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Abstract 
In this work, the development of an experimental system for measuring the magnetic Barkhausen noise (MBN) 
signal in steel is presented. The MBN measurements have been carried out along the hard and easy magnetic 
axes from a machined sample of steel API 5L grade X56 obtained from an out-of-service pipeline section. Three 
MBN parameters were studied: the RMS value, the energy of the signal, and the envelope to investigate the 
influence of eliminating high frequency components on the MBN signal. The values ∆RMS, ∆Energy and 
∆Envmax were obtained to reveal the difference between the axes. High frequency components were gradually 
removed by means of a digital low-pass filter using several cut-off frequencies. The above mentioned parameters 
decreased with the gradual removal of high frequency components. It was determined that it is possible to use an 
experimental system with at least a bandwidth up to 300 kHz for characterizing this steel by means of the RMS 
value and the energy of the signal. Besides, for the case of using the envelope parameter is needed at least a 
bandwidth of 500 kHz. 
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1.  Introduction  
 
Magnetic non-destructive evaluation (NDE) techniques have been widely employed in the 
detection of mechanical defects such as dents, cracks, corrosion pits, etc. Recently, 
measurement of the magnetic Barkhausen noise has been suggested as a potential technique to 
study ferromagnetic materials such as steel pipes [1-3]. 
The technique is based in the detection of abrupt changes in the magnetization of a 
ferromagnetic material while is been magnetized by means of a changing magnetic field [4]. 
The abrupt changes are attributed to variations in the velocity of the magnetic domain walls 
movement, when these domains interact with pinning centers formed by local microstructural 
defects such as dislocations and grain boundaries [5, 6]. The pinning centers impede domain 
wall motion until enough external energy is supplied to overcome the local energy barriers 
created by these pinning centers. When this condition is achieved, sudden changes in the 
magnetization are produced by the abrupt movement of domain walls [6]. This phenomenon 
can be macroscopically observed as an assembly of voltage pulses, denoted as magnetic 
Barkhausen noise (MBN), which is induced in a pick-up coil placed around or on the material 
sample [7]. The frequency spectrum of the MBN spread from the excitation magnetic field 
frequency up to a value which is not fixed. The maximum frequency of the spectrum depends 
on the material under study. Several authors has denoted a different upper frequency value of 
the spectrum such as 400 [8], 500 kHz [9] and 2 MHz [10]. 
Studies about MBN have demonstrated the sensitivity of MBN to many microstructural 
properties as well as mechanical properties, such as metallurgical transformation due to 
thermal treatment [11, 12], carbon content [13, 14], hardened surface [15, 16], applied tension 
and plastic deformation [17, 18] etc. For this reason, MBN has been used as a tool for 
nondestructive measurements. Besides in order to used this type of measurement a good 
understanding of the MBN characteristics is essential [19-22]. 
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In different studies about MBN in API-5L and ANSI-SAE steels the MBN measurement as a 
function of some microstructural or mechanical properties have been reported [23 -25]. In all 
cases the conditioning signal stage is formed by an amplifier and a band-pass filter whose 
upper cut-off frequency (COF) is different to each one and takes values of 200 kHz [23], 100 
kHz [17] and 150 kHz [25] depending on the sampling rate of the AD system. The upper COF 
restricts the experimental system bandwidth and then the frequency spectrum of the MBN 
signals. However, the discussion and justification of the experimental systems bandwidth in 
the above mentioned studies is not made neither talks about the minimum frequency spectrum 
required to perform the analysis of the MBN on the steels. 
In the present study, an experimental system for magnetic Barkhausen noise measurements on 
steels has been developed. The device was employed to detect and analyze the MBN from a 
sample of API-5L grade X56 pipeline steel that have already been characterized magnetically 
[26]. The aim of this paper is to present our findings about the influence of the upper cut-off 
frequency on the MBN parameters. The upper cut-off frequency was changed by using a 
digital low-pass filter. Reduces frequency spectrums from the MBN signal have been found to 
affect the signal parameters (the RMS value, the energy and envelope of the signal), showing 
that there is a minimum frequency spectrum of the MBN needed for each signal parameter to 
perform the analysis of this steel using this technique. 
 
2.  Experimental 
 
2.1  Material 
Oil and gas pipelines are in general magnetically anisotropic, with the hard (HMA) and easy 
(EMA) magnetic axes lying in the longitudinal and transversal directions of the pipe, 
respectively. In order to investigate the effect of removing high frequency components from 
the MBN signals, a square of 75 mm x 75 mm with thickness of 2.5 mm from an X56 pipeline 
steel to perform the investigation was cut. The chemical composition of the sample is given in 
Table 1. Figure 1 depicts the typical microstructure of the studied pipeline steel sample with 
the EMA situated along of horizontal axis. The microstructure consists mainly of 
ferrite/pearlite with negligible banding. 
 

