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Cellar Automaton Model of Nonlinear Magnetization Characteristics
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After we classified the magnetization curve of a ferromagnetic material into three magnetization

regions, we applied the Preisach type cellar automaton model to each of three magnetizing regions.

As a result, it is shown that the magnetization curves with high fidelity can be represented by the

cellar automaton model.

Key words : 1/f Fluctuation, Preisach Model, Cellar Automaton

1. EL®HIC

BT — A — b Ui, 1940/ A v itk
STREINTZ. ZO%, 1984FIC TNV T T AL - T
BHER DOV I 2 Lb—3 a3 UATHREN R TTEE L TR
SH, T, 2L OB THHR T I 2 b— g U E
L CHIZE - BIZEDMTOIL TV D, #iC, HEkDTETITTE
TIALRREECTH - - QWP K FER EDV I 2 b—
vaZbHNWLNTEY A% IR0 & A
LIRS T 5 [1-5].

— 5 REMEIRI3AR D THME e B L2 295 23, 1930
ERIZZ ORLE R BB B ET VR T T A4 v IT
FoTHREBENZ. ZOFTA Py NET VI TEE
B2 REXFERIC O < To o MR 2 L 72 B BT LR
<L BT L RIS GEEFRIR-ORE IR 2 & e G R IR i
Wb s[4l

EH D IFBEICRALFFE A KRBT D2 T T AP o nET L
B, REBELT— A — b= F o OBEEBREB I TR
RROBRICHLMbLT, —foELT—-F— b= b
ETNTH DI EEHEL10-11].

AT ST SN oy M B R 12 D & BRMEIR O R
R SfEl, T 70 b, RIWBIRIEER B, FE W RIREEE
BE. & OIBMERY bV ORIEERALEE A~ E LT
INOOEEA~TTA P o LT — - F— b= b
ETFNEBEA L., FO/RR, 774 F o LT —
F— b~ b BT NLOBILRARETH D Z L MET
5.

LI, KL TEN T TA o BT — . F—
b= R BT AER—R L LT MREEEGRICA SN
JAREBHBCTHET D LTI ATEY ) A AR
FKHEARETH D Z L EER D,

2. BVS—-F—FrT b
M wvILS—F—FTroEF

T T— A — b b EE BT A SO
EZFFORER 2R NERD, TRHOH A NI, 2hE
NOF A FBRWL OO RFTE 2B A R OEIZES

W2 LUWME & AR OBEOHM AT v 72 RET
L& B R AT v S CIREE LT 5% E S 2D
[1-5] . £/, BAT— F— b= Fiid, ZMDIER
DIZIE U TIRIG, 2R, S HIZ3RIEDENLT — « A —
F~rond 5.

2 vILS—F—FTF2OH
WHEO0100110101100010TEAT— - F—
k= kD — 302 tOME AT —t+10ME : (1
11)—0,110 —0,(101) —-0,(100) —»1,011) 1,001
0) —1,0001) -»1,(000) -0)ZEHA L7-#lZX1iZ5w7.

t=0
t=1
t=2
t=3
t=4
t=5
t=6
t=7

3. Wit EILS— -FA— T FUETIL

1) FSAFINETL

QRTENT — « F—Fr<w b ZHANTLA ) —L—7
ZYIal—yar LIERRAXATRT.

magnetic flux density

magnetic  field

X2 2Tk TF— - F— R hitLD
LA U ——7 (I ihiR)




2Dy I 2l —aiifior-trT— - F— <k
y%ﬂm:ﬁ#.E&?u\%@%%m+1@ﬁ\mé%
E— 1 0fE, ARSI DEEE S, & 5ITM3T,
BT DAL T T AT JRACEE T 55 A1
'?47Lx ks b EEZ S Fo, K2AXX3DE 4
OB ORFIZ M OME, IR e 35, 22 THN
7238IE, TIA T NPRELIZT T4 v BRKZED
HLOTHD.

Framel Frame21
I!
i
_ali il
F—
Frame30 Frame41 Frame50

X3 LT — A —b= a2l
TIAF v NET IV

(2) HWRZBE;ESBF

FERTBIE U T BEIX BN Ei{G 2 ST IS HRAT 24T O . etk
FEMXEEZ vy ¥ —EIC L > Tk L. B 5N 7=k
KT %, BALIERIC K - T3IBRICHE L. Bkt
ROBACIRTE T, FIFAIREEERS BIHDH, FE R IREEERS )
HPH S DR LRI 1 B D . 2 2 TR IE AR
BERSENHIHIC DWW CHE X 5. FERNEMIREES B <, &
WCHA L SN E Ae BE 1), BbanThn
WoyaRa (FEa) LTk L. TofEER, 5
DI X ER X 413K 3D AR A ZEMIZ T v F Al
NETDHEALT— - F— b~ b EBIZXHST D, K4
53 & [RERIC L CTRALFFEA I L XIBD L 51272 5.

