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Polymer Technology

Does size matter?
Computed tomography-based modeling of polymeric foams
J.G.F. Wismans, L.E.Govaert, J.A.W. van Dommelen , H.E.H. Meijer

/department of mechanical engineering

Introduction
The macroscopic constitutive behaviour of polymeric foams is the result of
a subtle interplay between [1]:

• intrinsic material behaviour of the polymer basis-material;

• complex microstructure.

The intrinsic behaviour is strain-rate dependent and should accurately de-
scribe large deformations, up to plastic yield, followed by strain softening
and strain hardening. Because of the 3D microstructure, local deformation
mechanisms exist that determine the global behaviour. The macroscopic
properties are directly dependent on the local microstructure and the defor-
mation and localization mechanisms that occur at this level.

Goal
Determination of the structure-property relationship of polymeric foams.

Methods
In our first approach, the structure-property relationship is investigated by
a hybrid numerical-experimental approach. The complex microstructure is
characterized by using X-ray Computed Tomography with a resolution of
3.75 [µm], where a 3D constitutive model is used for the intrinsic material
behaviour of the polymer basis-material.

Fig. 1 Segmented 3D reconstruction of a closed cell foam where a slice is
converted into a 2D FE model.

At first the segmented 3D reconstruction is converted into a 2D mesh
(Fig. 1) and used in FE-analysis to determine the best combination be-
tween:

• model size (depicted as � in Fig. 1);

• element type (see Fig. 2);

• element size.

Fig. 2 Models based on triangular elements and a combination of triangular
and quadrilateral elements [2].

Furthermore, a Neo-Hookean material model is taken to represent the
intrinsic behaviour of the polymer basis-material.

Results
The models are subjected to a compression load, taking contact between
elements into account. The preliminary results of the stress-strain response
(Fig. 3) show a typical response found for polymeric foams.

Fig. 3 Effect of element size (a), element type (b), model size (c) and the
mean response and bandwidth of 8 equal sized models (d).

In compression, these foams show an elastic response at small strains,
caused by bending of cell walls, followed by buckling resulting in a plateau
region which is mainly responsible for the energy absorption characteristics
of foams. At larger strains, full collapse of the microstructure is observed,
also known as densification [1]. Fig. 4 shows these deformation mechanisms
at different stages, where bending, buckling and full collapse as mentioned
above, at a local level, is clearly shown.

Fig. 4 FE results of the deformation at different stages.

Conclusions & Challenges
• from Fig. 3 (c) it’s clear that size matters!;

• CT-based modeling: an attractive method to determine the
structure-property relationship of polymeric foams;

• use of an elasto-viscoplastic constitutive model for the basis material;

• extension from 2D → 3D;

• development of a 3D constitutive model based on these results.
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