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Efficient and Accurate Electromagnetic Field Analysis for Electric

Machines Using Homogenized Vector Magnetic Hysteresis Model of Laminated |ron—Cores

MRRKRE
WE #& (MATSUO TETSUJI)
REARZE - RERIZFHRH - £HIR
HREES : 20238976

WFIERLR OB (F130) - EREHIR OBERHFFER IO 7201, Wk RE TR LORG M~
ML AT UV RETNVERFE LT, £OFER L OB EOBELTFIEEZ Moz R a7
R SRAT FIEZ BATE LTz, MXIEET V2 W R L, THA 7 —/L O tiEfE DRk £ a6
(2 LT, AMISEREMZE Lic~A 7 nR Ty I ab—da U REEZRFE LT,

WFFERL R DOBEZE (J530) : Accurate isotropic and anisotropic vector hysteresis models have
been developed to represent magnetic properties of silicon steel sheets. Efficient methods
for electromagnetic field analysis have been developed using the hysteresis model above
and homogenization technique for laminated iron-cores. A domain structure model was
improved to describe mesoscopic magnetization process. A method for micromagnetic
simulation has been developed under periodic boundary condition.

SR ERR
(BAEHAT - 1)
[ERESES LiEESE & @t
2007 4FBE 1, 400, 000 420, 000 1, 820, 000
2008 fFE 1,200, 000 360, 000 1, 560, 000
2009 A 900, 000 270, 000 1,170, 000
FHE
FIE
o El 3, 500, 000 1,050, 000 4,550, 000

AT I I
B 0458 - fE

CEXET LY .

WHTH - BT

F—U— R BREERLE, X7 MLERT U VR, v LFAFr—)LET )L, BRI,

~ A 7 aRERSE

1. AFZEBRAE 4 FI D 5

BRSO EBEIHEE ORI ESNE—F —
WZEDHDTHY, 20, EHHRIOK
XA EET—Z—IZELDEFENED T
W5, FA5%, BEAMNNSWVEKES
HOE RN TFRINDZ EnD, T—Z—D
AT B (AU = o AR e WA /A0

FLXRTW5b, —JF, R IO
HOERIZLY, B—4%—7p EEXHEL D
FEATII R X D BRI SR A K L
oTW5D, Lnl, BREROSEHET
B 5 BRI, 1) XZ7 b RT YR
Bt aiEEoZ L, BLY, (2 BELTHWY
BNDLZ END, ZNHEEE LI-ESHKS



DOERATIIES Ty, ZoZ &0, &
SRR D ERIEAT (RRICHRIMENT) D&k
LD & 7p o T,

2. WsEo HBY
% 2 CTARMZE T, BRI OB LY
NSRRI T V&2 VT, BRSO
B CIERE 7 R RN FIE 2 %35 2
LEBEBET D,

3. Wk

(1) BRSO T v 27 ) v AR
FHA,

BIU,

2) X7 hLb AT U RAET ILOR3E

PITWV, RFFEOHWTH D,

(3) ﬁ?ﬂb\ﬁ}vWﬁ Sl AN g S

RS IREAT FVE DB R

%L@t *7-, ERETILFEOYTLN

REAFITE LT, &L, BT UEFED

EEADTZDDIROAT 7L LT,

(4) ~NF R — VSRR T VD BR%E

WZH fHATE,

4. HFFERkE
AW TR DN R %, ERLOMsEo )
HEA)~@IZKRILTUTICE LD S,

(1) BRI DO kv 27U o 2K
Eapiill
BYEALR 7 D VEEREREE T VL, ERT 2
W7 hVve AT U AETIVE, BEL
BICEAEHET LOMTH 2605, BiE
DET LD T= 8, BT\ JE F fER
B DA S mEERBKOX7 Fre
AT ) AR 2 T 72 F i, %
FDOET DT, AEE R EREE
5$mﬁW@mabwtx7)/X%ﬁ%
L7, FHAEEEICBSIT ARy — v RE
2H 2 A WEDONREZMGE L, B> —/v RiZ
£V 2H a4 /ELFREORENRLND Z
EER LT, 70, MHEESEERSEICBT
5§£bwtx%9vx%ﬁ®%W%ﬁo
7- 66 .

