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Interpretation of Magnetic Barkhausen Noise Bursts
in Low Frequency Measurements
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Experimental results allow the identification of three main magnetic Barkhausen noise bursts, each occurring
at a different applied field. Magnetostrictive effects can be related to the 1st and 3rd bursts, because closure
domain walls are created and/or eliminated. The 2nd burst occurs at the coercive field and it is usually the most
intense, and is attributed to domain wall movement. The analysis of the three main bursts gives an important
insight on how stress may affect the losses and magnetic Barkhausen noise. A brief review is also presented about
the magnetic Barkhausen noise technique.
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1. Introduction

The magnetic Barkhausen noise (MBN) method began
in Dresden, with the experiments performed by Hein-
rich Barkhausen in 1919 [1]. The magnetic Barkhausen
noise can provide information about the main dissipative
mechanisms in the quasi-static hysteresis. In the present
study, measurements performed at 0.5 Hz are discussed.
This situation is near that of quasi-static situation.
In the present study, the measurements were performed
in toroids, and this means that the exact field where the
bursts take place can be determined, and compared with
the quasi-static hysteresis.

There are several possible dissipative mechanisms
in a hysteresis curve: (i) creation/annihilation of do-
main walls, (ii) domain wall displacement, (iii) cre-
ation/annihilation of closure domain walls with magne-
tostrictive effects, see Fig. 1 [2, 3], and (iv) domain rota-
tion. In previous investigations, it was noted that domain
rotation produces small MBN [4]. MBN provides insight
about all these mechanisms. In this study, the discus-
sion will be focused on how to relate MBN bursts and
the hysteresis curve.

In the first part of the paper, it is described how to
identify the three main bursts, which can appear in MBN
measurements. In this study, hysteresis, MBN data, and
dB/dH are presented in the same graph, allowing iden-
tification of the 3 main bursts. In the second part of
the paper, a discussion is provided to explain the oc-
currence of controversies in literature, with some con-
flicting results reported. Since special attention is given
to some commonly neglected details, such as the crys-
tallographic texture of the samples, these controversies
can be solved.
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2. Experiment

The samples evaluated in the present study are 1045
or 1020 steels, submitted to different heat treatments.
All the samples were austenitized at 910 ◦C (±10 ◦C).
After austenitization 1045 and 1020 samples were heat
treated during 20 min at the temperature of 700 ◦C, and
then cooled in air. The normalized 1045 sample was
austenitizated followed by air cooling. The quenched
1045 sample was cooled in water after austenitization,
generating a martensite structure. More information
about the samples, their chemical compositions and their
microstructures can be found in previous studies [4, 5].

The rms Barkhausen envelopes were measured
at 0.5 Hz. With increasing frequency, the burst iden-
tification is more difficult. Thus, the use of a very
low frequency as 0.5 Hz was necessary. The presented
data are the average considering several Barkhausen en-
velopes. More details about the experimental procedure
of hysteresis and MBN measurement were previously
reported [4].

Fig. 1. Due to magnetostrictive effects, there is varia-
tion of volume in the direction of magnetization. This
gives rise to a misfit along 90◦ domain boundaries in
iron [2, 3]. Note that iron is bcc and has 3 easy mag-
netization axis 〈100〉. Thus, both 90◦ and 180◦ domain
walls are possible in iron.
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3. The three main bursts

In this study (Figs. 2–5) a clear relation between hys-
teresis curve, coercivity, and MBN bursts is observed.
Each main burst happens at specific field. Three main
bursts can be summarized as follows (see the arrows
in Figs. 2–5):

1. 1st burst closure domain formation (CDF) at
applied field H near 0.

2. 2nd burst domain wall movement (DWM) for
applied field near the coercive field.

3. 3rd burst closure domain annihilation (CDA) at
higher applied field.

As magnetostrictive effects strongly affect closure do-
main walls, then the position and height of the bursts
can be altered by applied stresses. In Figs. 2–5, the red
curve denotes dB/dH curves. Note the difference be-
tween the blue curves (MBN) and dB/dH. The main
burst is due to 180◦ domain wall movement and appears
exactly at the coercive field (except for Fig. 3, which is
a sample with martensite). As the main burst is very
strong, the burst due to domain wall formation is diffi-
cult to detect. If closure domain wall elimination pro-
duces a burst, then it is also expected that creation of
closure domain walls also generates a burst.

