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Abstract — A great deal of external magnetic variation is
required to demagnetize a magnetic material. In order to
analyze a demagnetization model, hysteresis is employed and
the best numerical analysis technique so far, regarding
hysteresis, is Preisach model. In general, Preisach model,
however, bears the instability problem with respect to
convergence and hence in this paper, a method adopting M-B
variables is proposed to solve the problem. In addition,
comparison is made between the experimental MTF
equipment and the hysteresis modeling technique for the
purpose of developing an effective demagnetization protocol.

. INTRODUCTION

Demand for study on demagnetization techniques is
growing, namely, reducing the magnetization inside
ferromagnetic materials caused by external earth magnetic
field. This need is augmented by the advanced precision of
systems using ferromagnetic materials. A numerical
analysis technique considering both the saturated
magnetization inside ferromagnetic materials and the
hysteresis is needed for effective demagnetization[1-3]. The
best model to copy the hysteretic behavior of ferromagnetic
materials is Preisach model. However, the general Preisach
model is subject to numerical instability, which leads to
divergence in case of frequent and repetitive computations.

In this paper, an estimated M-B curve Preisach model is
proposed, by which the numerical instability problem with
the general Preisach model is solved. With the proposed
model, a detailed interpretation is conducted with respect to
demagnetization of ferromagnetic materials and comparison
is made with the experimental MTF equipment on the same
condition.

Il. M-B VARIABLE PREISACH METHOD

The general Preisach model exploits the variation of
output magnetization, M, versus the input magnetic field
strength, H. However, as plotted in Fig. 1, if the M-H curve
is used, the output magnetization, M, rapidly varies against
the input magnetic field strength, H, leading to instability
when applied to the hysteresis model. If the M-B curve is
used instead, as shown in Fig. 1, the variation of output
magnetization, M, as a function of the input magnetic flux
density, B, is evenly distributed to a great extent, resolving
the numerical instability problem.

Since the density of the interaction of particles is known
to exhibit Gaussian distribution, the general Preisach model
using M-H variables is readily defined. On the other hand,
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Fig. 2 Initial tracing curve definition. (a) Preisach plane. (b) M-H curve.

it is difficult to apply Gaussian distribution to the model
based on M-B variables. In this paper, to solve this problem,
the material quality is defined by means of the general M-H
variables and utilized is the fact that the magnetic hysteresis
variation in a single cell can be represented by a single
curve during repeated calculations. This is plotted as
simplified diagrams in Figs. 2 and 3. From the given
Preisach density shown in Fig. 2(a), the magnetic hysteresis
curve under repeated computations is defined as in Fig.
2(b), from which the M-H curve is readily transformed to
the M-B curve, as displayed in Fig. 3. With the proposed
method, the material quality is easily defined using
Gaussian function and also transformed to M-B variables as
well as the numerical instability problem being resolved.
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Fig. 1 The comparison of M-H and M-B major curves

+H

Magnetization 1 [A/m]

Magmetic field intensity H [ A/m]

(b)

I1l. RESULTS AND DISCUSSION

Variations of magnetic hysteresis against input
variations between the general Preisach modeling scheme,
the proposed estimated M-H curve scheme, and the
proposed estimated M-B scheme are compared after the
numerical analysis, as plotted in Fig. 4. As is evident in the
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Fig. 3 Conversion method of M-H curve to M-B curve. (a) estimated M-H

curve by Preisach plane (b) conversed M-B curve from M-H curve.

—®—Normal Preisach M-H Curve “ M-B Curve
25
£
~
=
=
H
= 0
o
N
k]
e
=)
m
=
-2.5
-25 0 25

Fig. 5 Lab MTF System. (a) side view. (b) front view.

plot, the three results bear similar numerical values and
exhibit, in effect, the same outcomes. Consequently, by
virtue of the proposed estimated M-B curve, enhanced
numerical stability is obtained.

Fig. 5 shows the profile and the frontal view of the
experimental MTF system. This MTF system demagnetizes

the substance by varying the input frequency of a plain
solenoid-type coil. Fig. 6 compares the practical and the
interpretation models for demagnetization. The input
magnetic field is changed 200 steps in total and the
interpreted result and the experimental result are compared
from the view point of the produced flux distribution
outside the demagnetized body after demagnetization,
which is plotted in Fig. 7. As is apparent from the figure,
the results are in good harmony with each other.
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Fig. 6 Analysis and measurement model.
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Fig. 7 Comparison analysis and measurement results.

IV. CONCLUSION

In this paper, the demagnetization process is
investigated by means of the proposed Preisach modeling
technique. In addition, an M-B variable based analysis
technique is proposed, which resolves the numerical
instability problem arising in the general Preisach modeling
technique. The experimental demagnetization model and
the interpreted result agree well.
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