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ABSTRACT 

 
Effect of magnetic Barkhausen noise is reflected as a response after magnetisation of magnetic 
domain of ferromagnetic material with alternating magnetic field. The identification of the 
Barkhausen noise from magnetic domain could extract mapping of individual characteristics of 
study material. Article relates to research the edge effect and gap effect on the capture of an 
induced voltage or voltage signal Barkhausen noise with a compact sensor unit. The aim of the 
research is to detect and quantify various effects on the captured and processed voltage signals, 
which will allow the use of uniform criteria for assessing the characteristic properties of the 
material regardless of the test site. The magnetic method is based on the Barkhausen noise use 
with the proposed correlation allows direct and non-destructive method of determination of the 
material Fe360-B in different cold-deformed states. 
 
 
1.0 Introduction 
 
The first experimental confirmation of the existence of magnetic domains was provided in 1919 
by Professor Barkhausen. In magnetisation of ferromagnetic materials, changes in the direction 
of the Weiss domains occur in shocks, which produces, with the increase in field intensity, a 
step-like increase in magnetic flux density in the material. The increase in magnetic flux by 
shocks induces voltage shocks in the measuring coil. It is characteristic of the present state of 
measuring and processing techniques that the captured voltage signals may be registered by a 
measuring (detecting) coil and then subjected to online processing; the magnetic method based 
on the Barkhausen noise (BN) is, therefore, very rapid, sufficiently reliable and as such suitable 
for the control of materials in automated systems. The magnetic method based on the 
Barkhausen noise (BN) permits, among other things, non-destructive testing of various 
properties of materials such as influences of grain size, microstructure, material hardness, degree 
of cold deformation and density of dislocations. Swartzendruber, Hicho (1993) /1/ and Dobmann 
G. (2004) et al./2/ studied specimens with different carbon contents, which were cold-rolled. 
Capturing of the voltage signals was accomplished prior to and after soft annealing of the 
specimens with different sensor units. Langman (1987) /3/ and Jiles (1988) /4/ conducted 
investigations on specimens subjected to various mechanical loads and proved relationships 
between hysteresis loops and BN voltage signals from the specimens showing different residual 
and loading stresses. With higher degrees of cold deformation, the maximum amplitude value of 
the BN voltage signal will be reduced, which was treated for other materials and other types of 
material working and different states by Bach et al. (1988) /5/ and Thompson and Tanner (1994) 
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/6/. A sensor unit makes it possible to capture the so-called voltage signal of the magnetic 
Barkhausen noise that represents mapping of the individual characteristics of the material 
microstructure. The results of Grum J. and Pecnik B. (2006) /7/ compare a classical sensor unit 
having the magnetising and detecting sections separated and a compact sensor unit. A 
comparison was made on the results of the calibration curves obtained with a compact sensor 
unit having an additional ferrite core and a detection section integrated as well in the magnetic 
yoke. Stefanita et al. /8/ have come to the conclusion that administration of tensile stresses in the 
material leads to a sharp increase in amplitude of the voltage signal of BN in the elastic field of 
study material. By contrast, the amplitude of the voltage signal does not significantly change in 
the plastic field. Determined the course of the voltage signal gives the combined effect of 
changing the size of the magnetic domains and the increase in the number of magnetic domains 
with 180 ° orientation. Researchers Desvaux and others (2005) /9/ were performed voltage signal 
measurements Barkhausen noise in a ferromagnetic material specimens at different frequency 
ranges of band-pass filter as well as the influence of different penetration depth of the test 
material. 
 
 
1.0 Presentation of the compact sensor unit 
 
Compact sensor unit with magnetic yoke and integrated ferrite core provides a unique collection 
of induced voltage signal Barkhausnovega noise. Compact sensor unit with integrated ferrite 
core containing the active magnetizing yoke and integrated passive measurement part consists of 
a ferrite core with windings. In Figure 1 is shown a compact sensor unit with integrated ferrite 
core. 
 
 
 
 
 
 
 
 
 

Figure 1: Compact sensor unit with integrated ferrite core 
 
Compact sensor unit with integrated ferrite core, with 50 coils of copper wire of a thickness of 
0.04 mm, has not a linear relationship with the density of the magnetic flux as a measuring coil, 
because the permeability of ferrite is significantly high (Table 1). Integrated ferrite core acts as a 
natural amplifier for surface movement of magnetic domains caused by an external alternating 
magnetic field, which is reflected by the induction voltage measuring coil with a ferrite core. 
Conductive ferrite core allows us to capture the changing secondary magnetic field caused by the 
rearrangement of magnetic domains due to the primary magnetic field. For the manufacture of 
compact sensor unit was used ferrite material 12G with the following material characteristics as 
described in Table 1. Measurements of the physical properties of the material 12G were carried 
out on core-ring marked T 22 14 07/10 /. 
 