Figure 1 is very important to understand CDF and
CDA. The magnetostrictive effects can strongly affect
CDF and CDA. Thus, residual stress can be assessed
with MBN measurements. In other words, stresses
can affect peak intensity and peak position of MBN.
Summarizing, there is a clear relationship between
dB/dH curves and MBN. Three different events were
identified, see Eq. (1):

Vt =
ρ

G
[mCDF (hCDF)hCDF +mDWM (hDWM)hDWM

+mCDA (hCDA)hCDA] , (1)
where Vt is voltage at a time t, ρ is resistivity,
mCDF(hCDF)hCDF is the contribution of 90◦ domain for-
mation, and mDWM(hDWM)hDWM is the contribution
of 180◦ domain walls movement to the MBN signal,
mCDA(hCDA)hCDA is the contribution of 90◦ domain an-
nihilation. mCDA is the number of MBN jumps due to the
90◦ domain annihilation at an applied field hCDA, mDWM

is the number of MBN jumps generated by 180◦ domain
walls at an applied field hDWM, and this field is approx-
imately the coercive field, mCDF is the number of MBN
jumps produced by the 90◦ domain formation at an ap-
plied field hCDF. Equation (1) is also named the model of
the three Gaussians.

MBN gives information about a dB/dt (in other
words, it is detected by a voltage V ). Each system uses
different filters, and different frequencies of measurement,
under different applied fields. Thus, it is difficult to com-
pare the results reported in literature, since different ex-
perimental setups can be used [6]. The MBN can be

Fig. 2. Sample 1045 steel — normalized. The arrows
indicate the three main bursts, f = 0.5 Hz. The MBN
scale is relative.

Fig. 3. Sample 1045 steel — quenched. The arrows
indicate the three main bursts, f = 0.5 Hz. The MBN
scale is relative. Note that for this sample the 2nd burst
(due to domain wall movement) is almost null or not
observed.

Fig. 4. Sample 1045 steel — heat treated at 700 ◦C.
The arrows indicate the three main bursts, f = 0.5 Hz.
The MBN scale is relative.
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Fig. 5. Sample 1020 steel — heat treated at 700 ◦C.
The arrows indicate the three main bursts, f = 0.5 Hz.
The MBN scale is relative.

Fig. 6. Illustration of micro eddy currents around one
180◦ domain wall, which is moving at a velocity v.

attributed in most parts to eddy currents, and the paper
of Williams et al. [7], which is the basis for the Pry and
Bean model [8] is also the basis for MBN interpretation.
The MBN voltage V is related to the speed of the do-
main wall under to a given applied field, with a damping
coefficient G, see Fig. 6.

If the magnetic reversal takes place by rotation, as in
nanocrystalline materials [9, 10] almost no burst is emit-
ted, since as shown in Fig. 6, the micro eddy currents
surrounding domain walls are the main responsible fac-
tors for the MBN signal. Thus, for single domain size
nanocrystalline materials, a high hysteresis losses and
small anomalous loss is observed and only small burst
of MBN is detected [9, 10]. As can be seen in Fig. 3,
martensite generates very small signal, because it is
a nanocrystalline structure [9, 10]. Thus, MBN provides
a better understanding of the dissipative mechanisms.
The 2nd burst, which is attributed to domain wall move-
ment (see Fig. 6) is not observed in Fig. 3, and the reason
is that the reversal of magnetization is due to domain ro-
tation (and not due to domain wall movement).

The typical method for introducing plastic deforma-
tion in the samples is cold rolling, which also decreases

the sample thickness [11]. Stress–strain tests also reduce
the sample thickness. In these cases, it is difficult to sep-
arate the effects of thickness and deformation in MBN.

In many cases only 1 peak (interpreted as two or three
Gaussian distributions) is observed in MBN measure-
ments [11]. This is because the Gaussian distributions
superimpose themselves. When stress is applied, 2 differ-
ent peaks may be observed instead of one. Thus, in some
samples, 2 peaks can be observed, and this is due to ap-
plied stress or residual stress.

4. Interpretation of the MBN results

There are many experimental factors affecting MBN.
A very important detail is that, for comparative studies,
samples should have same volume and geometry. Sam-
ples with larger volume will have more pronounced MBN
signal. This is a clear scale effect: when the volume in-
creases, the number of domain walls increases. Thus,
the samples need to have the same thickness when a se-
ries of different samples are compared.

Problems of reproducibility of experimental results
may happen. A significant reason is that because dif-
ferent choices are made when performing the MBN ex-
periment in different laboratories. Many authors pre-
fer the use of the RMS — root mean square — of
MBN. In the MBN analysis, a field is chosen, as well
as a frequency. Typical frequencies are 5 Hz or 10 Hz.
The RMS of MBN will depend significantly on the ap-
plied field. If the applied field is less than the coercive
field, the signal can be small. Most of the MBN sig-
nal happens at near the coercive field, as can be seen
in Figs. 2–5.

Another problem in MBN is that effects of microstruc-
ture and stress are added. Texture can affect residual
stresses [12]. For all measurements of residual stress by
X-ray diffraction, the texture should be first evaluated.
All specialist on residual stress should first be a specialist
on texture. Many researchers fail to correctly interpret
their MBN results because they do not have a background
on texture and crystallography.

