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Abstract— This paper presents a “magnetic flip model” based
on micromagnetics hysteresis model. In this modelmagnetic
domain wall displacement is approximated as a micsropic
magnetic flip and its energy barrier. This hysteres model is
applied to a grain-oriented electrical steel sheetnd non-oriented
electrical steel sheet. The calculation results sthothat the vector
hysteresis properties can be modeled by modelingeteffects of 3-
dimensional domain wall motion and related magnetiation
dynamics.
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where, E,.i, Eor, and E;, are magnetic anisotropy energy,
Zeeman energy, and magnetoelastic energy, resphctiv
Each term is expressed as following forms,
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The enhancement of the computing power and the
development of simulation technology have combirted where, K; is the anisotropy constant and is a

enable us to accurately design electrical machindith magnetostriction. They, ay, andaz are the direction cosines
magnetic materials, such as motors and transformeys of magnetization vectors with respectdoy, andz axes (easy

utilizing electromagnetic simulators mostly based finite
element method. Since the higher efficiency,

axes) of each grains, respectively. The cubic amipy

smalleenergy is employed, because the Si-Fe steel mag Hav

dimensions, and lower energy consumption have becomgrain of the cubic crystal.

increasingly important in the design of these maebj a
further accurate method for analyses of magnetitdngsis.

Especially it is important for the accurate irosd@analysis
of the motor to establish the model of vector hyestis
properties of the electrical steel sheet. Some cguhres are
done based on the extension of the scalar hystaresiel [1],
[2]. However, these models can describe the vdutsteresis
property due to the mathematical operation. Orother hand,
it is reported that the crystalline orientationeats the vector
hysteresis loops [3].

In this study, we focused on the development ofvéietor
hysteresis model based on micromagnetics [4] |fi5¢ontrast
with JA model [6] and Preisach model [7], it easifkes
account anisotropies. In this paper, the extensbnthe
micromagnetics hysteresis model is discussed. Triystat
anisotropy and the magnetic energy of domains @mnsidered
and the magnetic domain wall motion is approximaiedhe
flip of the magnetization vector. This model is kb to the
grain-oriented (GO) electrical steel and non-oedn{NO)
electrical steel.

Il. HYSTERESISMODEL

To describe the vector hysteresis properties, wesider
that the magnetization of the electrical steel mdeiled as a
collection of single domain particles [5]. The matia state of
single domain particles is determined by the magrmstergy,

In the micromagnetics hysteresis model, the hgster
property is reproduced by the local energy mininsiate [5].
On the other hand, magnetization process in etattsteel
can be classified to two processes. One is the domall
motion and another is the magnetization rotatiomeré&fore,
two magnetization processes are considered asmalldhe
domain wall motion is treated as the flip of a #ngomain
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Fig. 1. Magnetic Wall Motion and Magnetic flip (18€gree)

particle. The schematic illustration is shown ag.Ein the
case of cubic crystal anisotropy, the 90 degreeaiomall
and 180 degree domain wall exist. The each dopaiticle
is considered to have the pinning site of the damaill, and



the flip is assumed to occur when satisfying thkofang
equation,
Et (M) > E (-M; )+AEi180 ®)

In a similar way, the 90 degree domain wall isiteel as the
90 degree flip.

The magnetization rotation takes place so thanthgnetic
energy of the single domain particle may become |tical
minimum. The local minimum state is determined ke t
stationary solution of the LLG equation.

A. Grain-Oriented electrical stedl

We applied flip model to calculate the hysteresispl of
the GO electrical steel. Fig.3 shows the graincstme. We set
the same grain structure in our calculation. Theupeters are
set as follows: Ms=1.6TK;=40000 N/m21=2.0x 10°, ando
=4.3MPa.
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Fig. 2. Grain structure of GO electric steel andrdmate system.

Fig. 3 shows results of calculations for GO eleetristeel
sheet (Specimen JIS: 35P105). RD indicates theetesit
loop of rolling direction and TD indicates the hyrgsis loop
of the transverse direction.
reproduces both of the hysteresis loops. Thefeeiglifference
of the magnetization process between RD and TEhérncase
of the RD’s alternating field, the 180 degree damuiall

The magnetic flip wlod

properties. The grain structure is considered teehglightly
the regularity and the easy axis is set to conasmtin the
rolling direction. The magnetostriction energy ist $0 the
function of the magnetization, and is assumed as$dtowing
equation,
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Fig. 4. Hysteresis loops of NO electrical steehatrotational field

Fig.4 shows the vector hysteresis loops at thetioota
flux. The anisotropy property due to the distribatiof the
crystalline orientation is well reproduced by thagnetic flip
model.

Conclusion

The magnetic flip model is developed to analyzevdetor
hysteresis properties of the electrical steel. Firaulated
hysteresis loops have the anisotropic vector hgster
properties, and is coincident with

moves. On the other hand, the 90 degree domain iwall Méasurement.

dominant in the case of the TD’s alternating field.

2

15 : { =esrRD

: e
0.5

. N\~ /™
-0.5 //_/—]
Ve

1.5 _,’j simulated ||

------- measured

-2 T f

-300 -200 -100 0 100 200 300

Fig. 3. Hysteresis loops of GO electrical steel

B. Non-oriented dlectrical steel

The magnetic flip model is applied to the NO elieatr
steel. The NO electrical steel has the vector hgsie
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