0 / (1 21 0 3 1 4 1 1 0 (

Thanks to their oxide layer, aluminium alloys are remarkable for their ability to resist corrosion. However, in welding, this protective layer acts as a barrier which must be broken in order to succeed in the thermomechanical joining of aluminium.

The chosen alloy (6082-T6 or AlSi1MgMn) has been subjected to various deformation path. The first of them consists in the channel-die (plane strain) compression of two cuboids, one above the other. Considering the configuration of the test, the surface size between the two samples rises, so that the fragmentation of the oxide layer creates welding bonds. However, the friction effects in the channel lead to a heterogeneous deformation, so that the contact surface undergoes different behaviors: a microscopic study then shows that the welds appear in areas with significant shear.

Channel-die and uniaxial compressions of beveled samples confirm that more significantly than the global deformation, the shear strain is the most active phenomenon for achieving an effective thermomechanical joining.

Another approach is the cumulative deformation as a result of a cyclic load: a tube is cut through its section and undergoes both a compression and cyclic torsion load. The contact surface between the two semi-tubes is under a shear behavior and the combination between plastic deformation and local heating leads to a fragmentation of the oxide layer: all this factors allow the thermomechanical joining of aluminium alloys.

Weight reduction and longer working life of structures are major challenges in the competition between light alloys and composites for new generations of aircrafts or cars. To this end, new grades of aluminum alloys are under development, either to reduce their density with equivalent mechanical properties or to increase the mechanical strength, allowing to reduce thickness.

Alongside the selection of materials for specific characteristics, another approach is mass gains via new assembly techniques. Indeed, compared to conventional methods (rivets, bolts, etc.), some welding methods do not require any filling metal (friction stir welding, pressure welding, ultrasonic welding, etc.) and thus reduce weight and manufacturing costs of the structure up to 25%.

During plastic deformation of metallic materials, the hydrostatic pressure has an essential impact on the local and thermomechanical joining in general and on the mechanism of healing of metallic materials in particular (closure of cavities by local welding). These processes of metal junction will be studied from two approaches, both mechanical (the deviatory and spherical load allows the inner walls to come closer in a global and local scale (surface roughness)) and chemical (properties of oxide layers and their evolution during the local plastic deformation). The underlying notion is the fragmentation of the oxide layer during deformation, implying the creation of "fresh surface": this non-oxide material is physically unstable and therefore naturally bonds with its closest neighbor.

The chosen material is the aluminium alloy EN AW-6082-T6, also referred as AlSi1MgMn, whose chemical composition is described in Tab. 1. The addition of manganese controls the grain structure which in turn results in a stronger alloy, thus replacing 6061 in many structural applications (Tab.2). Fatigue properties and analysis could be seen thanks to Borrego [START_REF] Borrego | Analysis of low cycle fatigue in AlMgSi aluminium alloys[END_REF] Table 1 -Chemical composition of AW-6082-T6 aluminium alloy (wt%) The first deformation path investigated is the plane-strain compression, using a channel-die device which is the most relevant for simulation of rolling of metallic alloys. Since the width w 0 remains constant during the deformation, the main singularity of the test with respect to other compression tests is that only two components (out of five, assuming we are dealing with incompressible materials) of the strain rate tensor are not prescribed by the test: the shear strain rates 12 ε and 13 ε (where x 1 , x 2 and x 3 denote respectively the Rolling, Transverse and Normal Directions, Fig. 1) [START_REF] Ch | Propriétés générales de l'aluminium et de ses alliages[END_REF].

Fig. 1 -Schematic representations of the specimens used in channel-die compression

Here, the objective of the tests is the study of thermomechanical joining of metallic metals. Thus, the compression is made on two cuboids, set one above the other (Fig. 1). Considering the configuration of the test, the surface size between the two samples rises, so that the fragmentation of the oxide layer leads up to the emergence of fresh surface, creating welding bonds.

Various parameters have been studied in order to decide on their influence on the welding. Of course, the first parameter is the set strain and then the objective was to determine, for a given set of parameters, the stain necessary to obtain a junction of the two samples. Here the equivalent von Mises strain was up to 1 for a sustainable assembly. The influence of temperature (room temperature, ≈20 ° C or hot working, 350 ° C), the strain rate (at hot temperature only) and the surface roughness of the samples at the interface (from raw to mirror finish) were investigated. As one might have expected, at hot temperature, the diffusion and the reactivity of the material make easier the junction and the joinability threshold falls significantly from 0.92 to 0.67. In contrast, the strain rate does not appear to be an influential parameter, even if the compression should be fast enough to avoid excessive oxygen diffusion at the interface, which could lead to an oxidation of the appearing fresh surface. Finally, the roughness can also reduce the strain required to achieve a thermomechanical joining, since a mirror finished surface allows the local walls to come closer.

The first macroscopic observation highlighted that the local crystal orientations led to local heterogeneous deformation, so that the initial surface roughness (mirror finish) is not retained. However, similar tests on single crystals (Al0.3%Mn Cube and Al0.1%Mn Goss) didn't lead to sustainable joining. See also [START_REF] Vanderesse | Channel-die compression at high temperature[END_REF] about the channel-die compression of crystals.

