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ABSTRACT 

The process of shot peening is regarded as surface treatment that comprises projecting small particles at high 

velocities upon a surface of a ductile material. Impacts of these shots result in localized plastic strains compressing 

the surface. Such plastic flow causes stretching of the near-surface layer, whereas the underlying material isn't 

permanently deformed. Owing to gradient of the through-thickness plastic strain, the process of shot peening 

inserts the in-plane compressive residual stresses close the surface. This process is protecting the peened parts 

against the mechanisms of failure, like fatigue, fretting fatigue, and stress corrosion cracking. Such method is 

normally utilized in the industries of automotive and aerospace for improving the life of fatigue. Thus, the present 

paper aims to study the simulation of the effect of applying an axial feed upon the values and distribution of the 

compressive and tensile stresses of aluminum alloy AL6061 through the process of shot peening utilizing finite 

element analysis (FEM). A simulation model was developed, and the simulation results were compared with the 

values of these stresses before the shot peening process.  Additionally, the value of velocity at the collision 

moment was found, which refers to the magnitude of energy that absorbed by the material of the Al alloy 

specimen. The results manifested that the shot peened specimen is subjected to a biaxial state of stress mostly 

predominated by the compressive stress at the axial feed of 0.8 mm which is favored from the better mechanical 

properties point of view. 
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INTRODUCTION 

Theory of Shot Peening 

Shot peening is a cold working procedure in which the part's surface is bombarded by small spherical media 

named shot. Each shot that strikes the material works as a very small peening hammer that imparts a small 

indentation or dimple upon the surface. For creating the dimple, the material surface layer should yield in tension, 

as shown in Figure (1) [1]. In other words, in this process, small metallic balls driven at high velocity make 

dimples upon the metallic work-piece surface. And, this creates compressive stresses and improves the 

metallurgical characteristics. Beneath the surface, the compressed grains attempt to reinstate the surface to its 

initial shape creating a hemisphere of cold worked metal mostly stressed in compression. The overlapping dimples 

form a homogenous layer of the residual compressive stress [2, 3]. 
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Figure 1: Shot peening process [2, 3] 

It's well recognized that the cracks won't start nor spread in a compressively stressed region. Owing to almost the 

whole failures of fatigue and stress corrosion create at or close the work-part' surface, the generated compressive 

stresses via the shot peening process give important increments in the life of this work-part. The value of the 

residual compressive stress induced via this process equals as a minimum as the (1/2) tensile strength of the shot 

peened material. In majority of modes of a lengthy period failure, the usual denominator is the tensile stress. Such 

stresses can be resulted from the outwardly exerted loads, or are the residual stresses resulted from the production 

methods, like cutting, grinding or welding. The tensile stresses try stretching or pulling the surface apart and may 

cause finally the initiation of crack, as revealed in the Figure (2) [1]. The compressive stress squeezes together 

the surface grain boundaries and will considerably delay the fatigue crack initiation. Since the growth of crack 

being sluggish considerably in a compressive layer, raising the depth of such layer raises the resistance of crack. 

The shot peening process is the highly inexpensive and applied technique of guaranteeing the residual compressive 

stresses of the surface. 

 

Figure 2. Crack imitation and growth through the tensile stress [1] 

The shot peening process is mainly employed for combating the fatigue of metal. The loading of fatigue comprises 

tens of thousands to millions of the repetitive load cycles. The applied loads generate the tensile stress that tries to 

stretch (pull) the material surface apart. 

