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. HXHBEHOHHNBRHEDRARAEINBRLANEESNBHSGAERANER. JENTABEFRER.A
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EEAX S, —HHFNOETEEIMBENS T EEE - KEARMAZERERO RS XBITRETEN
ERHAENLGEARBE #R CTR X EBRELZHI). HREASBFABNH=H BB KA ScanlP/* ScanFE
(Simpleware Ltd. )£ @UJLFITE R MIAHE B RE R =RARTERY, XHEARA% CTHEREEE QIR LRE
BEZEMAEERAEE. WE KRS MERE, MEERMEENKET CTREEAENEE. SRS HREH
MR TSR EERME  AMERTENZAMEPRASIENERSHERSAE.

X FARXPEAGFA KD, B T AR 1392751 MR M E KB ST AT 360703 445 S 697 B oAE 7, 3% A LS-
DYNA & & #i 8k (Livermore Software Technology Corp. )#47 T A MBI BN H-MNAEIH . EB T AR MBERM
KRB RN, MB AR R RN EEER, 88 T R AR R R 2 6 89 sh i
BXR. TARRBIEEE LSDYNA fifTHY.
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Abstract; Open celled foams are used in an increasing number of industrial applications, (e. g. seat-
ing, helmets, space vehicles) due to their interesting mechanical properties, in particular their light
weight and high energy absorption. However, the material properties of foams are a result of complex
relationships involving different aspects of the micro-architecture and properties of the parent materi-
al. A wide range of studies have been carried out using analytical, experimental and computational ap-
proaches to increase our understanding of the physical behavior of foams. Computational simulation is
increasingly proving to be a very effective and valuable tool in investigating materials behavior at the
micro-scale level and in assessing its influence on the overall macro-scale properties. Computational
modeling offers the prospect of providing a deeper understanding than experimental tests of the mech-
anisms at work during deformation, and more realistic model results can be achieved than via analyti-
cal approaches. However the difficulty of meshing the complex topologies of foam micro-architectures
has proved, until recently, a barrier to effectively using the most popular of physics based simulation

techniques for mechanical characterization; the finite element method (FEM).
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In the present study, for the first time, a new image-based meshing approach is used for charac-
terizing the mechanical properties of complex foams based on high resolution computed tomography
data (MicroCT or XMT). The image was imported into the commercially available software program
ScanIP/* ScanFE (Simpleware Ltd. ) which generates geometrically and topologically accurate finite
element meshes of 3D imaging data. The technique converts CT scanner data directly into tetrahedral
meshes (or mixed tetrahedral and hexahedral meshes) of arbitrarily complex domains robustly and au-
tomatically. The accuracy of the resultant mesh is contingent only on the accuracy of the imaging sys-
tem. Complex single phase and multiphase materials can be meshed straightforwardly for solving cou-
pled problems such as fluid flow induced deformation of porous materials.

For the open celled foam, a finite element model consisting of 1,392,751 linear tetrahedral ele-
ments and 360,703 nodes was generated. Computer simulations were carried out using explicit code
LS-DYNA (Livermore Software Technology Corp. ) to characterize the quasi-static through to dynam-
ic stress-strain behavior of the materials for various compression velocities and for both linear elastic
and elasto-plastic material properties from small strains right through to strains well into the compac-
tion regime. The foam models were compressed between two rigid platens with the bottom platen
fixed and a displacement time history applied to the top platen. Sliding contact was assumed between
the bottom platen and the foam and the top platen and the foam, allowing for frictionless sliding in the
in-plane direction (except where noted differently). For foam-to-foam contact modeling, a sliding self-
contact algorithm with zero friction was used. All the solutions were run through LS-DYNA for the
maximum compression until the solution failed to converge.

The aim of this study was to illustrate the ability to simulate topologically complex problems with
a high degree of accuracy but in a fraction of the time taken by other approximate methods. The abili-
ty to straightforwardly and robustly model the response of complex micro-architectures provides pow-
erful new tools for the material scientist to easily explore the influence of various parameters on the
performance of novel complex material systems, which will be increasingly used in addition to and in
combination with analytical modeling and experimental tests. These computational techniques will al-
so be pivotal to the development of tools for material characterization of complex composites using in-
verse modeling techniques.
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Fig.1 a) CT image.of foam; and b) zoomed in view of the meshed foam
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Fig. 2 Large strain deformation of foam at different stages of compression
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