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Abstract 

Shot peening improves the fatigue life and resistance to stress-corrosion cracking of the engineering components 

by creating compressive residual stresses at the surface. Therefore, determination of residual stress state at the 

surface is very critical for service life of the industrial components. Due to high production rate and quality 

requirements, industry demands fast and non-destructive characterization methods for product controls. The 

magnetic Barkhausen noise (MBN) method may be an alternative to the existing residual stress measurement 

methods for ferromagnetic materials. This study aims non-destructive evaluation of surface residual stresses in 

the shot peened steels by MBN. Various sets of steel samples having different compressive residual stress state 

were prepared by systematic changing the several parameters of the shot peening process. The MBN 

measurements showed a clear relationship between surface residual stress state and the MBN emission. 
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1. Introduction 

 
The magnitude and extend of residual stress is vital regarding to service life of the 

engineering components. Tensile residual stresses at the surface may cause drastically 

reduced performance followed by catastrophic failures due to fatigue or stress corrosion 

cracking at an early stage of the component’s life. Conventional shot peening is an important 

process to obtain beneficial compressive residual stresses (Figure 1) in order to annihilate 

tensile type of residual stresses and to increase the fatigue life of the industrial components 

such as aircraft components, axial compressors, gears, brake parts, camshafts, chain side bars, 

coil springs, connecting rods, crank shafts, leaf springs, piston rods, turbine blades, valve 

springs etc. Therefore, determination of residual stress levels and the homogeneity of shot 

peening process on the surface of the materials are important for service life of the industrial 

components. 

 

 
Figure 1. Residual stress distribution after shot peening [8] 
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Shot peening introduces a residual compressive stress layer on the surface due to local plastic 

deformation by projecting peening media to the surface of the materials. Conventional 

approaches to control the shot peening operation include residual stress measurements with 

semi-destructive techniques, and fluorescent penetrant and visual inspection to control the 

coverage of the process. However, due to high production rates and strict quality 

requirements, the industry requests non-destructive and fast characterization methods to be 

able to control all products continuously. Also, a non-destructive method may provide cost 

reduction in terms of material and time in comparison with destructive tests. Magnetic 

Barkhausen Noise (MBN) method can be a good alternative to the existing measurement 

methods of residual stresses in ferromagnetic materials. 

 

Ferromagnetic materials consist of very small magnetic regions called domain which is 

magnetized along a certain crystallographic direction of easy magnetization. Domains are 

separated from one another by domain walls to minimize the magnetic energy due to 

oppositely magnetized domains [1]. When a variable external magnetic field is applied to a 

ferromagnetic material, irreversible jumps of domain walls occur due to discontinuous 

domain wall motion, nucleation and annihilation of domains. On removing the field, the 

magnetization declines to zero if there is no barrier to domain wall motion. When the strength 

of externally applied magnetic field reaches a critical level, motion of the domain wall 

continues by Barkhausen jumps which can be detected as the voltage pulses induced in a 

pick-up coil positioned close to the surface. The signal is amplified, filtered, processed and 

obtained time domain and amplitude-frequency spectrum of MBN signal. 

 

Microstructural features such as inclusions, grain boundaries, and local stress regions affect 

the domain wall motion. Since MBN signal includes total information from the residual stress 

state and microstructure, for a reliable determination the microstructure should be known. 

Residual stresses influence the area of the 180
o 

and 90
o 

domain walls in steels (Figure 2) 

whereas microstructure affects the pinning sites for domain walls. It has been proposed that 

main motion capability of the domains coming from 180
o
. MBN technique can detect the 

residual stress differences on the basis of the changing area in these
 
domain walls. While 

compressive residual stress reduces the area of 180
o
 domain wall by causing a decrease in the 

MBN emission, tensile residual stress has a reverse effect. 

 

 

 
 

Figure 2. Effect of elastic compressive stress on domain walls [1] 



Although the X-ray diffraction (XRD) is a reliable method for residual stress measurement it 

is slow and proper at the laboratory conditions. On the other hand, the MBN technique is fast, 

qualitative; but, with a calibration it can make quantitative measurements; the depth profiles 

of hardness or residual stress can also be found with usage of proper frequency ranges [2,3]. 