The shot peening and the residual stress 

The induced residual stress via the shot peening process is of a compressive type. Such stress counterbalances or 

reduces the exerted tensile stress. Very clearly, the low tensile stress equates to the lengthier life of part. The 

distinctive stress profile of shot peening is displayed in the Figure (3) [1, 4]. 
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(a)                                                             (b) 

Figure 3. Typical shot peeing residual stress profiles [1, 4] 

Maximum Compressive Stress is the maximum induced compressive stress value. It's usually just beneath the 

surface. When the maximum compressive stress value raises, the fatigue crack resistance increases. The 

compressive layer depth is the layer depth that resists the growth of crack. The depth of layer can be raised via 

raising the impact energy of peening. In general, the deeper layer is wanted for the resistance of the growth of 

crack. The surface stress has a value that's commonly lower than the maximum compressive stress. The material 

of surface material withstands the induced stretching via the impacts of shots causing the development of a skin 

that is compressively stressed and has approximately 0.25 mm thickness.  

The summation of the applied and the residual stress 

If a part being shot peened and exposed to an exerted load, this part surface will experience a net stress from the 

exerted load and the residual stress of shot peening. A bar having a 3-point load creating a bending stress at its 

surface is revealed in Figure (5) [1]. The angled dashed line being the induced tensile stress from the load of 

bending, while the curved dashed line being the induced residual compressive stress from the shot peening. Also, 

the solid line is the summation of bot demonstrating an important decrease of the tensile stress at surface. 

 

Figure 5. The resulted stress within a beam that shot peened under an exterior exerted load [1] 

The media of shot peening process  

The media utilized in the process of shot peening comprise small spheres from cast steel, carbon steel, stainless 

steel, glass or ceramic materials. Most often cast or wrought carbon steel is employed. The media from stainless 
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steel are employed in the uses where the contamination of iron upon the surface of part be considered [1]. The 

used ball diameter of these media as shot is the range (0.18-0.36 mm) [5]. 

Sot peening applications 

In the industry of railway, aircraft and automotive, the process of shot peening is an inevitable procedure when 

the components are formed with the improved mechanical strengths, whilst yet utilizing the minimum quantities 

of material for reducing the total weight [5]. Finally, one knows that for a vehicle, the fuel consumption is 

powerfully associated with the vehicle's weight. The concept is the same for employing steel rods for reinforcing 

the concrete in the industry of construction, since it permits the utilization of a minimum material for achieving a 

certain mechanical strength. The shot peening process being a surface treatment usually employed for improving 

the life of fatigue in various areas, like the industries of power, biomedical, automotive and aerospace. And, this 

process also improves the mechanical strength of the manufactured parts and decreases the failure risk if they 

expose to unsafe circumstances. Due to such reasons, the drive parts (for instant the gears) being frequently shot 

peened for inducing the compressive stress significantly raises their fatigue resistance and minimizes the cracks 

risk through their service life though such parts being exposed to the multiple tensile and compression stresses.  

LITERATURE REVIEW 

Jun S Chen et al. [6] reviewed the numerical simulation and optimization of the process of shot peening and stated 

that the evolved numerical models that couple the finite elements with the discrete elements got progressively 

developed and revealed their benefits in the incorporation of the shots flow behavior and arbitrariness. Romain 

Guiheuxa et al. [7] studied the impact of a single spherical steel shot on AISI 301LN steel. An elasto-plastic two-

phase model including the transformation of martensitic phase was modified for modeling the mechanical and 

microstructural fields and applied in Abaqus Explicit for a two-dimensional simulation of a single shot impact. 

The simulation outcomes of the levels of stress depicted a virtuous fitting with the investigational stresses obtained 

via the XRD test. 

Aleksander Nakonieczny et al. [8] mentioned that the obtained results from the introduced instant of the use of 

the simulation computations of a shot peening process verify primarily the suppositions that are consolidated upon 

the applied practice base. The authors verified that the maximum compressive stresses take place at a depth that 

corresponds with so-named "Bielajev point", and also obtained that in the tested example, the steadiness of the 

level of the internal stress and strain is determined beyond a comparatively (13) shot impacts at the similar 

position. Alexandre Gariepy et al. [9] investigated, via the finite element simulation of the process of shot peening 

for predicting the surface roughness and the residual stresses, the factors and capabilities of an arbitrary impact 

model via assessing the typical volume element as well as the computed stress distribution. By utilizing the 

Isotropic-Kinematic Hardening Constitutive Law for describing the behavior of Al 2024-T351 alloy, encouraging 

findings were performed in terms of residual stresses. 

