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ON THE ROLE OF GRAIN BOUNDARIES
ON THE BARKHAUSEN EFFECT
IN ORIENTED TRANSFORMER SHEETS*

VINCENT KAVECANSKY**, LADISLAV POTOCKY***, §STEFAN FILKA **,
JOSEF GAIDUSEK**, Kosice

In the present paper the irreversible changes of magnetization, registered as Bark-
hausen jumps, are studied on the single crystal, bi-crystalline and tri-crystalline sample of
the transformer sheet, The dependence of the number of the registered Barkhausen
jumps on the time of the magnetization reversal at the grain boundaries, resp. in
individual grains, has been found. The results are discussed in relation to the role of grain
boundaries in the magnetization process and also in relation to the possible rearrange-
ment of the domain structure and to the clustering of the Barkhausen jumps.

O BIWSIHUM TPAHUIL 3EPEH HA IPOEKT BAPKI'AY3EHA
B OPUEHTHPOBA HHBIX TPAHC®OPMATOPHEIX ITACTHHAX

B paGore wuccnegosaubt Heo0paTuMbie u3MEHEHMs HAMarHUYEHHOCTH, 3aperuc-
TPUPOBaHbIE B BHIEC GAPKray3eHOBCKUX CKAYKOB, s 06pa3’LOB TPAHCHOPMATOPHEIX
TINACTHH, MMEFOIIMX MOHOKDHCTAIUTHYECKYIO, GHKDHCTAINUYECKYIO M TPHKPHCTAN T eC-
KYt0 cTpykTypy. OG6HapykeHa 3aBMCHMOCTH umcna 3aPETHCTPHPOBAHHBIX  Gapk-
Tay3EHOBCKHX CKAYKOB OT BPEMEHM U3MEHCHUS HAMArHIUBAHNA HA FPAHULAX 3EPEH MAH
Xe B OoThenbHbIX 3epexax. Ilposepeuo OOGCYXHEHHE PE3YNLTATOB € TOMKH 3peHus
BJMSHUM 'DAHKUL 3€PEH Ha NPOLece HAMArHHYUBAHMA, 3 TAKXKE C TOYKH 3PCHHS BOBMON-
HOW nepecTpoitku noMeHHON CTPYKTYPb! ¥ KJIACTEPUPOBAHKS NPU OGPA30BAHNK Bapk-
ray3eHOBCKMX CKAavKOB.

L INTRODUCTION

The study of the domain structure behaviour at the dynamic magnetization
reversal is very important for explaining the physical reasons of the magnetization
losses in the oriented transformer sheets. It is kown that the character of the
dynamic magnetization processes substantially differs from that of the quasistatio-
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Il EXPERIMENTAL

surface).

The Barkhausen effect Wwas studied using the apparatus with the time resolution
of 10™°s, described in [7]. The number of Barkhausen pulses during one the
magnetization cycle in dependence upon the time of magnetization reversal and in
various parts of the sample was measured. The number of jumps was registered
during the magnetization of samples in the applied exterral field which varied
linearly with time from — SkA/mto +5kA/m. The width of the pick-up coil was
5 mm, which enabled to detect the irreversible changes of magnetization in the
relatively small volumes of the sample. :

. EXPERIMENTAL RESULTS AND DISCUSSION

Figs. 2, 3, 4 show dependences of the number of Barkhausen pulses registered
along one branch of the hysteresis loop upon the time of the magnetization reversal
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in'various parts of the sample as shown &mmESEm:.om:% in Fig. 1. The apparatus
registered Barkhausen pulses corresponding to the changes of the magnetic
moment Am=1.3x 10”'* Wbm. These figures show clearly the influence of the
time of the magnetization reversal and that of the grain boundaries on the number
of the registered Barkhausen pulses. As seen from Fig. 2, for the time of the
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Fig. 2. Number of Barkhausen jumps vs. time of magnetization reversal on the single-crystal sample
(Am 213X 107" Whm),
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_umm.. 3. Number cm‘wmqw:m:_mm: jumps vs. time of magnetization reversal on the bi-crystalline sample
(Am=1.3%x10""° Wb m).
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Fig. 4. Number of Barkhausen Jumps vs. time of magnetization reversal on the tri-crystalline sample
(Am=1.3x10""" wh m).

magnetization nuclei. At 3 quasistatic magnetization the grain boudaries may also
act as a source of the magnetization nuclei. On the bi-crystalline sample (Fig. 3)
the largest number of jumps at the quasistatic magnetization reversal was regis-
tered just on the grain’s boundary. The influence of the grain boundaries (Fig. 4) as

326

boundary A—B (place II) on the tri-crystalline sample shows qualitatively the
same character of the dependence n(r). A different behaviour is observed for the
grain boundary B—C (place III).

When explaining the mechanism of the magnetization reversal in the region of
the magnetization times <5 S, an important role should be attributed to the
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Fig. 5. Number of Barkhausen jumps vs. time of magnetization reversal on the bi-crystalline sample
(Am=13x10""" Wb m).

character of the ireversible displacements of the domain walls, with which the
possibility of the clustering of several jumps into one registered pulse is connected.
The changes in the statistical distribution of the fields of the irreversible growth of
the magnetization nuclei 8], whose formation is characterized by the nucleation
field [9], may also be of influence. An important role is played by the structure of
the grain boundary itself, which usually creates favourable conditions for the
formation of the magnetization nuclei. The changes in the number of the registered
pulses at short magnetizing times may also be influenced by the process of the
domain structure rearrangement {3], with which the changes of the secondary
domain structure are connected.

The clustering of several jumps near the grain’s. boundary is indicated by the
dependences #(¢) on the bi-crystalline sample, when the measurements were made
with a varying resolution of the apparatus. Fig. 5 shows the dependence n(t) for
Am=32 x 107" Wbm. The number of jumps apparently decreases when the
time of the magnetization reversal decreases. This indicates that the tota] decrease
of the number of the registered Barkhausen pulses is connected with the clustering
of several jumps into one registered pulse. As shown by the measurements,
qualitatively the same situation as in Fig. 5 is on the tricrystalline sample at both
grain boundaries. However, the number of the registered pulses (for Am =32
X 107" Wb m) is much smaller here.

The process of the domain structure rearrangement may result in the decrease of
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