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Rotational Barkhausen Noise

Main topie of this paper is the research on the identification of structural damage of construction
components made from carbon (thus ferromagnetic) steel. The main tool used in this research is the
Barkhausen noise signal obtained in rotating magnetic field regime. Usage of rotating fields in the
evaluation of Barkhausen noise is not only the novelty but also an fruitful approach resulting in
increase of method accuracy and quality of results.

In first part of this research an alternating field Barkhausen noise was compared to rotating field
Barkhausen noise in order to evaluate the applicability of rotating field excitation in estimation of
changes accompanying the grooving level of damage done to the material. In this part, some
relationships between mechanical profiles obtained from the tensile tests and character of changes of
RBN signal was identified. It was also found that RBN signals represent stronger correlation with
those profiles than signals obtained in alternating field regime. Some residual stress estimations were
possible and useful evaluation approach was established.,

In the second part of this research only rotational Barkhausen noise was evaluated. In this step,
broader set of excitation frequencies was used in evaluation of stress. Special multi-frequency RBN
signal representation was exploited in order to identify not the relative dependence of RBEN activity on
stress but provide enough information to identify deeper, more direct relationship between mechanical
data and character of changes of RBN. As a resulf it was found that in multi-frequency approach,
yielding more information about material properties than single frequency evaluation, rotational
Barkhausen noise is directly correlated to the amount of energy accumulated in the material
microstructure. As a final result it was concluded that in multi-frequency approach with special
manifold representation of parameters calculated from RBN signal the method proves to be useful and
+ accurate tool to estimate the overall structural damage.

In the third part of the research an multi-parametric approach was proposed to estimate
structural damage of material. In this case more than one RBN parameter was used simultaneously
and the parameters formed a 2 or 3 dimensional parameiric space. When data from measured
locations on the sample surface (data-points) were placed in prepared parametric-space the fuzzy
classification of given data-point to selected damage class was possible, By that way it was possible to
classify all locations on samples frem one lot on the basis of parameiric-space prepared from the data
from samples from other lot as healthy, slightly damaged, critically damaged or “destroyed”.

In the fourth part of this work similar multi-parametric approach was used to estimate the damage
level of fatigue damaged samples made from the same material. In this case it was observed that
mechanism of damage is different and with constraints of amount of obtained data it wasn’t possible to
conclude that the approach giving direct information of the amount of damage. It was possible
however, to see that the results are in agreement with fatigune damage theory that says that with
growing damage levels the material is softening. Additionally as the samples prepared for fatigue tests
were pre-stressed it was possible to identify the pre-stress level in both cages.
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