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Synopsis :

In order to make full use of electrical steel sheets, Kawasaki Steel has developed
various analysis methods, including model-based theoretical analyses, computerized
numerical analyses, as well as experimental evaluation. Model analysis over the
domain refining effect on grain-oriented electrical steel sheets and the local distribution
of iron loss due to the influence of finite crystal grain size have brought about useful
insights for the improvements of electrical steel sheets. Furthermore, for the prediction
of motor energy loss a model has been established, wherein material properties and
motor-driving conditions are taken into consideration. For transformer cores, the
rotating magnetic flux and the waveform distortion were reproduced for the prediction
of building factor, based on a magnetic field analysis called integral element method.
These analytical techniques will lead to further advancements of electrical steel sheets

and their optimized applications.

(c)JFE Steel Corporation, 2003
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In order to make full use of electrical steel sheets, Kawasaki Steel has developed various analysis methods, including
model-based theoretical analyses, computerized numerical analyses, as well as experimental evaluation. Model analysis
over the domain refining effect on grain-oriented electrical steel sheets and the local distribution of iron loss due to the
influence of finite crystal grain size have brought about useful insights for the improvements of electrical steel sheets. Fur-
thermore, for the prediction of motor energy loss a model has been established, wherein material properties and motor-
driving conditions are taken into consideration. For transformer cores, the rotating magnetic flux and the waveform dis-
tortion were reproduced for the prediction of building factor, based on a magnetic field analysis called integral element
method. These analytical techniques will lead to further advancements of electrical steel sheets and their optimized appli-

cations.
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Fig. 1 Model of 180° domain walls occurring in a grooved grain-
oriented electrical steel sheet used for the present analy-
sis
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Fig. 2 Schematic dependence of magnetostatic and domain-wall
energies on domain width for plain and grooved sheet
materials

BE b, —F, EHBIRILX -RBREOMERIZIHTE LD,
WXROMME £ IS T 5, MEOMELTOETFLF L
BRI L TR/ MR &, RESEREESRESHS, @Ok
W7l =Mtk Td, SMiREEL EICRET 2 BEMRIC KD
IRALF—ZBRET SN, BINBERRL B4, I
F—2 T — Y MOBAINRTIEB Mk E D, ZOKR, Fig
2IRT &) IIREMXIEOBEILEORKIC & > THREIZHED T
3,

2.1.2 BIROBARETIVICL ZBIF

IR g PHIXIE d 1T THAEWGIBAITIR, o RioHEEm
DHTHIEAIIERTE, X h OBMOAERZRE T 2REBOE
BMLAINE-DOHMAIZBTTEZLHEATL, £EHTE, 6=
¥=0(Z27T, 0 I3RNBOEV 3 FANEEEAT B E 4T AE,
x W EREE AR SR E A A S ELS AK) L L-HIEEFLERS .
ARt E I, & ThE, BRBCRETIREBOEEE p, 13
Lk, TOWBZEBIHKET VY v ¢r) i Poisson HF2

Filred, JIT u REZOBUETH S, EOMBEILITS
HREZMFIL, Gauss DEHILD

THEAbh B, ZITIHMAIERY z2=0 & L% (Fig. 1 DEIERS
). o) 27 -V TEBELTQ, @ X»oBHERAKRERDSZ &
4

_2_



EREIR O R R M & BRSO BB 2 3510 3 Ao A 105

x—1.x

4 _sin (€h/2) _
o (1) ﬁé})n 0 E\W

X sin (nax/d) cos (§y) exp (—., (mx/d)? + E21zl)--- (3)

B3, ZITERBEBDORTE DRI A -8 THD, #HD
BMUBXY)OMBIZKIFFHET ALE— ¢, 1T,

e = .;_J Pn@PEA <o @

_ 2L 3 17 sin? %

= —_— 5
Tto g1 Jo 257 + (neh 2 ®
In (@/n) 1%
@ 6<d
= A ®6)
0.8533 - (h > d)

