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Supplementary Magnetic Domains and Magnetic Domain Control of Electrical Steel

Sheets
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S. Arai, Hirohata R&D Laboratory, Nippon Steel Corporation

Electrical steel sheets are widely used as magnetic
cores for transformers and motors. The performance of
these applications depends on the properties of electri-

cal steel, such as core loss and magnetostrictive defor-.

mation. Magnetic domains in electrical steel have been
researched extensively in order to improve these
properties. Experimental and theoretical work on
domains in electrical steel is reviewed in this paper,
and the relations of these domains to the steel's mag-
netic properties are clarified. Two types of artificial-
domain-refining techniques are also reviewed, and the
mechanisms are explained.
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a) Stacked transformer core

b) IPM motor core

Fig. 1 Applications of elecrical steel sheets.

Lancet domain Bar domain

c)

Fig. 2 Magnetic domains in grain-oriented
electrical steel sheets. (a) CGO material; Bg=1.85
T, (b) Hi-B material; Bs=1.92 T, and (c) schematic
description of basic bar domains and lancet
supplementary domains.
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Fig. 3 Model of the subsurface structures of
lancet domains in (110)[001]-textured Si-Fe.
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Fig. 4 Calculated subsurface domain volume of
lancet combs in (110)[001]-textured Si-Fe.
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Fig. 5 Supplementary domains at grain
boundaries of grain-oriented electrical steel. (a)
Closure by interior traverse domains as described
in (d), (b) quasi-closure domains as outlined in (e),
and (c) dagger-shaped compensating domains.
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Fig. 6 Domains in a non-oriented electrical steel
sheet. (Courtesy. of T. Kubota, Nippon Steel
Corp.)
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Fig. 7 Surface domain patterns in near-(100) Si-
Fe surfaces obtained by the Kerr effect. Arrows
show the direction of magneto-optical.
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Fig. 8 Model of supplementary domains in a
near-(100) surface of Si-Fe.
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Fig. 9 Domain patterns in a (111)-surface of Si-
Fe. (Figure 5-38 of ref. 7.)

Fig. 10 Model of basic domains in (111)-oriented
Si-Fe sheets.
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Fig. 11 Eddy currents around 180-degree domain
walls in grain-oriented electrical steel sheets.!?
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Btk b LD XS IcEFHEASHMEE N B Iz oW TEEE
L.

BONC, ODEZARI DKM bic> W THIAT 5.
Fe RIEOHWETEE 1100 2 b2DT, 5SSO LD -1
<100 ARNCHE L s 5 2 & 2lff. v —HF i &5 BE
BLEMBEHICLZABLEHERECLVBREEIEL

1616

2220 Lk S REREENRET B IOV TIE, WY
D DOEN D B H2 W), Wi L THRBREICB - T
Fig. 12 12/R 9 & 5 B EMX ORALE BT T % B O f By
XoFEST 5. < ORBHXIIBHEEKNOmEmE TE#E
LTOWB I EMBEENTVWS, Ths oKX,
Fig. 13(a) IRT £ 5 0B DRBEIC & » TR S N4
DVHEE b DY, B ALF—HEEELL-TWS, L
tehi- T, Fig. 13(b) 2 5 (¢) KERX DigEisn{bd 5
LIRE-T, FHWXOHMEZ & OMEEx % L+ —3F <
BBEbDD, HrrV¥-—HPHXOKREEBLEES
DEWESNE, IHWEEABOHMXMOLEETH
3.

RIcQOHEEAR OHXASL2D 28 1o >\ T T 5.
Fig. 14 icind &5 18, FRHXOBILLERT S L5icH
HEICEERT 2 L BOERHICEKEARBSEL S, <0
KA SIRNBERSHEAEL, Bl 2 VF KT
5. EWXEMMLL, MET 2ERXH SOHRFELE S
DREWBICRNERER T LICL 0BT 2 vF— i3
BWLTES, ChPBEAROBMKMMEOBETH 5.

fefil, EBEOBETIIEREOHIIRARBOWX Hs
AU —HORAMBEFTEHT L O BBEICE>TVWB &
ZZ o503, Fig. 15 it ao4 FREFAHVCTRAR
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a)
Fig. 12 Domain patterns along laser-irradiated

lines in domain-refined electrical steel sheets.
(Figure 6-2 of ref. 7.)
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E==nnni TRy
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Fig. 13 (a) Model of closure-type domains along
stressed regions and (b), (c) schematic descrip-
tions of the “residual-strain-type” domain refining
mechanism.
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Fig. 14 Schematic illustration of the “groove-
type” domain-refining method.

Fig. 15 (a) Domain patterns and (b) leakage flux
patterns around a groove observed by the
magnetic colloid technique. (c) Possible domain
model near a groove.
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Fig. 16 (a) Magnetostrictive elongation and mag-
netization relation, also known as a “butterfly”
curve. (b) Model for magnetostrictive deformation
and domains.
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