Alexandre Gariepy [10] developed predictive tools for the processes of the shot peening and peen forming relying 

upon the FE simulation for reducing the dependency of the development of the process of peen forming upon the 

physical testing, aiming at enhancing an arbitrary impact model for the shot peening and investigating its likely 

applications as well as developing a fresh peen forming modeling method able to simulate the intricate behaviors 

and factors. Such models were confirmed with the needed data from the previous studies and from the governed 

experiments of the shot peening and peen forming. Zhaorui Yang [11] suggested initially an approximately 

quantitative explanation of peening coverage depending upon dent size, shots distance, and number of shots for 

analyzing the effect of the high peening coverage upon the intensity of Almen as well as the residual compressive 

stress. Then, depending upon such quantitative explanation of peening coverage, the height of arc and the residual 

stress of Almen test were simulated by FEM. The simulation findings of the arc height and saturation curve agreed 

well with those of the Almen test, via which the quantitative explanation efficiency and the FE simulation were 

verified. 

M. Frija et al. [12] presented a numerical simulation of the shot peening process by FEM. The loading of shot 

peening was described via utilizing the energy equivalence between the static indentation and dynamic impact of 

the peening shot in the treated surface. The exposed material conduct is assumed to be an elastic-plastic material 

https://www.researchgate.net/scientific-contributions/Aleksander-Nakonieczny-2106241164?_sg%5B0%5D=mPLbnQRtZLv7jjs-kimyP7y8Au-agXxJigX8vs79yIIW9oLTEWV-LPQaVJJ1oJthbY06vuo.7D9wFA4QgRLYeRvAsnqFXLPkrw0LHnmQV5Q602u38eDK1a9_qS-IBj_M08Znj4todB5r5kQSZr2j3zgKshupbg&_sg%5B1%5D=zvYCUaqZLJfuExR4UxJ2Kap6FmashOXjFLpgkaCDkoz-2eYNM7CmNma4LsBUIjzM4r4dMus.N-N5mpHdQq-U_KzaX-dbHoLHKeGnZ9WrMT-l3ibpx5llaY8fOXvmLbeWf6wLwhB5ilTUNMDt0EgsFxmesrbitA
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with impairment. The model suggested leads to determine the residual stress, the plastic deformation profiles, and 

the surface damage. The residual stresses comparison, determined via the by X-ray diffraction technique and via 

FE computation, revealed a good correlation. X. Kang et al. [13] provided quantitative outcomes with a thorough 

FE study and compared the influences of the single impact and the overall multiple impacts. Utilizing a two-

dimensional axisymmetric single impact model with a highly fine mesh as a reference, a suitable density of three-

dimensional mesh for a target material was selected via assessing the 3D results against the axisymmetric results. 

Then, a 3D explicit dynamic FE analysis combined with a static spring-back analysis was utilized for simulating 

numerous steel shot impacts upon an Al 2024-T351 alloy target. The findings of the multiple impact modeling 

exhibited an obvious discrepancy of the residual stress profiles between those determined from the single as well 

as  multiple impact modeling. The comparison between the modeling findings of single and multiple impacts 

depicted that it's proper and significant for modeling a suitably multiple impacts coverage for the shot peening at 

its different coverage. 

Mohamed Jebahi, et al. [14] developed initially a fresh Discrete-Continuum Coupling model that combines the 

available models strengths of shot peening. For avoiding the costly calculation times, merely the most features of 

shot peening were comprised in such model. After that, a complete procedure that explains the way such model 

can be implemented for simulating an actual experiment of shot peening was suggested. For validating the evolved 

model in addition to the related procedure, a simulation of an actual experiment of shot peening from the literature 

was implemented. Comparatively good findings were determined in comparison with the experimental results, 

with a comparatively slight calculation work. Jochen Schwarzer [15] developed a model for analyzing the shot 

peening process beneficial for many causes; to be capable for predicting the condition of material beyond peening 

without needing to perform expensive experimentations and to be capable for optimizing the processes of shot 

peening. Contrasting to previous investigations obtained in the literature, a more detailed method via the 

simulation of some single impacts upon a 3D surface was selected for modeling the process of shot peening. [16-

18] showed many experimental applications of this process and other stress analysis. 