Table 1: Characteristics of the integrated ferrite core, 12G /10/. 
 

µi []...initial permeability 
ηB [10-3/T]...hysteresis material constant 
Bs [mT]...saturation magnetization 
ρ [Ωm]...specific resistivity 
Tc [°C]...Curie temperature 
ρs [kg/m3]...density 

 

A A 

View:   A:A 

Ferrite core with 
the winding N=50 

Magnetising yoke 
with the winding 

N=102 
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Before mounting the ferrite core in a given sensor unit was determined the relationship between 
the magnetic flux density of the magnetic field strength B = B (H). Permeability of 
ferromagnetic material is always a non-linear function of magnetic field strength. Magnetic field 
strength is proportional to the current in the coil winding H∝iN which causes the magnetic field. 
Based on the measurement of permeability has proved the usefulness of the ferrite material, such 
as concentrator motion-sensing magnetic domains in a specimen in the temperature range 
between +15 ºC and +70 ºC. 
Relative loss factor tgδ/µi consists of hysteres losses, eddy current loss and residual resistive 
losses. Consideration of copper loss ferrite core to reduce the impact of phase angle δ between 
voltage and current is named with an angle loss /10 /. 
In a laboratory experiment is used a relatively low frequency of 10kHz excitation magnetic field, 
which is 1000 times less than the smallest value of the relative loss factor. Therefore, we can 
conclude that in this case the magnetization of material specimen with compact sensor unit with 
integrated ferrite core at low excitation frequency of the magnetic field f = 10 Hz and ambient 
temperature T=25 ºC a relative loss factor tgδ/µi is negligible. This means that the density of the 
magnetic field of the ferrite core is very little disrupting, and independent of the ferrite material 
12G. 
 
 
2.0   The impact of the gap on the estimators of the voltage signal 
 
Capturing voltage signal of Barkhausen noise with compact sensor unit is of paramount 
importance to its resting surface of the specimen of ferromagnetic material. The following are 
the measurements of voltage signals contained Barkhausen noise, depending on the size of the 
gap between the compact sensor unit with integrated ferrite core and the surface of the material 
specimen of steel Fe360-B. Specimen thickness of a thin sheet, soft state at 0% rate of cold 
deformation is 3,5 mm. The question is how large can the gap between the measuring coil and 
the surface of the specimen that still provides adequate recording voltage signals Barkhausen 
noise. Figure 2 shows the compact sensor unit with integrated ferrite core and size of the gap. 
 
 
 
 
 
 
 
 

 
Figure 2: Compact sensor unit with integrated ferrite core and size of the gap 

 
Figure 3 shows the effects of gap on different estimators of voltage signal of Barkhausen noise; 
power voltage signal, a time delay, variance of the voltage signal, Vrms value of the voltage 
signal, the number of peaks and ratio of ΔV/Δt. The purpose of developing autocorrelation 
curves in Figure 3 is a review and comparison of the collection of new dimensions of useful 
information for further evaluation. For the measurements, we used a compact sensor unit with 
integrated ferrite core. 
 
 
 
 
 
 

 

  

Compact sensor unit 
with integrated 
ferrite core   

δ…size of the 
      gap   

     Specimen   

421



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: The impact of the gap on the estimator of the voltage signal  
 
In all of the diagrams in Figure 3 shows three curves for different magnetizing currents by 0,5 A, 
1,0 A and 1,5 A. By increasing the magnetizing current increases the voltage level of peaks in 
the voltage signal of the Barkhausen noise, which is clearly evident in the diagrams power 
voltage signal, variance of the voltage signal, Vrms value of the voltage signal and the biggest 
voltage changes in a specified time interval ΔV/Δt as a function of the size of the gap. Figure 4 
presents the definition of the ratio estimator ΔV/Δt and the number of peaks. 
 
 

 
 
Figure 4: See the definition of the estimators ΔV/Δt in N/Δt 
 
From the diagram in Figure 3 shows the trend of decreasing values of the estimators with 
increasing size of the gap, independently of the magnetizing current. In all four illustrated 
diagrams it is evident that there is a significant difference of each of the estimators of the size of 
the gap to 0,2 mm, which confirms the preliminary findings, carried out on the basis of estimates 
of voltage signals of Barkhausen noise shown in Figure 3. Based on the individual estimators, 
such as power voltage signal, variance of the voltage signal, the value of Vrms voltage signal and 
the voltage of the biggest changes in a specified time interval ΔV/Δt can be concluded that the 
compact sensor unit with integrated ferrite core, for material Fe360-B, and described 
magnetizing parameters with significant difference estimators voltage signal only if the gap is 
less than 0,2 mm. Estimator of the number of peaks voltage signal and the time delay does not 
give an specific differences depending on the gap size so we assume that the estimator is not 
suitable for assessing the impact of the size of the gap between the compact sensor unit and 
surface of the material specimen. 
 
