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Abstract 

When a slowly varying electromagnetic field (through a yoke) is applied on a ferromagnetic material, the motion 

of the magnetic domain walls is produced. This motion is collected by a pickup coil as a high frequency noise 

(50 kHz - 100 kHz), on the surface of the material. This is known as Barkhausen Noise (BN). At the same time, 

the wall domain motion generates elastic waves (very high frequency) recognized as Magneto-Acoustic Emis-

sion (MAE). MAE (100 kHz - 2 MHz) can provide information of the bulk meanwhile BN is a surface and sub-

surface technique. Both methods of analysis are applied on a test piece made of A508 Class II Steel, similar to 

the steel used for pressure vessels. The MBN and MAE results are compared with the information obtained by 

conventional material characterization: optical, MEB, microscopy, etc. The anisotropy of the material was stud-

ied and compared with its material characteristics. 

 

Keywords: Barkhausen Noise, Magneto-Acoustic Emission, steel, material characterization. 

 

1.  Introduction 
 

In ferromagnetic materials, the hysteresis loop is not really a continuous process, if we 

look inside with a great magnification there are small steps. These discontinuous changes are 

due to the movement of magnetic domains walls and may be “hear” using a speaker. The last 

phenomenon is known as Magnetic Barkhausen Noise (MBN) [1]. Another effect produced 

by the movement of magnetic domains walls is the Magneto-Acoustic Emission (MAE), also 

known as Acoustic Barkhausen Effect. These acoustic signals are generated by the sudden 

and discontinuous changes in magnetization, which involve localized deformations (magneto-

striction, volume changes due to magnetization) [1]. These signals are low amplitude and high 

frequency (50 kHz to 1 MHz) and are produced by domain wall movements. Since magneto-

striction cannot be produced by 180
°
 domain wall movement, since there is no volume change 

(magnetization in opposite sense) there is no MAE produced. MBN and MAE are strongly 

affected by changes in material microstructure and by actual stresses. For these reasons MBN 

and MAE are techniques applied to nondestructive evaluation of material degradation [2-6]. 

The material here studied is generally used to construct pressure vessels. They can be the 

structural component in nuclear reactors, being the most important element considering safety 

concern. So it is very important to know its chemical composition, its production processes 

and its metallurgical conditions [7]. In this paper, the microstructure of A508 class II steel 

block is analyzed through MBN and MAE techniques. Its hardness, electrical conductivity 

and MBN penetration depth are considered.  

The inclusions found in this steel are oxides, silicates, manganese sulfides and carbides. The 

sulfides are softer than the steel, so they can support more strain. On the contrary, the oxides 

present as inclusions are hard and they do not support strain. The inclusions presented as sili-

cates have an intermediate behavior. Several inclusions were found and they were made visi-

ble using the Baumann imprint technique. This technique has the objective to show the loca-

tions of sulfide inclusions in the steel. They are on the steel structure as different chemical 

compounds: Fe sulfides, Mn sulfides (MnS), mix sulfides, etc. [8]. In this paper the influence 

of soft nonmetallic MnS inclusions is considered in analyzing the strain of the alloy [10-12]. 
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2. Experimental tests 
 

The metallurgical characterization of the steel block tested is described in the next sections. 

The chemical composition, metallographic analysis, hardness and results of the Baumann im-

print technique are described. The material was analyzed using MBN and MAE techniques 

and their results were compared with metallurgical characterization. 

 

2.1. Material 

 

The block studied is an A508 M Class II alloy obtained by rolling. Its size is 130 mm, 115 

mm and 58.4 mm, long, wide, and thickness respectively. In figure 1, a photograph of the 

block is shown. The arrow indicates the rolling direction and its chemical composition is indi-

cated in table I [13]. The block was divided into 24 zones on different angles, each one in a 

largest angle (increment = 15
o
). The value 0

o
 was considered parallel to the rolling direction 

(white arrow in figure 1).  

 

 
 

Figure 1. Photograph of the block studied. 

 

Table I. Chemical composition (% weight), A508 M Class II 

 

C Si Mn P S Cr Mo Ni V Cu 

0.19 0.21 0.70 0.009 0.10 0.41 0.62 0.81 0.05 0.12 

 

 

      Figure 2. Details of Mn sulfide.    Figure 3. Details of MnS and FeOx. 



 

 

 

2.2. Metallographic Study 

 

The study with SEM (scanning electronic microscope) was made according to the ASTM E-

45, ASTM E-47 standards. The type, morphology, size, composition and orientation were 

found. The inclusions correspond to silicates, aluminates, MnS and FeOx. Figures 2 and 3 

show the micrographics. It was analyzed with EDS (Energy Dispersive Spectrometry) tech-

nique in two areas. Results shown in figures 4 and 5 revealed the presence of Al, Fe, S and 

Mn.  

 

 
 

Figure 4. EDS spectrum Al precipitate base. 

 

 
 

Figure 5. Spectrum of MnS. 

 

 

 

 



 

 

2.2.1. Baumann Imprint Technique 

 

With the objective to detect the sulphur segregation the Bauman imprint technique [8] was 

applied on all the surface of the block. It is shown in figure 6. The inclusions banded zone, 

MnS type, can be seen. Some ellipses were draw to highlight the principal directions. 

 

 

Figure 6. Sulfide macro-segregation; the black arrow shows the rolling direction. 

 

2.3. Conductivity Measurements 

 

The conductivity () was measured to estimate the MBN penetration. To measure it, a small 

sample was cut from the block. A known current (HP System Power Supply) was applied on 

the sample and its voltage was measured with a nanovoltmeter Keithley 2182A, then the con-

ductivity was calculated. Five different currents values (10 A, 20 A, 30 A, 40 A and 50 A) 

were employed. The average value was  = (1.64  0.01) x10
6 
S/m. 

