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The Magnetic Barkhausen Noise (MBN) technique can evaluate both micro- and macro-residual
stresses, and provides indication about the relevance of contribution of these different stress
components. MBN measurements were performed in AISI 1070 steel sheet samples, where different
strains were applied. The Barkhausen emission is also analyzed when two different sheets, deformed
and non-deformed, are evaluated together. This study is useful to understand the effect of a deformed
region near the surface on MBN. The low permeability of the deformed region affects MBN, and if the
deformed region is below the surface the magnetic Barkhausen signal increases.

© 2011 Elsevier B.V. Open access under the Elsevier OA license,

1. Introduction

Most of the structural steels are obtained through mechanical
processes that cause elastic or plastic deformations, such as
rolling, drawing and extrusion. These processes can also generate
noticeable magnetic anisotropy in the material [1,2] because the
magnetic behavior of the steel strongly depends on its stress—
strain state [3,4]. Small plastic deformation leads to the debility of
the magnetic Barkhausen emission (MBN) [5,6] in AISI 1070 steel.
Therefore, the combined effects of plastic slip and residual
stresses produce modifications at a microstructural level.

There are two main types of elastic stresses: (i) microstresses
around dislocations (order of Angstroms) and (ii) elastic macros-
tresses along the length of the sample [7,8]. These two types of elastic
stresses have different effects on MBN and hysteresis. Besides, for
heavily deformed steels (above 8% of deformation), tangles disloca-
tions are formed [9], originating pinning of domain walls. In this
study uniaxial stress was applied in the rolling direction of the
samples, producing light deformation up to 3%. How to interpret
the effects of macro- and microstress by means of MBN measure-
ments and X-ray diffraction (XRD) analysis will be discussed.

2. Experimental setup

A cold rolled and annealed AISI 1070 steel sheet was selected
for the investigation. Its chemical composition is given in Table 1.
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For all experimental measurements, the used samples (25 mm x
250 mm x 0.97 mm) were made of this commercial AISI 1070
steel. The samples were cut along the rolling direction of the
annealed cold rolling sheet.

These samples were subjected to a strain rate of approximately
0.5 mm/min in a uniaxial stress-strain testing machine.

The present work studied samples “as received”, that is, not
subjected to this deformation process, and samples with addi-
tional relative deformations of 0.4%, 0.8%, 1.0% and 3.0%, produced
by the mentioned stress—strain machine.

Measurement of MBN signals was performed by using a
portable equipment developed at the laboratory named “BarkTech”
(see Fig. 1). The data shown in Fig. 2 were obtained using a
sinusoidal magnetic wave of 10Hz and a magnetic field of
1.2 x 10* A/m. The MBN signal was detected using a pickup coil.
The MBN sensor output was amplified and band pass filtered
(1-150 kHz). The magnetizing yoke, pickup coil and samples were
placed in a grounded steel box to reduce environmental noise.

The pickup coil, which measured the normal component of the
MBN signal, was constructed by winding wire around a small
cylindrical plastic bobbin. Special attention was given to the cable
parasite capacitance, in order to maintain this characteristic constant.

The integral in the time domain of the voltage square of all
MBN events represents the parameter known as the MBN energy
(MBNenergy). This magnitude is calculated for 10 MBN measure-
ments at each point of the sample and then averaged for each.
Using a bottom voltage level, the noise not belonging to the
Barkhausen signal was eliminated from the MBN measurements.

XRD measurements for the stress characterization were
performed in Shimadzu 6000 equipment, with Co K, radiation,
using a graphite secondary monochromator.
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3. Results and discussion

In Fig. 2(a) the MBN data for 3 types of sheet configurations are
presented (see Fig. 2(b)): (i) Simple-only one sheet, (ii) down-
deformed above the non-deformed (“Down”) and (iii) up-
deformed below the non-deformed (“Up”). Fig. 2(b) shows that
for the configurations (i) and (ii) a very small deformation (0.4%)
significantly changes the MBN energy, and then on increasing the
strain the MBN almost does not decrease. However, for the
configuration (iii) a totally different behavior is observed, and
an increased strain increases the MBN signal. The explanation for
the result of configuration (iii) is that the magnetic flux tends to
flow in the non-deformed sample, when the permeability of the
sample is reduced, with increasing deformation.

Plastic deformation reduces the permeability [10]. The results
of Fig. 2 show that the magnetic flux deviates and passes through
regions of higher permeability (for our samples, it is the non-
deformed sheet). This result confirms that MBN evaluates a
portion of the sample near the surface, because the MBN emis-
sions for the Down and Simple conditions is very similar.

Table 1
Steel samples composition (1073 wt%).
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MBN evaluates stress in a region very near to the surface, but
not at the same range of the XRD analysis. The depth evaluated
with XRD for steels under the Co K, radiation is up to 20 pum.
As the sample thickness is 1 mm, the magnetic flux penetrates
more than this length. In other words, MBN evaluates a wider
range than XRD. A very interesting result is found for the
configuration (iii) (“Up”). This result is a proof that the MBN
comes from different depths, and may change according to the
microstructure of the sample. It is interesting to note that XRD is
also a non-destructive technique, and the XRD analysis could be
combined with the MBN analysis.

