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Recent Progress of High-Silicon Electrical Steel Sheets in JFE Steel
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Abstract:

In recent years, iron loss reduction at high frequencies has been strongly required for core materials to increase
efficiency and downsize electrical equipment. JFE Steel developed the continuous siliconizing process using chemical
vapor deposition (CVD) and started manufacturing 6.5% Si steel sheet JNEX™ in 1993, and also developed a new
technology to control the Si concentration distribution in the thickness direction using the CVD process and Si
gradient steel sheet INHF™ in 1998. Further in recent years, new Si gradient steel sheets JNSF™ and JNRF™ have
been developed, in which the Si concentration distribution is optimized for different applications and frequencies.

These high-silicon electrical steel sheets (Super Core™) are widely used as core materials including high-frequency

reactors and high-speed motors. This paper introduces the characteristics and applications of the Super Core.
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Fig. 2 Schematic diagram of Si concentration distribution of
JNHF™ in thickness direction
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Table 1 Magnetic properties of high-silicon electrical steel sheets “Super Core™”
. Thickness Satur'c.ltiop Iron loss (W/kg) Magnetostriction
Material (mm) magnze}l)zatlon S50Hz | 400Hz | 5kHz | 10kHz | 20 kHz | at l&Ox"li,04f)6(; Hz
10T 10T 02T 01T | 0.05T
10JNEX900 0.10 1.8 0.5 5.7 11.3 8.3 6.9 0.1
10JNHF600 0.10 1.9 1.1 10.1 11.2 7.1 5.4 3.1
15INSF950 0.15 2.0 1.5 15.0 14.9 9.7 7.0 2.8
10JNRF 0.10 2.0 0.6 7.5 13.4 10.6 8.6 2.3
Grain-oriented 3%Si steel 0.10 2.0 0.7 6.4 20 18 14 -0.8
Fe-based amorphous 0.025 1.5 0.1 1.5 8.1 3.6 33 27
** Magnetic properties in the rolling direction
—17 — JFE £ No. 52 (2023 428 H)
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Table 2 Specification of test motor

Items Specification
Rated power output 9 kW
Input voltage 400 Ve
Current limit 45 Arms
Current phase angle 0.0-65.0 deg
Number of poles/slots 8/48
Outer diameter of stator 171.2 mm
Stacking length 14 mm

Winding connection Three phase connection, distributed

Case
Stator core

Magnet wire

Magnet

Rotor core

Shaft
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Fig. 10 Schematic diagram of test motor
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Fig. 11 Results of motor efficiency evaluation
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