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Soft Magnetic Iron Sheets
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Abstract

In the global trend toward carbon neutrality, there is an increasing need for higher performance motors and
various other electromagnetically controlled components in all fields, including automobiles. Kobe Steel strives
to develop new applications by applying soft-magnetic iron technology, which has been cultivated mainly in the
field of cold forging wire-rods and iron powder, to steel sheets. The soft magnetic iron sheet newly developed
has improved magnetic properties, thanks to having reduced amounts of impurities compared with general
mild steel sheets, as well as optimized material properties such as grain size, and features a particularly high
magnetic flux density. Since the alternating-current magnetic properties can be improved by reducing the sheet
thickness, the newly developed sheet is expected to be applied not only to direct current applications such as
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solenoids and electromagnetic relays, but also to alternating current applications such as motor cores.
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Table 1 Chemical composition and thickness of specimens

(mass%)
Materials Th(irffr’ssss C Si | Mn P s Al N
Pirr"::ts"hp:e:’f SteelA | 0.1~1.0 |0.005 |0.002| 0.21 |0.010 | 0.003 | 0.001 [0.0034
, Steel B 1.0 0.022 | 0.01 | 0.14 | 0.016 | 0.008 | 0.032 |0.0025
i?gg{a;hr:éLd Steel C 1.2 0.046 | 0.01 | 0.21 | 0.012 | 0.005 | 0.032 |0.0034
Steel D 1.0 0.050 | 0.02 | 0.21 | 0.016 | 0.010 | 0.044 |0.0060
. 35A300 0.35 0.004 | 2.81 | 0.17 | 0.018 | 0.002 | 0.265 | 0.0025
Electrical steel sheet
50A800 0.5 0002 | 027 | 023 | - | 0.002 | 0.265 | 0.0010
i BRI L 7, MG LRSI & DL T, S Steel A D
d=1//m (1) PRIEJI1E35A300 L [HIZETH 1, wALLER X 35A300
- L e 8
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IS, d PR (um), mi 1l mm* M40 D FIRME D DB EIERICE > TwD, Ihd, Higk
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Table 2 Example of DC magnetic properties

; Coercive | Maximum Magnetic field density (T)
Materials Tr}lﬁ‘lr;?ss force specific
(A/m) | permeability | B100 | B200 | B300 B500(B1000| B2000 | B5000 | B20000
Prototype
of iron |Steel A 1.0 24 5,520 0.68 | 1.26 | 1.46 |1.55| 1.61 | 1.67 | 1.78 2.03
sheet
Steel B 1.0 39 3,803 0.41 1096 |1.31 (1.50(1.59 | 1.64 | 1.74 2.00
General
mild steel | Steel C 1.2 33 5,607 0.66 | 1.31 | 1.49 |1.57| 1.63 | 1.68 | 1.78 2.02
sheet
Steel D 1.0 50 3,231 0.37|0.81|1.20 |1.56(1.71| 1.80 | 1.91 2.06
Electrical |35A300| 0.35 26 14,665 1.20 | 1.36 | 1.42 (1.47|1.53 | 1.59 | 1.70 1.93
steel
sheet 50A800( 0.50 109 3,950 0.22 1099 |1.28 (145|156 | 1.63 | 1.74 1.97
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Fig.1 Microstructure of steels after magnetic annealing
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Fig.2 Relationship between C content and grain size
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Fig.3 Relationship between grain size and coercive force
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Fig.4 Effect of skin pass rolling condition on coercive force
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Fig.5 Effect of skin pass rolling condition on grain size
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Fig.6 Comparison of iron loss between prototype iron sheets and
commercially available electromagnetic steel sheets (W15/50)
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Fig.7 Comparison of iron loss between prototype iron sheets and
commercially available electromagnetic steel sheets (W15/400)
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