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Fig. 1 Schematic diagram of the mini-MTS device and in-situ CT system: The inset in the upper right
corner is a magnification of the loading part including the sample and the polycarbonate (PC) window; the

inset in the lower right corner is a picture of the in-situ CT system implemented in the 2BM, APS source
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Fig.2 (a) Slices of the foam before and after an imposed deformation field; (b) Comparison between

the imposed displacement field and the calculated one via DVC
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Fig. 3 Initial characterizations of the Polyurethane (PU) foam: (a) 3D volume rendering; (b) characteristic ellipsoids

generated from the gyration tensor analysis of cells; (c) cell size distribution; (d) cell orientation distribution
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Fig.4 (a) Engineering strain stress curve, the I, II, IIl marked the three deformation stages of the
PU foam, 1i. e. elastic, platform and densification stage; (b) slices of the foam along with the

€. strain fields calculated from DVC at different instants
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Fig. 6 The deformation process of cells with different configurations and at different positions: The cells in
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illustrated in (a)); the cell in figure (d) has a similar aspect ratio to that in figure (a), but its position
is two layers lower, with a distance between its centroid and lower platen of about 0. 9mm
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Investigations on the micro deformation mechanisms of

polyurethane foams with the in-situ, synchrotron-based tomography

CHAI Hai-wei', LI Hai-yang®, FAN Duan', HUANG Jun-yu'

(1. The Peac Institute of Multiscale Sciences, Chengdu 610031, Sichuan, China; 2. Key Laboratory of Advanced Technologies of

Materials, Ministry of Education, Southwest Jiaotong University, Chengdu 610031, Sichuan, China)

Abstract: In order to reveal the relationship between the microstructures and properties of
polyurethane foam. an in-situ CT system is built on the 2BM line of APS light source in the US. The
deformation and damage of a closed-cell rigid polyurethane foam under quasi-static compression
loading is characterized in a three-dimensional (3D), real-time manner, with a resolution of 0. 87pm.
The stress-strain curve of the rigid polyurethane foam and the evolution of 3D structures in three
deformation stages (elastic, platform and densification) are obtained via the in-situ CT test. 3D
images show that the local compression bands are observed to propagate from the ends of sample to
the center in the platform stage, and the band propagation velocity exceeds the platern velocity. The
axial deformation fields of polyurethane foam are calculated accurately using the digital volume image
correlation technique, showing that the compression deformation is mainly concentrated in the
deformation bands. The deformation process of cells is tracked and the micro deformation of cell walls
is quantified with the curvedness index. It is found that the collapse of cells is mainly originated from
the folds formed by the buckling of cell walls.

Keywords: rigid polyurethane foam; closed-cell foam; in-situ CT; digital volume image correlation



