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Nondestructive testing using magnetic Barkhausen noise (MBN) was carried out on three steels that had a comparable microstructure but 

exhibited vastly divergent mechanical characteristics. A tensile test was performed on each of these steels, subjecting them to minute 

plastic deformations ranging from 0.5 to 4 percent. Even with a relatively little distortion of 0.5%, it becomes impossible to shift the 

domain wall 180 degrees. This is because plastic deformation causes grain fragmentation, which in turn causes the dislocation density to 

rise, leading to the creation of dislocation cells and tangles. After plastic deformation, the magnetostrictive process becomes more 

prominent, according to the changed structure of the MBN envelope. This is likely associated with the stress field around dislocations. 
 

Index Terms— Hysteresis, magnetic Barkhausen noise (MBN), nondestructive testing, plastic deformation. 

 

I. INTRODUCTION TABLE I 

CHEMICAL COMPOSITION FOR THE SAMPLES (WEIGHT %) 

HE effect of plastic deformation on magnetic properties   

still is a subject of considerable debate. As reviewed by 

Chen [1], there are several old theories for explaining the   

dependence of coercivity on the deformation. It was roughly   

suggested that the coercive field increases with the square root   

of the dislocation density [1]. As consequence, this simple law   

has been used in several models [2], [3]. 

Many theories summarized by Chen [1] go back to the 

1950s. However, after electron back scattered diffraction 

(EBSD) has been used for studying the deformed structure 

of metals [4], [5], it is now clear that grain fragmentation is a 

very relevant consequence of the plastic deformations and not 

only the increase of dislocation density. 
Due to the crystal discontinuity, the domain walls have to stop at 

the grain boundaries, and grain fragmentation thus avoids domain 

wall movement. When domain wall movement is difficult, the 

reversal of magnetization takes place by domain rotation. The 

coercivity is much larger when the crystal is small, with 

maximum coercivity near the single domain particle size [6]. As 

example, it is possible to mention the high coercivities found in 

nanocrystalline Sm2Co17 magnets, near the single domain particle 

size [7]. It has also been observed that significant refinement of 

domain structure takes place after the plastic deformation [8], and this 

can be attributed to grain fragmentation. The low losses of grain 

oriented (GO) steels are explained by the very large grain size of 

these materials, where the domains can move freely [9]. 

As mentioned in the literature [10]–[12] magnetic 

Barkhausen noise (MBN) may provide helpful insights on 

understanding plastic deformation. It was pointed out that short 
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range magnetostrictive effects [13], coupled with significant 

grain fragmentation [14], may increase sharply the coercivity 

(and decrease considerably the initial permeability) even with 

very small deformations. As MBN is able to detect 180° 

domain wall movement, and elimination of 90° closure domain 

walls [14], a detailed analysis of the MBN envelope of 

samples submitted to small deformation can help to reveal 

the mechanisms of magnetic hardening. 

In the present paper, a very small deformation 0.5% up 

to 4.0% was applied to three steels with different chemical 

composition, and mechanical properties. However, the three 

steels present similar microstructure, basically ferrite (i.e., bcc 

alpha–iron) grains of 10 μm, as it will be discussed further. 

The three compared steels are: 1) high resistance low alloy 

(HRLA) microalloyed with niobium; 2) titanium stabilized 

interstitial free (IF); and 3) carbon–manganese steel following 

specification SAE 1006–1008. 

II. EXPERIMENT 

The chemical composition of the three evaluated steels is given 

in Table I. The thickness of the samples is 1.0 mm for the HRLA and 

IF–Ti steels, and 0.95 mm for the C–Mn steel (it is designed to fit in 

the SAE 1006–1008 specification). These steels received previous 

skin-pass (i.e., cold rolling) of 0.8% for the HRLA, 1.2% for IF–Ti, 

and 1.4% for the C–Mn steel. Deformations of 0.5% and 4% were 

applied in the samples by means of the tensile test machine 

Instron model 5585H, 
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TABLE II 

GRAIN SIZE FOR THE SAMPLES 
 

 

 

 

TABLE III 

MECHANICAL PROPERTIES OF THE SAMPLES 
 

 

Fig. 1.  Microstructure of HRLA steel. 
 

 

with advanced video extensometer (AVE) system. The speed 

of deformation was 1 mm/min. A Soken single sheet tester 

was used for measuring losses at 60 Hz, 1 T. 

MBN data was acquired with Barktech equipment [14]. The 

parameters for MBN data acquisition were current I  1 A, 

and frequency 10 Hz. A filter was used for elimination of 

frequencies below 2 kHz. The MBN envelope was calculated 

using Fourier Transform. 