(2) X7 FVE AT YU AETILORAYE
FEFHERY hL b 2T Y S ZET L (H
TET V) DR—R L 72 55 HHEET VOF
Fh# L RBEEOUED =D, X7 MLV
LA ATV BIORY FLA Ry 7B
2TFaryEHNWEe AT Y VRET )L EE
)\Lf’ [6] (14) (15) (19) 26) Eﬁ%’é%&%ﬁﬁb\’(lﬁl@:
tXT)/XE%%Mﬁ& w5 Rk
B LT,

WIZ, A eATarryBLUOA Ny 7
AT DORT ML TEERE L, £
HEASSHRERZ FMLEARAT Y U ZXETF )L

R LW SR R L 2T
AETIOERIZEY, KEFEEZHNDZ
L, [llEe 2T ) v RBAFENIME L —E

XHBRZENAREICE-7 (K1) WE
(7) (14) (15)

N

=
o

rotational Ios(kJ/m3)
(SO -
[ee) N

o
»

o

0 0.4 0.8 12 16
amplitude of B (T)

X1 EEFEXZ NLVEFALPH)IZE DGR
AF U AEDOY I 2 b — g URER

T
L simulated —— |
600 - Pgy measured
400 e
g 200 B
<
>~ 0r T
I
-200 .
-400 .
-600 1 1 1 1 1
-400 -200 O 200 400

Hx (A/m)
B2 [RIESELRIC KT DT R VELER
DI a2l —a R

! ! ! me@lred T
-400 -200 O 200 400 600
Hx (A/m)

X3 KM EHSEEH I T DT b v
oL I 21— g URER

FROEHFERT hLe AT Y AET
WCBRFEERIITINERLDZ EITLY
BGMEERIT HEE /27 e XT Y
VAET VR LMY mingd (X 2)
BLOEMEEERE R (X3) 12k 5
PRI DB bV OZFE) & kS X
<HBTEZLERLT,

(3) WEALY ARSI T VE AW
7= R ST TIE OB %

BB R TR T T V%, AR E
% N2 2 IRGTERESENT VRIS HLA Z, FE
J& ST EAR 1 Ko O B A& BB L 7= %)
R IR EAT FIE A2 FB L2109 0



S I, EREER DE R 7 1M ORI 5y
Hi e Ky — O+ 25 2 Lk, ik
WEIINEE DBE SRR 7 L 2B 5 iR
BVEICRFTR T MLV AT Y RAETF L%
R LY, £72, AREREICHTHIAT
EOSAMYE & B E R LTz,

4) < IVTF A — VR RET T L DOBI%

VNV TF AT — VSRR TE T VO X — L
7R HREREESE T D I A 7 — LRGSR
ETNE LT, BEEEET LVOLEZEITY,
BB DR BUREE 2 s L 72D o0 e

Wiz, HM{bEXEETT V2B L
19 K BRIV X — RSy & B AL LTI
HtEEm oz, =3 —3 il 2 5 b
WEEAIZIFETRDD ZEITEY, AN
WALERE Z B SN Lo, 2 BER N D72 HHL
fiZeET ML Y, EEOBMEERIZAOND
X 97, 180° WLHERE)) bW IFHRIZ AT
TOHMLBREEZFHTEL LR LT, H
WAL X ST T L TIE, 55N AR b
DOFFHI72 AN FRE L 72 %, 180° fEERS B
Y RIY S SPRONER T AFS N =V/AE T (W L D
EENTHNE L L, RO, R, meBEx
TV — DA BT TR A 5 )y
[ L7=W, FER B 5 & 6 B9 2 BRI LRI
MEET VAR L, Rfkie o v—F
AEAC Z R TR IR R T O B b AR & B
S LT®,

I BT, HiG AR r—ET IV
E LT, ARG EZIE LT~ A 7 B iR
Va2 b—va AT LY NEBEOMEATIZ &
V<7 oK ertE RO 5 FEEHRET
L, BAMER~A 7oK FEYIa b
—a LV ELNDEALREED R &
1To 70, 3 WITEIALREIERE O FRlE R DI
FEPEZA SN L=V Y, FEEtc kY
TR DORBENREL 2D L amL, Kk
IR SR A2 BT D Z L IT kY, BB
IEHHERE DN D GEOLR, Alle 27
VI ARENEONDGAEDE AT Y VA
WEEHHTEL LA RLEVY, £, W
BEL L = kB 2T Y 2oy
SaL—3g f/%?fof:(w) (12)O

5. E7pFEFKimE
(WFFeEAE . WHIEo A8 o O IE# 1
=S

Ueakams) GGHot)

[1] T. Matsuo, “An Anisotropic Vector
Hysteresis Model Using Isotropic
Vector Play Model,” & & f, I[EEE
Trans. Magn. (to appear). .

[2] T. Matsuo, “Comparison of Rotational

Hysteretic Properties of Isotropic
Vector Stop Models,” #&HH, I[EEE

Trans. Magn., Vol. 45, No. 3, pp.
1194-1197, March 2009.

(3] RErE&E REES, BEEWN, “Ei
Hik D2 B h F A 8. L T2 A B hss S e ke
ETMEFEORE , &EioA, B
B, Vol. 129-B, No. 3, pp. 421-427, 2009.