According to the above literature review, it is seen that the greatest challenge of analysis is to obtain an appropriate 

model for simulating the process shot peening regarding the accuracy and efficiency. The evaluation of the 

compressive residual stresses in the peened parts is too difficult. In contrast, the numerical simulation is able to 

offer another method for dealing with such work. As a result, some models of shot peening being evolved in the 

previous studies. Despite such models being positively implemented for investigating significant physical 

behaviors met in shot peening, the use of them for assessing the residual stresses resulted from an actual test of 

shot peening is yet not attained. Really, owing to the cost of computation and the process intricacy, they are not 

being able straight implemented for simulating a whole experiment of shot peening. Thus, the evolution of a robust 

procedure permitting such models for appropriately simulating this experiment at a minimum cost; that means 

utilizing simplifying suppositions) is accordingly required.  Therefore, this research work aims to investigate the 

influence of axial feed on the compressive and tensile stresses values and distribution of the Al alloy AL6061 

during the shot peening process using finite element analysis, compare the results with those before the shot 

peening process, and obtain the value of velocity at the collision moment that refers to the magnitude of energy 

that absorbed via the shot peened the of the Al alloy material. 

SIMULATION OF SHOT PEENING  

Materials for simulation 

Aluminum alloy AL6061 was taken as the considered shot peened material having the data given in Table (1). In 

order to simulate the shot impacts at the similar place, a specimen having a rectangular block shape being used 

with the dimensions shown in figure (1). A spherical steel shot having a diameter of 2.75 mm used to shot the 

specimen at a velocity of 35 m/s was considered for the simulation and its specifications are given in Table (2). 

The data of the material of the specimen and shot used for the simulation are listed in the Table 1. 
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Table 1. The Al 6061 alloy data utilized to simulate the process of shot peening 

Young's modulus 

(GPa) 

 

Coefficient of the 

Tangent modulus 

(MPa) 

Yield point 

(MPa) 

 

Poisson's 

ratio 

 

Density  

(g/m3) 

69 300 276 0.33 2700  

 

 

Figure 1. The specimen used for simulating the shot peening process 

Table 1. The steel shot data utilized to simulate the process of shot peening 

Young's modulus 

(GPa) 

 

Poisson's 

ratio 

 

Density  

(g/m3) 

200 0.30 7800  

 

In this research work, the simulation model was done using the finite element method to study the influence of 

applying an axial feed at the both ends of the specimen on the values and distribution of the compressive and 

tensile stresses that induced at the specimen surface, as revealed in figure (2). Also, the simulation results were 

then compared with the values of these stresses before the shot peening process.  Additionally, the value of 

velocity at the collision moment was found, referring to the magnitude of energy that absorbed by the material of 

the Al alloy specimen. 

 

Figure 2. The used simulation model 

Figure (3a and b) displays the specific position on which the stresses were measured in the direction of Y in the 

middle of the specimen, longitudinally with the direction of X. Figure (4) manifests the use of the finite element 

method for meshing and applying the boundary conditions on the shot peened specimen. 
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(a)                                                          (b) 

Figure 3. The specific position on which the stresses were measured 

 

Figure 4. The meshed shot peened specimen with the applied boundary conditions on it by FEM 

RESULTS AND DISCUSSION 

The following figures (5-13) indicate the stress distribution, the variation of the peak position from the two sides 

of the shot peened specimen, and the values of the maximum and minimum compressive (σc) and tensile (σt) 

stresses when increasing the applied axial feed from (0) to (0.8 mm) on both sides of the shot peened specimen. 