The HRLA and C–Mn samples were etched with Nital 

3% for revealing grain boundaries after metallographic prepa- 

ration. The IF–Ti steel was etched with Klemm’s reagent. 

Microstructures were obtained in an optical microscope Zeiss 

Axiophot. 

 

III. RESULTS AND DISCUSSION 

The determined values for grain size are presented in 

Table II and the mechanical properties in Table III. Microstruc- 

tures were presented in Figs. 1–3, and results of stress- 

strain test were presented in Figs. 4–6. As evidenced by the 

curves of Figs. 4–6, and Table III, the steels present con- 

siderable difference of mechanical properties and the HRLA 

steel shows discontinuous yielding (see Fig. 4). Magnetic 

properties presented at Fig. 7 show that losses (1T—60 Hz) 

increase significantly, even after small plastic deformation. 

For the IF–Ti steel, however, losses reduced slightly from 

9.5 to 9.2 W/kg after 0.5% of deformation, but the shape of 

hysteresis curve changed and the field necessary for obtaining 

 

 

Fig. 2.  Microstructure of IF–Ti steel. 

 

Fig. 3.  Microstructure of C–Mn steel. 

 

Fig. 4.  Stress-strain test for the HRLA steel. 

 

 

Fig. 5.  Stress-strain test for the IF–Ti steel. 

 

1 T is significantly higher, as can be seen in Table IV. 

This implies that the permeability reduced significantly after 

0.5% of deformation. 
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Fig. 6.  Stress-strain test for the C–Mn steel. 

 

 

 

 

 
 

 

 

 

Fig. 7.  Losses at 1 T, 60 Hz. 

 

TABLE IV 

FIELD APPLIED FOR THE LOSSES MEASUREMENT AT 1 T  
 

 

 

 

 

 

 

The softer material (from both mechanical and magnetic 

point-of-view) is the IF steel, and this happens because: 

1) IF–Ti steel has larger grain size (see Table II) and 2) the 

other steels (HRLA and C–Mn) have solid solution mechan- 

ical hardening, due to carbon and manganese additions. In 

spite of the differences concerning mechanical and magnetic 

properties, the MBN as function of deformation, presented in 

Figs. 8–10, shows very similar behavior. 

As can be seen in Fig. 7, in general the losses increase 

sharply after the very small deformation. The envelope of 

the MBN broadens and the intensity of the peak reduces (see 

Figs. 8–10). Previous studies have shown [3] that even with 

very small plastic deformation, there is significant increase of 

the dislocation density. 

The results presented in Figs. 8–10 can be interpreted 

with the double Gaussian model. This model assumes two 

main bursts, the first usually occurring before the coercive 

field Hc (here it is assumed the Hc measured after it was 

applied an given H applied field sufficient for saturation), 

due to 180° domain wall moving and the second due to 90° 

closure domain walls elimination. The main idea comes from 

Fig. 8.  MBN envelope for the HRLA steel. 

 

Fig. 9.  MBN envelope for the IF–Ti steel. 
 

 

Fig. 10.  MBN envelope for the C–Mn steel. 

 

Williams et al. [15], which discussed the effect of applied field 

on domain wall movement and the eddy current dumping, and 

is the basis of the so-called ABBM model [16]. This basic idea 

was reworked by Perez-Benitez et al. [17], [18], as shown by 

Vt = 
ρ 

[m90 (h90) h90 + m180 (h180) h180] (1) 

where Vt is Voltage at a time (t), ρ is resistivity, G is 

the damping coefficient of one domain wall [15], [16], and 

m90(h90)h90 represents the 90° closure domain wall elimina- 

tion and m180(h180)h180 represents 180° movement of domain 

walls. One of the most relevant results of this model is the 

prediction that the MBN signal increases with the number of 



 ISSN NO: 9726-001X 

Volume 11 Issue 03 2023 

 

 

 

32 

 

90 

            

~ 

x x x 

H 

 

active domain walls [14]: m90 is the number of MBN jumps 

produced by the 90° domain walls at an applied field h90, m180 

is the number of MBN jumps produced by 180° domain walls 

at an applied field h180. 

It has been pointed out that (1) represents two Gaussians 

[14], [18]. For example, for a Gaussian distribution of grain 

size, there is a Gaussian distribution of coercivity, since the 

coercive field is directly proportional to the inverse of grain 

size [13]. Thus, (1) can be modified to (2) [14], [18] 
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