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The main aim of this paper is to discuss the applicability of hysteresis and Barkhausen noise measurement methods to industrial 
tasks and to investigate the correlation of the results, obtained by these two magnetic techniques. The magnetic inductive and the 
Barkhausen noise measurements at different experimental configurations were done on a model series of open flat samples. The re-
sults proved the correlation between magnetic differential permeability and Barkhausen noise envelope. However, significant quan-
titative discrepancies between them have been also obtained. The reasons of these deviations are discussed in order to unify and 
standardize the magnetic hysteresis and the Barkhausen noise techniques. 
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1  INTRODUCTION 

 
 

Despite of long history of magnetic measurements, at 
the moment there is no widely accepted, easy-to-use and 
stable technique for evaluation of magnetically open sam-
ples, i.e. flat sheets/strips [1]. The standard techniques, eg 
Epstein or single sheet tester, are either too robust for 
modern industrial tasks or unstable to small deviations of 
the measurement conditions. In laboratories the open 
samples are usually tested by a single-yoke setup carrying 
a magnetizing coil. In case of the hysteresis measure-
ments, the induction signal is measured by a sensing coil, 
wound either on the sample or on the yoke. This induction 
signal is referred to the magnetizing current or to the 
magnetic field, measured by a Hall sensor above the sam-
ple surface [2]. In case of the Barkhausen noise (BN) 
measurement, quite different approaches are used. The BN 
signal can be measured either by a sensing coil, wound 
directly around the sample body, or by differently con-
structed read-heads, attached to the sample surface to pick 
up the normal component of the BN jumps. The BN sig-
nal, obtained in such ways, is usually referred simply to 
the magnetizing current [3]. 

This work is devoted to investigation of correlations 
between the inductive hysteresis and the BN techniques in 
order to propose the best solution for magnetic non-
destructive testing (NDT) of open industrially shaped con-
structions. For this purpose the above-mentioned experi-
ments were performed in different practically used con-
figurations with the aims to analyse similarities and dis-
tinctions between the different measurement methods. 

 
 
 

2  EXPERIMENT 
 
 

The measurements were done on a model series of flat 
samples of low-carbon steel CSN (0.07-0.15%C, 0.3-
0.5%Mn, 0.17-0.37%Si, max.0.15%Cr, max.0.25%Cu, 
max.0.04%P, max0.04%S), used for large diameter pipe-
lines at power plants. The tested samples with dimensions 
90x50x6 mm3 underwent uniaxial plastic tension to 0, 8, 

10, 13 and 15 % of strain along the longer side of the 
samples. The measurements were done after unloading 
along the stress direction. The residual plastic deformation 
leads to an interesting magnetic behaviour with two-peak 
profiles of the differential magnetic permeability and of 
the BN envelope [4]. This was the main reason of choice 
of this sample series for the proposed measurements in 
order to compare these unusual shapes of the permeability 
and of the BN envelope. 

The samples were measured by a magnetizing single-
yoke (transformer C-core) of the same width as the sam-
ples (see Fig. 1). Triangular waveform of the magnetizing 
current was used. The inside-sample field Hi was evalu-
ated to be proportional to the magnetizing current I: 
Hi=NI/l, where N=320 is a number of magnetization wind-
ings, and magnetic path l was defined as equal to 58 mm. 
The used field rate was dHi/dt=2.2 kA/m/s. The induced 
voltage is pick-up by the sensing coils, wound around the 
samples and around the yoke legs. 

The BN signal was also measured by two methods: by 
the same sensing coil, positioned around the samples, and 
by a read-head of 2000 wire turns with the core of stacked 
soft amorphous ribbons, positioned at the sample surfaces 
between the yoke legs (see Fig. 1). The BN signals were 
sampled with 25 kHz rate and then digitally filtered cut-
ting the low-frequency components up to 1 kHz for the 
sample induction coil and 0.3 kHz for the read-head. The 
BN envelopes were obtained by 500 point RMS averaging 
and by a consequent gentle smoothing. 

Additional measurements of angular dependence of the 
BN response with respect to the stress axis were done with 
the help of a specially designed miniature BN sensor. It is 
of similar single-yoke construction with a ferrite read-
head between the yoke legs and a built-in amplifier for 
increasing signal/noise ratio. The yoke width is 7 mm with 
the 2x3 mm2 legs. The results were compared with “the 
large-yoke” configuration with the same aim of seeking 
the most suitable way for magnetic NDT. 



