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Laser shock peening is a mechanical surface treatement which generates a near surface compressive residual 
stress field in response to the plastic deformation caused by a mechanical shock wave[1].  The plastically 
defomed region and resulting residual stresses have been found to significantly increase the fatigue resistance 
and damage tolerance of aerospace components[2].  These compressive residual stress field are balanced by 
potentially deleterious tensile residual stresses which can act as crack initiating sites.  Hence is is necessary 
to characterise these residual stress fields.  The objective was to measure the residual strain distribution in an 
aluminium alloy disc sample which had been laser shock peened on the two opposite faces.  The aim of the 
experiment was to spatially resolve the compressive and tensile residually stresses regions.  This was 
achieved by measuring the residual strain depth profile and 2D mapping of the highly residually stressed 
regions. 
 
The studied sample was a laser shock peened 7075-T7351 disc shaped sample provided by Dr Patrice Peyre 
at the French CNRS laboratory for laser science LALP.  The disc was 30mm in diameter and 12.85mm thick 
as shown schematically in Figure 1.  The sample was laser shock peened at the centre on both the circular 
faces of the disc.  One side was laser shock peened repetitively twice in the same position while the other 
face was peened four times.  The laser impact footprint was 8 mm  in diameter. 

Measurements were made on the high resolution powder 
diffractometer ID31.  The energy of the monochromatic 
synchrotron beam was 60KeV.  The (311) diffraction plane 
was measured giving a scattering angle (2θ) of ~ 9.7º.  The 
incident beam size was 0.2 x 0.2 mm, defined by automated 
slits.  The secondary slits were also set to 0.2 mm, giving a 
gauge length of ~2.4mm.  An analyser crystal is used to 
define the diffracted beam which eliminates the 
pseudostrain arising from partially filled gauge volumes. 

 

 

Figure 1. Schematic of the 7075 disc sample
treated with  4 times and 2 times repetitive 
laser impacts at the same position. 
  

The full thickness residual strain depth profile through the 4 times impacted side to the 2 times impacted side 
is shown in Figure 2.  The residual strain profile shown in Figure 2 reveals that the side peened 4 times 
repetitively, exhibits compressive residual strains to 2mm in depth.  Peak balancing tensile residual strain 
occurs around 2.5mm in depth, decreasing to near zero strain 5mm beneath the surface.  The side peened 2 
times exhibits the transition from compression to tension at around 1mm beneath the surface.   
The balancing tensile residual strain exhibits a peaked shape, but has a rather flat profile at ~150µε through 
to the centre of the sample.  The greater scatter in the shape of the profile may suggest that the grain size 
increases in this undeformed region, hence measurements are recorded from individual grains or a few grains 



with similar residual strain.  This is confirmed by the scatter from point to point in the peak width profile 
shown in Figure 3.  The general trend of the peak width shows significant broadening of the diffraction peaks 
on both treated surfaces, indicating increased plastic strain in these regions. 
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Figure 3. Peak width depth profile from
4X peened surface 
 
Figure 2. Radial residual strain depth profile
from 4X peened surface 
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