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Laser Shock Processing is based on the application of a high intensity pulsed laser beam (I > 1 GW/cm2; t < 
50 ns) at the interface between the metallic target and the surrounding medium (a transparent confining 
material, normally water) forcing a sudden vaporization of the metallic surface into a high temperature and 
density plasma that immediately develops inducing a shock wave propagating into the material. 
 
When its peak pressure is greater than the dynamic yield limit of the material, the shock wave is engineered 
to induce plastic deformation and a residual stress distribution in the target material. The material is also 
heated by the thermal flux generated upon laser material interaction and by the plastic deformation work. 
This can produce a deleterious effect due thermal stress relaxation and tensile stresses generation in a 
narrow layer under the target free surface which can be of a critical importance from the point of view of 
the mechanical behaviour of the treated target [1]. 
 
The appropriate description of the LSP process must obtain the pressure and the heat source pulses applied 
at the target surface from the complex laser–plasma interaction process in the first steps of the treatment. 
 
Provided the large amount of physical phenomena arising in the considered processes, the corresponding 
modelling, including the formation of a vapour/plasma phase, the generally far from equilibrium ionization-
recombination processes in this plasma, its thermos-fluid-dynamic behaviour under extreme pressure and 
temperature conditions (typically leading to pressure/shock waves) an other related effects, require a deep 
understanding of the physics underlying their development, and appears as absolutely needed for the 
reliable predictive assessment of the material evolution under irradiation.  
 
The appropriate description of the LSP process requires a three level description providing the adequate 
interconnection of the data obtained in each phase in a self-consistent way from the physical point of view. 
The referred three-level description includes: 
 
i) Analysis of the plasma electronic population dynamics, including consideration of breakdown 

phenomenology in dielectric media, 
ii) Simulation of the hydrodynamic phenomenology arising from plasma expansion between the 

confinement layer and the base material 
iii) Analysis of the propagation and induction of permanent structural changes by shock wave evolution in 

bulk material 
 
A simulation model (SHOCKLAS), dealing with the main aspects of LSP modelling in a coupled way, has 
been developed by the authors [1,2]. A scheme with the different codes and their relations with input and 
output variables is shown in Fig. 1 (adapted from [2]). 
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Fig. 1. Calculational scheme of the developed system SHOCKLAS 

 
For the description of the Laser-Plasma Interaction, the 1-D HELIOS radiation-hydrodynamics code [2] is 
used to simulate the evolution of the plasma density, temperature, hydrodynamic velocity and ionization 
degree in order to obtain the temporal evolution of the pressure and thermal waves applied to the treated 
solid material. 
 
For the analysis of the behaviour of the solid target material subject to these waves, a FEM based solid 
behaviour model (HARDSHOCK 3D) with fitted material dependent deformation and hardening constants 
is applied. The code solves the shock propagation problem into the solid material, with specific 
consideration of the material response to alterations induced by the thermal and mechanical interaction (i.e. 
effects as elastic-plastic behaviour). The temperature evolution is also computed in a consistent way. 
 
With the aid of the SHOCKLAS calculational system, key results have been obtained on the parametric 
evaluation of experimental conditions to be applied for a successful induction of compressive residual 
stresses fields in technologically relevant materials as different Al and Ti alloys and several stainless steels. 
In the application of the code, involving the consideration of deformation rates exceeding 106 s-1, the 
provision for the appropriate material behaviour constants has also needed to be accomplished. 
 
In the present contribution, characteristic results of the application of the SHOCKLAS calculational system 
are presented showing its appropriateness for the proper modelling of LSP treatments along with new 
developments in the modelling of the materials behaviour at the involved extremely high deformation rates. 
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