[4] T. Matsuo, “Rotational Saturation
Properties of Isotropic Vector
Hysteresis Models Using Vectorized
Stop and Play Hysterons,” #&EZIHH,
[EEE Trans. Magn., Vol. 44, No. 11, pp.
3185-3188, Nov. 2008.

[5] T. Matsuo, N. Mimuro and M. Shimasaki,
“A Micromagnetic Study of Domain
Structure Modeling,” A, J Magn.
Magn. Mater., Vol. 320, Issue 20, pp.
e1029-e1033, Oct. 2008.

[6] T. Matsuo and M. Shimasaki, “Two Types
of Isotropic Vector Play Models and
Their Rotational Hysteresis Losses,”
AF5iA, IEEE Trans. Magn., Vol. 44, No.
6, pp. 898-901, June 2008.

[7] T. Matsuo and M.  Shimasaki,
“Identification of a Generalized 3-D
Vector Hysteresis Model through the
Superposition of Stop— and Play-Based
Scalar Models,” #&Hif, I[EEE Trans.
Magn., Vol. 43, No. 6, pp. 2965-2967,
June 2007.

[8] T. Matsuo, H. Hirao and M. Shimasaki,
“Preliminary Study of 2-Dimensional
Magnetic—Property Measurement of
Silicon Steel Sheet Using Stator of
Induction Motor,” A& FtA, Przeglad
Elektrotechniczny, Vol. 83, No. 4, pp.
67-69, April 2007.

[9] T. Matsuo and M.  Shimasaki,
“Generalization of an Isotropic
Vector Hysteresis Model Represented by
the Superposition of Stop Models -
Identification and Rotational
Hysteresis Loss -~ # &t A, IEFE
Trans. Magn., Vol. 43, No. 4, pp.
1389-1392, April 2007.

(%R G2 61

(1) T. Matsuo and VY. Yamazaki,
“Demagnetizing Field in Micromagnetic
Simulation under Periodic Boundary
Condition,” 14th  Biennial  IEEE
Conference on Electromagnetic Field
Computation (CEFC Chicago), 501, 2010
F5H1LA, 7AVAERE: n—XE
vh.

(2) REEHE, =B, “EHMEXT L
TAETT N ERWTC RGN FLEe
AT Y v AREERBUCET D MRET ,



22 BREFEAE KRS 5-129, 2010 4E 3 A
17 H, AR,

(3) mEHF, FEd, “Xio—ErllzH
W= BRI K 2 R ER AR 0 i EE I iR
MricB+ 285 (o 2)” , ERFE~
TRT 4 w7 A - Frikgg « RIS S R
724% MAG-10-026/ SA-10-026/RM-10-026,
2010 4= 1 A 29 H, & HFRpFIeaT.

(4) REHE, WifmEd, & FRsl, R
BR~A 7oA FyIal—va Uil
BT 2B T 2, ERTS
Y ITRT 4 w7 A - kg - Al A TR
WF 92 £ MAG-10-017 / SA-10-017 /
RM-10-017, 20104E 1 A 28 A, Z Mk
IR

(5) EARB, REEE, “FBHEHESRHRIC
X5 BRI D~ T F v AT Y A
Btk b 2D Ial—va Ly’ BERF
BT RT 4 v 7 AWFFEE MAG-09-231,
2009 4F 12 A 21 H, BiEkK.

(6) REEHA, “WREFMELBE L 7 M
ERERAEE T T A L DB RBIC
BT 2/ , BRI~ IXT 47
ZHFZE S MAG-09-214, 2009 4E 12 H 17 H,
ALK

(7) T. Matsuo, “An Anisotropic Vector
Hysteresis Model Using Isotropic
Vector Play Model,” 17th Conference on
Computation of Electromagnetic Fields
(COMPUMAG Florianopolis), PCl, 2009 4%
I1LH2H, 7907007 )R R,

(8) EABUE, &MAT, REWHE, “EHi
A OFEMEEE E 25 U > R P C B
LR, 21 BV SCERIEA K G6-16,
2009 4F 11 A 7 H, KKK

(9) A, L “Xo—ErltlzH
W= BRI K 2 R ERAR 0 1 R I iR
MricBE+ 25, EXRFatribea - [
A [RIF 924 SA-09-66/RM—09-72, 2009
H£9H 16 A, JERTHEKRS

(10) T. Matsuo and Y. Yamazaki, “A
Micromagnetic  Simulation  Assuming
Periodic Domain Structure,” 19th Soft
Magnetic Materials Conference (SMM
Torino), B1-07, 20094£9 A 7 H, UK -
H—F 4 7.