Jacob et al. performed an experimental work with steel blades and have undergone nitriding, 

grinding and shot peening operation and, then, measured the residual stresses by Barkhausen 

and XRD. The results showed that the variation of MBN measurement is 3% whereas the 

variation in XRD technique is 8% [4]. Zagar et al. measured residual stresses on the samples 

shot peened with different air pressures and times. They compared the MBN results with 

those of the hole drilling method, and the maximum difference between the results was found 

as 150 MPa [5].  

 

The aim of this study is to determine nondestructively the residual compressive stresses at the 

surface of the shot peened samples. Various sets of samples having different residual stress 

states were prepared by changing the shot peening parameters. The efficiency and 

effectiveness of MBN technique as a non-destructive evaluation tool for controlling the 

industrial shot peening operations was investigated. 

 

2. Experimental Procedure 

 
The samples with the dimensions of 15 mm x 120 mm x 19 mm were prepared from a low-C 

steel (0.08%C, 0.6%Mn, 0.33%Cu, 0.24%Si, 0.15%Ni, 0.13%Cr, 0.04%Mo, 0.02%S, 

<0.003%P). The microstructures of the samples consist of mainly ferrite and few pearlite with 

an average hardness of 215 HV.  
 

Several sample groups have been prepared by using various Almen intensities (7A, 8A, 9.8A, 

12.3A), impact angles (30
o
, 45

o
, 90

o
), and coverage values (50%, 100%, 300%). The samples 

with various Almen intensities were obtained for 45
o
 impact angle and 100% coverage. For 

the samples having various coverage values, some process parameters were taken constant 

(2500 mbar air pressure, 7 kg/minute shot mass flow rate, 45
o
 peening angle). The coverage 

values were applied in the automatic shot peening machine which is computer controlled and 

the angle of the nozzles are 45
o
. For the samples having various impact angles, the air 

pressure (2500 mbar) and the shot mass flow rate (7 kg/minute) was taken as constant.  

 

In the MBN measurements Stresstech 500-2 equipment was used. Rollscan channel has real-

time measurement capability and it is more useful for industrial applications. The optimum 

parameters have been found as 125 Hz for magnetizing frequency, 10V for voltage, and 60 for 

amplification by controlling the linearity of the magnetization process and the sinusoidal 

wave characteristics of the MBN.  

 

MBN responses are needed to convert into residual stresses by using a calibration curve. The 

test specimen (8 mm thick, 115 mm long) was loaded in tensile and compressive types of load 

in elastic range of the material. The elongations were calculated by means of the micrometer 

in 0.001 mm sensitivity. By dividing elongation of the sample to the initial length, strain 

values were calculated. By multiplying the strain values with the elastic modulus of the 

material, stresses were calculated and calibration curve were plotted. The calibration curve 

(Figure 3) shows the MBN variation with respect to the stress values that is obtained from a 

sample which residual stress value is taken as 0.  

 



 
 

Figure 3. Calibration curve: MBN signal amplitude versus Stress  

 

 

3. Results and Discussion 
 

Figure 4 shows the MBN profiles of the reference initial sample and the samples shot peened 

at various Almen intensities. The decrease in the MBN emission with increasing shot-peen 

intensity can be explained by the negative effect of compressive residual stresses on motion 

capability of 180
o 

domain walls. Besides, maximum peak point of root-mean-square profile of 

the MBN signal shifts to the higher magnetic strength values. The reason is the reduction of 

the total 180
o 

domain wall area due to the presence of compressive residual stresses. Due to 

the loss in motion capability of domain walls, the critical level of external applied magnetic 

field is increased, so the components start to be magnetized harder.  

 

Figure 5 shows the correlation between the % coverage and MBN profile. An increase in the 

peening coverage results in higher magnitude of compressive residual stress on the surface, 

and therefore, MBN activity decreases.  

 

The effect of impact angle on the MBN activity can be seen in Figure 6. There is not big 

difference between the MBN profiles of the 45
o 

and 90
o 

angles. However, shot peening with 

30
o 

impact angle
 
results in a higher MBN profile than the others, which indicates that the 

residual compressive stress at the surface is lower than the higher angles. After coverting the 

MBN values to the residual stres values via calibration curve, the surface residual stres 

variations are given in the Figures 7-9. The maximum compressive residual stress, -270 MPa, 

was obtained for 300% coverage.  



