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whereby magnetic properties are improved by con-
trolling the crystal orientation (texture) of  the crystal 
grains that comprise an electrical steel sheet. Among 
the crystal orientations of Fe, it is difficult to magnetize 
the <111> axis, which is called the hard axis of  magne-
tization, whereas the <100> axis, which is called the 
easy axis of  magnetization, has the property of  being 
extremely easy to be magnetized. Accordingly, the 
magnetic flux density of  electrical steel can be 
increased by increasing the proportion of crystal grains 
having the <100> orientation in the plane of  the steel 
sheet. In the JNE series, texture is improved in compar-
ison with the conventional material by control of  trace 
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{111}<112>, which adversely affect magnetic proper-
ties, are lower in this material. Due to its high magnetic 
flux density, the JNP series is suitable for motors in 
which particularly high torque is required, and has 
already been adopted in commercial HEV motors.
  One type of  EV motor in which high torque is 
required is the direct-drive in-wheel motor. Because this 
type of motor is housed in the wheel, it has the advan-
tage of increasing the degree of freedom in auto body 
design, in that a larger vehicle interior space can be 
used. From this viewpoint, this is considered to be a 
promising drive system, especially for compact cars. 
High torque is required in these motors because they 
must rotate the tires directly without intervening gears. 
Moreover, in comparison with systems in which the 
motor is rotated at high speed by using gears, the 
direct-drive type has the feature of  a low ratio of  iron 
loss in motor loss due to its lower motor speed. Based 
on this fact, high magnetic flux density is a more 
important requirement than low iron loss in electrical 
steels for use in direct-drive motors.
  To confirm the superiority of the developed material 
in direct-drive motors, an IPM type in-wheel motor 
with an output of 1.6 kW was fabricated, and its motor 
characteristics were evaluated. Figure 6 shows the motor 
efficiency and torque at a motor speed of  1 250 r/min 
(equivalent to a vehicle speed of  60 km/h) 7). In com-
parison with the 35JN250 used as a comparison mate-
rial, 35JNP5 improved both motor efficiency and 
torque, and thus can be considered a suitable core 
material for direct-drive motors.
  Induction motors may also be mentioned as another 
type of motor that requires high magnetic flux density. 
Induction motors are highly versatile motors with a 
90 % share of the total number of motors produced in 
Japan 8). However, because they are rare-earth-free 
motors that do not use rare earth magnets, they have 
also been adopted as the main motors of  EVs in an 
increasing number of cases from the viewpoints of  cost 
reduction and reduction of procurement risk.
  Motor loss can be broadly divided into copper loss, 
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following equation.

W e = (πB m ft) 2/6ρ … ………………………… (1)

where, B m: excitation magnetic flux density, f : fre-
quency, t: sheet thickness, ρ: resistivity. Since this equa-
tion means the ratio of eddy current loss increases rap-
idly as the motor speed increases, suppressing the eddy 
current loss generated in electrical steel is a major issue 
for achieving higher efficiency in traction motors.
  Two methods of reducing eddy current loss are con-
ceivable: decreasing the sheet thickness and increasing 
resistivity. Because Eq. (1) showed that eddy current 
loss is proportional to the square of  sheet thickness, 
eddy current loss can be reduced effectively by decreas-
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