(11) RMEIFE], ®HEEKF,  “HEM LR XA
EWET VL DLBfEY I 2L — 3
VBT ARE (D 2)” , BRFAE
TXT 4 v 7 AWFFEE MAG-09-53, 2009
ETHI16 H, &RTEKRF

(12) Ly, B, S 2K
E LR~ A 7 nRFY I 2
L—ya VICTETA/ET , ERTESY
TXT 4 v 7 AWFFE4: MAG-08-186, 2008
H£12 A 12 B, ERK.

(13) mHEKY, A,

“ B L fok DA

EET ML DMy I 2L —3g
VT OBET , BRFERYIART 4
v 7 ARFFES MAG-08-175, 2008 4 12 A
11 B, HIRXZF

(14) #EHFE], ©«WAE, “XZ7 kLA L
vy e ATarEfniE e A7 Y
VAETNVICHET DHET , ERTET
TXT 4 v 7 AFFEE MAG-08-73, 2008
6 H5H, SHFPRMIER

(15) T. Matsuo, “Comparison of Rotational
Hysteretic Properties of Isotropic
Vector Stop Models,” 13th Biennial
IEEE Conference on Electromagnetic
Field Computation (CEFC Athens),
PB3-15, pp. 132, 2008 #£5 H 12 H, =%
V¥« 7TT X,

(16) T. Matsuo, “Rotational Saturation
Properties of Isotropic Vector
Hysteresis Models Using Vectorized
Stop and Play Hysterons,” 2008 IEEE
International Magnetics Conference
(INTERMAG Madrid), GG-02, p. 1137, 2008
HFEH8H, AXA v RU v [,

(17) EHEE, REEA, EiE BIFE
W, “WEEZRHWEERESLOE A
TV AEMATICET 2 mE ,
20 R FAEFE KRS 5-188, 2008 4E 3 A
20 A, fmMLERT.

(18) EHHE, RMEEHA, EiE BIFE
WE,  “YEAREE TR E R R AR O
b 27 U ¥ A EF AR IZ B D TR
B, BRFPEYIT AT 4 v 7 A -
1k & - [A1EEBE & [F) AF 98 = MAG-08-28/
SA-08-16/RM-08-16, 2008 4£ 1 H 25 H,
[l &R

(19) REHF], eH/AF, BREN, “%
TR ST AT VICL DHElERE
ATV ARERBUCEET 2 ME , &
[REXTRXT 4 v 7 AMER
MAG-07-142, 2007 €= 12 A 18 H, BIFFI.

(20) BHEE, REEH, BRFER, “¥
B Ak Z AT R il o A IR EE R
VAT IZ B3 2 —MEt” , 19 BAre
FEE A RS 64-12, 2007 4E 11 H 17 H,
AR

(21) mHEKY, REEH, BRER, “H
LR XA T T VT X D PR IR O
WAImFERBUC B3 DG, 19 B
KEBH A KRS G1-12, 2007 411 H 17 H,
R R

(22) TRIERHE, B, HEER, “FM
EHWE~vA v T RXT 4 7 AV a
L—ya romdbicBd 2 —met”
19 BEFE SRS R4S G1-10, 2007 4 11
H 17T B, #F X%

(23) &HAF], FREZE, REHFE, HRE
B, TR E A2 W 7o B KGR




BResiZ X D BRI 2 RoehSEFIERHH
BT AR, 19 BIVE KRR A RS
Gl-11, 2007 ££ 11 A 17 H, #hF K%

(24) T. Matsuo, N. Mimuro and M. Shimasaki,

“A Micromagnetic Study of

Domain-Structure Modeling,” 18th Soft
Magnetic Materials Conference (SMM
Cardiff), Book of Abstracts, J—020,
pp. 121, 200749 A 3 H, UK h—F ¢
e

(25) MEHFE], —=EA, BREN, “B
KHEET VI K DWALEEY I 2 L—
va T OmET , BRERY X
T A v 7 AWFFEE, MAG-07-55, 2007 4 7
A 1T H, MTESREE - O

(26) T. Matsuo and M. Shimasaki, “Several
Isotropic Vector Play Models and Their
Rotational Hysteresis Losses,” 16th
Conference on Computation of
Electromagnetic Fields (COMPUMAG
Archen), PA3-6, pp. 105-106, 2007 4E 6
H25 B, RAY « T—~1.

(Z D)
A= AR— U
http://fem. kuee. kyoto—u. ac. jp/EMEE-1ab/

6. WFITHLR

(D) WFFe R

A #7%] (MATSUO TETSUJI)
KT - KFP LR ge Rl - Heds
9% 5« 20238976

(2) T sy

& F EUsE (IWASHITA TAKESHI)
AR « ARG WAT A TE/ - - HEHZ
W& TS« 30324685

248 & (MIFUNE TAKESHI)

TR « KFEBE LRage Rt - Bh#
W&« 20362460

(3) HHETFEA
L



