Improved Numerical Calculation of Excess Loss in Magnetic Sheet
Considering Domain Wall Bowing
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In this paper, the numerical calculation of iron loss in silicon steel plates considering the domain wall bowing is carried out. The
domain wall bowing, which contributes to the excess loss, is considered by applying an initial flux distribution along the sheet thickness
into a nonlinear eddy current finite element analysis. The initial flux distribution is assumed to take the shape of parabola with
different wall bowing degrees and average values. The iron loss including the excess loss can be calculated using the obtained flux and
eddy current density directly. In the range of 100 Hz ~ 1000 Hz, the calculated iron losses are compared with the measured data in the

catalogue, 5% maximum deviation is achieved.

Index Terms—Excess losses, magnetic materials, numerical analysis, silicon steel sheet.

. INTRODUCTION

To SEPARATE and predict the iron loss for design of green
electric machines, evaluation of excess loss is important.
The authors had proposed a numerical calculation method of
excess loss in a grain-oriented silicon steel sheet [1]. In this
method, the domain wall bowing, which contributes to the
excess loss [2], [3], [4], was taken into account by applying an
initial flux distribution along the sheet thickness into a nonlin-
ear eddy current finite element analysis (FEA). The domain
wall bowing degree (DWBD) was defined and the excess loss
was correlated with DWBD using an exponential equation.
The calculated excess loss using the proposed equation was
compared with that in the catalogue. Using the equation, the
excess loss can be predicted under harmonic frequency in the
range of 50 Hz ~ 2000 Hz, whereas it is not applicable to non-
oriented materials.

In this paper, the numerical calculation method of excess
loss considering the domain wall bowing is investigated fur-
ther and improved to suitable for both grain-oriented and non-
oriented materials. First, the method considering the domain
wall bowing by applying an initial flux distribution is investi-
gated further with different wall bowing degrees and average
values. Second, the excess loss is calculated using the eddy
current density obtained from the proposed eddy current FEA
directly instead of the exponential equation. The improved
method is applied to a non-oriented silicon steel sheet first and
the results are reported. The obtained iron losses with wall
bowing degree 0.3 and average flux density zero shows 5%
error the maximum in the range of 50 Hz~1000 Hz compared
with the measured data in the catalogue.

I. NUMERICAL MODEL CONSIDERING DOMAIN WALL BOWING

A. Analysis model and conditions

The analysis model is half of a steel plate in its thickness
cross-section as shown in Fig. 1. The thickness d of the non-
oriented steel plate is 0.35 mm. Sinusoidal magnetic field with
amplitude of Bmax 1 T (frequency f: 50 Hz ~ 1000 Hz) is im-

posed through the Dirichlet boundary condition. The initial B-
H curve of the material is used considering its nonlinearity.
The model is meshed taking into account of the skin depth
thus the skin effect is considered. The domain wall bowing
degree DWBD is defined as (Bs-Bawe)/Bs, where Bs is the sur-
face degree of flux density in the sheet, and Ba is the average
degree of flux density across the sheet thickness.

B. Eddy current finite element analysis

To take into account the wall bowing, the 1-D nonlinear ed-
dy current FEA is performed introducing an initial flux distri-
bution By along the sheet thickness assumed to represent the
bowing generated by the pinning effect. The fundamental
equation of the 1-D nonlinear eddy current FEA is
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where vis the reluctivity and o is the conductivity of the mag-
netic material. By is assumed to take the shape of parabola [3],
which follows the function of B, (¢ = az?+b, where a, b are
constants, B, (9 is the flux density of each element ie and z is
the coordinate of element center in the thickness direction.
The applied values of B, (® with DWBD varying from 0.1 to
0.5 are shown in Fig. 2. The average flux density Baye Of them
is 1. The same distribution with Baye = 0 is also applied.

ZA

} Insulation

External
field

- 2

v A >

>

X

Steel plate

Fig. 1. Analysis 1D model: half of one steel plate.

C. Iron Loss Calculation

In real materials, both bowing due to pinning and eddy cur-
rent field are expected to coexist and a complicated situation is
realized, where bowing due to pinning affects eddy current
field and eddy current loss, and dynamic bowing affects wall
pining. By using the analysis above, the mutual coherence of
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bowing due to pinning and eddy current field is achieved.
Thus the iron loss is calculated using the flux and eddy current
density obtained from the analysis above directly. The iron
loss model with two terms: the hysteresis loss Wy and the eddy
current loss We used is as follows [5], [6], [7].
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where Ne is the total element number, Kngmax is the hysteresis
coefficients varying with the amplitude of the flux density
Bmax in each element, which is obtained by using the iron-loss
characteristics of the steel plate with f of 50 Hz and 60 Hz in
the catalogue data, Ns is the total time step, Je is the eddy cur-
rent density, and | is the length of each element. And this
method takes the advantage of no parameters determination in
comparison of the exponential equation in [1].

DWBD 0.5

DWBD 0.4
DWBD 0.3

DWBD 0.2
DWBD 0.1

Bp[T]

Half thickness of a sheet

Fig. 2. The applied values of the initial flux distribution Bp in the thickness
direction.

I1. RESULTS AND DISCUSSION

A. Bave=]

The calculated iron losses versus frequency when Bae = 1
are shown in Fig. 3 and compared with measured data W, in
the catalogue, and there are only calculated results with
DWBD of 0.2 and 0.3 for they match the measured data. The
calculated iron losses obtained without B, is also shown. One
can observe that the calculated iron loss increases with the
wall bowing compared with that without. And the calculated
iron losses with the wall bowing approach the measured one
with increasing DWBD. The maximum deviation of the calcu-
lation with DWBD 0.3 and the measurement is about 10% the
in the range of 50 Hz ~ 1000 Hz.

B. Bave=0

The calculated iron losses versus frequency when Bae = 0
are shown in Fig. 4 and compared with measured data. With
DWBD 0.3, the calculated results show good agreement with
the measured data, with maximum deviation of 5% in the
range of 50 Hz ~ 1000 Hz.

I1l. CONCLUSION
The numerical calculation of excess loss in a non-oriented

steel sheet taking into account the domain wall bowing by
using a nonlinear eddy current analysis applying an initial flux
distribution along the sheet thickness is carried out. The ob-
tained iron losses using the proposed method show good
agreement with the measured data in the catalogue. Applica-
tion of the improved method on grain-oriented materials and
comparison with experiment will be demonstrated in the fu-
ture.
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Fig. 3. The calculated and measured iron losses versus frequency.
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g. 4. The calculated and measured iron losses versus frequency.
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