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Les protections balistiques actuelles, telles que le verre blindé ou les EPI, sont très lourdes. L'objectif de cette étude est d'élaborer une solution transparente balistiquement efficace sous forme de matériaux composites pour alléger les matériaux existants. Les premiers tests montrent qu'il est possible de produire des matériaux composites transparents à des longueurs d'onde du visible.

Introduction

Composite materials are heterogeneous materials obtained by assembling different immiscible components. Polymer composites reinforced by fibre have mechanical properties equivalent to metals for a lower density. Another advantage of these materials is their permeability to electromagnetic waves. The transparency of composite material in the visible range is obtained only when the refractive indices of the two components are very close to each other [START_REF] O'brien | Thermally stable transparent composite materials[END_REF].

Glass fiber and epoxy are a couple commonly used to realize transparent composites materials in the visible domain [START_REF] Krug | Transparent fiber glass reinforced composites[END_REF][START_REF] Kang | Thermo-optic characteristics in transparent glass fabric reinforced composite using inorganic-organic hybrid materials[END_REF][START_REF] Zobeiry | Fabrication of transparent advanced composites[END_REF]. O and W have produced polyamide/epoxy and polypropylene/acrylic transparent composite materials [START_REF] O'brien | Thermally stable transparent composite materials[END_REF]. Ribbons were used as reinforcement to minimize the diffraction phenomena, resulting in composite samples with transmisson and haze values above 90%, and below 10%. Polycarbonate is also often used as matrix for its interesting behaviour for ballistic applications [START_REF] Pisanova | Polycarbonate Composites[END_REF][START_REF] Wright | Ballistic impact of polycarbonate -an experimental investigation[END_REF][START_REF] Okamoto | Relationship between the composition of polycarbonate copolymers and the refractive index[END_REF].

The objective of this study is to investigate the influence of glass fiber textile structures used in the development of a transparent composite material.

Materials and experimental methods

Experiments

Initial tests were performed with thermoplastic polymer (such as PC, PMMA or PET-G) or thermoset polymer (different formulation of epoxy) and E-glass fibre as reinforcement. Results show that it is possible to produce composite materials that are transparent at visible lengths. The assembly of two optically transparent components (matrix and reinforcement) is sufficient to obtain a material with good transmission values (even if the difference of refactive index is higher than 0.003). Yet, this assembly is not sufficient to obtain a composite material within a clear image is visible (ie. a low values of haze).

In light of the good optical results obtained with a specific epoxy matrix and glass fibre as reinforcement, a succession of tests has been realized for determining the influence of the fibre volume ratio on the optical and tensile parameters. Studied parameters are the weave patterns and the number of layers.

Materials and sample preparation

Three woven structures (with the same E-glass fibre but different areal densities) were used. E-glass woven fabric (plain, twill and sateen), used as reinforcement, is provided by P I . Thicknesses and areal densities are respectively: 0.17 ± 0.00, 0.20 ± 0.00, 0.35 ± 0.01 mm and 163, 189, 301 g/m 2 , for the plain, the twill and the sateen fabrics. Porosity is calculated from the thickness, the areal density of the fabric and the density of the glass ρ E-glass = 2.540 kg/m 3 . Porosity are calculated to 62.2, 63.2 and 66.1%, for one layer of plain, twill and sateen fabrics. Composites is elaborated with one of the three woven structures, and a specific number of layers: 5, 10, 15 or 20.

