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BARKHAUSEN NOISE STUDY OF MICROSTRUCTURE 
IN GRAIN ORIENTED FeSi STEEL 
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The Barkhausen noise was measured in grain oriented Fe–3%Si steel subjected to different heat treatment conditions. In such a 
way a set of samples with different microstructure and texture states was created. Hence this set contains samples with different 
magnetic properties. The measurement results of the Barkhausen noise envelopes for the triangular magnetic field intensity as well 
as triangular magnetic flux density were compared and the influence of various microstructural properties changed during heat 
annealing on the Barkhausen noise are discussed. We explored the noise upon the whole hysteresis loop and not only the average 
statistical properties of the noise; otherwise, a full understanding of the problem is not possible. To better distinguish different 
“sources” of microstructural changes on character of the envelope we proposed some new approach to its evaluation. 
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1 INTRODUCTION 
 
 
 

A few similar methods based on the measurements of 
the Barkhausen noise used as a criterion of power losses 
in grain oriented (GO) Fe–3%Si steels have been recently 
developed [1-3]. Applying these methods on several 
specimens of the same class of materials with different 
power losses, it has been shown that there is not a clear 
correlation between the magnetic Barkhausen noise and 
the material quality. The main potential of this method of 
characterization is that the Barkhausen noise 
measurement can be made directly on the surface of the 
sample (sheet) and therefore it is capable to monitor 
rapidly and nondestructively the quality in the 
transformer sheet production. 

The quality of the Fe-3%Si steels concerns many 
microstructural features such as grain size, 
crystallographic texture or inclusions. The final heat 
treatment conditions have the most significant effect on 
microstructure and texture evolution taking place in the 
GO steels. It is well known that the final structure of the 
GO steels have a sharp Goss texture with huge grain size 
of a few milimeters or even centimeters. From the other 
side, the crystallographic texture is responsible for the 
magnetic domain structure and consequently for the 
domain walls movement. The Barkhausen noise 
depending on the domain walls movement is known to be 
influenced by many microstructural parameters, but their 
influence is often contradictory. For example, if we 
concern only about the influence of the grain size on the 
Barkhausen noise, many contradictory experimental 
results were obtained [1-8]. In this paper we tried to 
investigate the correlation between the Barkhausen noise 
and the microstructure of GO laminates subjecting to 
different annealing temperatures, which could help to 
asses the ability of the Barkhausen noise method to 
immediate evaluation of the quality of the steel. 

 
 
 

 
 

2 EXPERIMENTAL 
 
 
 

The material investigated was grain oriented 3% Si 
steel with composition (C = 0.006, Mn = 0.20, Si = 3.17, 
P = 0.006, S = 0.008, Cr = 0.029, Ni = 0.031, Cu = 0.46, 
Al = 0.015, N = 0.01 wt.%). Samples were taken after 
final second cold rolling process, and they were cut to 
dimensions of 40x10x0.3 mm3 with the longer side 
parallel to the rolling direction. Then the samples 
designated as “A”, “B”, “C”, “D”, and “E” were 
subjected to heat treatment annealing at 850 °C, 970 °C, 
1015 °C, 1075 °C, and 1150 °C, respectively, for 10 
minutes in pure H2. The “F” sample was produced from 
the same material, however it was subjected to 
conventional long-term annealing, which leads to huge 
grains development with Goss orientation. The long-term 
annealing also led to dissolution of second phase particles 
in this sample. The microstructures of the samples 
examined in the longitudinal cross-section using light 
microscopy are shown in Fig. 1, which reveals the 
evolution of grain size with the change of the annealing 
temperature. As follows from the figure, the progress in 
the grain size is proportional to value of thermal exposi-
tion within the range of 850 °C – 1015 °C. The micro-
structure is fully recrystallized after annealing at 
850 °C/10 min (see Fig. 1a). The annealing at 970 °C 
leads to bimodal microstructure development, or in other 
words beginning of abnormal grain growth (AGG) 
phenomena [9], when one particularly oriented grain 
develops at the expense of other ones (see Fig. 1b). 
Thermal exposition at a high temperature leads to AGG 
in the investigated sample. The AGG phenomenon was 
observed in the investigated GO steels after short time 
annealing at respective temperature (1015 °C). The 
obtained microstructure is presented in Fig. 1c. Fig. 1d 
represents the break of selectivity conditions for AGG in 
the GO steel, annealed at 1075 °C. Fig. 1e reveals large 
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Fig. 1. Grain structures of samples A–F 
 

grains development in the investigated material which was 
annealed at 1150 ˚C. The microstructure of the “F” sample 
is presented in Fig. 1f. As one can see the AGG has been 
developed and the microstructure is very similar to that 
one presented in Fig. 1c. However, it should be noticed 
that the second phase particles in the “F” sample are 
almost completely dissolved after long final heat 
treatment at high temperature oppositely to that ones in 
the “C” sample. 
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Fig. 2. Measuring set-up 
 
