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ABSTRACT

Recent techniques of 3D synchrotron imaging allow today to fill the gap between several
fields  of  experimental  damage  mechanics,  from crystallographic  texture  characterization  to  high
resolution imaging of phases, voids and cracks as they evolve during in situ loading. Coupling local
crystallography and the related plasticity mechanisms to observations and quantitative measurements
of the well established stages of ductile fracture in metallic alloys (namely initiation, growth and
coalescence of cavities) greatly helps understanding the development of fracture. It can also be used
to design safe, high performance alloys for use in the transportation industry but also in biomedical
applications for example.

This work presents recent experimental and computational developments conducted at the
MATEIS laboratory combining the use of: (i) diffraction contrast tomography (DCT [1]) to map the
polycrystal  structure  (morphology  and  crystallographic  orientation  of  grains,  Fig.1a),  (ii)  phase
contrast tomography to follow damage development  in situ at  high resolution [2] during loading
(Fig.1b), (iii) automatic cavity tracking [3] to highlight the local dispersion of growth rate due to
microstructure  and  (iv)  DCT microstructure  based  Finite  Element  modelling  of  the  polycrystal
deformation  by  crystal  plasticity  [4]  to  better  understand  the  local  stress  and  deformation  state
governing damage. This is illustrated with the example of a recrystallized aluminum alloy.

Fig 1. In situ tensile testing of an Al polycrystal during synchrotron X-ray tomography.
 (a) Initial DCT mapping of the grains and (b) damage cavities (red) observed by PCT.
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