The second macroscopic observation deals with the final deformation of the sample: as in uniaxial compression, the friction effects stands in to the upper and lower surfaces of the channel, but here the friction also extends to the lateral faces of the sample, leading to a heterogeneous deformation (Fig. 2). After deformation, when the assembly is sustainable, a microscopic study has been carried out. Coupled with a FEM simulation on Abaqus ® , it then showed that the welds appear in zones with significant shear values and gradient (Fig. 2). Using an EBSD analysis, it was also showed a static recristallisation in welded zones. In order to confirm this result, the compression of beveled samples (angle of 10°) has been carried out. It showed that more significantly than the global deformation, it's the local behavior, especially the shear strain, which is the most active phenomenon for achieving an effective thermomechanical joining.

To conclude, the thermomechanical joining of aluminium in plane strain compression succeed and showed that, if the global deformation remains the first factor for achieving a joining, especially in terms of surface growth, the local behavior (crystallographic orientations and shear) seems to be the most active phenomenon for achieving a sustainable joining. To confirm the predominance of the local behavior on the global deformation, a second method has been set up: the cumulative shear deformation as a result of a cyclic load. The test specimen, made of the same aluminium alloy (6082-T6), is a tube which is cut through its section (Fig. 3). The testing machine used is a biaxial servo-hydraulic of traction-compression and alternating torsion. This equipment is endowed by an axis alignment system and fluid hydrostatic bearings. Here, while the upper part remains static, the lower part is free in axial displacement (compression or traction) and/or in rotation. The height of the specimen is 150 mm and the effective area, where the theory of circular tube is applied, is 30 mm high and 3 mm thick, the outside diameter being 30 mm. Given the configuration of the test, the interface is under a pure shear behavior during the rotation.

For an tube of outer and inner radius R e and R i and length L >>R e under a compression force F z and a torque T z , the strain and stress fields describing the test are given by the equation:
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Note that in our case, a realistic value for the length L -and so ε θz -is hard to define since the non-effective area must also be considered and since the sliding at the interface may cause only a partial drive of the upper part by lower one.

To find a window of joinability, many parameters have to be set: the compression force and its type of solicitation (monotonic or cyclic, with a variable mean value or not), the torsion angle amplitude and its period (thus defining the speed of rotation), the number of cycles, the surface polishing at the interface. In this n-dimension space, the test being rather complex, it has been necessary to decide on configuration which can lead to a sustainable joining.

Here, both the compression force and the defined angle are set so that the test specimen remains near the yield strength σ Y at each cycle: instead of a large deformation as in the first method, the underlying idea is here to consider very small plastic deformation cumulated on a lot of cycles. The Section τ Z θ R lower part is firstly loaded under compression and retained during the entire test in under for the walls of the interface to get closer. Secondly, the lower part is under a cyclic torsion load.

In our configuration, the compression stress σ zz remains elastic while the force F z is below 66 kN and the torsion strain ε θz has an elastic behavior as long as the angle α doesn't exceed 1,214° (to obtain this value, the sliding has been neglected and the non-effective area has been considered up to 1/3, leading to L=57 mm). It also important to note that the test specimen isn't heated and is made at room temperature: the only variation of temperature is the consequence of the local heating which occurs as a result of friction between the two parts.

Firstly, the tests have been conducted with a controlled surface finishing (26µm) in order to be sure of the repeatability of the test. The compression force was up to 50 or 60 kN (which is close to 66kN, value for the entry in the elastic-plastic domain). The variation of angle were chosen linear and with an amplitude from 1.4 to 7°, but for angle of 5° or higher, the interface acted as in a dry machining, with production of metallic chips. To prevent from this inconvenient, both the angle and the compressive force have been decreased. Hence the input signal of the torsion angle α has been set sinusoidal, with α 0 the amplitude and T the period:
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Eventually, the parameters to achieve a sustainable joining are: F z =30 kN, α 0 =1°, T=0.6 s and, in order to improve the reactivity of the surfaces at the interface, a mirror finish (1 µm) has been set: thanks to this surface finish, the width of the oxide layer is perfectly controlled and regular, thus allowing a better closure of the inner walls. As regards the duration, the cyclic load lasted a little more than 7h, i.e. 42000 cycles, but despite of many measures during the test, nothing indicates a precise moment when the joining, even partial, has been effective. A characterization of the joining is in progress, both with nondestructive testing (tomography X), destructive testing (classical traction or compression tests on samples taken on either side of the original specimen, compared with full sample) and microscope analysis (optical, SEM, EBSD). The goal of those results is to determine whether the joining is total or partial and then if the junction is strong. Moreover, some other tests are in progress too in order to measure the displacements of the two samples thanks to stereo correlation device.

Nevertheless, the combination of shear, friction and local heating at the interface leads to a fragmentation of the oxide layer, thus allowing a thermomechanical joining.

The purpose of this paper was to study the effects of the shear on the thermomechanical joining of aluminium alloys. The first method -plane strain compression -lead to the conclusion that, in order to achieve a sustainable joining, an important deformation rate is needed, but the predominant phenomenon is the shear: a comparison between the observation on a optical microscope and a FEM analysis lead to the conclusion that the joining were effective in the zones with important shear stress. In order to valid this interpretation, a second protocol has been conveyed: a torsion test specimen has been cut through its section and undergoes a compression followed by a cyclic torsion with small angles during a great number of cycles. In this condition, the interface is under a pure shear behavior and a sustainable thermomechanical joining happened. Finally, this paper showed the importance of shear for breaking up the oxide layer, leading to a thermomechanical joining of aluminium alloys.
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