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A prediction method for taking deterioration of silicon steel sheet due to machining process is essential to improve the
performance of electric machines. In a previous paper, it was demonstrated that simplified Landau-Lifshitz-Gilbert (LLG)
equation can predict magnetic properties of silicon steel sheet rolled with different thickness reductions. However, further
improvement of calculation accuracy of magnetic properties of heavy rolled silicon steel sheet is required. This paper presents the

improved method using the simplified LLG equation for predicting magnetic properties of heavy rolled silicon steel sheet. The

validity of the proposed method is proved by comparing with measured values.
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Table 1 Specifications of test samples.

Sample No. No. 0| No. 1 [No. 2|No. 3 |No. 4 |No. 5|No. 6
Rolled ratio (%) 0 3 6 9 12 [ 30 [ 50
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Fig. 1 Dimensions of the test samples.

—_

e
w

1
<
W

Magnetic flux density B (T)
=)

-1t ]
-4000 -2000 0 2000 4000
Magnetic field H (A/m)

Fig. 2 Estimated dc hysteresis loops of each sample.

58 Transaction of the Magnetics Society of Japan (Special Issues) Vol.4, No.1, 2020



F iz, MR RV — DRI byoby, 1X, EAT UV
AN—T DG E KRBT H X7 A =2 TH Y, RO
% 1 ZRo EFMBRORRNLRES. Table 2 12, 3k
No. 0~6 OEFLL AT U ¥ ADERN S OHEEAE L 0 EH
L7z LLG FRERO KT A —2 ZRxd.

FP, gy DHEE T EICOWTHER D, BB DEMER|ZE
D hey ZHEET DICHTZY, TR T hy,, Db % TEIE
Bx O hy(x)E LT, WADEHIZEERT S.

B, (x)

By (X) = h (0) (9)
Fig. 412, hypx) ETEILROBREZRT. ZOMERD &,
JEIESR 3~50%IZFB T, g (OHIFIERIEICE(L LTV D
ZENDND. L5 T, Mgy ORISR & 9 22T
TR ENmTES.
hy.(X)=a,x+b, (10)
T, a,=145, b, =325 £RkEDH. 20k H Iz, (10) K
BHWD Z LT AR OFIERIZBT D by, DIEZHEE TE
B, =L, EINT L EAEER 3% DM & [FERICEIE TE 5
NEIMIZONTIE, SHMAAEITORLERH S,

WRUNT, by~by, DHEEFTIHEIZOWTE~S. Fig. 3I1R L
72918, byeby, 1%, ERAT U ZA—T D% 1 LRD -5
HIBROIERE R T T A =2 ThD. LzBn->T, MTL
=B DO BRI DT by~by, ZIRET HOCIE,
THOE AT U AN—T0O% 1 GRo_EHihikc 75
IV, 22T, BEREE B OB ¢B)ZLUTOLIIC
EHZTDH.

B)

1 H,[(
B — X pre
g(B) ; ) (11

anir Honpre(
T ZC, Huonpre(B)y HpoBIEZHLEI, IR ORED B
ATV AN—TO% 1 RIRO L FM#IC 31T D R
T&H 5. Fig. 512, 3k No. 1~6 DZNLNITHONTE
L7= g(B), LUKl No. 1~4 ® g(BYDE¥EZRT. =
NHDORERL &, g(BIIFIESRE 3~12%I2F W\ C, 1ZE—E
O ZRT 2 ENbG. —J7, JEIERDN 12%% B2 5
&, EEROEIMI LY, gB)DHMRARKE < ZLL T

B

@ Nonlinearity is
represented by b,,.

H
@ Coercive force is
proportional to gy .

Fig. 3 Relationship between parameters of the LLG

equation and a shape of hysteresis loop.

Table 2 Parameters of the LLG equation.
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Fig. 4 Relationship between rolled ratio x and 4,,,;(x).
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(b) Sample No. 5 and 6 and average values.
Fig. 5 Relationship between magnetic flux density B

and g(B) of each test sample and average values.
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Fig. 6 Enlarged view of prediction results of dc hysteresis
loops of each test samples by using the simplified LLG Equation.
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Table 3  Correction coefficient a, of each test sample.
Sample No.|No. 0|No. 1|No. 2|No. 3|No. 4|No. 5|No. 6
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(a) Sample No. 5
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Fig. 7 Relationship between magnetic flux density B

and correction coefficient & (B).

8o (B) =k, (B)-g,,.(B) (14)
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k,(B) =1-a, min(l,exp(S,(B-7,))) (15)
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