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The Eulerian Model

The conservative form of fluid or elastic media equations in the Eulerian framework includes the Euler equations on density, momentum and energy and the gradient of a transport equation on the backward characteristics Y (x, t):

∂ t (∇ x Y ) + ∇ x (u • ∇ x Y ) = 0 ( 1 
)
where u is the velocity field. These characteristics describe the evolution of a solid material in the Eulerian framework. To close the system a general constitutive law is chosen so that it models either gas, liquids or neo-hookean elastic solids. This system is solved following the method developed in [START_REF] Gorsse | A simple Cartesian scheme for compressible multimaterial[END_REF]. Explicitly, the numerical fluxes are calculated using an HLLC approximate Riemann solver [START_REF] Toro | Restoration of the contact surface in the HLL-Riemann solver[END_REF] adapted to multimaterial flows.

The plastic behaviour

According to [START_REF] Barton | Eulerian adaptive finite-difference method for high-velocity impact and penetration problems[END_REF], the deformation gradient, denoted F = ∇ x Y -1 , is multiplicatively decomposed into an elastic part and an irreversible inelastic part : F = F e F i . In facts, during unloading the solid reaches a state where F e = Id and, thus, the left deformations are plastic. The energy contribution due to elastic strains dominates in comparison to the contribution due to plasticity. Hence, the energy and, as can be demonstrated, the stress tensor are only functions of the elastic deformation. Applying this property to equation (1) along with the decomposition of F gives:

∂ t (∇ x Y ) + ∇ x (u • ∇ x Y ) = L i ∇ x Y with, following [1], L i = 1 τ ∇ x Y dev(σ)∇ x Y -1 (2) 
where τ is a relaxation time and dev(σ) = σ -1 3 Tr(σ) is the deviatoric part of the Cauchy stress tensor σ. The plastic behaviour only occurs when the total stress overtakes the elastic yield stress σ y . Following the von Mises criteria plasticity starts when dev(σ) 2 > 2 3 σ 2 y . Then, the ODE

∂ t (∇ x Y ) = 1 τ ∇ x Y dev(σ) (3) 
is treated with ∇ x Y implicit and dev(σ) explicit. Equation (3) penalizes the right-hand side so that when τ 1 the deviator tends to zero.

Results

We present an impact simulation of a 800m.s -1 copper projectile on a copper plate in air (see Fig. 1). The plastic behaviour appears at the beginning of the computation. 
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 1 Figure 1: Impact of a 800m.s -1 projectile on a plate. Schlieren at time t = 12µs, t = 47µs, t = 118µs, t = 710µs.