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1.  INTRODUCTION

Laser Shock Processing (LSP) has been practically demonstrated as a 
technique allowing the effective induction of  residual stresses fields in 
metallic materials allowing a high degree of surface material protection. 
Experimental results obtained with commercial Q-switched lasers prove 
complete feasibility at laboratory scale
Depending on initial material mechanical properties, the remaining 
residual stresses fields can reach depths and maximum values providing 
an effectively enhanced behaviour of materials against fatigue crack 
propagation, abrasive wear, chemical corrosion and other failure
conditions. This makes the technique specially suitable and competitive 
with presently use techniques for the treatment of heavy duty 
components in the aeronautical, nuclear and automotive industries.
However, according to the inherent difficulty for prediction of the shock 
waves generation (plasma) and evolution in treated  materials, the 
practical implementation of LSP processes needs an effective predictive 
assessment capability 
A physically comprehensive calculational tool (SHOCKLAS) has been 
developed able to sistematically study LSP processes
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2.  LSP PHYSICAL PRINCIPLES (1/2)
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2.  LSP PHYSICAL PRINCIPLES (2/2)
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3. NUMERICAL SIMULATION. MODEL DESCRIPTION

The SHOCKLAS Calculational System
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3. NUMERICAL SIMULATION. MODEL DESCRIPTION

HARDSHOCK-2D Semi-infiniteHARDSHOCK-2D Semi-infinite

Ti6Al4VTi6Al4V Radial stress dynamic analysis
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4. NUMERICAL SIMULATION RESULTS

HELIOSHELIOS Analysis of relative influence of confining materialAnalysis of relative influence of confining material
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4. NUMERICAL SIMULATION RESULTS

HELIOSHELIOS Analysis of influence of water layer thicknessAnalysis of influence of water layer thickness
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4. NUMERICAL SIMULATION RESULTS

HELIOSHELIOS Analysis of plasma for LSP conditionsAnalysis of plasma for LSP conditions
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Summary of correlated experimental observations and simulation Summary of correlated experimental observations and simulation 
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J.A. Aguilera, C. Aragón / Spectrochimica Acta Part B 59 (2004) 1861–1876
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The need for a practical capability of LSP process control in practical 
applications has led to the development of comprehensive 
theoretical/computational models for the predictive assessment of the 
complex phenomenology involved.

High intensity laser-plasma interaction has revealed itself as a critical 
point for a proper process understanding and predictive assessment.

A physically comprehensive calculational model (SHOCKLAS) has been 
developed able to systematically study LSP processes starting from 
laser-plasma interaction. The integrated laser-plasma analysis routine, 
based in realistic material EOSs, provides a unique capability for 
process coupled theoretical/practical characterization

The development of the appropriate experimental diagnosis facilities 
enables a reliable process predictive assessment capability in view of 
process industrial implementation.

6. DISCUSSION AND OUTLOOK
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The upgrading of LSP experiments to industrial production requires the 
development of advanced laser sources combining high peak 
intensities, pulse energies and repetition rates. This is nowadays a 
major challenge to laser systems developers.

The analysis and characterization of laser-matter interaction at high 
intensities and short times in the frame of development of industrial 
applications provide a first rank occasion for both basic and applied 
research.

Laser Shock Processing, together with other very high intensity laser 
applications is considered to provide a unique present-day bridge to 
the high intensity ultra-short time developments envisaged for ELI and, 
in this sense, experimental facilities in the ns-ps, GW-TW range are 
considered as valuable subsidiary tools to reach the ELI objectives.

6. DISCUSSION AND OUTLOOK
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