
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners 
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 

• Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 
• You may not further distribute the material or use it for any profit-making activity or commercial gain 
• You may freely distribute the URL identifying the publication in the public portal  

 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 

   

 

Downloaded from orbit.dtu.dk on: Dec 20, 2017

Numerical investigation of a shot peening process by a finite element approach

Liu, Hongsheng; Zhang, Xiaodan; Hansen, Niels; Gao, Yukui

Published in:
Risoe International Symposium on Materials Science. Proceedings

Publication date:
2014

Link back to DTU Orbit

Citation (APA):
Liu, H., Zhang, X., Hansen, N., & Gao, Y. (2014). Numerical investigation of a shot peening process by a finite
element approach. Risoe International Symposium on Materials Science. Proceedings, 35, 381-388.

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Online Research Database In Technology

https://core.ac.uk/display/24847835?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://orbit.dtu.dk/en/publications/numerical-investigation-of-a-shot-peening-process-by-a-finite-element-approach(2b039460-c284-47f7-8edc-90b41ed64af8).html


NUMERICAL INVESTIGATION OF A SHOT PEENING 

PROCESS BY A FINITE ELEMENT APPROACH 

Hongsheng Liu
1
, Xiaodan Zhang

1
, Niels Hansen

1
 and Yukui Gao

2 

1
Danish–Chinese Center for Nanometals, Materials Science and 

Advanced Characterization-MAC, Department of Wind Energy, Risø 

Campus, Technical University of Denmark, DK-4000 Roskilde, 

Denmark 
2
School of Aerospace Engineering and Applied mechanics, Tongji 

University, Shanghai 200092, P.R. China 

ABSTRACT 

 Shot peening is a surface impact treatment widely used to improve the performance of a metal 

or a component. The better performance of the shot peened part is controlled by compressive 

residual stresses resulting from the plastic deformation of the surface layers by impacts of shot. 

The compressive residual stress is generally measured by X-ray diffraction. However, 

considerable cost and time are needed for such measurements. For this reason, in this work a 3D 

finite element (FE) model is introduced for a shot peening process. Through the FE simulations, 

the effect of process parameters such as damping ratio of material, friction coefficient, shot 

velocity and shot angle on the magnitude and distribution of the compressive residual stress is 

examined.  

Keyword: Shot peening; compressive residual stress; plastic deformation; finite element method 

1. INTRODUCTION  

Shot peening is a widely used surface treatment method for improving the resistance of metallic 

parts which undergoes cycle loading and wear. The shot peening process introduces plastic 

deformation in the surface layer of a material resulting in a gradient structure with a continuous 

decrease in grain size as the surface is approached (Zhang, Hansen, Gao and Huang, 2012). 

Another important effect of shot peening is the introduction of compressive residual stresses in a 

near-surface layer, which can impede crack initiation and propagation. Modelling of shot 

peening is typically applied to simulate the magnitude and distribution of compressive residual 

stresses taking into account processing parameters such as damping ratio, friction coefficient, 

shot velocity and shot angle. A number of  2D and 3D FE Models have been proposed 

(Baragetti, 2010, Kim, 2002,Bake, 2003): (i) The 2D FE model of shot peening mainly focus as 
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In the present model the mesh distribution is optimized: the mesh is the finest in the impact 

centre and coarser in the region far away from the impact centre as shown in Figure 1(b). In this 

way the number of mesh can be reduced drastically and the required computation time is 

reduced. Besides, due to the symmetry, only a half bar is modelled. Furthermore, the material 

damping ratio also affects the computation time. An appropriate material damping ratio is a 

prerequisite for obtaining a high convergence rate of simulation results and a reduction of 

computation time. In the present model, the appropriate material damping ratio is set to 0.3, but 

a bigger damping ratio can also stabilize the simulation. However, a much bigger damping ratio 

will lead to a pseudo simulation result. As to the friction condition between the shot and the bar, 

it influences the stress distribution and the deformation mode for the material near the surface of 

the bar. A bigger friction coefficient creates a higher friction force on the bar surface and may 

influence the surface plastic deformation. Therefore, the friction coefficient can significantly 

affect the residual stress in the radial direction. The shot velocity is another important factor for 

the shot peening process. For a higher shot velocity, a higher impact energy is absorbed by the 

material and will result in a severer plastic deformation as well as a higher compressive residual 

stress as shown in Figure 5. At the same time, the compressive residual stress concentrates in a 

thin layer near the surface of the bar after the shot impact, a higher shot velocity can create a 

deeper compressive stress gradient. In addition, a higher shot velocity needs a shorter impact 

time and therefore creates a higher strain rate. In this way, a high shot velocity is beneficial for 

