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Report:

Scientific basis of the experiment

The damage process leading to fracture in most titanium alloys is governed by the
nucleation, growth, and coalescence of small internal voids. These mechanisms have
received a lot of attention in the literature, leading to the development of advanced
models based on micromechanics, like the Gurson model. Many studies have shown
the importance of the number, size, shape and distribution of the internal voids on the
damage evolution. However, these elements are often still used as fitting parameters
in the damage models. The present experiment allowed us to directly measure these

parameters in order to improve the models (the Gurson model in particular) and our
understanding of the damage and fracture processes. Results were obtained on the
voids features as a function of the stress and strain levels.

Experimental technique

Tomographic measurements were carried out while performing a tensile test on the
specimens according to the method described in Buffiere et al., Acta Mater. 1999.
The tests were made on a stress rig setup built by the MATEIS laboratory (INSA
Lyon) specifically for micro-tomography measurements. At every step of deformation
til fracture, a scan of the samples consisting of the recording of two-dimensional

radiographs was made during a 180° rotation along the vertical axis. The radiographs
were then be used to re-construct the volumes of the samples using the appropriate
algorithm.
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In agreement with the ID15A team, it was decided that the planned high energy micro
diffraction measurements would not be carried out during this experiment, due to the
too short beam time available to install and adjust the equipment. Seven axisymmet-
ric tensile specimens made out of Ti-6A1-4V titanium alloy were tested, as well as four
specimens made out of aluminium alloys from the 6xxx serie. It was also possible to
carry out a new sort of test on the stress rig setup, allowing to perform a shear test on
a tensile machine during the tomographic scans. A new type of samples was designed
specifically for this experiment, in order to ensure that the center of the specimen un-
dergoes shear strain during the test while remaining small enough in all the directions
to let the x-rays go through it.

Results

A dedicated procedure, described in Maire et al., Acta Mater. 2008, was used in
order to visualize and quantify damage in the materials. Reconstructed volumes
were thresholded to differentiate the void phase from the material phase. Every void
has then been detected for each time step, and analyzed in terms of size, shape,
orientation... The local stresses and strains in the volume of interest were calcu-
lated with the help of Finite Element calculations of the whole test. A new algo-
rithm, based on frame-by-frame data association of void detections, has been de-
veloped by Amit Kumar K.C. from ICTEAM institute of Université catholique de
Louvain, in order to track the evolution of every void from the first time step to
the last one. Until now, it was possible to analyze all the voids one by one, but
not to track and discriminate them from the others from one time step to another.
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When analyzing the porosity evolution
of the material during straining, it is
now possible to distinguish the contri-
bution due to the growth of the exist-
ing voids from the contribution due to
the nucleation of new voids, see Fig. 1.
Moreover, it is now also possible to fol-
low the complete evolution of a single
cavity, by using the afore mentioned
tracking algorithm. This results permits
to confirm that the growth of a void is
not dependent on the local strain and

Fig. 1. Total porosity and porosity due to void nucleation

as a function of the applied deformation. stress tr1ax1ahty OnlY? but also on

numerous parameter, such as the initial shape of the void, the strain hardening of the
matrix at its vicinity, or the crystallographic orientation of the neighboring grains.
These informations will permit to feed void nucleation and growth models with realis-
tic values and validate coalescence and fracture models. The results obtained during
this ESRF experiment are in the process of writing and are to be published soon.
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