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ABSTRACT 

Laser shock processing (LSP) has been proposed as an effective technology for 
improving surface mechanical and corrosion properties of metals, and has been 
developed as a pracfical process amenable to producfion engineering 

The main acknowledged advantages of fhe laser shock processing technique (LSP) 
consist in its capability of inducing of a relatively deep compressive residual stress 
field into metallic materials resulting in improved mechanical behaviour against 
fatigue crack inifiafion and growth, mechanical wear properties and stress corrosion 
without any recursion to any other subsidiary mechanical treatment. 

From fhe metallurgical poinf of view, laser shock processing may have various 
significant effects on fhe microsfrucfure of processed materials. Beside more or less 
known effects like compressive residual sfress profiles and improved fatigue 
resistance, some other effects on micro-scale might be found. 

During investigation of standard AlSl 304 steel after laser shock processing, 
measuremenfs of residual sfress states near surface, microhardness as well as 
opfical and electronic micrography were performed. The resulfs showed fhe 
subsfanfial effects of laser shock processing in every measured aspect to several 
100 pm. As compared fo classical shof peening, those effects are substantially 
different and enable users to better use fhe material. 

I. INTRODUCTION 

Laser shock processing has been proposed as a competitive alternative technology 
to classical treatments for improving fatigue and wear resistance of metallic materials, 
and has more recently been developed as a practical process amenable to 
production technology [I -31. 

The technique was initially developed specifically for the improvement of the fatigue 
cracking resistance of materials used in the aeronautic applications. Up to now, many 
materials such as aluminium and titanium alloys and different types of stainless steel 
were extensively investigated but the unavailability of powerful laser sources able to 
provide the needed intensities made any industrial application impossible. 
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More recently, on the basis of the commercial availability of new powerful laser 
sources able to provide intensities exceeding the G W I C ~ ~  level, a new intense 
research effort has been started aiming to develop the LSP technology from an 
industrial point of view [4-71. 

In this paper, experimental results on the residual stress profiles created in typical 
materials under different irradiation conditions are presented. In particular, the 
induction of residual stress fields and associated microstructure and material 
properties modification are analyzed for the case of AlSl 304 stainless steel. 

11. EXPERIMENTAL SETUP AND PROCEDURES 

The practical irradiation system used for the experiments reported in this paper is 
schematically and photographically shown in Fig. 1. Using purified water as confining 
medium, the test piece is fixed on a holder and is driven along X and Y directions by 
means of a computer controlled stage needed for the irradiation of extended areas of 
material following a pre-defined pulse overlapping strategy. 

The laser light is then conducted to the interaction area by means of a reflecting 
mirror and a focussing lens. The control of the purity of the confining medium is 
important in order to avoid the formation of water bubbles or increasing concentration 
of impurities resulting from material ablation following the laser irradiation. 

Figure 1: Schematic representation and photographic view of the LSP irradiation 
experimental setup used in experiments. 

The LSP experiments reported in this paper were performed at 4064 nm wavelength 
using a Q switched Nd:YAG laser operating at 10 Hz and providing 8 ns FWHM, 1,2 
J pulses. A convergent lens was used to deliver the laser energy over a 1.5 mm spot 
diameter. The confining layer was provided by a water jet delivered at 2 bar. 

Ill. EXPERIMENTAL RESULTS 

Under the referred experimental conditions, the effects induced by the laser on the 
mechanical properties of the treated material have been characterized. In particular, 
the analysis of induced residual stress fields, associated microstructure and analysis 
of materials properties, have been performed. 
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The test piece geometry used for the investigations is displayed in Fig. 2 together 
with a photograph of the resulting aspect of the work piece after the application of the 
LSP treatment and subsequent residual stresses field determination by hole drilling 
method. In this test piece, the varying experimental parameter is the so-called 
"overlapping pitch", a, a direct measure of the distance between both adjacent laser 
shots and parallel processing tracks which, in the defined geometry, implies a given 
number of pulse density according to table I for the chosen representative values. 

Table I: Relation between overlapping pitch and equivalent density of pulses 
corresponding to the defined sweeping procedure. 

number of pulses AX d d 1 
(~quivalent overlapping density = eod = - - - 

treated surface As xy 

This kind of experimental characterization is considered to be especially favourable 
as a detailed evaluation of the influence of the different process parameters on the 
final LSP performance is made possible in view of the direct amenability of the 
experimental results to comparison to numerical simulation results [8-91. 

Figure 2. Schematic representation of the LSP track on the sample surface 
and photograph showing a real test piece aft 

Residual stress distrib~~tion was determined the ASTM E837-01 
thod for determining residual 

thick were used for the experiments. 

Fig. 3 shows, as an example brrned I R ~  the field, the 
in y-direction for bu r  
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Figure 3. Comparative analysis of induced residual stresses along z-coordinate in 
AlSl 304 steel for three representative pulse densities. 

The new graph in Fig, 3 proves that compressive residual stresses can be introduced 
in the considered material with the applied laser intensity level of about 8 GWIC~~. 

The observed effect is predicted by previous modelling results published by the 
authors [I I], It clearly confirms the practical ability of the LSP treatment for the 
induction of compressive residual stress fields at an extent comparable with 
competing technologies like shot peening. 

b) Microstructure and Mechanical Properties 

Optical micrography on cross sections of the treated specimens (using Glyceregia, 
composition: 10 ml HN03 + 35 ml HCI -t 30 ml glycerin as etching agent) has been 
performed showing, in addition to the external surface affection, a modification of the 
microstructure of the AlSl 304 steel (see Fig. 4). The observed effect on 
microstructure can be attributed to increased dislocation density in the sub-surface 
layer. 

Figure 4: a) Microstructure sf AISl 304 arrstenitic steel. mall individual phases are 
aligned in visible layers as consequence of mechanical treatment 
(rolling). 

b) Effect of I.SP on the S U ~ - S I J T % ~ C F ?  under LS 
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The result of microhardness of treated specimens was measured according to 
Vickers method using two different forces. Fig. 4 shows the measured values on a 
AlSl 304 specimen treated with 625 pulses/cmz. As expected, elevated 
microhardness is found near the surface down to the depth of about 0.2 mm. 

AlSl304 
1064 nm, 625 pulslcm2, spot diameter 1,5 mrn 

400 , 

0 1 2 3 4 

Depth [mm] 

Figure 5: Hardness of AlSl 304 specimen treated by LSP with 625 pulses/cmz 

IV. DlSCUSSlQN 

According to the theoretical and experimental results obtained by the authors, the 
conclusion can be drawn that the LSP technology shows a potential of practical 
relevance for the improvement of mechanical surface properties. The treatment 
introduces compression residual stresses and increases the yield strength and 
hardness of the material in the effected surface layer by increasing the density of 
dislocations. 

The results presented support and prove the findings of the authors presented in 
previous papers [8-91. They also point out the high relevance of a suitable strategy 
for scanning the surface with the laser beam and of a well-defined pulse density for 
LSP treatment. 

Consequently, LSP is considered as a really promising technology for the 
enhancement of the mechanical properties like fatigue resistance and stress 
corrosion cracking resistance (see [12]) of metallic materials. 
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