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Structure and Control of Magnetic Domain in Grain-oriented

Silicon Steel
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¢ : Tilt angle of [001] direction of grain from sheet plane.

Photo. 1. Domain structure in a grain with ¢=
0° in the 60Hz demagnetized state.
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—= (WD = : ¥ —FHE XK 2R/ EIRDAE
BELBEETHLDTHDD, 180° BEEEL {100} TH
BT LIBE L. ER OB ALF —D
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Table 1. Densities of surface energy and thick-
nesses of domain walls in iron.

Domain wall Wall thickness

Density of wall energy
m? (A)

Type Plane

180° (001) 1.24x 1073 1410
180° (110) 1.71 » 728
90° (001) 0.62 o 408
90° (110) 1.07 » 516
90° (111) 0.74 » 408
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Fig. 1. 180° domain wall in (110) [001] crystal.
The shaded plane is a 180° domain wall.
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In (a) grain is demagnetized using 60Hz applied field.
In (b) to (d) field has been applied parallel to rolling
direction, increasing in size from (b) to (d).

Photo. 2. Domain structure during dc magneti-
zation in (110) [001] grain.
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K HBBREZE & ST 180° REEED %k SRT K el

Rolling direction

grain boundary

Photo. 3. Spike domains in grains demagnetized
using 60Hz applied field. (x 100x 1/2)

Fig. 2. Model for three-dimensional configuration
of spike domain. Arrows show direction of
magnetization within domains.
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Photo. 4. Domain structure in a grain with ¢—
2° in the 60Hz demagnetized state.

Rolling direction

Rolling plane

(a) /

(b)

(a) three-dimensional configuration.
(b) structure through sheet thickness

Fig. 3. Model of dagger domain. Arrows show
direction of magnetization within domains.
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4 3518, e ATV Y AEB XV TEBOFEREK
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o Eddy current loss Fig. 6. Model of domains in demagnetized state
3 of (110) [001] crystal sheet. Arrows show direc-
® 10 tion of magnetization within domains.
S +

Hysteresis |
ol A 5. ViR oMinte 27 ) v AREEME L0 D,

[} 1 1
0 20 40 60 80 100
Frequency (Hz)

Fig. 4. Core loss per cycle as function of
frequency in grain-oriented silicon steel.

FARTY. S TERBEEEY 10Hz FTika
HeEmL, MEromingy T C HEidy 20Hz
2 HITEANCHEML, WAREHETHD S0Hz Tk
WTike AT Y Y ABROKH 2 ET S SRACED S
5TEBKBADOEFIIELIREVDTHD. STEEAEY
WDt e A7) v AER2 5 TEIMBL B
2L ERPHETREI VLT TH B2, Thiid
2 FHECOLTARET ZIIBEL DS, Hlzid,
AT ) VAREY BLEIRD DI HRE k&< Th
3, —HFRCIOTHTERRBAEATS (Zh3E
AT AR O ER T 0L Bbhs) ©
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Fig. 5. Coercivity plotted against volume of
dagger domains.
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Fig. 7. Effect of longitudinal tensile stress on
domain-wall spacing in a large Si-Fe (110)
[001] grain.
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Photo. 5. Microstructure of grain-oriented silicon
steel after laser-irradiating. (x15000x 1/2)
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Fig. 8. Schematic illustration showing alignments
of laser-irradiated spots on surface of grain-orien-
ted silicon steel.
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Photo. 6. Spike domains originating at laser-
irradiated area.
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@ Conventional grain oriented silicon steel

O High permeability grain oriented silicon steel

Fig. 9. Effect of tensile stress on core loss of grain-
oriented silicon steels and 3%Si-Fe single crystal
with (11¢) [001].
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