 
 

Magnetic properties were measured at the magnetizing 
frequency of 1 Hz by a single yoke method utilizing the 
PC control (Fig. 2) with the data acquisition card PCI-
1714. The driving coils were wound on the yoke legs 
made from a low carbon steel. The magnetic field inten-
sity H was evaluated directly from the magnetizing cur-
rent (measurement at the defined triangular magnetic field 
intensity with the amplitude of 100 A/m), and the mag-
netic flux density B was measured by the encircling coil 
1 cm long (measurement at the defined triangular mag-
netic flux density with the amplitude of 1.2 T achieved by 
digital feedback). The Barkhausen noise was measured by 
the above mentioned encircling coil as well as by a small 
perpendicular sensing coil (with the ferrite core of 1.5 mm 
diameter) placed on the sample surface between the yoke 

legs. It was filtered from the signal of the sensing coil 
using the analogue band-pass filter SR560 with the cut-off 
frequencies 100 Hz and 100 kHz. 

 
 
 
 

3 RESULTS AND DISCUSSION 
 
 

When using the perpendicular coil, the Barkhausen 
noise was measured at ten different positions around the 
centre of the sample. The final envelopes of the Bark-
hausen noises in this case, obtained by averaging ten 
gathered envelopes, are shown in Fig. 3. Averaging was 
done due to relatively high variation of the Barkhausen 
noise with position on the sample (see Fig. 4), especially 
in the case of samples with large grain size, and also to 
assure a more precise calculation of the envelopes. An 
example of the magnetic flux density curve measured by 
the encircling coil for the “A” sample along with the cor-
responding Barkhausen noise envelope obtained using 
perpendicular coil is shown in Fig. 5. 

When using the sensing coil wrapped around the sam-
ple, we measured ten periods of the Barkhausen noise at 
the same position of the coil in the centre of the sample. 
The envelopes obtained by averaging these ten waveforms 
of the noise are shown in Fig. 6. 

From the envelopes in Fig. 3 measured by the perpen-
dicular coil we can see, that they have two peaks – the 
first peak positioned at the knee of the hysteresis loop, 
where the magnetic flux density starts to decrease by irre-
versible magnetization processes, and the second posi-
tioned around the coercive field (Fig. 5). The first peak is 
caused mainly by the nucleation of new domains at 
various sample defects and grain boundaries [10]. The 
second peak occurring at the coercive field is caused 
mainly by large irreversible jumps of domain walls and 
annihilation of existing domains. The height of the second 
peak changes, depending on the temperature of the heat 
treatment, notably more than the height of the first peak, 
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Fig. 3. Envelopes of the Barkhausen noise measured by 
the perpendicular coil at the triangular magnetic field 
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Fig. 4. Root mean square values of the Barkhausen noise 
for three samples “A”, “C” and “E” measured by the 
perpendicular coil at the triangular magnetic field 

 

however, the character of the change is the same in both 
cases. The decrease of the height of the peaks with the rise 
of the temperature from 850 °C to 1015 °C (“A”, “B”, and 
“C” samples) can be attributed to the increase of the 
average grain size, which is for the “A” sample about 40 
μm (Fig. 1). After increasing the heat temperature to 970 
°C (“B” sample), the AGG is starting and the steel gains 
bimodal grain distribution, when besides small grains it 
also contains huge grains with Goss orientation and 
diameter of about several hundred micrometers. Hence, 
the average grain size of this sample is larger. As is it 
known, the increase of the grain size causes the decrease 
of the number of domain walls and Barkhausen noise, too 
[8]. Therefore the peaks of the “B” sample drop. The 
AGG is finished in the “C” sample, which contains 
practically no small grains and has a sharp Goss texture 
similar to that of the “F” sample. The sample’s average 
grain size of several milimeters is even higher than of the 
“B” sample and therefore its envelope peaks are lower. 
The “D” sample has again bimodal grain structure similar 
to that of “B” sample, since at the temperature of 1075 °C 
the selectivity conditions for the AGG are disrupted. The 
average grain size as well as height of the peaks lies 
between the grain sizes and heights of the peaks of the 
“B” and “C” samples. Additional increase of the heat 
temperature to 1150 °C (“E” sample) causes further 

increase of the grain size and consequent drop of the 
height of the peaks. However, the envelope drops even 
below the envelope of the “C” sample with larger average 
grain size. This can be attributed to the scattered Goss 
texture and thus greater misorientation of grains in the 
“E” sample in compare with the “C” sample. Though the 
“F” sample has similar grain structure as the “C” sample, 
its height of the peaks is notably higher, which will be 
explained later. 
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Fig. 5. Example of the magnetic flux density B and 
the envelope of the Barkhausen noise measured by 
the perpendicular coil at the triangular magnetic field 
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Fig. 6. Envelopes of the Barkhausen noise measured 
by the encircling coil at the triangular magnetic field 

