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The development of new bird strike shielding materials for commercial aircrafts requires test campaigns. During these tests, measurement of the high speed deformation is needed to characterize and compare the mechanical response of the shielding samples and to correlate numerical simulations with experiments. In this work, 3D digital image correlation method is used with high speed (HSP) cameras to compute the displacement and strain fields on a large area (approximately 400mm wide) of the back side of impacted samples. Compromise on spatial resolution, frame rate of HSP camera and measurement error is discussed.

INTRODUCTION

Among the quantities of interest measurable during a bird strike test, one is the deformation of the target that could help correlate simulations with experiments and compare different targets one to each other. Deformations are often measured by strain gages [START_REF] Guida | Certification by birdstrike analysis on C27J fullscale ribless composite leading edge[END_REF] but particular attention has been paid recently to 3D digital image correlation (DIC) for HVI or blast [START_REF] Gupta | Study of dynamic underwater implosion mechanics using digital image correlation[END_REF]- [START_REF] Gérald Portemont | An innovative experimental device for ice impact onto composite panel[END_REF] when region of interest (ROI) remains properly visible during test. The main challenge is to find a compromise between measurement accuracy and size of the ROI because of the lower resolution of high speed cameras. In the framework of project FUI SAMBA led by Stelia Aerospace, which aims at developing new shielding concepts for protecting the cockpit of aircrafts against bird strike, the back side of shielding samples remains visible during test. The ROI of such one square meter target may span several hundred millimeters side length. In this paper, the ROI reaches 400mm by 400mm corresponding to the average length between stringers of the structure which was considered to be protected.

PRELIMINARY STUDY

Before bird strike tests, 3D DIC capabilities were evaluated. As shown in Figure 1, two high speed cameras (Photron APX) are used for stereo-vision. At a rate of 30000 frames per second, resolution was 256 by 256 pixels. A coarse high contrast random pattern (bullet points of diameter approximately equal to 10mm) has been painted on a mock target plate such that the transition between black and white area corresponds to approximately four pixels [START_REF] Ke | Robust stereo vision and calibration methodology for accurate three-dimensional digital image correlation measurements on submerged objects[END_REF]. After calibration, correlation was successful in the ROI 2 . Figure 2 shows the mock target in reference and rotated positions and its shape reconstruction by stereo-correlation. The maximum out-of-plane displacement that was measured is about 40mm (Figure 2.b). As target plate remains planar and not deformed, computed strain should remain very small [START_REF] Sutton | The effect of out-of-plane motion on 2D and 3D digital image correlation measurements[END_REF]. A normal strain of 6.10 -4 is computed which seems satisfactory at this stage for the application (Figure 2.c). The frame rate of cameras is set to 30000fps. The corresponding maximum resolution of 256 by 384 pixels is chosen so that a marker placed on the upper beam of the chassis is in the field of view (Marker tracking on the chassis enables the assessment of the boundary conditions). After calibration of the stereo system, 3D image correlation of the ROI is performed by VIC3D. As shown in figure above, correlation algorithm may not converge in some areas of some images due to light reflection on the deformed target. Nevertheless, the deformation of the plate can be evaluated in most of the ROI for all the images during the impact event. The maximum computed normal displacement reaches then 70mm.

CONCLUSIONS

The preliminary study has open interesting prospects for the use of 3D DIC for bird strike tests on shielding concepts. It was shown that large region of interest could be considered while keeping a quite good accuracy of measurement of displacement and strain fields. The second step of this work has implemented the stereo-correlation device in bird strike test conditions of the impact test platform which is co-developed by IRT Saint-Exupery and Institut Clément Ader. Further analyses are planned to assess and reduce the measurement error and to correlate with numerical simulations of bird strike.
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 1 Figure 1. Stereo-correlation device comprising high speed camera and large scale target with coarse speckle pattern.
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 23 Figure 2. 3D surface reconstruction of the target in reference position (a) vertically rotated position (b) and computation of strain field in rotated position (𝜖 𝑥𝑥 < 6.10 -4 ) (c) 3. BIRDSTRIKE TEST AND APPLICATION OF 3D-DIC The bird strike tests are performed at the High Velocity Impact Test Platform in Toulouse, France, which has been co-developed by IRT Saint Exupery and Institut Clément Ader (UMR CNRS 5312) for the last 2 years. A 120mm diameter gaz launcher is used to shoot 1,5kg substitute bird (homemade gelatin cylinder) at 170-180m/s. An aluminum plate (dimensions: 800mm x 800mm x 6mm) is simply supported by two parallel beams of a stiff chassis (see Figure 3.a). The camera setup is such that distance to target is approximately 2,5m and the angle between the axes of cameras is 30°. Cameras are placed outside the shooter enclosure whose backside wall is made of polycarbonate plates (see Figure 3.b).
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 4 Figure 4: (a) 3D DIC of the plate during bird strike, (b) state of the plate after impact
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