THIbNE, ZITERTER x=E61/2 #AV 7=, 6) R, K
FHROARDh<dBEUh>d b3 3APATH 5,
KISERMBIYMD OB AL ¥ — ¢,

AMATS (ZZ Ty lMBORMMERY DO XL ¥ —, 13
B REEROY 9 FThB.),
6, MRIEBETRILF— ¢

DR & B &P O RERBXE 4, KD &,

2mpgytl

I cos @ th < dy
do = 5 Foo e 9
L_tgzt
Jogam >

B3, TITIRMIRBOFA 0 T/ T HIKFEETR L, A>
dy DIBAOERRIL Kittel 12 &k B3 ERR [SFET 5,

PLED@EMi» 5, BERICEALTE, MRS RHFRELS, #Yy
FUANE L, HHMNA 0 AWPEVIFERXEHSNES BB LV
mAPRLN D,

2.1.3 ROF@EICEET SHEROBRYBEAIODR

HIfiO® 7L CIRMEMOBTIRBATERL 24, I THH
SMRBAEEETHE L 12, MEABORBORELTEL T—
fR{LS 5. By o OEEHIIH U THEEEEICHEEE SED TS
e ThE, EERIOREIC L BT AL E -

e = 202K 3 1 (= sin® »

= | ————
g (r;;dl)”z -= x2 o + nint/a?

% 14y + nia?/a® — exp (=B, + w'n?/a?) 10)
{1+ yoo? + n¥2?/ )2

THEASNSB, 2T, a, B, y RTNThBEES hIZHT 2K
18 d, 8 g, MXNBOBERELHOEE 6 Ol

A =2d/h, B=2g Ry =28/ T v 1y

TH3, (10) ROEMAEKDE 2 RFHHERIFTHD, f/a=
g/d—x, y=20/h—0 D@E 10) Rz 6) RIZAET 3. 0 O
ST ONTILRE 21412880, 22Tl y=0=0&¥5. WXIE
d, Big g, EEX L OKXNERIIEC TROEMRAHIEILT 5,

10}

o d>gh>p

107}

1072k

Magnetostatic energy, ¢,, (arb. unit)

1077 .
107*

1072 107 10° 10!

Groove width/groove depth, g/h

Fig. 3 Calculated dependence of the magnetostatic energy on
groove width and domain width (groove depth fixed)
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Fig. 4 Effect of coupling energy on the domain-width depen-

dence of magnetostatic and domain wall energies

d\ I*h?
ln<7>§§];ﬁ(—) d<g, d>h)

e, =14 0.8535 0k

Yy d<g d<h) ooeereinens 12)

0.760%*;;5'—: d>gh>g
ZORBEIRALE—OBKIE 4, HIE g, WEE B IIET BIKTHE
% Fig. 3 12RT. MiE ¢ SRXIE 4 12X TREVEAIZR, 4
< h TIERBHT XL E— 13 In (d/h) IZHH, d>>h T diZHIL
BXIE d & & BICHHBMMT S, —F, BESEORIR @>g h
> TIREHBT AL ¥ — EHRE IR, 2T ILF—12R
IMERE N VY, BEAMESRSERTE I EHb2 S,

BRSSO ZE LRI ALY - BB I L - LIS
Fig. 4 {5F ¥, #ONEIHEEIEOEE 20um, 18 200um & L
78, ZO kD HHRAENRETIR, BBBEAOHHET L ¥ -
ANDFEIRIITEBRAL TLW I L ERE NS,

2.1.4 BHREESETOREOEBOME

BMEAETORILSHIZEL T, B, SKEOMEAEFL T
VWARAAELD, IOBY, MItAEOEETHILERTE, S
ES L TR ATE L, BRRAEAENE 3 Z L IZ X DFFET *
LE-BEPTE, WDOB w WRIVFEEFIZLDILFAOND.
COPRIIMEL ZHRAET VY v g '

= 2 h = 1 Desoaeasoesnonsses
¢* = T+~ 1+12sin’ ;(/4;(0]{1‘7) a3

Jis 8 Eki2 8 Vol. 33 No. 3 2001



106 BRESAMNR O S & RO FUEE A1 551 5 s o A

>

+
5+ |29
= |25
< {H-39
s & |H-34
2 |H-40

Total ¢
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Fig. 6 Comparison of calculated domain-wall spacing with exper-
imental values
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Fig. 7 Grain structure of used bi-crystal
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Fig. 8 Localized flux density distribution measured in a bi-crys-
tal and interpretation of the main flux path
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