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The magnetization of soft magnetic materials is characterized by numerous irreversible steps from the Barkhausen jumps, which
are inherent to the material. With adequate measurement apparatus and signal processing, the global occurrence of these jumps can
be observed as the Barkhausen noise, that can be in theory related with microstructural properties and the magnetization process.
The relationship between Barkhausen noise and material properties can and has been used to investigate the material state in-situ
and in a non-invasive manner. This work investigates the relationship between the material’s grain size and the Barkhausen activity
near saturation. A calculated indicator relating magnetization state and Barkhausen activity is presented, and its relationship with
the grain size is shown.

Index Terms—Barkhausen noise, grain size, non-oriented electrical steel.

I. INTRODUCTION

ELECTRICAL MACHINES are widely used in all kinds

of applications, and its use is only increasing further

and further, together with the demand for more performant

and efficient machines. With the central role in the magnetic

core of such machines, the understanding of non-oriented

electrical steel is essential to design and improve electrical

machines to a high standard. The magnetization process and

hysteretic characteristic according to domain theory is due to

reversible and irreversible domain wall movement and domain

rotation processes. One of the main mechanisms involved in

the magnetization of these materials is characterized by the

domain wall movement, which can be hindered by pinning-

points on the material microstructure which obstruct its

movement, producing what is called Barkhausen jumps, where

the domain walls suddenly jump from one pinning-point to the

next, which, in the scale of standard magnetic measurements,

can be measured during magnetization as Barkhausen noise

[1] [2].

Barkhausen noise has been used as a non-invasive technique

for analyzing the condition of steels [3], as it relates with the

microstructure parameters from the material [4] [5] [6]. In this

work, the Barkhausen signal of a non-oriented electrical steel

is analyzed and an indicator for when Barkhausen jumps a

saturation state is obtained. This indicator is then compared

with the grain size of the measured samples.

II. METHODOLOGY

Measurements are conducted on samples of non-oriented

FeSi material annealed at 970 ◦C with different grain sizes,

with its average values ranging from 35 μm to 88 μm.

The magnetization current is controlled in order to achieve

a sinusoidal polarization. The measurement equipment is

composed by magnetization and measurement coils similar

to a standard Single Sheet Tester (SST) with the addition of

a Barkhausen sensor. The Barkhausen sensor is a wounded

ferrite core positioned at the center of the sample perpendicular

Fig. 1: RMS of the Barkhausen noise at 1.8T.

to magnetization direction on the sample, similar to the

equipment shown in [7].

The Barkhausen noise signal is obtained by filtering the

acquired signal with a band-pass filter with cutting frequencies

of 10 kHz and 100 kHz. The signal is then processed with

a moving RMS window, which represents the related energy

of the Barkhausen activity over time. Figure 1 presents the

processed Barkhausen noise for one sample with maximum

polarization of Jm = 1.8T.

Figure 2 shows the calculated energy over time for one

sample, similar as defined by [4] [3], the units are normalized

by dividing each value by the total energy calculated this way,

thus representing the proportion of Barkhausen activity over

time (1), where v(t) is the measured voltage in the Barkhausen

sensor after filtering. The measured polarization is also shown

in order to compare with the overall magnetization state of the

material.
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Fig. 2: Proportion of Barkhausen activity over time for Jm =
1.8T (blue) and Acquired polarization P (t) over time (gray).

Notice that the maximum Jm = 1.8T occurs at 10ms.

Fig. 3: Proportion of Barkhausen activity overtime for Jm =
1.8T, with detail on the calculated interval of inactivity.

EBA(t) =
1

Etotal

∫ t

0

v2(t)dt (1)

An “inactivity interval” can then be calculated by finding the

point where the amount of Barkhausen activity which occurred

is smaller than a threshold Einac. Figure 3 shows the calculated

inactivity interval, where the last significant increase in the

Barkhausen energy proportion obtained is around 8.5ms, and

therefore there is around 1.5ms of inactivity before the signal

reaches its peak at the 10ms mark.

III. RESULTS

The samples with varying grain sizes were measured in the

aforementioned conditions, and then processed accordingly.

Figure 4 shows the calculated inactivity interval over the

average grain size of the samples. A linear tendency

can be observed, where bigger grain sizes have a lower

inactivity interval, meaning that for the smaller grain sizes,

magnetization discontinuities (i.e., hindering of domain wall

Fig. 4: Evaluated time of Barkhausen inactivity before

maximum polarization is achieved at 1.8T.

movement and sudden domain rotation) stop at lower

polarization values, resulting in a higher inactivity interval.

REFERENCES

[1] D.C. Jiles, “Review of magnetic methods for nondestructive evaluation,”
NDT International, vol. 21, no. 5, pp. 311–319, 1988. [Online]. Available:
https://www.sciencedirect.com/science/article/pii/0308912688901897

[2] G. Durin and S. Zapperi, “The barkhausen effect,” 2004. [Online].
Available: https://arxiv.org/abs/cond-mat/0404512

[3] P. Fagan, B. Ducharne, L. Daniel, A. Skarlatos, M. Domenjoud,
and C. Reboud, “Effect of stress on the magnetic barkhausen
noise energy cycles: A route for stress evaluation in
ferromagnetic materials,” Materials Science and Engineering:
B, vol. 278, p. 115650, 2022. [Online]. Available:
https://www.sciencedirect.com/science/article/pii/S0921510722000472

[4] T. W. Krause, L. Clapham, and D. L. Atherton, “Characterization of the
magnetic easy axis in pipeline steel using magnetic barkhausen noise,”
Journal of Applied Physics, vol. 75, no. 12, pp. 7983–7988, 06 1994.
[Online]. Available: https://doi.org/10.1063/1.356561

[5] A. Ktena, E. Hristoforou, G. J. Gerhardt, F. P. Missell, F. J. Landgraf,
D. L. Rodrigues, and M. Alberteris-Campos, “Barkhausen noise as a
microstructure characterization tool,” Physica B: Condensed Matter, vol.
435, pp. 109–112, 2014, 9th International Symposium on Hysteresis
Modeling and Micromagnetics (HMM 2013). [Online]. Available:
https://www.sciencedirect.com/science/article/pii/S0921452613005589

[6] L. Wang, C. Xu, L. Feng, and W. Wang, “A survey of the magnetic
anisotropy detection technology of ferromagnetic materials based on
magnetic barkhausen noise,” Sensors (Basel, Switzerland), vol. 24, no. 23,
2024.

[7] F. Qiu, M. J. Klug, G. Tian, P. Hu, and J. McCord, “Influence of magnetic
domain wall orientation on barkhausen noise and magneto-mechanical
behavior in electrical steel,” Journal of Physics D: Applied Physics,
vol. 52, no. 26, p. 265001, 2019.

[8] M. Shiozaki and Y. Kurosaki, “The effects of grain size on the magnetic
properties of nonoriented electrical steel sheets,” Journal of Materials
Engineering, vol. 11, no. 1, pp. 37–43, 1989.

ACKNOWLEDGEMENT

This contribution was funded by the Deutsche For-

schungsgemeinschaft(DFG, German Research Foundation)

532773068.

Authorized licensed use limited to: Universitaetsbibliothek der RWTH Aachen. Downloaded on July 24,2026 at 11:56:56 UTC from IEEE Xplore.  Restrictions apply. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