Figure (5) depicts that the specimen is fully subjected to compressive stress without applying the axial feed on 

both sides of the shot peened specimen due the impact of the steel shot on the surface of specimen. The maximum 

value of (σc) is (-1276.597 MPa) at the mid span (22.5 mm) of the longitudinal direction of specimen, while the 

minimum value of (σc) is (-270.696 MPa) at 1 mm from the specimen side, while the maximum value of (σ t) is 

zero.    
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Figure 5. Stress distribution at mid-span of the longitudinal direction of the shot peened specimen without 

applying axial feed 

After applying an axial feed of 0.1 mm on both specimen sides, the maximum value of (σc) is (-826.814 MPa) at 

the specimen sides, and the maximum value of (σt) is (2291.007MPa) at 8 mm from both sides of specimen, 

whereas the minimum value of (σt) is (108.531 MPa) at the specimen center (18 mm) from both specimen sides. 

The reduction of (σc) and the induced (σt) is thought to be due to influence of the axial feed application that caused 

a slight deformation by bending the upper half of specimen at both specimen sides, as shown in figure (6). Also, 

it can be seen that specimen is mostly subjected to tensile stress with less compressive stress, and this not good 

for the specimen from the mechanical properties point of view. 

 

Figure 6. Stress distribution at mid-span of the longitudinal direction of the shot peened specimen with 0.1 mm 

of axial feed 

When the axial feed of 0.2 mm is exerted, (σc) increased to its maximum value (-6072.997 MPa) at the specimen 

center (22.5 mm), and the maximum (σt) also increased to (2524.922 MPa) at 9 mm from both specimen sides, as 

revealed in figure (7). This behavior is similar to the case of no axial feed applied and it is might be due to the 

effect of the strain hardening occurrence within the specimen material.    
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Figure 7. Stress distribution at mid-span of the longitudinal direction of the shot peened specimen with 0.2 mm 

of axial feed 

By increasing the axial feed to 0.3 mm, the maximum value of (σc) decreased to (-1505.221 MPa) at the specimen 

center (22.5 mm), while the value of the maximum (σt) further increased to (5994.142 MPa) at 11 mm from both 

specimen sides, as displayed in figure (8). This is attributed to the increased strain hardening influence due to the 

applied axial feed that caused more deformation by tensile stress because of the further bending the upper half of 

specimen at both sides of specimen. 

 

Figure 8. Stress distribution at mid-span of the longitudinal direction of the shot peened specimen with 0.3 mm 

of axial feed 

If the applied axial feed is increased to 0.4 mm, the maximum value of (σc) is increased again to (-7050.887 MPa) 

at specimen sides, and the maximum value is also more increased to (8867.731 MPa) at 13.5 mm from both 

specimen sides, whereas the minimum value of (σt) is (2500.289 MPa) at specimen center (22.5 mm), as illustrated 

in figure (9). This is ascribed to the highest effect of strain hardening owing to the applied axial feed that resulted 

in the highest deformation by tensile stress by higher bending of the upper half of specimen at its both sides. 
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Figure 9. Stress distribution at mid-span of the longitudinal direction of the shot peened specimen with 0.4 mm 

of axial feed 

Figure (10) manifests that beyond applying 0.5 mm of axial feed, it is seen that the maximum value of (σc) reduced 

to (-1046.589 MPa) after exerting 0.5 mm axial feed at both specimen sides, and the maximum and minimum 

values of (σt) decreased to  (726.493 MPa) and (371.374 MPa) at 13.5 and 18 mm from both sides of specimen, 

respectively. This reduction in both (σc) and (σt) is likely due to the onset of material yielding due to more 

influence caused by more bending of the top have of the specimen.                                                                                                                           

 

