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Abstract

In the paper numerical simulation of the foamedamstructures using numerical homogenization atioriis prescribed. From the

beginning, numerical model of heterogeneous postuglified structures of typical foamed metal, thse the FEM was built and

material parameters (coefficients of elasticity mxadf the considered structure) were determinetth wse of numerical homogeniza-
tion algorithm. During the work the different RVEodels of structure were created and their propentiere compared at different
relative density, different numbers and the siz structure of the arrangement of voids. Finallytained results were used in mod-
eling of typical elements made from foam metalsctres - sandwich structure and profile filledhwibetal foam. Simulation were

performed for different dimensions of cladding arate. Additionally, the test of influence mater@ientation (arrangement of

voids in RVE element) on the maximum stresses asplatiement during bending test was performed.
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simple as possible so that we can carry out itgileet analysis,
1. Introduction yet large enough to be able to represent the nuopis
structure of the tested structure. There are thyges of
approaches to the use RVE. Here, the adoption ofstitutive
law at the macro level, testing of material pararseis applied.

The simplified models of foam metal structures wepre-
pared using FEM. The MSC.Software system was usedVE
elements the size of voids, the number of voidsigifg) and
position were changed. As a basic material assymeel alu-
minum (Young modulus E = 69 GPa, Poisson ratm 0.33).
During numerical simulations 13 models of RVE elemmemere
prepared.

Each RVE element was modeled as a cube measuring 5x
mm. The simplest element had one void with a radfug.25
mm centrally positioned. The next four RVE elemarts regu-
lar, further 5 elements are irregular and 3 lastneints are with
cylindrical voids. The selected examples of eagietgf RVE
elements are showed in Fig. 1-3. As a result ahemical
analysis the values of the coefficients of elasstimiatrix for de-
fined materials can be determined. More detailsceon nu-
merical calculations and final form of the eladjianatrix for
another RVE elements one can find in [5].

The foam metal structures are widely used in maualys-
tries. One can denoted that expanded metal is affed as
components of a vibration damping or impact-abswylziasing.
This is due to the high energy absorption propeftthe metal
foam, many times larger than the native materibeyTare also
used in many types of machine tools for impact euiddon as
vibration isolators, in other equipment and somesincompo-
nents. Many applications one can observe in autemot
wherein the foam metal used to reinforce the holfefile in
the design of safe crumple zones. Crumple zonesasafee-
sponsible for absorhing the energy created durmgact.

However, in the literature we can find many paparshe
metal foam but few of them concerns the numericalktion.
Most of these concern the fluid flow in porous miais [2,4] or
heat transfer [4,6]. Modeling is focused on theicttire with
open cells De Jaeger at al. in [3] present numlenmaadel as
trabecular structure. Sadovskaya in [8] presentsemical simu-
lation of deformation of a metal foam but in thedhretical do-
main only. We can find the works using numericahlogeniza-
tion of the bone scaffold structures [7], of matkriwith inter-
nal cracks or in analysis of composite with inaturs [1].

Presented here a new approach to the modelingeahétal
foam consists of closed cells ball-shaped and dsitial voids
represented by means of RVE elements with diffenemtber,
size and distribution of the pores (voids). Numaritomogeni-
zation method is applied to calculate material ficieht matrix
of simulated structures.

2. Numerical homogenization

Numerical homogenization is used for modelling the
materials with repetitive internal structure.

The elements which represent the structure of ticeoneall
RVE. RVE models should represent the microstructaréhée
extent possible to identify the properties of thediom in )
composition. It is important RVE small enough to mak  Figure 2: Irregular RVE models: a - model 7, b - del8
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Figure 3: Cylindrical RVE models: a - model 11, b -
model 12

3.  Numerical simulation and discussion

In this study developed 3D model of RVE elements thre
coefficients of elasticity matrix were determineat Wifferent
number and size of voids and their various positidhmeans
that influence of geometrical features on matepatameters
was tested. Next, using results obtained from nigalehomo-
genization a numerical simulation of three-poinhdiag test
was proposed. Sample used in a test was prepagedasiwich
structure where core and claddings were made fram@ @lumi-
nium. During the test it was investigated the dffechange in
thickness of the core and claddings on the dispiac¢ and
stresses values. Displacement and stresses haweshean
with respect to the total weight of tested sampleally, using
the same sample, the test of influence materiagntation (ar-
rangement of voids in RVE element) on the maximurasses
and displacement during bending was performed.

For testing the mechanical parameters of sandwic

structures numerical simulation of tree point bagdiest was
performed. The sample with a length of 220 mm, ighteof 30
mm and 50 mm wide was modelled. Cladding and cone we
made from pure aluminium (Young modulus 69 GPas$wi's
ratio 0.33). Acting force equals 100 N.

The first test was investigated the effect a change
thickness of the claddings at a constant thickonéslse core on
the displacement and stresses values. Figs. 4 astio®
obtained results.

Viass kgl

Figure 4: The maximum displacement of structure asction
of the mass with the constant thickness of the core

k)

<
AN

Stress [MPa]

u

IS
cVUwarlTuwhaa NN

w

N

0,80
Mass [kgl

S
c

Figure 5: The maximum stresses of structure asetifin of the
mass with the constant thickness of the core

In the next step thickness of the claddings wasteon and
a thickness of the core changed. The results asepted in
Figs. 6 and 7. Displacement and stress valueshamgrson the
total weight of the system under study. In thet faase, it was
observed that increasing the share of the claddimgeases the
rigidity of the structure, but the layer is thickére rapidly
increasing mass model. In the second case it waslfthat, at
constant thickness claddings (2 mm) too greatlyeiasing the

thickness of the foam layer (over 20 mm) is uneacaioal
because it does not introduce any significant ceanig the
properties of the structure.
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Figure 6: The maximum displacement of structura asction
of the mass with the constant thickness of theditays

20
70
60
50
a0 A
30 \
20
10
o

Strass [MPa)

Mass [kg]

Figure 7: The maximum stresses of structure asetifun of the
mass with the constant thickness of the claddings

Changing the orientation of the material associatéth
deploying voids in the element RVE little effect tire deter-
mined value of stresses and displacements. Onlgidmificant
irregularities of voids in the RVE and the direcaborientation
of cylindrical voids the differences are signifitan

In further studies, the results (material consjami#l be
used to develop and stress analysis of complexemsgst
containing elements made from foamed metal typectitres.
This approach should result in significantly shortke time of
calculation.
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