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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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