Figure 10. Stress distribution at mid-span of the longitudinal direction of the shot peened specimen with 0.5 

mm of axial feed 

Figure (11) evinces that exerting 0.6 mm axial feed, the maximum (σc) value (-1398.562 MPa) increased slightly 

at both sides of specimen d, while the maximum (σt) value decreased to (534.767 MPa) at specimen center (22.5 

mm), but its minimum value is around (148.1010) at 18 mm from both sides of specimen. This behavior might be 

due to more influence of bending the upper half of the shot peened specimen.                                                                                                                           
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Figure 11. Stress distribution at mid-span of the longitudinal direction of the shot peened specimen with 0.6 

mm of axial feed 

From figure (12), it can be seen that after applying 0.7 mm axial feed, the maximum (σc) value (-1480.793 MPa) 

also increased slightly both sides of specimen, and the maximum (σt) value (634.767 MPa) also increased slightly 

at the specimen center (22.5 mm). Also, it is noticed from this figure that the compressive stress (σc)  predominates 

most of the specimen with less tensile stress at the center due the further effect of bending the top part of specimen, 

which is useful for the specimen since the compressive stress is usually better than tensile stress for gaining better 

mechanical properties, especially against fatigue for instant. This means that the shot peened specimen is under 

the combined (biaxial state) stresses but mostly subjected to the compressive stress. 

 

Figure 12. Stress distribution at mid-span of the longitudinal direction of the shot peened specimen with 0.7 

mm of axial feed 

Via further increasing the applied axial feed to 0.8 mm as elucidated in figure (13), it is noted that the maximum 

(σc) value decreased slightly to (-1140.839 MPa) at both specimen sides, and the maximum (σt) value decreased 

to (420.219 MPa) also at the specimen center (22.5 mm). This case is similar to the last case (with 0.7 mm axial 

feed) due to the lower value of maximum (σt) and the domination of the compressive stress (σc) most of the 

specimen which is also beneficial from the acquired mechanical properties point of view. So, the specimen is also 

subjected to a biaxial state of stress but mostly under the compressive stress. 
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Since, it was found by the simulation method that the specimen will be highly deformed in its dimensions by 

applying more than 0.8 mm axial feed, therefore it was decided not to exert more than this value of axial feed in 

order to prevent the failure of this specimen.   

 

Figure 13. Stress distribution at mid-span of the longitudinal direction of the shot peened specimen with 0.8 

mm of axial feed 

CONCLUSIONS 

1- In case of no applied axial feed, the specimen is appeared fully under the compressive stress. 

2- At an axial feed of 0.1 mm, the specimen is mostly subjected to a state of biaxial stress, i.e. predominated 

by the tensile stress with less compressive stress  

3- During the application of axial feed from 0.1 mm to 0.8 mm, the stress distribution of tensile and 

compressive stresses is generally changeable.  

4- The position of the maximum compressive stress value being generally at the specimen sides as well as 

at the specimen center (in case of 0.2 and 0.3 mm axial feed). 

5- Through the application of the axial feed from 0.1 mm to 0.8 mm, the position of the maximum value of 

tensile stress is always within the specimen at various distances from its sides in addition to the specimen 

center.  

6- The maximum compressive and tensile stresses appeared at 0.4 mm axial feed.  

7- The strain hardening due to the application of axial feed might be occurred causing the maximum values 

of the tensile and compressive stresses (in case of 0.4 mm axial feed).  

8- The reduction in both compressive and tensile stresses at the axial feed of 0.5 mm is likely took place 

due to the onset of material yielding owing to more influence caused by further bending of the upper 

have of specimen. 

9- During the application of axial feed from 0.5 mm to 0.8 mm, the tensile stress begins to decrease until it 

becomes maximum only at the specimen center (at 0.8 mm axial feed), while the compressive stress 

increased over this axial feed range dominating the most of specimen. 

10- At axial feed of 0.8 mm, the specimen is mostly subjected to a state of biaxial stress, i.e. predominated 

by the compressive stress with less tensile stress, which is beneficial from the better mechanical 

properties point of view. 

11-  During the simulation procedure, applying more than 0.8 mm axial feed results in the deformation of 

specimen' dimensions.   
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