 
 

Figure 4. Variation of MBN profile with shot peening intensity 

 

 
 

Figure 5. Variation of MBN profile with shot peening coverage 

 

 
 

Figure 6. Variation of MBN profile with impact angle of shot peening 



 
 

Figure 7. Variation of surface residual stress with the shot peening intensity. 

 

 
 

Figure 8. Variation of surface residual stress with the shot peening coverage %. 

 

 
 

Figure 9. Variation of surface residual stress with shot peening angle 



4. Conclusions 
 

Various series of specimens were prepared by shot peening with different intensities, impact 

angles, and coverage values. Surface residual stress state in the shot-peened steel samples 

were evaluated by Magnetic Barkhausen Noise (MBN) method. The following conclusions 

can be drawn from the results of this work. 
 

 Shot peening operation introduces beneficial compressive residual stresses on the 

samples in an increasing amount with the increasing intensity, coverage and noozle 

angle close to 90
o
. MBN emission decreases with increasing magnitude of the 

compressive residual stress since the total area of the 180
o
 domain walls decreases.  

 

 From the differences in the MBN emission, the residual stress state at the surface can 

be determined. MBN technique has a good resolution (1 Almen difference) for 

determining the shot peening effect. However, since MBN signal includes total 

information from the residual stress state and microstructure, for reliable 

determination of the residual stresses the microstructure should be stable and known.  
 

 MBN technique, with a proper pre-calibration, is a fast and appropriate tool for 

monitoring the residual stress state in the shot peened steel components. Calibration of 

MBN emission before measurement and statistical analysis on the collected data are 

very important in order to obtain reliable and good resolution measurements. 

 

Acknowledgements 

Special thanks to TAI for utilization of the shot peening facility, also to METU Central 

Laboratory and Dr. Ibrahim Cam for MBN measurements. 

 

References 
 

1. J Gauthier, ‘Magnetic Barkhausen Noise and Acoustoelasticity: A Comparison of Two 

NDT Methods of Measuring Residual Stress’, MSc Thesis, Queen’s Univ., Kingston, 1994. 

2. A Wojtas, ‘Surface and Subsurface Residual Stresses after Shot Peening – Their 

Qualitative and Quantitative Analysis by X-Ray Diffraction and Barkhausen Noise 

Analysis’, Metal Finishing News, Vol 5, Enquiry No 012-09, 2004. 

3. L Suominen, K Tiitto, ‘Use of X-Ray Diffraction and Barkhausen Noise for the Evaluation 

of Stresses in Shot Peening’, Proc. of 4
th

 Int. Conf. on Residual Stresses, Baltimore-USA; 

pp. 443-448, June 1994. 

4. P Jacob, S Marrone, L Suominen, V Honkamäki, ‘Non-destructive Evaluation of Residual 

Stress Depth-Profiles by Barkhausen Noise Analysis and their Validation by XRD Method 

Combined with Electrochemical (destructive) Surface Removal’, Proc. 4
th

 Int. Conf. on 

Barkhausen Noise and Micromagnetic Testing, pp. 361–368, July 2003. 

5. S Zagar, P Zerovnik, J Grum, ‘Surface Layer Analysis after Shot Peening by Barkhausen 

Noise Signal’, Proc. of 10
th

 Int. Conf. of the Slovenian Society for NDT: Application of 

Contemporary NDT in Engineering - Ljubljana, pp. 539-548, September 2009. 

6. K Davut, ‘Characterization of Steel Microstructures by Magnetic Barkhausen Noise 

Technique’, MSc Thesis, Middle East Technical University, Ankara, 2006. 

7. S Savas, CH Gür, ‘Monitoring Variation of Surface Residual Stresses in the Shot Peened 

Steel Components by Magnetic Barkhausen Noise Method’, INSIGHT – J British Inst of 

NDT, Vol 52, pp. 672-677, 2010. 

8. T. Floyd, ‘Use shot peening to toughen welds’, Welding Design and Fabrication, pp. 68-

70, 1985. 


