,..-‘.. Experiment title: Experiment
.."oo’:’ Damage assessment in micro-heterogeneous materials number:
ESRF using high resolution X-ray tomography HS-554
Beamline: | Date of experiment: Date of report:
ID 19 From : 24/06/98 to: 30/06/98 ' 08/02/99
Shifts: Local contact(s): Received at ESRF:
12 J. Baruchel '

- Names and affiliations of applicants (* indicates experimentalists):

~G. Peix* INSA Lyon CNDRI Bét. 303

' J-Y. Buffiere* INSA Lyon GEMPPM Bit.303

E. Maire* idem

P. Cloetens* ESRF

P.J. Withers Dept of Materials Science Univ. of Cambridge

Report

This report describes a first attempt to correlate damage nucleation observations during
deformation (imaged by X-ray tomography) and internal stress built up {measured by X-
ray diffraction) within a metal matrix composite (MMC). Besides, new high resolution 3D
observations of internal features within industrial materials are also reported.

Experimental methods

The material used for the coupled tomographic and stress measurements experiments is a
model Al/SiC composite with large ceramic reinforcements. Both measurements were
performed simultaneously at different stages along the tensile curve of the sample. The
complete procedure for the mechanical tests and the tomographic measurements have been
described in a previous experimental report (HS 455)

1) In-situ measurements of internal stresses within the matrix have been performed
through the recording of diffraction rings on high resolution X-ray films

2) The fracture of the reinforcing particles, is studied simultaneously using phase-contrast
tomography. The tomographic scans are performed in-situ on a sample under load
thanks to a specially designed tensile testing device set directly on the tomograph
turntable. The tensile machine as well as the details of the procedure for the mechanical
tests are described elsewhere (exp. report # 455).

3) A new fluorescent screen with a very high resolution, allowing 3D tomography with a
voxel! size of 2 um?, has been used.




Results

As a matter of fact, our attempt to perform in-situ stress measurements proved to be
unsuccessful. It must be pointed out that for detecting an internal stress variation of 10
MPa in the material, one should be able to measure a variation of the diffraction ring
diameter of around 20 um on the films which are likely to suffer non homogeneous thermal
distortions during their processing. Those thermal distortions have unfortunately occured
in our case and have impeded a precise measurement of small changes in the shape (or
diameter) of the diffraction rings which we wanted to measure. The present experimental
arrangement could possibly be improved by the use of an internal reference sample, in
powder form, to calibrate the diffraction rings on each film.

On the other hand, phase contrast tomography with a voxel size of 2 um’ delivered a
considerable amount of excellent data. The materials investigated here were, for the first
time, “real” industrial materials with an heterogeneity size in the 20- 40 pm range. A set of
different kinds of materials was investigated : .
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Figure 1 3D view of intermetallic phases in a 7010
aluminium alloy as observed by X ray Tomography
with the 2 pm camera. The average size of the
particles shown is around 30um.

Moreover, a preliminary experiment on an Al/Cu model composite has shown that 1t was
also possible to use the 2 pm camera for the observation of damage under load using an in
situ tensile testing device. This device had been previously used at a lower resolution (6
um) on a model composite reinforced with quite large particles (see exp. Report # HS455
and Newsletter n°30). The possibility to investigate damage nucleation and development
with an improved resolution is very promising and offers vast possibilities in the field of
industrial structural materials for which the average size of the reinforcing phase is quite
small. Possible candidates for such studies could be the 7000 Al alloys for which
intermetallic phases which are shown on figure 1 play a key role in damage development
under stress.
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