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STUDY ON NONLINEAR MAGNETIC FIELD ANALYSIS OF
ELECTROMAGNETIC STEEL SHEETS CONSIDERING MAGNETIC ANISOTROPY
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To reduce carbon dioxide emissions, it is important to conserve energy and promote the
spread and expansion of renewable energy. Therefore, it is important to improve the efficiency
of electromagnetic transformers. Transformers have been designed to reduce losses by using
high-performance materials such as amorphous alloys and by optimizing the winging design,
but little consideration has been given to reducing losses by optimizing the geometry of the iron
core. First, a linear analysis is performed using the finite element method, taking magnetic
anisotropy into account. Then, nonlinear analysis is performed using the newton-raphson
method. Therefore, | propose a nonlinear analysis that takes magnetic anisotropy into account.
Since two-dimensional magnetic characteristics are taken into account, more accurate analysis is
possible, and the analysis is also useful for other electromagnetic devices. In this paper, |
compare and discuss the calculation accuracy and speed.
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Fig. 1. Two-dimensional magnetic proreties

I, GITROARE, GIIBKOMEEZRT. T,
B LAk X IZE U DBA DS % H, ThicxiL, &

E7e % Hok L, BLTFD (9), (10) XTHRT.
H, =H cos(6, —6;) (9)
H,=Hsin(6, - 6;) (10)
INHOMEEMWT, Hy, HyiZBL T (11), (12) Tk
EHiLd.
H, =H, cosf; —H,sing,
H,=H,sing; —H, cosd, (12)
ThSERAWS D LT, OHIB DT Y LERHTS. &
sy E (13) ~ (16) AT&RT.

(11

H, :cosek{%coseB _oH, sinHB)
oB, oB oB (13)
_sind, [ oH, c0S6; — oH, sing, —H,sing, —H ,cos6,
B |06, 26,
H, =sing, o, c0S6;, _H, sing,
B, B B 10)
14
_cos6g [ OH, cosf, — H, sin@, —H,sing, —H ,cosd,
B (06, 006,



oH
s — cost,[ e sing, + Mo cosg,
oB, B B

(15)

_sin, [aH' H, cosHB+H,coserHesin95j

B (o6, 90,
oA, :sin&B[aH' sing, — H, coseaj
aB, B B

(16)
_cosy [BH H, cosf, —H,cosb, — HesinHB]

B (06 00,
ZHHDOEZMWT, (8) RoLHER ML, MR
RY MNURTF U L ERDB.

(5) HIALEST = FERFERT VL /—
B EL 2 B R LTI 217 5 BE, (5) o

THINIERIRE 72D, FD72, ICCG 72 ¥ DXIFTS
W DIEMTISRE/ R Y A N— R T 2. 22T, 9
KEPMATHN R LT ST FIEE Td 5 BICGStab 54 FV 5
BIiCGStab (D 7 L I X A%E[X 2 10T

Iy = by — AXy 4"*0:"0 Po=To
k=1,2, ... until || [,/ | byll<écq

o= (ro.nd 1 (r'o, Apy)

Sk = e — o APy

W = (Asy.8) [ (As, Asy)

Xi+1 = Xt O Pt Wy S

Mks1 = Sc— W ASy
Be= o I W+ (g, Na) 1 (7, 1)

Pes1 = Mesr + A (P — W Ap

Fig. 2. Algorithm for BiCGStab method
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Fig. 6. Flowchart
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Fig. 7. Analysis results for BiICGStab method and NRM in casel
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Fig. 8. Analysis results for BiICGStab method and NRM in case2
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