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Abstract — To make clear magnetic phenomena in a SPM
motor model core under high flux density conditions over 1.3T,
the integral-type dynamic E&S modeling is employed. The
magnetic property database for this analysis is newly prepared
in the measurements of the vector magnetic properties of the
core material under the high magnetic flux density conditions
up to 1.8T, and then the magnetic reluctivity and hysteresis
coefficients of the integral-type dynamic E&S modeling are
derived. The results show that there is an applicable region of
the integral-type dynamic E&S modeling to obtain a good
convergence. We show the magnetic phenomena in the stator
core of SPM motor model core under high magnetic flux
conditions.

I. INTRODUCTION

Consideration of nonlinear vector magnetic properties is
needed to express magnetic anisotropies and rotational iron
losses of magnetic materials in numerical simulations [1]-
[2]. For this purpose, we have developed the integral-type
dynamic E&S modeling [3]-[4]. This modeling is based on
a database prepared by vector magnetic property
measurements. However, the magnetic properties under the
high magnetic flux density conditions [5] are very difficult
to measure accurately because of nonlinearity and
anisotropy of magnetic materials. So far, we could not
perform magnetic field analysis under high magnetic flux
density conditions due to lack of database of vector
magnetic properties over 1.6T. To solve this problem, we
have developed a new vector magnetic property
measurement system, which can magnetize a sample sheet
up to 1.9T and prepared vector magnetic property database
of the integral-type dynamic E&S modeling.

This paper presents results of magnetic characteristic
analysis of a surface permanent magnet (SPM) motor model
core by using the finite element method considering the
integral-type dynamic E&S modeling. We show the
magnetic phenomena in a stator core of SPM motor model
core under high magnetic flux condition calculated by using
the integral-type dynamic E&S modeling.

II. VECTOR MAGNETIC FLUX DENSITY

In the measurements of the two-dimensional magnetic
properties, the flux density waveform (B,, B,) is controlled
to be a sinusoidal waveform because of the criterion of
measurement. Fig.1 shows definition of the magnetic flux
density conditions. Figs.1 (a) and (b) are the alternating flux
condition and the rotating flux condition, respectively.
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Fig.1 Definition of alternating and rotating flux conditions

These conditions are expressed with three parameters.
They are the magnitude of the maximum magnetic flux
density B, and the angle between the rolling direction
and the maximum magnetic flux density vector & p, and the
ratio of the maximum magnetic flux density and the
minimum magnetic flux density . The precise circular
rotating flux means that o is one, and the alternating flux
condition means o is zero. Because the vector magnetic
property can express relationship between the magnetic flux
density and the magnetic field strength, the magnetic
anisotropies and the rotating magnetic flux density are
made clear.

III. INTEGRATION-TYPE DYNAMIC E&S MODELING

The integral-type dynamic E&S modeling can be
defined as follows,

H,(7)=V,(Bpu.05.0. £,,7)B.(7)
+V, (ByoOp.a. ) B (o7 (1)

+”(f‘f;l)o'd2 iB
6 oT

+7”(f_f“)ad2 i{i&ﬂ(zwﬁ)}
6 it |4« © n

where, v, and v; are the magnetic reluctivity coefficients
and the magnetic hysteresis coefficients, respectively.
Especially, the third and fourth terms mean the magnetic
field strength waveforms generated by eddy currents in
higher harmonic components.
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IV. MODEL MOTOR AND CALCULATED RESULTS

Fig.2 shows the SPM motor model core. The rolling
direction of the non-oriented silicon steel sheet used in the
model is shown with the arrow in Fig.2. Table I show the
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Fig.2 SPM motor model core

TABLE |
SPECITICATION OF THE SPM MOTOR MODEL CORE
Model diameter [mm] b 53.4
Length of air gap [mm] 3
Number of Poles 4
Number of Slot 12
Speed [rpm] 1500
Permanent magnet Magnetization [T] 0.4 or 0.8
Direction N [deg] 45
S 315
Magnetic silicon steel 35A440

design data of the SPM motor model core. The exciting
conditions were assumed to be 0.4T and 0.8T. Fig.3 and
Fig.4 show the distribution of the magnetic flux density and
the magnetic field strength. In the calculated results by
using the integration-type dynamic E&S modeling, the
distributions of the magnetic flux density and the magnetic
field strength are difference, because the magnetic flux
density and the magnetic field strength is expressed as
vectors in this modeling. Fig.5(a) and (b) show the
distribution of a. The rotating magnetic flux density is
generated around the roots of teeth in 0.8T and 0.4T model.
When the exciting condition was changed, the distributions
of o change as shown in Fig.5(a) and (b). Especially, in
comparison between 0.8T and 0.4T model, the large change
of a was shown at the point A. Fig.6 shows the shapes of
the magnetic flux density vector loci at 0.8T and 0.4T
model at the point A in Fig.5. The rolling direction is x-
direction in this indicated case. Because the magnetic
anisotropy become strong under the high magnetic flux
density, the magnetic flux density was easy to increase in
the rolling direction and hard to increase in the transverse
direction to the rolling direction.
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V. CONCLUSION

In this paper, the SPM motor model core was analyzed
by using the integration-type dynamic E&S modeling.
When the magnetic flux density become larger in the model
core, the magnetic anisotropy become strong. As a result,
the magnetic flux density was easy to increase in the rolling
direction and hard to increase in the transverse direction to
the rolling direction due to the magnetic anisotropy.
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