Table 1. Chemical composition (wt%) of the pipeline steel X56. 
The reminder to 100 % is Fe 

 

 
Figure 1. Typical microstructure of the pipeline steel X56 

API-5L C Mn Si P S Cr Ni V Ti Cu 
X56 0.100 1.510 0.310 0.014 0.002 0.030 0.020 0.000 0.020 0.010 



Table 2 summarizes the remanence (JR) and coercivity (HC) values of the pipeline steel X56 
for both magnetic axes [26]. By comparing each magnetic parameter between both magnetic 
axes the magnetic anisotropy is clearly revealed. 
  

Table 2. Coercivity and remanence values of the pipeline steel X56 
API-5L-X56 JR [T]  HC [A/m]  

EMA 1.05 855 
HMA 0.69 982 

 
2.2  Experimental setting 
Measurement of MBN signals was performed by the experimental system developed in this 
work. A block diagram of the experimental setup is shown in Figure 2. The unit used for 
magnetizing the steel sample and detecting the MBN is make by a U-core of Fe-Si 
(differential permeability of µ’~50 000) [27], a magnetic field coil of 1000 turns, a pick-up 
coil (induction coil FS100/2) with an effective area of Aef=112.7 cm2 [28] and a Hall effect 
sensor with a sensibility of SH=1.066 kA/m⋅mV-1 [29].  
 

 
 

Figure 2. Block diagram of the experimental setup used for measuring the MBN activity [7] 
 
A power amplifier supplies an alternating current up to 1 A to the magnetic field coil, which 
generates the magnetization force to be applied to the sample through the U-core poles. The 
amplitude and frequency parameters of the magnetic field on the sample are monitored using 
the Hall effect sensor and they are controlled by means of a function generator (Agilent 
33200). The Hall effect sensor is powered by a constant current source (IFCC=5.08±0.02 mA). 
The MBN signal is detected by means of the pick-up coil during the magnetization process. 
The output signal of the pick-up coil is fed to an amplifier with a gain (G) of 60 dB and 
bandwidth (BW) of approximately 1 MHz. The amplifier is connected to an analog high-pass 
filter with COF of fc≈1 kHz to remove possible low-frequency interferences such as that 



coupled from the excitation coil and the 60 Hz power lines. The above electronic stages 
together match a band-pass filter that gives as result an experimental setup bandwidth 
spreading from 1 kHz up to approximately 1 MHz. The upper COF of the amplifier removes 
high frequency harmonics. The output signals of the amplifier and the Hall effect sensor are 
fed into two channels of a digital oscilloscope (Agilent DSO6014A), which is linked to a 
personal computer (PC). The sampling rate of the oscilloscope is of 2 Gsamples/seconds but 
for the case of these MBN measurements is of 10 Msamples/seconds due to scaled time of the 
MBN signal. Both devices are connected via GPIB interface for the data collection and 
processing by means of a software developed in LabVIEW 8.2 under LINUX environment. 
Figure 3 shows the user interface where the operator can perform the collecting and reading of 
MBN signals. The acquired data can be analyzed and processing by a number of algorithms 
including digital low-pass filter, RMS value, fast Fourier transform (FFT), statistic parameters 
from a MBN signals group etc; the results can also be displayed in time and frequency 
domains on the screen and then saved to data files for further analysis [7]. 
 

 
 

Figure 3. User interface of the software developed for the experimental setup 
 
3.  Results and Discussion 
 
3.1  MBN measurements 
The MBN measurements were performed along both magnetic axes of the steel sample using 
a 10 Hz sinusoidal excitation signal with 25 kA/m of magnetic field strength. For each 
magnetic axis an average MBN signal was obtained from ten measurements. The average 



MBN signals of both magnetic axes (EMA and HMA) are shown in Figure 4 (a-b). Table 3 
summarizes the values of the MBN signal parameters. 
  

 
a)      b) 

Figure 4. Averaged MBN signals of the pipeline steel sample along of: a) EMA and b) HMA 
 

Table 3. MBN signal parameters of the magnetic axes 

API-5L-X56 
RMS 
[mV] 

∆∆∆∆RMS 
[%] 

Energy 
[mV2.s] 

∆∆∆∆Energy 
[%] 

Envmax 
[mV] 

∆∆∆∆Envmax 
[%] 

EMA 222.91 
6.59 

2484.35 
12.75 

667.32 
40.43 

HMA 208.20 2167.41 397.47 
 
 
It was found that the MBN signal measurement along the EMA gives higher amplitude than 
along the HMA as it is expected (see Table 3). Three new values ∆RMS, ∆Energy and 
∆Envmax, which are the relative difference expressed in percent between magnetic axes, are 
obtained by subtracting the MBN signal parameter values from HMA to EMA. These 
characteristics are related to the magnetic anisotropy of the pipeline steel shown by means of 
the values JR and HC in Table 2. 
 

 
a)      b) 

Figure 5. MBN envelopes for each upper COF (fc) of the digital low-pass filter obtained from the 
MBN signal of the: a) EMA and b) HMA 

 



The MBN signals were filtered using several upper COF from fc=800 to 100 kHz with steps 
of 100 kHz, and 50 and 20 kHz using a digital low-pass filter. The group of envelopes 
obtained from the filtered MBN signals of both magnetic axes is shown in Figures 5(a) and 
5(b). A qualitative analysis of the MBN envelopes along the EMA gives a higher maximum 
amplitude than along the HMA even when high frequency components are gradually 
removed. The three well defined peaks of the envelopes along the HMA disappeared 
gradually in correspondence to the elimination of high frequency components. 
 

