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Improvement of Motor Performance 
by Use of High-Efficiency Electrical Steels*

Synopsis:

The influence of the properties of core materials on
the performance of a brushless DC motor and an induc-
tion motor, which are representative types often used as
drive motors for electric and hybrid vehicles. The effi-
ciency of the brushless DC motor of concentrated wind-
ing type can be estimated by the core material iron loss
at 400 Hz. By using low-core-loss high-flux-density elec-
trical steels RMHE for this brushless DC motor, efficien-
cies higher than conventional materials by 0.5–1.0%
were obtained with equivalent torque constants. In the
three-phase induction motor, high efficiencies were
obtained by using RMA having higher magnetic flux
densities. The difference between materials in the distri-
bution of local magnetic field strength, magnetic flux
density and core loss in motor cores were clarified by
local magnetic properties measurement using a contact
probe method.
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ings and preservation of the global environment,

1,2) vari-
ous types of electric and hybrid electric vehicles have
been developed and put to commercial production, and
the number of these vehicles has been increasing
rapidly.3,4)

Recent years have seen increasingly tougher require-
ments for higher performance and energy savings in var-
ious types of motors including high-efficiency motors,5)

as well as requirements for non-oriented electrical steels
that are the core materials of these motors, and great
progress has recently been made in this respect.6–8)A further investigation was conducted into the charac-

teristics of brushless DC and induction motors and the
relationship between motor performance and the mag-
netic properties of materials such as iron loss and mag-
netic flux density using recently developed high
efficiency electrical steels.
Stator cores of each model motor were fabricated
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using various kinds of non-oriented electrical steels.12)

As materials for stator cores, the JIS standard electri-



is in a range from 1 300 to 1 500 rpm and the synchro-
nizing frequency corresponding to this rotational speed
range is around 100 Hz. Thus the motor efficiency is
determined by an iron loss at relatively high frequency.
The effect of higher harmonics in the magnetic flux den-
sity generated in the interior of the core is considered to
be responsible for this phenomenon that motor effi-
ciency is thus governed by the iron loss at a higher fre-
quency such as 400 Hz.19)

In Fig. 2 the torque constant determined from the
torque-current curve is plotted against B50 for several
materials. The higher the B50 value is, the higher the
torque constant tends to be.
The relationship between torque constant and B50 of a

material is expressed satisfactorily by the following lin-
ear expression:

KT� 0.144 B � 0.011 5 · · · · · · · · · · · · · · · · · · (2)

where KT denotes the torque constant (Nm/A) and B the
magnetic flux density of a material B50 (T).
The effect of the magnetic flux density of a material

on the torque characteristics is clear as shown above.
The magnetic flux density of a material, however, has
little influence on motor efficiency.
The relationship between the maximum motor effi-

ciency and the torque constant is shown in Fig. 3. In this
figure, only data on cores after annealing are shown and
RMHE and other materials were separately plotted. It is
apparent that in terms of torque constants of the same

level, RMHE shows higher motor efficiency than other
materials. This improvement in efficiency by using
RMHE depends on sheet thickness: it is about 0.5%
(difference in efficiency percentage) at a sheet thickness







material flux density B50. Consequently, in induction
motors, RMA, having higher B50



teeth portion and 50RM400 and 50RMA350 have
almost the equal value in the yoke portion. While
50RM400 and 50RMA350 have almost the equal value
of Bm in the teeth portion, 50RMA350 has a larger value
in the yoke portion. This difference in Bm distribution
reflects the fact that 50RMA350 has a higher value of
B50 than that of 50RM400.
The iron loss distribution reflects the distribution of

Bm; 50RM400 shows a larger value in the teeth portion
and 50RMA350 shows in places larger values in the
yoke portion. As a result, the iron loss of 50RMA350
was less than that of 50RM400 in the whole core.
As described so far, the distribution of iron loss in a

core mostly reflects the magnetic flux density distribu-
tion determined by the magnetizing characteristics of the
core material. This result indicates that an increase of
B50 of the core material can improve the efficiency of an
induction motor. A quantitative interpretation of such
measured results would be an interesting subject of
future research.

6 Conclusions

An investigation was conducted into the influence of
the properties of core materials on the performance, par-
ticularly motor efficiency, of a brushless DC motor and
an induction motor, which are most frequently used as
drive motors for electric and hybrid electric vehicles.
The following results were obtained:
(1) Under the rated conditions, the maximum efficiency

of a brushless DC motor of the concentrated winding
type containing arare-earth alloy magnet can be accu-
rately estimated by the core material iron loss at
400 Hz.

(2) When low-core-loss, high-flux-density electrical
steels RMHE are used in the brushless DC motor,
efficiency can be improved by 0.5 to 1.0% compared
with conventional materials with equivalent torque
constants.

(3) In a three-phase induction motor, efficiency can be
increased by using RMA as a core material, due to its
higher magnetic flux density B50.

(4) Differences between RMA and RM in the distribu-
tion of local magnetic field strength, magnetic flux
density and core loss in motor cores were clarified by
the measurement of local magnetic properties using a
contact probe method.
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Fig. 14 Difference in distribution of magnetizing force (a), flux density (b) and iron loss (c) between 50RMA
and 50RM400 ( f [RMA350]� f [RM400])

50RM400 (Annealed)
W2D (W/kg)

40

30

20

10

0

Fig. 13 Distribution of iron loss in stator core using
50RM400 as core material
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