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This paper investigates the instantaneous power balance of three phase rotating machine in the finite element magnetic field analyses.
Moreover, we discuss the influence of hysteretic properties of magnetic materials to the several instantaneous powers of an interior
permanent magnet synchronous motor in the finite element magnetic field analyses using the isotropic vector play model.

Index Terms— Electromagnetic fields, finite element methods, magnetic hysteresis.

I. INTRODUCTION

N order to accurately estimate the iron loss of electric

machines, it is necessary to consider hysteretic property of
magnetic materials in magnetic field analyses. For example, the
Preisach model [1], [2] and its extended versions have been
widely used to represent hysteretic characteristics.

In general, the iron loss is calculated in post-processing based
on the magnetic flux density distribution obtained from
magnetic field analyses by using a magnetization curve [3].
Reference [4] has been developed a method for post-correction
of voltage/current and electromagnetic force obtained from
magnetic field analyses by using a magnetization curve. In this
paper, we investigate the instantaneous power balance and the
influence of the hysteretic property by using the play model [5],
[6], which is mathematically equivalent to the Preisach model,
to the several instantaneous powers of an interior permanent
magnet synchronous motor in a finite element magnetic field
analysis.

II. PROPERTY OF PLAY MODEL

A discretized form of the isotropic vector play model [5] can
represents the hysteretic properties with an output of magnetic
field A from an input of magnetic flux density b because the
finite element analysis using magnetic vector potential as an
unknown variables requires the calculation of & from b.
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where pg is the play hysteron operator with a width of {;, (=
kBmax/M, Bmax 1s the maximum measurable magnetic flux
density, pa is the play hysteron operator at previous time step,
M is the number of the play hysterons, and fx is the shape
function for the play hysteron operator |px|. The identification
method for the Preisach model [1], [2] can be applied to the play
model because the play model is mathematically equivalent to
the Preisach model.

III. FINITE ELEMENT MAGNETIC FIELD ANALYSIS

A. Instantaneous Power Balance

The instantaneous power balance of three phase (U-phase, V-
pahse, and W-phase) rotating machine can be written as
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where pin, Pout, Wiron, Weu, and Wmag respectively indicate input
power, output power, magnetic energy in the iron core, copper
loss, magnetic energy excluding an iron core, and v, i, o, T, R,
Viron, and Vroniron T€spectively indicate voltage, current, angular
velocity, torque, phase resistance, volume of the iron core, and
volume of the analyzed model excluding the iron core such as
the air region and magnet. A discretized forms of (3) — (8) can
be written as
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where 1, Niron, and Nuoniron respectively indicate time step, the
number of elements in the iron core, and those in analyzed
model excluding the iron core.



B. Numerical Results

Fig. 1 and Table I show the analyzed model and condition of
an interior permanent magnet synchronous motor (IPMSM).
The number of elements and nodes are 7,644 and 3,871,
respectively. The play model is identified from 40 symmetric
loops of the non-oriented electrical steel sheet JIS: 50A470 at
intervals of 0.05 T from 0.05 Tto 2.0 T.

Fig. 2 shows the numerical results of the several
instantaneous powers obtained from the finite element magnetic
field analysis with a magnetization curve and hysteretic
property by using the play model. Almost the same higher
harmonics of the several powers are obtained regardless of
whether hysteretic property is considered or not. However,
considering the hysteretic property in finite element magnetic
field analysis, the average input power per period slightly
increases and the average output power per period decreases
because of the influence of the iron loss. Therefore, a magnetic
field analysis taking account of hysteretic properties influences
not only decreasing the output power but also increasing the
input power. The further numerical results will be reported in
the full paper.

Fig. 1. Analyzed mesh for IPMSM.

TABLE I
ANALYSIS CONDITION
Outer diameter of stator core [mm] 102.2
Outer diameter of rotor core [mm] 54.6
Magnet size [mm] 20.0 x 1.98
Air gap [mm] 0.7
Core length [mm] 60
Number of turns [turns/teeth] 125
Residual magnetic flux density [T] 1.225
Residual relative permibility 1.05
Iron core of stator and rotor JIS: 50A470
Phase resistance [Q] 0.38
Revolutionary speed [r/min] 1,500
Number of time steps per period 180
Amplitude of current waveforme [A] 2
Phase angle of current waveforme [deg] 20
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Fig. 2. Comparison between several instantaneous powers.
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