 
 
Figure 6 (a-c) show the signal parameters (RMS value, the energy of the signal and the 
maximum value of the envelope), and Figure 6 (d) shows the relative difference in magnitude 
(∆RMS, ∆Energy and ∆Envmax) of these parameters between the magnetic axes, both as a 
function of the COF of the digital low-pass filter (fC). It is clear that the signal parameters 
along the EMA are higher than along the HMA for all cases. As it is shown in Figure 6 (b) the 
energy of the signal decreases linearly as a function of the fC, which is not the case for the 
other two parameters (see Figure 6 (a,c)). However, the magnitude of the parameters of both 
magnetic axes and the difference in magnitude of the parameters between the magnetic axes 
are reduced as a function of the fC. In Figure 6 (d) it was found that eliminating high 
frequency components up to around of approximately 75 kHz (the new bandwidth of the 

 

 

Figure 6. Response of the parameters to eliminated high frequency components from MBN 
signal: a) RMS value, b) energy of the signal and c) maximum value of the envelope; d) 
Relative difference in magnitude of the signal parameters between the magnetic axes 

a) b) 

c) d) 



MBN signal spread from 1 kHz up to 75 kHz) the differentiation between the magnetic axes 
by mean of the ∆RMS and ∆Energy values is not possible except for the ∆Envmax value. 
Figure 7 (a) shows the difference of the three parameters between the EMA and HMA 
expressed in percent (%) as a function of the fC. It is identified that the influence of the low 
frequency components are more significant in the MBN parameters than the high frequency 
components. This reveals that there is an upper frequency value of the frequency components 
from the MBN signal above which the high frequency components are not so important to 
consider in the analysis of the MBN from the pipeline steel X56. It is clearly seem that for the 
case of the ∆Envmax parameter is mandatory to have a minimum bandwidth of 500 kHz in 
order to distinguish between the two magnetic axes of pipeline steel sample, whereas the other 
two parameters need only a bandwidth of 300 kHz. That means that the most important 
frequency components from the MBN signal is in the low frequency components below of 
500 kHz. 
 

 
The above assessment can be explained better by means of the Figure 7 (b), in which it is 
shown the difference of the ∆RMS, ∆Energy and ∆Envmax values obtained using the full 
bandwidth (1 MHz) of the experimental setup and those obtained as a function of the upper 
COF of the digital low-pass filter (fC). It can be seen the difference between both cases in the 
above mentioned values of minimal bandwidth (500 kHz for ∆Envmax and 300 kHz for the 
others) of the MBN signal never overcome the 1 %. However the results obtained for this 
steel under test do not imply that they are applicable for all the other steels. It means that to 
perform a study of any steel is mandatory to know the minimum frequency spectrum of its 
MBN signal in order to avoid errors in the results by this effect. 
 
4.  Conclusions 
 
An experimental system for measurement of the MBN has been developed and tested. It was 
demonstrated by means of the MBN measurements carried out along of the magnetic axes of 
the pipeline steel X56 that is a material magnetically anisotropic. This fact was revealed 
because the signal parameters and the MBN signal along the EMA gave higher values than 
those along the HMA. The influence of eliminating high frequency components from the 

 
a)      b) 

Figure 7. a) Relative difference in percent of the signal parameters between the magnetic axes 
and b) Behavior of the comparison between the full experimental system bandwidth and 

smaller bandwidths for the MBN signal; both as function of upper COF 



MBN signals gave several results; the first was a decrement and change on the amplitude and 
shape of waveform envelopes, respectively. It was shown that always the amplitude of 
waveform envelopes along the EMA is bigger than along the HMA. Consequently the signal 
parameters obtained from the filtered MBN signals for both magnetic axes also had the 
aforesaid effect. It was determined that for a MBN signal bandwidth of 75 kHz the distinction 
between magnetic axes is not possible using the differences ∆RMS and ∆Energy except to the 
∆Envmax. 
Also it was demonstrated that when is gradually remove the high frequency components by 
means of the experimental setup up to 300 kHz to the RMS value and the energy of the signal 
and for the envelope up to 500 kHz the relative difference in percent of the  parameters 
between magnetic axes have a constant behavior. The minimum frequency spectrum needed 
to develop the MBN measurements in an API-5L steel grade X56 is about of 300 kHz to the 
RMS value and energy of the signal except to the envelope which is about 500kHz. 
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