obtaining a high compressive residual stress. Nevertheless, too high a shot velocity will result in 

very severe plastic deformation and the cracks may occur on the surface of the bar after multiple 

shots. Therefore, there exists an optimum shot velocity for a given material. Introduction of the 

shot angle in the present model can accurately reflect the real shot peening process. A smaller 

shot angle results in a larger shot slide and dent on the surface of the bar. As a result, a part of 

the impact energy is absorbed by the plastic deformation in the radial direction on the bar 

surface and the amount of plastic deformation is lower in the normal direction. Therefore, with 

the shot angle decreasing the compressive residual stress leads to reduction in plastic 

deformation in normal direction to the bar surface. In order to optimize the shot peening process, 

two important factors such as the shot velocity and the shot angle need to be evaluated overall: (i) 

A bigger shot angle is appropriate, (ii) A high shot velocity may result in cracks in the material 

and should not be more than 300 m/s, but a much lower shot velocity cannot create a large 

plastic deformation and a high compressive residual stress. The large residual stress above 600 

MPa has been detected in this modeling and the heavy plastic deformation which improve the 

strength of this high carbon steel to around 1.4 GPa has been characterized in our previous work 

(Zhang 2012). The inherent correspondence between the introduced residual stress and the 

improved strength during shot peening will be validated in near future. Furthermore, our 

research group will perform some experiments on shot peening to examine the compressive 

residual stress and the plastic strain distributions after shot peening and validate the present 

developed 3D FE model. The mechanical properties of the peened material combined with 

simulations by the 3D model will guide future modelling and the shot peening process design.  

5. CONCLUSIONS 

A 3D FE model is proposed for the evaluation of residual stress distributions resulting from shot 

peening with different processing parameters. The simulation results demonstrate that 

introduction of an appropriate material damping can ensure that the impact energy dissipates 

immediately after shot impact and therefore the computation time can be reduced. The 

compressive residual stress almost does not wave for a friction coefficient µ≥0.3. It is found that 

the compressive residual stress and its distribution gradient increase with increasing the shot 

velocity, and a higher shot velocity results in a higher maximum strain rate during shot peening. 
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The shot angle significantly influences the compressive residual stress distribution. A lower 

compressive residual stress distribution and plastic strain distribution in the normal direction to 

the bar surface result from a smaller shot angles.  

ACKNOWLEDGEMENTS 

H.S. Liu  gratefully acknowledges the support from the Strategic Research Center “REWIND - 

Knowledge based engineering for improved reliability of critical wind turbine components”, 

Danish Research Council for Strategic Research, grant no. 10-093966. X.Z. and N.H. gratefully 

acknowledges the support from the Danish National Research Foundation (Grant No. DNRF86-

5) and the National Natural Science Foundation of China (Grant No. 51261130091) to the 

Danish–Chinese Center for Nanometals. 

REFERENCE  

Bake, S.D., Yang W.H., Seok C. S,. Ryu M.H.(2003). Residual stress analysis of inclined shot peen-       

    ing using finite element method. KSME (A) spring annual meeting.328. 

Baragetti, S. (2001). Three-dimensional finite-element procedures for shot peening residual stress f-    

    ield prediction. Int J Comput Appl Technol. 14, 51. 

De, S. (1994). Vibration. New York: CRC Press; 349-98. 

Follansbee PS., Sinclair GB. (1984).Quasi-static normal indentation of an elasto-plastic half-space  

    by a rigid sphere-I: analysis. Int J Solid Struct. 20(1): 81-91. 

Hughes, D. A., and Hansen, N. (2001). Graded Nanostructures Produced by Sliding and Exhibiting  

     Universal Behavior. Physical Review Letters 135503. 

Johnson, G.R., Cook, W.H. (1983). A constitutive model and data for metals subjected to large stra- 

     ins, high strain rates and high temperatures. In: Proceedings of 7th International Symposium  on  

     Ballistics, The Hague, Netherlands. 12-21. 

Kim, T.J., Kim, N.S., Park, C.C., Jeong W.W. (2002). Finite element analysis of shot peening effec- 

       ted  by multiple impacts. Korean Soc Mech Eng A. 26, 2656-2663. 

Shivpuri, R., Cheng, X., Mao, Y. (2009). Elasto-plastic pseudo-dynamic numerical model for the de   

       sign of shot peening process parameters. Mater Des.30, 3112-3120. 

Belytschko, T., Liu, W. K., Brian, M. (2000). Nonlinear Finite Elements for Continua and Structur-  

       es. Wiley. 

 Zhang, X., Hansen, N., Gao, Y., and Huang, X. (2012). Hall-Petch and dislocation strengthening  in  

       graded nanostructured steel. Acta Mater. 60, 5933. 

 