As can be seen in Eq. (2), the elastic stress modifies the
anisotropy. The stress effect can be interpreted as a kind
of correction for the magnetocrystalline anisotropy en-
ergy term. According to [13] the energy E for bcc iron is
given as:

E = K1(α2
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2
2 + α2
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2
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2
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−3
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λ100σ(α2
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2
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2
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−3λ111σ(α1α2γ1γ2 + α2α3γ2γ3 + α3α1γ3γ1), (2)
where σ is elastic stress, λ100 and λl11 are the satura-
tion magnetostriction terms, with strain measured in the
〈100〉 and 〈111〉 directions. γ1, γ2, and γ3 are the direc-
tion cosines of stress, and α1, α2 and α3 are the direction
cosines of the magnetization of saturation — MS . K1 is
the first constant of magnetocrystalline anisotropy.
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As can be seen in Eq. (2), the direction of MS changes
when some elastic stress σ is applied. More importantly,
Eq. (2) shows that depending on the crystal orientation,
the applied stress can have opposite effects. This prob-
ably explains many controversial results in literature,
where the authors rarely asses the texture of the material
when using MBN.

In other words, the effect of applied stress on a sin-
gle crystal can be interpreted as a change on the mag-
netocrystalline anisotropy constants. This means that
stresses can either increase or decrease the coerciv-
ity. Thus, samples with different texture can produce
different results.

5. Comparison with other techniques
as X-ray diffraction

The stress state can make the MBN pattern to be
altered. It should be emphasized again that the sam-
ples need to have same volume and geometry for MBN
comparison. Besides, the type of probe can affect
the signal [6]. The relevant detail is that stress can af-
fect peak and intensity of magnetic Barkhausen noise.
Elastic stresses affect the signal, and most of the MBN
signal is from the surface [14]. In Eq. (3), δ is the depth of
penetration (also called skin depth), ρ is resistivity, and
µ is permeability. Note that by increasing frequency, the
signal comes from the region nearest to surface. The per-
meability of the material also affects the skin depth.
For example, plastic deformation decreases the perme-
ability significantly

δ =

√
ρ

πµf
. (3)

In X-ray diffraction, most of the signal is also from the
surface. In steels most of the X-ray diffraction detected
signal comes from first 10 µm, and over 90% from the
first 20 µm (under the typical copper Kα radiation).
The Gx fraction of the intensity of the measured signal is
given by Gx = 1− exp(−2µabsxp sin θ), where µabs is the
linear absorption coefficient, xp is thickness, and θ is the
Bragg angle. µabs is function of the chemical composition
of the sample and also of the wavelength of the incident
radiation.

The macrostresses can be accounted with a common
X-ray diffraction equipment [14], since only a uniaxial
stress is applied. A rough estimation of elastic stress in
the direction of the measurement can be done by means
of the expression σ = εEYoung/ν with ε = (d − d0)/d.
For steels, EYoung = 170 GPa and ν = 0.3 [14].
d is interplanar distance, ν is Poisson coefficient,
EYoung is Young modulus, ε is deformation. This is
a method that can be used in normal X-ray diffraction
equipments, with the Bragg–Brentano geometry.

In recent studies, MBN data has been compared
with X-ray diffraction and hole drilling method [15, 16].
In these experiments, the hole drilling method was per-
formed with a hole with 2 mm of depth, but with ex-
tensometer placed at the surface [15, 16]. Thus, some

variation of presented results [15, 16] should be
due to the fact that these different techniques
(MBN, X-ray diffraction, and hole drilling) assess
stress at different depths. MBN is an indirect
method, and always need to compared with di-
rect methods, as X-ray diffraction and hole drilling.
Besides, MBN signal includes both stress and microstruc-
ture effects. This means that the analysis of the MBN
signal is not an easy task.

It is also relevant to distinguish the macrostresses
(i.e., the residual stresses) from the microstresses, which
are due to dislocations. The microstresses can be as-
sessed from X-ray diffraction data [17–19]. Dislocations
present stress field of high order (near 1 GPa) [20].
As consequence of plastic deformation, coercivity in-
creases considerably and the permeability is significantly
reduced. This happens even with very small plastic
deformation [17–19].

Last, but not least, it should be reminded that in static
equilibrium ΣF = 0 and ΣM = 0 (i.e. the sum of forces
and momentum are null), where F is force and M is mo-
mentum. Thus, if the sample is cut, then all the resid-
ual stresses are redistributed. This detail is very rele-
vant: for evaluating residual stresses the samples never
can be cut and the same sample should be used for X-ray
diffraction and for MBN experiments; otherwise different
results will be obtained.

6. Conclusions

MBN is a technique able to give profound insight on
the magnetization processes. However, MBN needs to be
used with extreme care. Most of the MBN signal usually
comes from 180◦ domain wall movement.

There is a close relationship between dB/dH curves
and magnetic Barkhausen noise. The three main ob-
served bursts can be summarized as follows: (i) CDF at
applied field H near 0. (ii) DWM for applied field near
the coercive field. (iii) CDA at higher applied field.

MBN is very sensitive, then even very small variations
in volume can affect the MBN signal. Samples need to
have the same volume and thickness for comparison.
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