Journal of ELECTRICAL ENGINEERING, VOL 57. NO 8/S, 2006 85 
 
 

 

21

BN read-
   head

Induction/
/BN coils

73
Magnetiza-
 tion coils

Yoke

Sample

 
 

Fig. 1. Principal scheme of the measuring setup. 
 
 
 

3  EXPERIMENTAL RESULTS 
 
 

Results of the measurements with the setup, shown in 
Fig. 1, are presented in Figs. 2-4 by the example of the 
non-deformed and the 8 % strained samples. The de-
formed samples showed results very close to each other. 
Fig. 2 presents the differential permeability curves, meas-
ured by the induction coils on the sample and on the yoke. 
It can be seen that the permeability, measured by the yoke 
coil, is always a little higher than that, measured by the 
sample coil. The real permeability curve with µmax≈4x103 
of the non-deformed material, measured classically on a 
closed ring-shaped sample carrying the magnetizing and 
induction windings, is shown for comparison. Figs. 3-4 
show comparison of the differential permeability curves 
and the BN envelopes, measured by the sample induction 
coil and by the read-head. It can be seen that the curve 
profiles do qualitatively correspond to each other: the sig-
nal values are gradually decreased with the deformation 
showing the two-peak profiles. However, there are sig-
nificant quantitative distinctions between these signals. 
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Fig. 2. Differential magnetic permeability for the non-deformed and the 

8% strained samples, measured by the induction coils on the samples 
and on the yoke. Real permeability curve of the non-deformed material, 

measured classically on a closed ring, is shown for comparison. 
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Fig. 3. Comparison of the differential permeability µ (left scale) and the 
BN envelope Uenv (right scale), measured by the sample induction coil, 

for the non-deformed and the 8% strained samples. 
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Fig. 4. Comparison of the BN envelopes Uenv, measured by the sample 

induction coil (left scale) and by the read-head (right scale), for the non-
deformed and the 8% strained samples. 

 

Figs. 5-7 present the BN envelopes, obtained with the 
miniature read-head at different magnetization directions 
with respect to the stress axis. According to our knowl-
edge such results have not been published before. Due to 
impossibility of evaluation of the inside-sample field with 
such a setup configuration, the envelopes were shown 
with reference to the magnetizing current I. Figs. 5 and 6 
show that the BN level is decreased with the deformation 
in the investigated strain range. The direction perpendicu-
lar to the stress is magnetically softer than that along the 
previous deformation. It can be also seen from Fig. 7, 
which shows an increase of the BN level and a shift of the 
envelope maximum to lower magnetizing currents with 
the read-head rotation away from the stress direction. 
However, the used miniature read-head was not able to 
distinguish the two-peak shape of the envelopes for the 
deformed samples. Moreover, it demonstrated lower sen-
sitivity to the deformation compared to the “large-yoke” 
configuration. 
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Fig. 5. BN envelops, measured by the miniature read-head, for differ-

ently strained samples along the stress direction. 
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Fig. 6. BN envelops, measured by the miniature read-head, for differ-

ently strained samples perpendicularly to the stress direction. 
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Fig. 7. BN envelopes, measured by the miniature read-head, at different 
angular positions between the magnetizing and the stress directions for 
the 15 % strained sample. 

 

4  DISCUSSION 
 
 

The obtained results follow the expected trends. The 
hysteresis/permeability measurement is a more standard 
method leading to determination of the sample magnetic 
response (magnetic induction/flux) to the sample magneti-
zation (magnetizing current/sample field). The magnetic 
induction signal is much higher, less noisy, and easier for 
further interpretation than the BN. The measurements can 
be always verified on the requirement of the hysteresis 
symmetry or by the maximum induction value. However, 
mobility demands ask for position of the induction coil on 
the yoke body rather than on the sample. This leads to 
overestimation of the sample flux due to additional meas-
urement of the leakage flux between the yoke legs to-
gether with the useful signal from the tested sample. 
Moreover, the yoke induction coil evaluates the magnetic 
flux, which generally penetrates into the sample volume in 
a non-homogenous way [5]. However, the main disadvan-
tage of this method still remains the so-called “contact 
problem”: the considerable dependence of the measure-
ment results on the contact quality between the yoke and 
the sample. To say it in another way, the frequently-
occurred and poorly-defined small air-gaps between the 
attached yoke and the tested industrially-shaped samples 
lead to fluctuations of the magnetization conditions, ie the 
field rate, and correspondingly lead to changes of the in-
duction signal. In order to reduce this problem, the hys-
teresis single-yoke measurements are often performed 
with the parallel determination of sample surface fields 
[2,5], but even this method does not solve the trouble 
completely. 

