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1. Introduction

The magnetoelastic effect in steel was reportediffirst time by Villari in 1865 [1].
Since then, this effect is intensively investigatedth in a theoretical and application way.
Magnetoelastic effect is important from theoretipaint of view, because of the lack of
guantitative, holistic model of interaction of madcal and magnetic processes [2]. Such
model would be very useful for development of nofighctional materials, such as amorphous
[3] or nanocrystalline [4] magnetic materials. O tother hand, practical applications of
magnetoelastic effect covers development of robtreiss and force sensors [5] and stress
assessment on the base of changes of magneticriieepef steel [6]. Among available
methods of non-destructive testing, magnetic ptogeeroriented methods have distinctive
advantages. First of all, non-destructive, magndtsts (based on magnetoelastic
characteristics of the material) are contact-legsch simplifies the process of tested element
surface preparation. In addition, magnetic fielctheyation, in the range of energy and
frequency used for non-destructive tests, doeswate health risk for operator, which is
significant advantage in comparison with the X-ragiation based methods usage.

However, magnetoelastic characteristics orientethaus of non-destructive tests are
not widely used in industry. The main barrier foicls industrial application is the lack of
knowledge about magnetoelastic characteristicpetiic types of construction steels. This
limitation is directly connected both with lackrabust, unified testing methodology of testing
the magnetoelastic effect as well as quantitatigecdption of stresses dependencies of
magnetic parameters of different types of consimacsteels. This paper is trying to fill both
of these gaps. It presents industrial applicatiolented methodology of magnetoelastic
investigation of frame-shaped samples made ofréiffietypes of steels. Moreover, results of
validating tests on steel are also presented. Ddtation of stresses in construction elements
made of steel is especially important, if the dee is already in use for some time and
subjected to various types of mechanical stresedseavironmental conditions. For such
assessment magnetoelastic effect based method enaseld. However, significant limitation
of such methodology is caused by limited knowledigeut the stress dependence of magnetic
characteristics for construction steels.

2. Methodology of measur ement

In the figure 1 experimental setup for measuremehtaagnetic and magnetoelastic
characteristics is shown.

Hysteresis loops measurements are done on a aest sbmposed of hysteresisgraph
and personal computer. Hysteresisgraph HB-PL30nsposed of: voltage current converter,
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fluxmeter. The software generates magnetizing gelignals, and sends them to the voltage
current converter. The current goes to the magngtiwinding. Sensing winding is connected
to the fluxmeter, where the voltage induced in $kasing winding is converted on the flux
density value. The principles of applying tensiiesses with the use of oil hydraulic press
were described previously [6]. In order to inveategthe basic magnetic properties of the given
construction steel, three conditions have to bilad. The first condition is the obtaining of
the closed magnetic circuit in the sample. Thenrtfieence of the demagnetizing field on the
measurements is greatly reduced, and the influehtige sample shape is nearly eliminated.
The second condition is constant stress along th@emmagnetic patch in the investigated
sample. Acquiring this condition allows for elimtion of the stress influences cancelling,
which may happen when there are positive stressesea part of the sample, and negative in
another. The third, equally important conditionmgking the distribution of the effective
stresses parallel to the magnetic patch directidhe sample.

—)[Voktage current converter] —bl Me asuring winding
Sample
A Fluxmeter |q4 Sensing winding Iq— ,

Hysteresisgraph
HB-PL30

Personal Computer

Reversor

ilhydraulic press

Fig.1: Schematic block diagram of the computer controlled hysteresis graph system for
magnetic and magnetoel astic testing.

After careful considerations, the sample shapedeagned, and is shown on figure 3.
Developed sample fulfill all three of the previoushentioned conditions. The sample is
composed of two sections. Section one is the memssection, which two stress bearing
columns, parallel to their surfaces. On the coluthirsmagnetizing and sensing windings are
located, so that the magnetizing field has closadmatic patch and is parallel to the affective
stresses direction. The second section is resdenfb the mounting of the sample and
transmission of stresses from the reversor.

Section 1 Section 2 Section 1

Fig.1: Frame-shaped of construction steels which two section.

3. ldea of stress state assessment

Due to the fact that for the forces acting on défeé cross sections there are different
stresses in the samples, in this paper unifiedogmbrwas used. Instead of forces acting on the
samples, stresses are used for comparison of theles with various dimensions. Another
reason is the fact that the material is reactimgatly on the stresses acting upon it, and
indirectly on forces. Basic characteristics, whicay be used for assessment of the influence
of the stresses induced by the external forcetharB(H) hysteresis loops for various stresses
values. On the base of these measurements, malgis¢ito®E)H characteristics describing
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the change of the maximal field density B as afiencof the stresses for a given field strength
H were determined.

Determination of these characteristics is exceptlgnmportant because of the possibility of
stress state evaluation. Exactly these charadtsiistbtained from the precise measurements
on the samples with closed magnetic circuit and dgenous stress distribution allow for the
proper assessment of the stress state in the gotistr steel elements.

