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Anisotropy in the Magnetic Induction Derived from the Texture of
Non-oriented Electrical Steel Sheets

Synopsis :

Ichiro TACHINO

A quantitative method for deriving the anisotropy in the magnetic induction from the texture data of elec-
trical steel sheets was developed. Using the data of the three dimensional texture analysis by the vector
method, magnetic induction parameter By for any direction in the steel sheet plane was formulated, under
the assumptions of (1) each grain is magnetized in one of the easy magnetization directions having a smallest
angle from the direction of the applied field, and (2) interaction between neighbouring grains is negligible.

Comparing By calculated from the data of the three dimensional texture analysis by the vector method
with observed B50/Bg, it was confirmed that the two agreed well in three kinds of non-oriented electrical
steel sheets. By an observation of magnetic domains by SEM, it was revealed that the assumption for the
calculation of By that each grains had no domain walls in themselves was realized in the vicinity of B50.
This was the reason for the agreement of calculated By with observed B50/Bg.

Key words : electrical steel sheet ; magnetic anisotropy ; magnetic induction ; texture ; vector method ; three

dimensional texture analysis ; magnetic domain.
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Fig. 1. Magnetization curves in various directions
on (100) plane of iron single crystal.
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Table 1. Crystal orientation [uvw] parallel to the rolling direction for 36 crystal planes when {=0° and the

angle A between [uvu] and vector HC.

i No (hkD) Angular parameter ¢ [ ("R"D")’] HC A
1 001) 0 0 0 f10 0] [1 0 0] 0
2 (017) 0 8.1 0 [10 0] [1 0 0] 0
3 ain 45 8.1 0 [99 1 14] [7 7 2] 135
4 01 4) 0 14 0 [10 0] [1 0 0] 0
5 (128) 26.6 14 0 [66 1 8] [ 816 5] 116.5
6 (114) 45 S V'] 0. [331 8] [2 2 1] 135
7 013) 0 18.4 0 [10 0] {10 0] 0
8 (139) 18.4 18.4 0 [57 1 6] [ 927 10] 108.4
9 126) 26.6 18.4 0 {381 6] [ 612 5] 116.5
10 (113) 45 18.4 0 {191 6] [3 3 2] 135
11 012) 0 26.6 0 [10 0] [1 0 0] 0
12 (136) 18.4 26.6 0 [27 1 4] [3 9 5] 108.3
13 124) 26.6 26.6 0 [18 1 4] [4 8 5] 116.4
14 (2 36) 33.7 26.6 0 [30 2= 9] [12 18 13] 123.8
15 (112 45 26.6 0 [91 4] {11 1] 134.4
16 (035) 0 31 0 [10 0] [1 0 0] 0
17 (16 10) 9.5 31 0 [46 1 4] [ 318 11] 99.6
18 (135) 18.4 31 0 [231 4] [1 3 2] 108.7
19 (3 6°10) 26.6 31 0 [121 3] [2 4 3] 115.7
20 (235) 33.7 31 0 [23 2 8] [10 15 13] 124
21 (335) 45 . - 31 0 [81 4] [5 5 6] 135
22 (034) 0 36.9 0 [10 0] [1 0 0] 0
23 (168) 9.5 36.9 0 {301 3] [ 848 37) 99.5
24 (134) 18.4° 36.9 0 [151 3] [2 6 5] 108.4
25 (36 8) 26.6 36.9 0 [101 3] [ 816 15] 116.4
26 (5 812) 32 33.7 0 [91 3] [60 96 89] 121.2
27 (234) 33.7 36.9 0 [15 2 6] [ 812 13] 123.4
28 (334) 45 36.9 0 [51 3] [2 2 3] 134.2
29 (011) 0 45 0 [10 0] [1 0 0} 0
30 (166) 9.5 45 0 [42 2 5] [ 636 37] 99.5
31 (144) 14 45 0 [28 2 5] [ 41617]) 104.1
32 (133) 18.4 45 0 [30 3 7] [ 3 910] 108.2
33 (122) 26.6 45 0 [14 2 5] [2 4 5] 116.6
34 (2 33) 33.7 45 0 Tir1 2 5] [ 6 913] 123.1
35 (4 55) 38.7 45 0 [51 3] [4 5 8] 130
36 (111 45 45 0 [72 5] [1 1 2] 134
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Fig. 2. Applied field unit vector HP on a crystal
plane ABC parallel to the sheet plane.
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Fig. 3. Angular dependency of magnetization pa-
rameter for the 27th plane (Heavy solid line).
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Table 2. Magnetization component in the direction of the applied field when manetized in one of the easy

magnetizing directions.

