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ABSTRACT

Damage of composite materials is clearly a hot topic in research, with more than 50k papers published
since 2020. Damage inception is mainly caused by exceptional situations such as debris impacts,
crash, etc. All these loading scenarios occur at dynamic conditions where material strain rate
sensibility is a critical factor. Although strain rate sensitivity has been previously studied, the number
of research is limited due to the inherent difficulties. Koerber et al.[1] studied the strain rate sensitivity
of unidirectional composite materials (carbon based) using SHPB, concluding that the strength of the
materials could be increased more than 50% meanwhile the strain to failure could be reduced around
20% depending on the loading condition. The authors do not focus on notched specimens and neither
different stacking sequences so there is no information about its effect on the behavior. The effect of
the notch has been studied by some authors in quasi static regime using X-ray(CT) [2] to analyze
damage evolution, but none have been addressed under dynamic conditions. Open hole dynamic tests
have been performed by the authors in the context of a PhD thesis within the framework of EU’s
Clean Sky 2 projects. The preliminary results depicted in Figure 1 showed the failure under both quasi
static and dynamic conditions. Indeed, the images in Figure 1 correspond to post-morten specimens
and they reveal the different failure mechanisms at both regimes and quantitative envelope of failure
(Figure 1 right). In Figure 1 (central) the strain field obtained using digital image correlation is
presented, but the results are limited to the external ply (angles) whereas there is no information about
the behaviour of the internal plies. A high speed X-Ray radiography is the only way to investigate the
interlaminar damage evolution of internal plies during dynamic events.
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Figure 1: Results of open hole specimens at different strain rates
In this work a original work is presented in which the damage inception of notched composite
laminates is analysed using Ultra-high speed radiography in combination of Ultra high speed video
cameras. The unique facility at the ID19 of the European Sincotron Facility (ESRF), Split Hopkinson
Pressure Bar (SHPB) and the Uc3m facilities has been used to perform the experimental campaign.
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To perform this campaign, 10x20 mm notched coupons of carbon fibre has been tested on a
compression SHPB and the experiment has been recorded using two different techniques:

e Ultra high speed camera photron SA-Z in order to perform Digital Image Correlation

o Ultra high speed camera Shimadzu recording the X-Ray
Figure 1 shows an example of the experimental setup on the ID19 ESRF facility. Including the SHPB
(incident and transmitted bars), the protective tungsten anvils [1] and the X-Ray window.
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Figure 1: Example of specimen placing
The results obtained using the synchronized signals of the SHPB, the DIC and the X-Ray images
allows to correlate the damage inception of the samples with the force applied and the strain suffered
by the sample. Figure 2 shows two different frames of the experiment (lateral view) before and after
the damage inception around the notch of the experiment.

Figure 2: Photograms of the High speed x-ray videos

References
REFERENCES

[1] H. Koerber, J. Xavier, y P. P. Camanho, «High strain rate characterisation of unidirectional carbon-epoxy
IM7-8552 in transverse compression and in-plane shear using digital image correlation», Mech. Mater., vol.
42,n.0 11, pp. 1004-1019, nov. 2010, doi: 10.1016/j.mechmat.2010.09.003.

[2] F. Sket, A. Enfedaque, C. Diaz L6pez, C. Gonzalez, J. Molina-Aldareguia, y J. LLorca, «X-ray computed
tomography analysis of damage evolution in open hole carbon fiber-reinforced laminates subjected to in-
plane  shear», Compos. Sci. Technol.,, wvol. 133, pp. 40-50, sep. 2016, doi:
10.1016/j.compscitech.2016.06.012.

[3] A. Cohen et al., «In-situ radiography of a split-Hopkinson bar dynamically loaded materials», J. Instrum.,
vol. 14, n.o 06, pp. T06008-T06008, jun. 2019, doi: 10.1088/1748-0221/14/06/T06008figure 1



