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Abstract: The present work was aimed at evaluating the effects of shot peening on the high cycle fatigue 
performance of the age hardening aircraft alloy Al 2024 at different almen intensities. Shot peening to full 
coverage (100%) was performed using spherically conditioned cut wire (SCCW 14) with an average shot size 
of 0.36 mm and at almen intensities of 0.1 mmA, 0.2 mmA and 0.3 mmA.  After applying the various 
mechanical surface treatments, the changes in the surface and near surface layer properties such as micro-
hardness, residual stress-depth profiles and surface roughness were determined. The microhardness, surface 
roughness and the residual stresses increased proportionally with the almen intensity. Electropolitically 
polished conditions were used as reference in the mechanically surface treated specimens.  A significant 
improvement was seen in the fatigue performance of the 0.1 mmA. 
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1. Introduction 
Mechanical properties such as shot peening and ball burnishing are often applied to light alloys based on 

aluminum mostly to improve their high cycle fatigue strengths [1] It is said that 100% coverage in shot 
peening is required to achieve full benefit in terms of near surface high dislocation densities, residual 
compressive stresses and fatigue performance [1-2] This increase in dislocation densities led to higher 
resistances to fatigue crack nucleation while the compressive residual stresses were found to stop micro-
crack growth [3-5]. In this research study, the effect of shot peening on fatigue performance and 
microhardness was studied on Al2024 T4 condition for different almen intensities. Shot peening is surface 
treatment frequently subjected to aluminum alloys surface. It has receive extensive attention in research due 
it increase the component’s fatigue life [6-8]  In many industries, where components often experience 
repetitive loading, materials are commonly treated with cold working processes to increase their fatigue 
performance. In particular aluminum alloys are shot-peened to improve these characteristics. The process of 
shot-peening involves bombarding a surface with hard spherical particles propelled by compressed air or a 
centrifugal effect. These properties inhibit short crack growth and increase the fatigue life [9]. Shot-peening 
tends to increase the surface roughness which can be detrimental to fatigue performance [10]. It can also 
increase the susceptibility to corrosion, but it does not usually affect the tribological performance of 
aluminum. The early stages of fatigue crack development are not of course restricted to the growth of small 
mode I crack under a tensile cyclic loading. It is in these early stages that faceted and locally divergent crack 
paths are often present. Moreover, a compressive loading component is a feature of many service 
environments and crack paths are often encountered that are markedly inclined to the loading direction. 

Very little experimental work has been reported on this wider area of the influences of compressive 
loading and pronounced mixed-mode loading on small crack closure. Even for long cracks, experimental 
measurements of closure under mixed-mode loading are relatively underreported [11-13], although mode I 
crack closure in the presence of a wide range of loading profiles has received much attention. Despite 
additional input from modeling work [14–15], the influence of crack closure on fatigue crack growth during 
mixed-mode loading is not well understood. The present work addresses the areas of influence of different 
almen intensities on the mechanisms of fatigue life of Al 2024-T4. It describes observations and 
measurements of the surface and near surface layer properties such as micro-hardness, residual stress-depth 
profiles and surface. 
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Fig. 1:  Microstructure and section  topographies of  peened AL 2024 at different Almen intensities  (A, B near surface) 
SP 0.1 mmA, (C, D near surface) SP 0.2 mmA and ( E,F near surface) SP 0.3 mmA. 



 
Fig. 2:  Microhardness-depth profile of peened Al 2024-T4. 

As expected the higher almen intensity gave us the higher residual stress profiles which will increase the 
fatigue performance Fig. 2. 

 
Fig. 3:  Residual stress-depth profile of peened Al 2024-T4. 

In Fig. 3 After shot peening the fatigue performance was increased clearly in the 0.1 mmA almen 
intensity (250 MPA) and then the 0.2 mmA but no further improvement in the fatigue performance was 
observed in the 0.3 mmA(300 MPA) Fig. 4  although the amount of residual stress was higher but this can be 



interpreted from the high roughness so that the crack nucleation will be easier or may it is because of some 
surface damage before testing.  

 
Fig. 4:  S-N curves of Al 2024-T4 alloy after shot peening 

4. Conclusions 
In this study, the effect of shot peening on fatigue performance was studied on Al2024 T4 and the 

following results were obtained: 
1. A significant improvement was seen in the fatigue performance of the 0.1 mmA almen intensity, 

while improvement in the fatigue performance of the 0.2 and 0.3 mmA almen intensities were 
equally because of the high surface roughness of the 0.3 mmA. 

2. The microhardness, surface roughness and the residual stresses increased proportionally with the 
almen intensity. 
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