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Recent Progress in Non-Oriented Electrical Steels and Their Properties in Applications

FHEZH Essstar

M. Ishida, Kawasaki Steel Corporation

Recent progress in research on and development of
new high-performance non-oriented electrical steels is
described. This progress has been greatly promoted by
a strong demand for high-efficiency motors to meet the
current trends of energy conservation, environmental
preservation, and higher performance in motors for
applications in various fields. Material properties such
as low iron loss, high flux density, and good workabil-
ity are preferred in recent core applications such as
brushless dc motors. In a series of studies on the
application of core materials to motor core lamination,
a brushless dc motor and an inverter-drive induction
motor have been compared with respect to the direct
dependence of the motor efficiency and partial losses
on material magnetic properties such as iron loss and
flux density, and a clear-cut difference has been found.
Direct observation of local magnetic properties on the
surface of an operating induction motor has also been
attempted.
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Table 1 Magnetic properties of the non-oriented
electrical steel sheet specified in JIS C 2552 (2000)

Class | Nominal | Density | [ron loss [Magnetic flux|N:B.
thickness Wisiso density Bso
mm |kg/dm?| Wikg T

35A210 0.35 7.60 | 2.10 max. 1.60 min. | New
35A230 7.60 | 2.30 max. 1.60 min,
35A250 7.60 | 2.50 max. 1.60 min.
35A270 7.65 | 2.70 max. 1.60 min.
35A300 7.65 | 3.00 max. 1.60 min.
35A360 7.65 | 3.60 max. 1.6} min.
35A440 7.70 | 4.40 max. 1.64 min.
50A230 0.50 7.60 | 2.30 max. 1.60 min. | New
50A250 7.60 | 2.50 max. 1.60 min. | New
50A270 7.60 |2.70 max. | 1.60 min,
50A290 7.60 | 2.90 max. | 1.60 min.
50A310 7.65 | 3.10 max. | 1.60 min.
50A350 7.65 | 3.50 max. [ 1.60 min.
50A400 7.65 |-4.00 max. 1.61 min.
50A470 7.70 | 4.70 max. 1.62 min.
50A600 7.75 | 6.00 max. | 1.65 min.
S50A700 7.80 | 7.00 max. 1.68 min.
50A800 7.80 | 8.00 max. | 1.68 min.
50A1000 7.85 }10.00 max.| 1.69 min.
50A1300 7.85 ]13.00 max.| 1.69 min.
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Fig.1 Typical iron losses _z_it 1.5 T, 50 Hz Wis/s0
and flux densities at 5000 A/m Bso of non-orient-
ed electrical steels.
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Fig. 2 Typical iron losses at 10T, 400Hz
Wioss00 and flux densities at 5000 A/m Bso of
non-oriented electrical steels with three different
sheet thicknesses.
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Fig. 3 Influence of the grain diameter on the
hysteresis loss Wy, eddy current loss W, and
total loss Wiot.
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Fig. 4 Influence of the inclusion number density
on the iron loss.
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Fig. 5 Influence of (111), (110), and (100) pole
intensities on the iron loss.
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Fig. 6 Comparison of adhesive coating clamping
and mechanical clamping with respect to the

noise level of model motor cores. The rotor was
fixed to eliminate mechanical noise.
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Fig. 7 Relation between the maximum efficiency
of a brushless dc motor and the sheet iron loss.
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copper loss W, and sheet flux density Bso, both
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Fig. 12 Influence of the sheet iron loss Wis/50 on
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Fig. 13 Relation between the motor iron loss W;
and sheet iron loss Wis;s0, and between the
copper loss W. and sheet flux density Bso,
obtained from loss analysis of an inverter-drive
induction motor.
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Fig. 16 No-load loss distribution measured on
the surface of an induction motor stator core
sinusoidally excited, with the rotor rotating at a
speed of 3590 rpm.
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