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In the interest of studying the rapid crack propagation (RCP) on polymer hollow spheres, a numerical model is investigated. It is based on the Discrete Element. 
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EXPERIMENTAL AND NUMERICAL INVESTIGATION OF HOLLOW SPHERES SUBJECTED TO FRACTURE Arthur Cor´e *, Jean-Benoˆıt Kopp, Philippe Viot, Jean-Luc Charles, and Fr´ed´eric Dau Arts et M´etiers ParisTech, I2M-DuMAS, UMR 5295 CNRS F-33405, Talence, France Summary This paper deals with the characterization and the numerical modeling of a new core structure developed to absorb energy during a bird strike on an airplane cockpit. This technology is based on the inclusion of composite hollow spheres in a sandwich structure. An experimental crushing analysis is conducted on a single hollow sphere to quantify the energy dissipated by dynamic fracture. A numerical model based on the Discrete Element Method (DEM) is investigated to take into account the brittle behavior of the constitutive material. The DEM used shows an original approach to correctly describe the dynamic fracture of a spherical and thin structure.



INTRODUCTION Hollow sphere structure (HSS) belongs to cellular solids that have been studied recently for its multiples properties [1]. In our case, HSS aims to absorb soft impacts energy on an airliner cockpit. HSS is investigated through the SAMBA (Shock Absorber Material for Bird-shield Application) project because of its promises in term of specific energy dissipated (J.kg−1 ) during impact. Hollow spheres can easily fill a sandwich structure to be placed in front of the plane. Hollow spheres studied in this study are made of epoxy resin and are subjected to dynamic fracture. The formalism of Linear Elastic Fracture Mechanics (L.E.F.M.) is therefore used to estimate the dynamic energy release rate GIDC . In the interest of studying the rapid crack propagation (RCP) on polymer hollow spheres, a numerical model is investigated. It is based on the Discrete Element Method. It reveals to be an interesting way to model the mechanical behavior of brittle materials. DYNAMIC CRUSHING OF A SINGLE COMPOSITE HOLLOW SPHERE Experimental investigation First of all, quasi-static to dynamic (v = 5 mm.s−1 to v = 2 m.s−1 ) compression tests are conducted at room temperature on a single sphere (φ = 30 mm). The material of the sphere appears to behave in a brittle manner. In fact, RCP is observed to be predominant at macroscopic scale, see Fig. 1. The elastic energy stored in the structure at failure is evaluated. This energy reported to the surface (typically the width b times the crack length ∆a) is known as the quasi-static energy release rate GI0 . The crack tip location is measured during the crack propagation using a high speed camera (60,000 frames per second). The critical dynamic energy release rate GIDc is finally estimated with taking into account inertial effects [2, 3]. Both fracture energies at quasi-static and dynamic (v = 5 mm.s−1 and v = 2 m.s−1 ) solicitations are deduced and compared.



Figure 1: Dynamic compressive test on a hollow sphere (top) and the DEM model (bottom). Captures of the crack propagation versus time
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Discrete Element Method A model based on the discrete element method (DEM) is chosen to simulate the single sphere crushing. This method is well adapted for high strain, dynamic solicitations and fracture. Indeed, the DEM simulates naturally the propagation of cracks by breaking the bonds between each element. 3D simple Bernoulli beams are used as bonds to reproduce the behavior of continuous materials [4]. The principal stress criterion is applied for the crack initiation and propagation. The geometry of the hollow sphere is created by ensuring that the number of discrete element is adequate to represent a continuous material, typically more than 10 000 elements. The numerical sphere is then compressed at different velocities (v = 1 m.s−1 to v = 100 m.s−1 ). Numerical results are confronted to the previous experiments of crushing spheres, see the force displacement curve in Fig. 2 and the crack initiation and propagation in Fig. 1.



Figure 2: Dynamic compressive test on a composite hollow sphere at v ≈ 2 m.s−1 . Comparison between experimental and numerical results



CONCLUSIONS The fracture behavior of hollow sphere under quasi-static and dynamic compression tests were investigated using an experimental and a numerical approach. Experiments have been conducted at room temperature and at different compressive velocities (quasi-static to dynamic regime). For the studied material the more the impact velocity the more the crack tip velocity. And the more the crack tip velocity the more the critical energy release rate. GIDc values have been estimated with experimental data to vary from 2.5 ± 0.2 kJ/m2 in quasi-static to 6.2 ± 1.2 kJ/m2 in dynamic. The numerical model using DEM that has been developed to simulate the brittle behavior of the hollow sphere is in good agreement with the experimental data. The crack tip velocity computed is 182 m.s−1 with the DEM compared to 217 ± 9 m.s−1 measured experimentally. The fracture energy values are both estimated experimentally (GIDc = 6.2 ± 1.2 kJ/m2 ) and numerically (GIDc = 6.15 kJ/m2 ). The Discrete Element Method used shows an original approach to correctly describe the dynamic fracture of a spherical and thin structure and can be applied to study the interaction between two or more hollow spheres. References [1] Augustin, C.: Multifunctional metallic hollow sphere structures: manufacturing, properties and application. Springer Science Business Media, 2009 [2] Broberg KB. The propagation of a brittle crack. Arkiv Fysik 1960;18:159 [3] Kopp, J. B., Schmittbuhl, J., Noel, O., Lin, J., Fond, C. (2014). Fluctuations of the dynamic fracture energy values related to the amount of created fracture surface. Engineering Fracture Mechanics, 126, 178-189. [4] Andr´e, D., Iordanoff, I., Charles, J. L., Nauport, J. (2012). Discrete element method to simulate continuous material by using the cohesive beam model. Computer Methods in Applied Mechanics and Engineering, 213, 113-125.
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