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This paper reports about influence of sample thickness and magnetizing voltage on the Barkhausen noise
emission during bending as well as uniaxial tensile tests. This study demonstrates that the Barkhausen noise in
the tensile stress loading for the low sample thickness and low magnetizing voltage decreases. Such behaviour is
considered to be a result of predominating stress anisotropy whereas the crystal anisotropy influence is only minor
(or missing). For this reason, the conventional effective value of the Barkhausen noise signal cannot be employed for
non-destructive monitoring of stress state in such a case and the magnitude of exerted stresses should be calibrated
the width of the Barkhausen noise envelope. It was also found that the sample thickness as well as the manner
of exerted loading also play significant roles since the Barkhausen noise tends to increase with increasing tensile

stresses, especially for the higher magnetizing fields.
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1. Introduction

When steel bridges are exposed to the mechanical load,
cyclic fluctuation occurs as a result of the real operation
as well as the superimposing corrosion attack. Monitor-
ing of corrosion micro or/and macro cracking due to long
term bridge operation has been a challenging task for
many years. It was also found that magnetic Barkhausen
noise (MBN) technique is sensitive to the exerted stresses
in the real bridges [1], corrosion extent [2], as well as
microcracking. For this reason, this technique could be
employed for the aforementioned purpose. However, it is
necessary to distinguish between the influence of exerted
stress state and microstructure (especially its alteration
due to corrosion and superimposing cracking). Influence
of stress state on MBN can be investigated directly on
the real bridges [1] or in the laboratory on the mechani-
cally loaded samples or/and a bridge models. These mod-
els (or samples) are usually made of components of thin
walls and calibration of MBN versus loaded stress can be
carried out with bending or uniaxial tensile tests. Such
investigation should be carried out before the degrada-
tion process to access (or unwrap) the contribution of the
different aspects contributing to MBN. Therefore, this
study reports about calibration of MBN versus stress
and discusses the specific behaviour of MBN evolution
for samples made of thin walls.

2. Experiments

The experimental study was carried out on the low
carbon hot rolled steel S460 MC of A = 26.3%,
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R,, = 610 MPa, Rp.» = 540 MPa (0.082% C, 1.04% Mn,
0.02 Si). This steel is employed for steel bridges and
is subjected to the long term stress and superimposing
corrosion attack. The samples of size 200 x 22 x 5 and
200 x 22 x 3 mm?® were applied. MBN was measured by
the use of RollScan 350 (magnetizing voltage 2, 3.5, 5,
and 8 V, magnetizing frequency 125 Hz, frequency range
of MBN 10-1000 kHz). MBN refers to the root-mean-
square (rms, effective) value of the signal. Number of
detected MBN pulses, peak position (PP), and full width
of half maximum (FWHM) of MBN envelopes were also
extracted.

Influence of stresses was investigated in the elastic
regime of loading up to 300 MPa which is far below the
yield stress. Two different ways of sample loading were
carried out. Tensile stresses (TS) as well as compressive
stresses (CS) £300 MPa were exerted during the bending
test whereas only T'S were generated during the uniaxial
tensile test.

The bending test was operated in the self-made system.
Stress state was measured via strain gauges technique on
the opposite side of the sample as Fig. 1 illustrates. Uni-
axial tensile test was carried out by the use of Instron
5985 device and stress state was checked directly by set-
ting up the loading force.

3. Results of experiments

RollScan 350 Barkhausen noise analyser provides au-
tomated magnetization voltage and frequency sweeps.
These sweeps can be used for monitoring surfaces [3]. As
Thomas and Fix [4] reported, performing these sweeps
on samples of varying properties can provide much in-
sight when optimizing a system for maximum sensitivity.
When measuring MBN for measuring stress state magne-
tizing the samples into saturation can decrease the sen-
sitivity or the measured difference between the varying
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Fig. 2.  Voltage sweeps.

stress states [4]. This occurs because mechanical stresses
alter the magnetostrictive energy of a sample, thus af-
fecting the coercivity and remanence of the sample. This
is known as the Villari effect [5]. For this reason it is
critical that samples are not magnetically saturated and
it is recommended [6] to set up the magnetizing voltage
in the position of the steepest part in the magnetizing
voltage sweep.