The conductivity of the material was measured to estimate the skin depth of the magnetic ef-

fect (δ). The depth penetration of the MBN depends of the frequency of excitation on the yoke 

according to equation (1). The same expression is applicable to estimate the maximum depth, 

which is producing the MBN [14, 15]: 

 

rf 


0

2
      (1) 

where µo is the vacuum permeability; f the analysed frequency on the sensor coil; µr the rela-

tive permeability of the steel;  the conductivity; µo = 4π 10
-7

 H/m; µr = 206 [9];  = 1.64x10
6 

S/m. Using the extreme values of the wideband MBN amplifier the corresponding skin depth 

were calculated. 

For:   f1 =1 kHz   δ1 = 0.07 mm    (2) 

f2 = 200 kHz   δ2 = 0.01 mm    (3) 



 

 

These values indicate that MBN is a surface and near surface analysis and they are similar 

with others found in the literature.  

 

2.4. MBN and MAE Measurements 

 

The variable magnetic field was produced on the yoke located on the block surface. A varia-

ble voltage generated by a sine wave with a 10 Hz frequency and with 1.25 V amplitude pro-

duced by LeCroy Arbstudio 1102, then amplified up to 40 Vpp, was applied on the winding. 

The yoke was positioned on the block, moving it around a circle marked each 15
° 

(angle 

measured from the rolling direction). In the middle of the yoke a sensor coil was also located 

on the block surface. The signal from this coil was then amplified with a bandwidth of 1 kHz-

200 kHz. 

To detect the MAE signals an AE resonant sensor (150 kHz, PAC, R15I) with a preamplifier 

included (40 dB) was positioned on the bottom surface of the block. The signal was 50 dB 

amplified by an AE system developed at National Atomic Energy Commission. The excita-

tion on the yoke (voltage and current), MBN and MAE signals were measured on a four 

channels digital oscilloscope (LeCroyWaver Runner 44MXi. The measurement configuration 

can be seen on figures 7 and 8. The signals were digitized with 1 Ms/s. 

The MBN and MAE were registered by their RMS (Root Mean Square) values. To take into 

account the shape of the signals, their statistic parameters Kurtosis (peakedness) and Skew-

ness (asymmetry) were calculated. 

 

 

 

 

Figure 7. Complete measurement system scheme. 



 

 

 
 

Figure 8. Complete measurement system photograph. 

 

A total of 26 MBN and MAE digitized files were obtained at different angles with increment 

equal to 15
° 
(see figure 1). Figure 9 shows an example of 4 MBN signals and the correspond-

ing MAE signals. Both signals look different in waveforms and amplitudes. 

 

 
 

Figure 9. MBN and MAE signals, 0° angle. 

 

To estimate the error in the measurement processes, MBN and MAE values were repeated 10 

times for 0
°
, 45

°
 and 90

°
. Their mean standard deviations were 0.3 mV for MBN, and 3.4 mV 

for MAE. The RMS values, supplied by the oscilloscope, for MBN and MAE were represent-

ed in figure 10 on a polar graph. In figures 11 to 13, the mean statistical parameters, kurtosis 

and skewness were graphed on a polar system. The mean values were calculated taking into 

account the 4 signals of each screen of the oscilloscope as it is shown in figure 9. 
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Figure 10. Polar map of MBN (left) and MAE (right), RMS values. 

 

 
 

Figure 11. Polar map of mean value of MBN (left) and MAE (rigth). 

 

 
 

Figure 12. Polar map of the mean Skewness, MBN (left) and MAE (rigth). 

 



 

 

 
 

Figure 13. Polar map of mean Kurtosis of MBN (left) and MAE (right). 

 

All these graphs for MBN and MAE showed some type of anisotropy at 30
o
 angle.  

 

3.  Discussion 
 
There are two types of inclusions: i) softer sulfides (SMn) deformed in lamination direction, 

and ii) harder silicates with oxides (Aluminum, Silica, Iron, etc.) which are more fragile than 

the previous, breaking during higher plastic deformation. 

The inclusions, sulfide, oxide, and nitride type, are formed during fabrication steel process, 

and they are unavoidable and it is impossible to eliminate them totally. The deformation 

mechanism of soft inclusions during the steel fabrication processes was widely discussed. The 

deformation of soft inclusions follows the deformation trend of the matrix [11]. 
The imprint Baumann technique showed a distribution of Manganese sulfide inclusions in a 

preferential direction on the block surface (see the banded of figure 6). In figures 14 a) and b) 

the RMS values for MBN and MAE are overlapped with Baumann image. 

 

.  
Figure 14. Comparison between Baumann technique and RMS of a) MBN (left); b) MAE 

(right). 

a b 



 

 

The symmetry axis of MBN polar graph coincides with the inclusion distribution direction, at 

30
0
. The symmetry axes for MAE polar distribution is move up to 60

0
, perhaps this is due to 

that MAE responds to the bulk emission of elastic waves. It is worth noting that MBN detects 

the changes of magnetic domain walls only near surface (see equations 2 and 3). 

 

4. Conclusions 
 

The graph of mean values, skewness and kurtosis for MBN showed anisotropy around 30
o
. 

The same behavior (for 60
o
) is seen for MAE, except for kurtosis. 

The symmetry axes of the statistic parameters (skewsness and kurtosis) for MBN are orientat-

ed as the inclusion distribution direction (30
o
). In the case of MAE the same behaviour was 

seen for near 80
o
. It is clear that the MBN signals are originated at near surface and MAE is 

captured from the bulk, so this may explain their differences. 

At the polar graphs the orientation of the maximum values of MAE and MBN coincide in be-

tween, but with a 30
o
 rotation. MBN and MAE are sensible to the anisotropy of the banded 

inclusions segregation. 
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