homogenization tools, in association withgat of goals for the MANSART project, resulted in the depatent of architectured materials likely to replace alummmihoneycombs currentlyf
serving as core for sandwich composites intensively usdlaraerospace industry. The non-linear static and dynarechanical behavior of such materials has yet to be charaeteusing FEM and
experiments; indentation and acoustic damping tests witldnducted in order to bring out interesting functionalganies for auxetics, due to their high shear modulus. Qusasiopic 3D auxetic lattices
shall be developed.

— The study of Poisson’s fibres highlighted a scaling law er¥olume fraction variance proportional\t/cg. Efforts are being made to obtain scaling laws concerning elastiduli, simulations with more
fiores are needed. Statistical convergence Is slower; Bs#éme precision, Poisson’s fiores’ RVE is larger than foragsstal Boolean variety. Future work on these microstnestwvill include: static
uniform boundary conditions (SUBC) calculations, largemdation size, mesh rationalization, domain decompogjtthermal homogenization and Fast Fourier Transform caations.
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