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1 Introduction

Since the second half of 20th century, the effective
use of energy and environmental protection have been
considered as the most important issues in the world.
The state of California has been especially advanced in
dealing with these issues; for example it requires partial
zero emission vehicles (PZEV) to account for at least
10% of all sales from 2003 onwards. This regulation by
California has spurred the development of PZEV such
as an electric and hybrid vehicles which offer less
energy consumption and less pollution.

Motors used for driving or other purposes in an auto-
mobile, such as induction, brushless DC, and reluctance
motors, are shown in Fig. 1. Electric vehicles made in
Europe and USA generally use induction motors,
because they are more reliable than DC motors with
brushes and less expensive than brushless DC motors
that use permanent magnets. In contrast in Japan, brush-
less DC motors have been mostly used in electric and
hybrid vehicles, because of the advanced research and
development of high quality and reliable magnets.
Unlike the full size or large cars in USA, cars in Japan
are more compact, and thus have smaller motors. This
may be another reason for the use of brushless DC
motors. Moreover, the recent development of control
techniques has spurred the use of switched reluctance
motors (SRM) and synchronous reluctance motors
(SynRM) which had been restricted in automobile use
due to their noise and vibration.?

The properties of a motor are also greatly dependent
on the electrical steel used as the core material. Figure 2
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Fig. 1 Comparison of induction, reluctance and

brushless DC motors

shows the relationship between iron loss and magnetic
flux density of non-oriented electrical steel produced by
Kawasaki Steel.? In addition to the RM series of con-
ventional electrical steels ranging from high grades of
high Si and low iron loss to low grades of low Si and
high iron loss, we have developed several electrical
steels which have higher magnetic flux density and the
same iron loss as conventional steels.

This article describes the effects of electrical steel
used as a core material on the properties of motors of
different kinds, and proposes an optimum core material
for individual motors. It also introduces a newly devel-
oped electrical steel for reactors which is expected to
come into widespread use in automobiles in future.

2 Effects of Core Materials on Motors

Kawasaki Steel evaluated the properties of several
kinds of motors, namely 600 W single phase induction
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Table 1 Magnetic properties of core materials for high frequency use

; - . I . Iron loss (W/Kkg)
Material Thickness (mm) Resistivity (x£2m) Saturation induction (T)
W2/5k Wl/lOk W045/20k
HiFregs 0.1 85 181 20 9.7 6.2
20RMHF1200 0.2 54 1.52 32 23 19
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ing type, to improve efficiency of winding and to
reduce copper loss by reducing coil ends. Accord-
ingly, a segmented type core has come to be used in
hybrid cars, because it improves an efficiency of steel
sheet use and affects the design of electrical steel.
That is, the improvement of the magnetic properties
of a material in only one direction can enhance the
motor properties depending on the shape of the core.
Therefore it may be possible to use grain-oriented
electrical steel for this propose.

3.3 Proposal for Core Materials for SRM

Kawasaki Steel is now analyzing the SRM data and
will soon propose the best material for SRM. We should
note that the RMHE of high flux density and low iron
loss would be effective for SRM since low iron loss
material is effective for the motor efficiency, and high
flux density is effective for improving high torque prop-
erty which is a feature of SRM.

4 HiFregs for Reactor Core for Inverter Drive
Motor

Recently in Japan, many motors such as brushless DC
motors are controlled by inverters. In order to improve
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core materials

the efficiency of inverter drive motors PAM control,
which has been employed in some air conditioner
motors (Fig. 13),?? could also be applied to automobile
motors.

PAM control requires a high frequency reactor operat-
ing at frequencies of 10~20 kHz where amorphous or
high Si steel sheets are used as the core material. Since
these materials have excellent properties at high fre-
guency range but are not very workable, Kawasaki Steel
developed new material HiFregs with good properties at
high frequencies and workability.Z-2> Table 1 shows the
properties of HiFregs and other materials. By purifying
steel and adding Si and Cr together, HiFregs has
achieved low hardness, low iron loss, and high corrosion
resistivity.

Figure 14 shows the iron losses of the reactors used
commercially available PAM air conditioner, using three
kinds of core materials. Hifreqs shows the lowest iron
loss of the three. The large iron loss of the amorphous
reactor may be due to the strain induced by the manu-
facturing process including punching.

5 Conclusions
Kawasaki Steel has been developed new non-oriented
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