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A QUANTITATIVE DISCRETE ELEMENT MODEL TO INVESTIGATE SUB-SURFACE DAMAGE DUE TO SURFACE POLISHING

This work is a continuation of a previous study that investigated sub-surface damage in silica glass due to surface polishing. In this previous study, discrete element models have shown qualitatively good agreement with experiments. The presented work propose a model allowing quantitative results by focusing on the continuous part of the problem. Special attemption was

given to the discrete element model of silica glass considered as perfectly isotropic, elastic and brittle. To validate this approach, numerical results are compared to experimental data from literature.

Introduction

When fused silica optics are submitted to high-power laser (such as megajoule laser or National Ignition Facility) at the wavelength of 351 nm, fused silica optics can exhibit damage, induced by the high amount of energy traversing the part [START_REF] Glass | Laser induced damage of optical elements-a status report[END_REF]. Current researches have shown that this damage could be initiated on pre-existing Sub-Surface Damages (SSD) created during the polishing processes [START_REF] Camp | Subsurface damage and polishing compound affect the 355-nm laser damage threshold of fused silica surfaces[END_REF][START_REF] Salleo | Laser-induced damage of fused silica at 355 nm initiated at scratches[END_REF][START_REF] Génin | Role of light intensif cation by cracks in optical breakdown on surfaces[END_REF][START_REF] Feit | Inf uence of subsurface cracks on laser-induced surface damage[END_REF][START_REF] Bercegol | Progress in the understanding of fracture related laser damage of fused silica[END_REF][START_REF] Miller | Laser damage precursors in fused silica[END_REF]. The discrete element method (DEM) is proposed to simulate the polishing process and its impact on sub-surface damage creation. Discrete element model is well adapted to simulate a media that has a great number of interfaces. It has been widely used to study tribological problems like wear phenomena [START_REF] Iordanoff | Solid third body analysis using a discrete approach: Inf uence of adhesion and particle size on macroscopic properties[END_REF][START_REF] Iordanoff | Granular lubrication: Toward an understanding of the transition between kinetic and quasi-f uid regime[END_REF][START_REF] Iordanoff | Numerical study of a thin layer of cohesive particles under plane shearing[END_REF][START_REF] Fillot | A granular dynamic model for the degradation of material[END_REF][START_REF] Fillot | Simulation of wear through mass balance in a dry contact[END_REF][START_REF] Richard | Friction coeff cient as a macroscopic view of local dissipation[END_REF][START_REF] Fillot | Modelling third body f ows with a discrete element method-a tool for understanding wear with adhesive particles[END_REF]. In this kind of problem, the material has a continuous part (the volume above the surface that is not yet affected by the wear), a continuous part with cracks (called sub-surface damage in abrasion process terminology) and a discontinuous part (the interfacial media, called third body, that is a mixture of abrasive particles and wear particles). Discrete element model must be able to simulate with accuracy all these parts of the material. This work is a continuation of a previous study that investigated sub-surface damage in silica glass due to surface polishing [START_REF] Iordanoff | A discrete element model to investigate sub-surface damage due to surface polishing[END_REF]. In this previous study, discrete element models have shown qualitatively good agreement with experiments. The presented work propose a model allowing quantitative results by fo- 
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