i No. (hkl) Bx By Bz
1 (001) 1.0000 cos 8 1.0000 sin & 0
2 017) 1.0000 cos & 0.9899 sin 8 0.1414 sin @
3 117 —0.6931 cos 8 +0.7071 sin & 0.6931 cos 8 +0.7071 sin 8 0.1980 cos ¢
4 (014) 1.0000 cos ¢ 0.9701 sin 8 0.2425 sin 8
5 (128) —0.4307 cos & +0.8944 sin 6 0.8614 cos 8 +0.4472 sin 0 0.2692 cos 8
6 (114) —0.6667 cos & +0.7071 sin 0.6667 cos 8 +0.7071 sin 6 0.3333 cos 8
7 (013) 1.0000 cos 8 0.9487 sin 8 0.3162 sin 6
8 (139 —0.2983 cos § +0.9487 sin 0.8950 cos 8 +0.3162 sin 0.3315cos @
9 (126) —0.4391 cos @ +0.8944 sin & 0.8381 cos 8 +0.4472 sin 8 0.3492 cos 0
10 (113) —0.6396 cos 8 +0.7071 sin & 0.6396 cos & +0.7071 sin 8 0.4264 cos 0
11 (012 1.0000 cos 8 0.8944 sin 8 0.4472 sin 8
12 (1 36) —0.2798 cos & +0.9487 sin & 0.8393 cos 6 +0.3162 sin 8 0.4663 cos 8
13 (124) —0.3904 cos 6 +0.8944 sin & 0.7807 cos 6 +0.4472 sin ¢ 0.4880 cos 0
14 (2 3 6) —0.4755 cos 8 +0.8321 sin 8 0.7132 cos 8 +0.5547 sin 8 0.5151 cos 8
15 (112) —0.5774 cos 8 +0.7071 sin & 0.5774 cos 6 +0.7071 sin § 0.5774 cos 0
16 (035) 1.0000 cos @ 0.8575 sin 8 0.5145 sin 0
17 (16 10) —0.1405 cos & +0.9864 sin 8 0.8427 cos 6 +0.1644 sin 8 0.5197 cos ¢
18 (135) —0.2673 cos 8 +0.9487 sin 0 0.8018 cos 8 +0.3162 sin 8 0.5345 cos 0
19 (3 6 10) —0.3714 cos 6 +0.8944 sin 0.7428 cos 8 +0.4472 sin 8 0.5571 cos 8
20 (2 35) —0.4499 cos 6 +0.8321 sin 6 0.6749 cos 8 +0.5547 sin 8 0.5849 cos 6
21 (335) —0.5392 cos 8 +0.7071 sin & 0.5392 cos 8 +0.7071 sin & 0.6470 cos ¢
22 (0 34) 1.0000 cos & 0.8000 sin ¢ 0.6000 sin 8
23 (1638) —0.1309 cos & +0.9864 sin 0.7852 cos 8 +0.1644 sin 8 0.6053 cos @
24 (134) —0.2481 cos 0 +0.9487 sin 8 0.7442 cos 8 +0.3162 sin 8 0.6202 cos 8
25 (368) —0.3427 cos 8 +0.8944 sin 8 0.6854 cos 8 +0.4472 sin ¢ 0.6425 cos 8
26 (5812) —0.4167 cos 8 +0.8480 sin 6 0.6667 cos 8 +0.5300 sin & 0.6180 cos 8
27 (2 34) —0.4120 cos & +0.8321 sin 6 0.6180 cos & +0.5547 sin & 0.6695 cos 0
28 (334) —0.4851 cos 8 +0.7071 sin 0 0.4851 cos 8 +0.7071 sin 8 0.7276 cos 0
29 (0i11) 1.0000 cos & 0.7071 sin 8 0.7071 sin &
30 (166) —0.1154 cos 8 +0.9864 sin 0.6927 cos 8 +0.1644 sin 8 0.7119 cos 8
31 (14 4) —0.1689 cos & +0.9701 sin 0.6755 cos 8 +0.2425 sin 0 0.7177 cos 8
32 (133) —0.2176 cos 8 +0.9487 sin 0.6529 cos 8 +0.3162 sin 8 0.7255 cos @
33 (122) —0.2981 cos § +0.8944 sin 0 0.5963 cos 8 +0.4472 sin & 0.7454 cos 0
34 (233) —0.3548 cos & +0.8321 sin @ 0.5322 cos 8 +0.5547 sin & 0.7687 cos 8
35 (4 55) —0.3845 cos 8 +0.7809 sin 0.4806 cos § +0.6247 sin 6 0.7882 cos 8
36 1in —0.4082 cos § +0.7071 sin 8 0.4082 cos 8 +0.7071 sin & 0.8165 cos 8
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Fig. 4. (200) pole figures of non-oriented elec-
trical steels (Midplane).
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Fig. 5. Three dimensional texture data by the
vector method.
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Br: Texture dependent magnetization parameter
Fig. 6. Calculated By and observed B50 for tested steels.
20 Table 3. Saturation magnetization of tested
steels.
Bg (Observed) a a/Bs
S10 1.967 1.988 1.011
S18 2.019 1.991 0.986
S50 2.099 2.072 0.987
Bs (Observed) : Measured at 10 koe by VSM
a : Regression coefficient in (B50)=a X (Bp)
e
g
g RLUZA, ERRA Y= aX (2B 5 LEIEE « % &/
=
E THRETRD 2fE% Table 3 IXRT. T OHBEE o
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Plbdo, REICL DAL/ Y7 X —% — Br i3,
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oz ] RO ESHME % M L 2256 o ittt oR{b % #
! ! MeHFEELTHEATESZ EAHBE L.

1
0° 225° 45° 675° 90°
Angle to Rolling Direction

Fig. 7. Observed anisotropy in magnetic induction
of S10.
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