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Over the years, shot peening has been a successful method in preventing, or substantially retarding stress 

corrosion cracking, crack initiation and growth, and other fatigue phenomena in engineering components [1]. This 

process aims at creating substantial levels of compressive residual stress in a thin near-surface layer of material 

due to tensile plastic deformation of a surface layer [2]. However, little attention has been laid on the constructive 

effect degree of peening process on material properties and the residual stresses inherited from the processing 

history of the component. Recent evolutions in the field of non-destructive testing and evaluation (NDT&E) led 

to the development of magnetic-based NDT techniques making use of the fundamental coupling features between 

stress and magnetic field within small magnetic domain structures of ferromagnetic materials [3][5]. The 

disproportional effect under tensile and compressive stresses (as the case under shot peening) at the result of the 

magnetic properties’ asymmetry behaviour of ferromagnetic materials, referred as the Villari effect [6] results from 

stress demagnetization at the vicinity of the elastoplastic indented area [7]. This paper uses the needle probe method 

to investigate on the residual stresses’ effects on identical strips peened surfaces of wrought iron material due to 

single shot of variable amplitudes using a calibrated impulse hammer. The results show the asymmetry evolution 

of the magnetic properties with increasing induced-residual stress as described in [8] (see Figure 1). 

 

  

 

 

 

 

 

Fig. 1 Comparison of magnetic permeability of three strip samples (a) top surface (b) bottom surface  

 

References 

 
[1] W. P. Koster, L. R. Gatto and J. T. Cammett, “Influence of shot peening on surface integrity of some machined aerospace materials,” 

in In 1st International Conference on Shot Peening, Paris, 1981. 

[2] A. M. Korsunsky, “On the modelling of residual stresses due to surface peening using eigenstrain distributions,” J. Strain Analysis 

Vol. 40 No. 8, vol. 40, no. 8, pp. 817-824, 2005. 

[3] R. Bozorth and H. Williams, “Effect of small stresses on magnetic properties,” Review of Modern Physics, vol. 17, 1945. 

[4] B. Gupta, B. Ducharne, G. Sebald, T. Uchimoto, “A space discretized ferromagnetic model for non-destructive eddy current 

evaluation”, IEEE Trans. on. Mag, vol. 54 Iss. 3, 2018. 

[5] B. Zhang, B. Gupta, B. Ducharne, G. Sebald, T. Uchimoto, “Dynamic magnetic scalar hysteresis lump model, based on JilesAtherton 

quasi-static hysteresis model extended with dynamic fractional derivative contribution”, IEEE Trans. on. Mag, iss. 99, pp. 1-5, 

2018. 



[6] M. J. Sablik, S. W. Rubin, S. A. Riley, D. C. Jiles, D. A. Kaminski and S. B. Biner, “A model for hysteretic magnetic properties 

under the application of noncoaxial stress and field,” J. Appl. Phys., vol. 74, pp. 480-488, 1993. 

[7] C. S. Schneider, P. Y. Cannell and K. T. Watts, “Magnetoelasticity for large stresses,” IEEE Trans. Magn. , vol. 28, pp. 2626-2631, 

1992. 

[8] M. J. Sablik, “A model for asymmetry in magnetic property behavior under tensile and compressive stress in steel,” IEEE Trans. 

Magn., vol. 33, no. 5, pp. 3958-3960, 1997. 

 