Therefore, the BN testing with the help of the surface-
attached read-head seems to be attractive for practical use 
in the NDT field. The BN heads are of small size making 
them suitable for local material evaluation between the 
yoke legs. However, there is still no clear understanding 
of correlations between the hysteresis and BN characteris-
tics and there is still no standard widely accepted scheme 
of the BN measurements. There are very different con-
structions of laboratory-used BN sensors, as well as there 
is a lack of information about stability of the method with 
respect to deviations of the measurement conditions, eg to 
introduced air-gap between the BN sensor and the sample 
surface [3,6,7]. Therefore, the main aims of this work 
were to investigate some of these open problems and to 
discuss applicability and limitations of the BN technique. 

For this purpose, the good laboratory setup with big 
magnetizing yoke and without sample overhang was util-
ized first. This setup configuration provides near-
homogenous magnetization of the tested samples [5,8]. 
The presented results (see Figs. 2-4) proved the theoreti-
cal expectations about physical correlation between the 
hysteresis and the BN processes [9]. The BN envelopes 
showed similar two-peak behaviour as the differential 
permeability for the uniaxially deformed samples. How-
ever, at such ideal measurement conditions, quantitative 
deviations between the different types of the measure-
ments are evident. Moreover, even the BN envelopes, 
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measured by the induction coil and by the read-head, are 
quite different (see Fig. 4). 

An opposite experimental configuration with a small 
magnetizing yoke was tested by the example of the minia-
ture BN read-head. This sensor attracts attention due to its 
mobility and small dimensions. Results of its measure-
ment are also independent on the sample shapes and sizes 
[8]. However, another negative side of the coin is that the 
tested sample is magnetized only inside the small volume 
under the yoke legs. The sample magnetization is far from 
saturation and strongly inhomogeneous through the tested 
volume. This could lead to additional instability of the 
measurement results with respect to the yoke-sample con-
tact [2,5]. 

The results, shown in Figs. 5-7, proved these state-
ments. In-situ minor loop measurements cannot distin-
guish the two-peak profiles of the deformed samples [7]. 
However, this is the single possible way of measurement 
of angular dependences of the magnetic characteristics for 
the samples of an arbitrary shape, and it did give the re-
sults. The measurements demonstrated that the deformed 
samples are magnetically softer in the perpendicular direc-
tion to the previous elongation with lower sensitivity to 
strain, which was predicted in our preceding works for 
differential permeability [7,8]. 

Despite of the long history of BN measurements, 
evaluation of the BN envelope is a quite new topic. In 
contrast to its main predecessor, classical total RMS value 
of BN, processing of local RMS profile of BN is more 
complicated and less stable. However, it can give deeper 
understanding of the underlying physical processes. 
Nowadays the BN envelopes are mostly presented with 
reference to the magnetizing current as it was also done in 
this work [7]. Lively discussions are devoted to explana-
tion of obtained BN profiles due to different sensitivity of 
the used measurement methods to the various stages of 
magnetization process: nucleation/annihilation/movement 
of the 90o/180o domain walls [10]. This should be really 
one of the principal reasons of quantitative disagreements 
between different methods of the BN measurement, in 
particularly between the methods of the sample induction 
coil and the BN read-heads. The heads record the BN 
jumps in the perpendicular direction to magnetization, 
whereas the coil picks up the noises from the sample sur-
face along the magnetization line. However, another rea-
son of the considered deviations, especially between the 
differential permeability and the BN envelopes, can be 
due to the use of the magnetizing current as a reference 
value. It was shown in our recent works [2,5,7] that 
evaluation of the sample field by direct surface field 
measurements stabilizes the contact problem and gives 
more reasonable values of magnetic parameters. There-
fore, additional investigation of the considered problems 
with real sample field determination is needed for clarify-
ing the topic in details. 

 
 
 

5  CONCLUSIONS 
 
 

The investigation of the hysteresis and the BN tech-
niques based on the single-yoke magnetization was per-
formed with the aim to find correlations between these 
conjugate measurement methods and to discuss the opti-
mum design of a magnetic NDT device. The experimental 
results proved that despite of the close relationship be-
tween the hysteresis and the BN signals there are substan-
tial quantitative deviations between them, which are addi-
tionally dependent on the setup configurations. This 
makes a barrier on the way towards the measurement uni-
fication and towards development of the magnetic induc-
tive method to a standardized NDT procedure. To clarify 
the main reasons of these discrepancies it was proposed to 
refer the BN envelopes to the measured surface sample 
field. 
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