Epoxy resin SR8200 and hardener SD7201 are provided by S (FRANCE). The mixtures were made in a plastic jar according to the proportions recommended by the manufacturer. The samples are processed in a silicone mold after impregnating the textile samples with the resin. The use of the silicone mold allows for easy removal and provides a smooth surface for the samples. The fabric layers are stacked in the same direction (0°). A degassing step is performed with a heat gun before the polymerization step (room temperature for 72 hours). The name of the composite sample is composed of the first letter of the reinforcement architecture and the number of layers (for example, T-15 for Twill, 15 layers). Figure 1b allows to appreciate the resulting transmittance of composites: T5 and T10. Fiber ratio and composite porosity are calculated from the areal density of the reinforcement, the mass of the final composite and its dimensions. Optical tests (transmittance and haze) are realized on a K M CM 3610A spectrophotometer. A spectrophotometer measures haze according to ASTM D1003 standard [START_REF]ASTM D1003 -Standard test method for haze and luminous transmittance of transparent thermoplastics[END_REF]. Mechanical tensile tests were performed on a I 5908 machine according to NF ISO 527-4 standard. Samples are tested in the two directions of the fabrics, with a width of 25 mm. The gap between the clamping jaw are set to 150 mm, and the test is performed at the speed of 2 mm/min. E1 modulus is determined between 0 and 0.001 % of deformation. Modulus at break are also determined, to highlight the influence of the fibers when the tested materials is under stress. 

Results and discussion

The thickness of the composite material is a function of the number of integrated fabric layers and their thickness. The fiber ratio increases with the number of layers and also with the surface area weight of the fabric used. The microscopic observations of the samples carried out highlighted the presence of bubbles at the interface fabric/matrix, related to the manufacturing process and, in particular, at the stage of the deposit of the layers of fabric on the resin. The presence of these bubbles induces high values of porosity. This value is also linked to the support used. Thus the sateen structure, whose fabric porosity is the highest, traps more air than the others during the processing. 

Optical characterisation

The transmittance value of the reference sample (unreinforced matrix) is T = 94.8 ± 0.2% . When the samples contain fabric, this value decreases with the increase of the fiber rate (Figure 3). This result is in agreement with those of the study of I et al. The haze value for the reference sample is about 9.8 ± 1.7%. The presence of fibers induces an exponential increase of this value, linked to the multiplication of the textile/matrix interfaces, and an increase in the porosity of the composite (Figure 4). These two elements modify the path of the light which is translated by an evolution of the value of the haze. 

Mechanical characterisation

During the mechanical tests, the samples become opaque during deformation, probably due to the stresses applied to the macromolecular network, and then become transparent again at the end of the test after breaking. E1 modulus of net epoxy was measured to 2,7 GPa; the result is consistent with the supplier data sheet. Results of E1 modulus are given in Figure 5. E1 modulus does not change with increasing fiber content. At low deformation values, stress is only supported by the matrix. The stress is transferred to the fiber from a specific value of deformation. Hence the interest to take a look at the modulus at the break. As for the haze, the high proportion of porosity in the composite can reduce the properties. Modulus at break of the net epoxy was measured to 2.42 GPa. Results of modulus at break are given in Figure 6. The addition of glass fibre leads to an improvement of modulus at break. Nevertheless, the modulus at break do not change with the fibre ratio. For all samples, modulus at break is higher than E1 modulus (cf. Figure 5). Stress at break of net epoxy was measured to 67 MPa. Results of stress at break are given in Figure 7. For all samples, adding E-glass fiber to epoxy leads to an increase in the stress at break. Results also show a linear increase in stress at the break by increasing the fiber ratio. The slope of this potential linear regression depends on the nature of the reinforcement and the porosity; the vertical intercept is the stress at the break of the net epoxy. Such a result is consistent with many works concerning composites materials. 

Conclusion

Optically transparent composite materials have many characteristics that make them suitable candidates to replace existing materials used for bulletproofs or PPE. This study deals with optical and mechanical properties of such materials according to the fibre volume ratio. Woven e-glass/epoxy composite materials, realized during this study, display values of transmittance higher than 80%. Nevertheless, due to composite making process, the high porosity created lead to a decrease of the value of haze (ie. light rays are dispersed on the interface matrix/bubble and do not propagate in a straight line within the sample) with the fibre ratio and impact the mechanical properties. Mechanical tests results are impacted by the high porosity. Nevertheless, the addition of fibre improves significantly the stress and modulus at break. At this time, our current work tends toward increasing the fibre ratio to improve the mechanical properties, while maintaining the optical properties.
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