Figures 2 and 3 depict that the magnetizing sweeps are
also functions of the sample thickness. On the one hand,
the magnetizing frequency of 125 Hz can be applied for
both samples. On the other hand, the optimal magne-
tizing voltages for the samples of the different thickness
differ. 2 V should be the optimal voltage for the sam-
ple of 3 mm thickness and 3.5 V for sample of 5 mm
thickness. Therefore, keeping the magnetizing frequency
constant at 125 Hz, the different magnetizing voltages up
to saturation of the samples were investigated (2, 3.5, 5,
and 8 V). The differences in the appearance of magnetiz-
ing sweeps are due to the higher magnetic flux density for
the thinner sample. For this reason, the voltage sweep for
the thinner sample increases and saturates earlier with re-
spect to the magnetizing voltage. Moreover, MBN values
for the thinner sample can be found to be higher since
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Fig. 4. Stress state versus MBN, bending test — sam-

ple thickness 5 mm.

such effect contributes to the stronger magnetizing field
in the thinner sample as compared to the thicker one.
By changing the amplitude of magnetizing voltage, the
dH/dt is changing and this factor takes important role
in MBN evolution as well. This effect is similar as for
changing the frequency at constant amplitude.

Figures 4 and 5 demonstrate that this effect also al-
ters evolution of MBN versus applied stress. Figure 4
shows the typical evolution of MBN as a function of
stress state in which MBN decreases with CS and in-
creases with TS due to the well-known effect of the do-
main walls alignment. However, the relationship between
the TS and MBN for the thinner sample differs. MBN
decreases with TS for magnetizing voltage of 2 V and
exhibits early saturation for the higher magnetizing volt-
ages. Such behaviour has been already reported by Amiri
et al. [7]. As the authors reported, there is a competition
between two anisotropies to determine the magnetization
easy axis under applied stress. At low applied stress,
crystal anisotropy plays the main role on the magnetiza-
tion process and MBN increases, while at higher stresses,
stress anisotropy plays main role and MBN decreases.
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Fig. 5. Stress state versus MBN, bending test — sam-

ple thickness 3 mm.
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This means that in the case of the lower tensile stresses
the easy axis is controlled by crystal anisotropy. Thus
domains and the corresponding domain walls turn into
direction of the magnetic easy axis. On the other hand,
at the higher TS the domain and domain walls are forced
to turn into direction of the new easy axis which is con-
trolled by stress [7]. Such behaviour can be seen in Fig. 4
for magnetizing voltage of 2 V whereas ascending part of
MBN evolution for thinner sample and the same voltage
is fully missing (see Fig. 5).

Comparison of Figs. 5 and 6 demonstrates that the
manner of exerted loading also plays significant role since
MBN tends to increase with increasing TS especially for
the higher magnetizing voltages and evolution of MBN
with TS proves the findings reported by Amiri et al. [7].
The main difference between the bending and the uni-
axial tensile test is associated with the distribution of
TS within the MBN sensing depth. Magnitude of TS de-
creases with increasing depth from the free surface, while
uniform TS distribution can be found for the uniaxial
tensile test.

1 1 1 1 1 1
500 4 ) 0.40
e 0-0" N0 r
N o) O F0.38 _

- @/ RN £

400+ o P ~u-a L0.36
/ = = 36 <
\ o© / S | o
log F0.34
Z 300+ d . s
- / L0.32 2
o [
= 200 / 1030 5
o) L s
Q 028 ©
100 .- . o
Lo —=—MBN Lo2e ™

—o— PP of MBN envelope
0 T T T T T T 0-24
-300 -200 -100 0 100 200 300
stress, MPa

Fig. 7. MBN and PP of MBN envelope versus applied
stress.
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Fig. 8. Number of MBN pulses and FWHM of MBN

envelope versus applied stress.

Figures 7 and 8 illustrate that it is not possible to dis-
tinguish between T'S and CS by the use of MBN, PP, or
MBN pulses. PP progressively increases with decreasing
magnitude of CS and saturates in the TS region whereas
evolution of MBN pulses is inversely proportional to the
MBN evolution. Only FWHM could be found as an al-
ternative since Fig. 8 shows the linear decrease through
the applied stresses.

4. Conclusions

This study demonstrates that the relationship between
MBN and TS for the components made of thin samples
is very flat and the FWHM of MBN envelope can be
used only as the alternative parameter for assessment of
stress state. The preliminary phase in which the opti-
mized magnetizing conditions are proposed should take
into consideration not only evolution of MBN against
the magnetizing voltage but also associated sensitivity
of MBN against exerted stresses.
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