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Material Properties and Applications
of High-Frequency Thin Electrical Steel Sheets “HiFreqs”
with Superior Magnetic Properties and Workability
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Synopsis:

By combinedly utilizing high level steel purification technique and Cr addition to Si-steel, Kawasaki Steel has developed
thin gauge high frequency use electrical steel called “HiFreqs” which shows both low high frequency iron loss and good
workability. The characteristics of this material are as follows. (1) HiFreqs has resistivity as high as that of 6.50 Si steel
and shows excellent high frequency iron loss properties at over 5 kHz. (2) HiFreqs has as good mechanical properties like
elongation and hardness as conventional Si steel and can be used as core materials of complicated shapes, e.g. micro
motor, which require good workability. HiFreqs have wide range of application to power electronics machines, high fre-
quency power supplies and high speed motors. This paper first describes an application to a reactor core used in an
inverter, which is magnetically excited by fundamental frequency component and high frequency ripple component of fre-
quency such as 25 kHz. HiFreqs showed lower iron loss than those of amorphous cores. As another application, HiFreqs
is applied to an impeder core used in induction heating for a pipe mill driven at 70 kHz. HiFreqs bestowed an elongated
span of life on the impeder core. For the application to a high-speed actuator, pulse response properties were also inves-
tigated. Thanks to its high resistivity, this material showed shorter response time than conventional materials.
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Fig. 1 Effects of Cr addition to 30 Si steel on electrical resistance

000000 Vol 35 No. 12003

Conventional
30 Si steel
(0.2 mm)

Iron loss (W/kg)

Developed
(0.1 mm)

I/VZ/ 5k Wl/ 10k VVIIS/ 20k

Fig. 2 Comparison of iron loss at various frequencies between
developed (0.1 mm in thickness) and conventional 30 Si
steel (0.2 mm in thickness)
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Fig. 3 Tensile strength and elongation of developed electrical
steel sheet
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Inverter power supply

High frequency reactor

Fig. 4 Schematic diagram of a reactor used in an inverter circuit
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Fig. 5 Comparison of iron losses of reactors using different core
materials

Effective

Induction current

1000

o ®

S 2

S S
I T

Life time (min)
'
(=3
(=]
T

)

=1

>
T

Induced
current

(=}

6.500 Si- Developed
material

30 Si-
Loss Fe Fe

current Impeder material

Fig. 6 Schematic diagram of induction welding and influence of
core material on impeder lifetime
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Fig. 7 Schematic diagram of the measuring apparatus for the
pulse response property
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Fig. 8 Comparison of relaxation waveform of flux density in the
pulse response behaviors
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