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Abstract—Dynamic hysteresis modeling and its application
in numerical field analysis are challenging tasksThis paper
presents a measurement system to realize and to nseae
frequency-dependent behavior of ferromagnetic hystesis.
The well-known static Preisach model of hysteresisals been
extended to simulate the dynamic behavior. The fulpaper will
present the model in detail as well as its applicatn in the
numerical field analysis of the measurement setup.
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. INTRODUCTION

From electrical engineering point of view, the aih
measuring hysteresis characteristics of ferromagnet
materials is to perform appropriate input datarfomerical
implementation and identification of hysteresis msd The
realized models can be inserted into electromagrfitid
simulation procedures. The electrical devices haaous
shapes which can be modeled efficiently by Finikentent
(FEM) mesh, but the constitutive relation betwedre t
magnetic field intensityH and the magnetizatioM or the
magnetic flux densityB must be described accurately by
hysteresis models. The connection between FEM droes
and hysteresis models can be realized by
techniques, one of them is the so-called fixed{psaneme

[1]. [2]. [6].

The rate-independent hysteresis models, such as the

original scalar Preisach model, can simulate &
relationship at very low frequency. It is known rfro
experiments that the enclosed area of the hystetesp,
which is the energy loss per cycle, is increasaqgdly by
the increase of the frequency of supplied fielde Emergy
loss is a very important technical parameter of s@fgnetic
materials, and it must be analyzed while developamg
designing an electrical device. Rate-independerdaisoin
FEM cannot predict losses accurately at higherueagies,
however Maxwell's equations contain the term of yedd
currents and their appropriate losses. These losses
smaller than the measured ones. This is the readpn

frequency dependency must be taken into account in
aided design

hysteresis models used
applications [3], [4], [5]-

The absent losses can be taken
according to the loss separation theory [1], [3h éxtra
magnetic field intensity term can be added to tme o
simulated by the rate-independent model. The loep,d.e.

in computer

the loss can be increased in this way. According to

experiments, this extra magnetic field intensitgépending
on the magnetic flux densify and its variation B/dt. There

into consideration

are known techniques to describe this complicatth t
3]

The paper presents a measurement system, contaning
toroidal shape core, which can be used to measatie and
dynamic scalar hysteresis loops, and a scalard@teinodel
to predict these curves as well as the losses.délieloped
model has been inserted into a two dimensional FEM
procedure to analyze the measurement system witl ax
symmetry. Different kind of motors will also be &ymed.

II.  THE MEASUREDCURVES

The magnetic field intensity inside the analyzesbittal
shape core has been generated by the cuitgnof the
primary coil of the core. The arbitrary waveformafrrent
has been built up by applying LabVIEW functionseThme
variation of the magnetic field intensity results a time
varying magnetic flux inside the specimen, findhg effect
of this flux can be measured by the secondaryvenilnd on
the core. The waveform of magnetic flux density d¢an
prescribed by a simple proportional controller [2].

The measured static hysteresis curves (concentriorm
loops) can be seen in Fig. 1, as well as the BEveurface

iterativaccording to an inverse Preisach model. Differgmtaghic

curves can be seen in Fig. 2 measured by the pegsen
system.

FloLp)

Figure. 1. Static hysteresis loops and the Evératition.
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Figure. 2. Measured dynamic hysteresis loops. Figure. 3. Comparison of the measured concentrimnioops and the

curves simulated by the static model and eddy nufield component

Il DYNAMIC MODEL OFHYSTERESIS (up), and the curves simulated by the static maidtél the eddy current

The investigated frequency-dependent scalar Preisac field component and the excess field component (gow
model is based on the theory that the total losdeun
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