In Fig. 3, the XRD peaks for the (1 1 0) plane are shown for each
level of deformation. A shift of the XRD peaks is observed, but the
FWHM remains almost constant (in fact, increases very slightly).
FWHM provides an estimate of the micro-stresses by means of
the Stibilitz equation [7,8,11]. The increase of dislocation density
can also be estimated by FWHM (full width at half maximum of
the XRD peak) [7].

As the FWHM almost does not change with increasing plastic
deformation, this means that the dislocation density is only
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Table 2
Data processing of XRD.
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slightly increased. However the shifts of the peaks are clear
indication of the presence of macrostresses [12].

Another indication can be obtained from the hysteresis curve
(see Fig. 4). Plastic deformation [7] increases the coercitivity force
and the area of hysteresis. As hysteresis is almost the same for
samples 0%, 0.8% and 3%, this also indicates that deformation by
means of slip (which generates dislocations) was not significant.
Thus, XRD data and hysteresis are in agreement, indicating that in
the studied samples the main variable is elastic deformation
(macro-residual stresses).

Fig. 4 shows Hysteresis curves for the samples. These curves
were obtained from the magnetic circuit comprising the U-shaped
yoke and sample surface (see scheme of Fig. 1 for details of the
magnetic circuit). Both H and B are given in relative units. The
hypothetical H field is related to the applied current I according to
the expression H=nl/L, where n is the number of turns in the
excitation coil, I is the applied current and L is the length of the
magnetic circuit. A hypothetical magnetic induction B could also
be estimated using data from Fig. 4 with expression [13]

-4/ e

where n is the number of turns of the coil around the yoke
(see Fig. 1); A is the transverse area of the yoke [m?] and d¢/dt is
the variation of magnetic flux, or the voltage measured in the
third coil (see Fig. 1). It is important to mention that the analysis
presented in Fig. 4 presupposes that the magnetic permeability of
the samples is lower than the permeability of the material of
the yoke.

In Table 2, the lattice parameters are shown. This is the
average for several planes. As discussed above, XRD only evalu-
ates regions near the surface of the samples and this depth is
around 10-20 pm near the surface for the studied samples. Thus,
these lattice parameters represent the deformation only for the
area very near the surface. In Table 2 it is observed that there is an
increase of lattice parameters with the applied deformation,
suggesting also an increase of the macro residual stresses.

A rough estimation of elastic stress in the direction of the
measurement can be done by means of the expression o =¢E/v with
e=(d,—d;)/d, as shown in Table 3. It is assumed that E=170 GPa
and v=0.3 [14].

M

20 (G) d(A) a (A)
0 110 52.61+0.05 2.020 £+ 0.001 2.856 +0.001
0.4 110 52.49 + 0.05 2.024 + 0.001 2.863 +0.001
0.8 110 52.46 + 0.05 2.026 +0.001 2.864 + 0.001
1.0 110 52.47 +0.05 2.025 +0.001 2.864 +0.001
3.0 110 52.43 + 0.05 2.027 + 0.001 2.866 + 0.001
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Estimation of elastic stress in the measurement direction.
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Fig. 5. Variations of MBNepergy and a parameter with strain for 1070 AISI steel.
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In the graph of Fig. 5, a decrease of MBNepergy Can be seen
when deformation increases. The lattice parameters show a
similar behavior; however they increase when ¢ deformation
increases. The MBN results can also be analyzed by considering
magnetostrictive effects [15]. Compressive stress results in reduc-
tion of MBN for magnetostrictive positive materials, whereas
tensile stress increases MBN signal [16]. However, texture of the
sample can also affect magnetostrictive properties [17] and the
behavior found for the AISI 1070 samples is due to the specific
texture of these sheets (texture means crystallographic orienta-
tion of the grains).

4. Conclusion

Both techniques XRD and MBN are non-destructive and can
evaluate stress in a region near the surface of the samples.
However, the depth obtained with MBN is larger.

For the AISI 1070 steel samples studied (where uniaxial stress
was applied), the main effect on MBN seems to originate from
macroelastic residual stress.

The results have shown that MBN is able to evaluate micro-
and macro-residual stresses, and provides indication of the rele-
vance of the contribution of these different stress components.

A very interesting result is found for the configuration (iii) or
“up”. In this case, the magnetic flux increases when the sheet
below becomes more deformed. This can be attributed to the
reduced permeability of the deformed samples, and as a conse-
quence the magnetic circuit is closed in the proximity of the
surface, thus increasing MBN. This result is a proof that MBN may
originate from differences in depths, and varies according to the
microstructure of the sample.

A “shielding” effect was observed:a sheet placed over the
material that will be analyzed; changes all the results, but as

the magnetic flux comes from surfaces the results essentially
reflect the material that is close to the surface.
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