  

 Magnetilni parametri: 
- magnetilni tok 0,5 A, 1,0 A, 1,5 A 
- frekvenca vzbujanja 10 Hz in 
- frekvenca vzorčenja 50 kHz. 

 

Estimators:  
ΔV/Δt=(Vmax-Vmin)/Δt 
and 
N/Δt=number of peaks/Δt 
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3.0   Edge influence on the estimators of the voltage signal  
 
The capture of voltage signals of Barkhausen noise using a compact sensor units are faced with 
the reliability of assessing the state of mechanical properties and values of the estimators of the 
edges of the specimen material. By measuring the voltage signals at the edges of the specimen 
material directs us shape and size of sensory units, the unavailability of land for industrial 
samples, specimens are small and uneven and rough surfaces. Figure 5 shows the direction of 
movement of the axis of a compact sensor unit with integrated ferrite core, namely, from the 
centre towards the edge of the material specimen Fe360-B. By moving the axis of the compact 
sensor unit to the edge of specimen was defined distance from the axis of the compact sensor 
unit to the edge of specimen in the positive and negative side. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: Compact sensor unit and the way to move in a direction transverse to the edge of the 
sheet metal strip 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: Effect of distance from the edge of specimen of the compact sensor unit in the 
estimator of Barkhausen noise voltage signals for steel Fe360-B 
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Figure 6 shows six different estimators voltage signals Barkhausen noise through the power 
voltage signal, the time delay of voltage signal, the variance of voltage signal, the value of Vrms 
voltage signal, the number of peaks in the time interval N/Δt and maximum voltage level in the 
time interval ΔV/Δt. The diagram in Figure 6, the conduct of the individual values of the 
estimators inventoried the criteria depending on the distance from the edge of specimen to the 
compact sensor unit. The values of the estimators are then gradually decreased with distance 
from the axis of sensory unit margins less than 10 mm. Interesting increase of all of the 
estimators to 6 mm away from the edge represents the state in Figure 5c), wherein the compact 
sensor unit with integrated ferrite core, located at the beginning of the first part of the ferrite core 
so that contact with the edge of the ferrite core material of the specimen. At this point, there has 
been a concentration of forces of impulse magnetic field through a reduced cross-section area of 
the magnetizing and pickup part of sensor unit. With further movement of the axis of compact 
sensor units to the edge of the specimen material estimator begin to fall again towards the zero 
value. 
Figure 6 shows the estimator the number of peaks in the time interval N/Δt of the voltage signal 
N / dT, which does not give a characteristic depending on the distance axis of compact sensor 
unit to the edge of the material of the specimen. Estimator N/Δt is not suitable for assessing the 
impact of distance of compact sensor unit, with integrated ferrite core, from the edge of the 
specimen Fe360-B. 
 
 
4   Conclusions  
 
This paper presents the results witch confirm the usefulness of micromagnetic non-destructive 
method for the assessment of the material and an overview of the effects of irregularities in the 
capture of Barkhausen noise voltage signal with a compact sensor unit. Opening tests have 
shown that it is very important the proper selection of the detection coil with ferrite core, as all 
the other magnetizing parameters. For a proper analysis of the voltage signal is necessary to 
choose a unique time frame of voltage signal, the estimator requires proper processing and final 
evaluation of the results of the calibration curve with the highest correlation coefficient for a 
given material. We have focused on the impact of the gap between the compact sensor unit and 
specimen. We were also investigating the influence on the voltage signal at the edge of the 
specimen, named edge conditions. We can conclude that the selection of a suitable material 
ferrite core 12G in compact sensor units and the low frequency excitation magnetic field f = 10 
Hz and room temperature provide a negligible factor relative losses. Thus a practically smooth 
transmittance of the magnetic field and the ferrite core is obtained undistorted measurements of 
voltage signals. Judging from the results presented in the given conditions of capture and 
magnetization can be concluded that the impact of gap on the estimator of the voltage signal is 
greater than or equal to 0,2 mm unacceptable as it drastically decreases the significance of the 
estimators for the evaluation of the material specimen. When analysing the edge effect can be 
concluded that the used compact sensor unit is not recommended for measurements on the edge 
and we have to provide at least 6 mm distance from the edge to avoid these edge effects. The 
magnetic method is based on the Barkhausen noise allows us to significant assessment of the 
situation through the material selected estimators taking into account the adequacy of compact 
sensor unit, selected magnetizing parameters and to avoid negative impacts. 
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