 
 
 
 

From Fig. 6 we can see that the envelopes of the Bark-
hausen noise measured by the encircling coil are similar to 
the envelopes measured by the perpendicular coil. The 
main difference is that their two peaks get closer to each 
other and the envelope of the “F” sample has additional 
peak at the positive magnetic field intensity. The differ-
ence can be explained by larger influence of the magneti-
zation process of secondary domain structure on the Bark-
hausen noise scanned from the sample surface in the case 
of the perpendicular probe. Moreover, if we observe the 
envelopes of the Barkhausen noise in detail in region of 
beginning irreversible magnetization process, ie at 
H ≈ 20 A/m, the influence of the envelope on the grain 
size is in good agreement with the model proposed by S. 
Tiitto [7] applicable for the beginning of the magnetiza-
tion process where  D  is average grain size and A, Dc are 
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material constants. However, this region of the Bark-
hausen noise suffers from a high influence of the 
disturbing noise, so it is not very suitable for evaluation of 
the microstructural parameters. 
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Fig. 7. Envelopes of the Barkhausen noise measured by the 
encircling coil at the triangular magnetic flux density 

 
 

Envelopes of the Barkhausen noise measured by the 
encircling coil at the triangular magnetic flux density are 
essentially different in compare with the previous cases 
(Fig. 7). They also have two peaks, but the second peak is 
not positioned at the coercive field (zero magnetic flux 
density), but after this field, where magnetization changes 
mainly by domain annihilation processes. The one excep-
tion is the “A” sample, whose envelope has also middle 
peak around the coercive field. The obtained results are in 
good agreement with the results publicated by Bertotti et 
al [11]. There is also some change in ratio of the heights 
of these two peaks in compare with the mode of the trian-
gular magnetic field intensity, what is most visible for the 
“F” sample, which has the first peak much higher than the 
second one. This can be attributed to the fact, that the first 
peak is created not only by the domain nucleation proc-
esses influenced by the grain structure, but also by move-
ment of the initial domain walls, which is affected by the 
number of hindrances in the sample. Since the “F” sample 
has smaller number of second phase particles, which are 
big hindrances to the domain wall motion, the walls move 
more easily through the sample and thus the first peak of 
this sample is high. On the other hand, the second peak of 
the envelope is determined by the domain annihilation 
processes influenced mainly by the number of domains 
and thus by the grain structure, unlike the second peak 
measured at the triangular magnetic field intensity, which 
is affected by the domain wall motion and therefore it also 
depends markedly on hindrance content in the sample. So 
the height of the second peak of the “F” sample at the tri-
angular magnetic flux density drops below the height of 
the “B” sample in compare to the mode with the triangular 
magnetic field intensity and sample wrapped coil (Fig. 6). 
Moreover, the width of the second peak of the “F” sample 
is, similarly as the width of the “C” sample, essentially 

larger than the width of the second peak of the “B” and 
“E” samples with much smaller grain size and worse Goss 
texture. Large width of the peak is caused by the rise of 
the peak onset, what in model presented in [11] 
corresponds to the change of the permeability dependence 
on the magnetic flux density. Large width of the second 
peak of a sample with large grain size and simultaneously 
proper Goss texture can be used to distinguish this sample 
from samples with smaller grain size and worse Goss tex-
ture, which is not possible when we consider only the 
height of the envelope peaks. 

 
 
 
 

4 CONCLUSIONS 
 
 

Barkhausen noise method was used to investigate the 
microstructure and texture of Fe–3%Si steel after high 
temperature annealing. Experiments showed that the 
Barkhausen noise envelope is highly dependent on the 
waveform of the magnetic field in the sample and that it is 
not possible to simply evaluate the quality of the resulting 
microstructure considering only the magnitude of the 
Barkhausen noise, if the influence of effecting microstruc-
tural properties is contradictory. To better distinguish the 
influence of grain size from the influence of other micro-
structural properties, such as content of the second phase 
particles and misorientation of grains, it is advisable to 
use constant magnetic flux density rate in the sample and 
examine not only the height, but also the shape of the 
envelope’s peaks. 
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