4. Results
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Fig.3: a) The tensile stresses dependence of magnetic B(H) characteristics of frame-shaped
samples made of X30Cr13 steel, for the amplitude of magnetizing field Hm= 800 A/m. b) The
tensile stresses o dependencies of flux density B in X30Cr13 stedl.

The subjects of the investigation were samples nodd30Cr13 construction steel.
The measurement methodology was divided into tages. In the first stage, unloaded wound
sample was investigated for its magnetic propertdext, after the analysis of these
parameters, specific measuring points, dependehecoercion field E were designated.
There were five determined points, 640 A/m , 80A/L200 A/m , 2400 A/m and 4000 A/m.
In the second stage, the sample was mounted imretersor, and was investigated for
magnetoelasticity, i.e. magnetic properties asnatfan of applied stresses [8]. The range of
the applied stresses was from 0 MPa to the degtruof the samples, at about 625 MPa. To
obtain the same initial conditions, the sample wagsnagnetized before each of the
measurements. Measurements were done for a se&t ohlihe tensile stress, in each of the
above-mentioned magnetizing field points. Next, dipplied stress value was changed, and
another measurement series was done. Tensileegregse changed in the increasing way.
Figure 3a shows the influence of tensile stressen the shape of B(H) hysteresis loops of
frame-shaped sample made of X30Cr13 constructiesl.sBhape of the magnetic hysteresis
loop changes significantly for the tensile stressesf up to 600 MPa. For magnetizing field

129



with Hm = 800 A/m amplitude, the flux density B under sistltesses decreases by 61%.
Nonetheless, for lower amplitudes of magnetiziefglfHm, the flux density B decrease under
stresses is even more distinct. Figure 3b presbhatsagnetoelastic B{Hm characteristics.
On these characteristics the maximum field deri&ityay be observed. This maximum, called
the Villari reversal point, is connected with mihvalue of total free energy in the sample
subjected to both mechanical stresses and magrgefieid. Under the tensile stresses value
of flux density B in the sample first increasesd after reaching the Villari point it starts to
decrease. It should be noted, that this decreasess significant for about 500 MPa stresses,
which is connected with the change from elastipl&stic deformation of the sample. These
changes are more pronounced for lower values ofitarde of magnetizing field K This
occurs due to the fact, that in this case, padian of magnetoelastic energy in the total free
energy is significantly higher. It should be stegkghat B§)Hm characteristics may be treated
as a standard of presentation of magnetoelastipepies of constructional steels. Such
standard could be especially useful from the pofntiew of mechanical stress assessment
during non-destructive testing of construction edets.

5. Conclusions

Method of magnetoelastic investigation presentatigpaper creates new opportunity
for description of magnetic characteristics strelependences of constructional steels.
Developed test stand allows for precise deternonatf these characteristics, which allow for
the proper assessment of the stress state in tistragotion steel elements. Designed shape of
the sample ensures closed magnetic circuit andirohent of the uniform stresses distribution,
parallel to the magnetic flux lines. Presented #ashaped samples based methodology allows
to bridge the gap in knowledge about magnetoeladtaracteristics of different types of
constructional steels. Results of experimentabtetX30Cr13 constructional steel validated
proposed methodology of investigation. It was obsey that under the tensile stresses, for
lower values of amplitude of magnetizing fieléh,Hhe flux density B changes significantly.
For this reason, presented experimental resultfircofeasibility of use of magnetoelastic
effect based measurements in industry-applicabtedestructive testing of constructional
steels elements.

Acknowledgement
This work was partially supported by The Nationan@e of Research and Development
(Poland) within grant no. PBS1/B4/6/2012.

References:

[1] R. M. Bozorth: Ferromagnetism, D. Van Nostrood Camp New York (1956).

[2] D. C. Jiles: Introduction to Magnetism and Magn#teterials, Chapman&Hall, London
(1998).

[3] Z. Stokiosa, J. Rasek, P. Kwapulinski, G. Badurakiéneczok, L. Pak, J. Lelatko, A.
Kolano-Burian Journal of Alloys and Compounds, 509, 9050 (2011).

[4] A. Bienkowski, R. Szewczyk, T. Kulik, J. FerencSalach:Journal of Magnetism and
Magnetic Materials, 304, 624 (2006).

[5] A. Bienkowski, R. Szewczyk, J. Saladkcta Physica Polonica A, 118, 1008 (2010).

[6] D. L. Atherton, L. Coathup, D.C. Jiles, L. Longo, @elbourn, A. TeitsmalEEE
Transactions on Magnetics, 19, 1564 (1983).

[7] D. Jackiewicz, R. Szewczyk, J. Salach, A. Bienkawbk Kachniarz: Advances in
Intelligent Systems and Computing, 267, 607 (2014).

[8] D. Jackiewicz, R. Szewczyk, J. Saladineoretical and Applied Informatics, 25, 17
(2013).

130