LU, KA4ORBXZEENE G ) 515 6 N 7= X5D AL
PEIZDEI THRNZH2D T I 2 L— g kR L i L
TELOMEND D . Ziud, KA R T XK ERIIASE,
#%%&7V4VNw%ﬁo bbb, B 2E
BT o722 LIZEKT 2382 TH 0 | BHL bR O K lsE <
PRFICRAENBER I NS, 22 TR, K402k Uik
XKE#HgLoverIs— A —r~ b l—2i8x 754
PFONETFVCHETTHZL T, FIAM T o BE LT
— A= N METAEEHTS. ZOETAERNT
FERITWE IR BB L 0 BB 2 HEATRETH
SR N

E4DRE X E G H 5 LN OREES L — LR EE s s,

(i) thrlcRERNTDsE, LIESLEPo-< 0 L

wilbxnsd.

(i) Tk, BWAND ML 2 &L 2Tk b s

na.

(iil) &5z, BEROF MBS KEET 2 ERT T, BEAN

P IpDHdo< 0 EbEND.

oo T—-F— v h o OREEBL—LE T
FAY o B NLT —  F— b~ FUETANEATD.
@) FSAFINBELF— - F— I LVETIL

QEI TR AT RREES L — V% FITT 5 HIEOENT
2%@”@0)7 FTAY WY NLT— F =~ FETVE
EZDL. FE TITAFTONETTADELDA 4 Y F
7(7u +1, b4 :—1, Ah: 0) T, QFET
IRARTRREBES L — NV ERITTHET L THD. ZDON—
. Fhbb, AqVFUTRORAL v F T I— L %
HLEETETAE T TA o B LTS — e F— < FE
FALLET5. E0E, 1BV ASEEEKE LTO
HiCHlRARIREBEE L — NV EFATTHET L THD. 2D
N—NEE@ALTEETAE T TAF o Bl T—F—
F~ hETANET L UTICENENDT T AF
e T — - F— b~ b OFEMERRS.

a) TIAYYNBELF— - F—FILVETILI

QDR X TG LV BXOBEI B2 L, #lgs
NI XN OREDBBREDOA 4V F L T T T4
P NEFIVZHEAT 5.

FEEEON—VELLFO X HICERE L.

(i) BALBAATL. Mﬁi@<ﬁ% HIT3 5.

(i) »2RBER S NIZRICET (bDREEZ Z %

5&) AMICHEITT 5.
(i) RS D J51 3 R 5 E R T,
T5.

INHDON—VERBMALETTA T v BT —

—bh= FrETFTLI ZHEITRT.

WAL ITARNE (AT

H[A/m]

-10000 -5000 5000 10000

Framel10

X5 m] a0 A RSB B B 0D TSR AIE 70 B 3R 8 7o AL e

Frame20

Frame25

Framelb

K6 FIA WV LT — e F—h<w h 1




IHIZ, KGR LT I il LT — « 4 — |
<~ hET NI DOELNDBALREE X TIZRT.

B[T]

H[A/m]

-10000 -5000 5000 10000

-1

4, NNILYINIEY ) 41 XEEATBEL S
(ORRAY 2 2AE VRS SIS

FREEPEIRICBE R 2 52 5 & et & R U7 1) & [ T2 sk
KEFENRKE < 25 HFANCHEEN BB LIRD 5. F DL,
MEINIZ, R, rhd, B, Kb, ZEOTHR L
DEXFESERMENARE — 0N b 25 L BEREITIE OB E)
FPICAREEICBEIT L. 20D, MR A ABFET
5. ZDEUFEMR ) A ARADZ BNV I NGB ) AR
LIRSS,

TNV NGB ) A R e iRBEE IR O REAL dh B}
(BEAT VU v 2= NIRRT A2 0 IR T L K8D &
12725 [5].

K7 7AYo BT — A=~ b I 0D
RO - AR

b) FSAYYNBEELFT— - FA—FI FOETLI

TI AL EIN D GAE L~ A T RTEIL IS N D GA .

ENENEIEIRICHET D, I, FNH3MEEN
FNA~BI2 DNV T— e F— b~ b A— L EHEATS.
SHHIk A~ T D FiEEKSIZ/RT . ENZE o aEisiz %t
THENLTG— A — b= b= E LI FIZIERD.

(i) AR : 77 A SN HE, F'AICA
DIETA T EA~HEREEM. ~A F R shb
LA b RIS T 7~ .

(i) KBSy : 77 AL SN DA, F'AICA
DA E CA T R, D A
WA T E~EREL. <A TR s D
BABEBRIC, fULEE TIRF T m~ BRI,
UL 2 8R4 1 T T e~ BRI

(i) BEHS 77 AL SN DA, F'AICA
B A~ . ~A TR En5
LA b RIS T T ~E R

B

H
Barkhausen noise

X.8 SN ) AR

2 1R’V onEY /4 XD

KWL CHNT T AP o "L T— = b by
EFNANER—R L LT MREIEGER LN ) A X%
HLECCRE LR R 2 IR,

. .|Ii ik

Frame 1 Frame 6 Frame 12

TIRHAL I DS | v A TR LI A GG

K8 7T A WPy "Bl ILT— - F—h~ I

IHIZ, KM8IZRT T IA4 v Bl LT — - F— b=
rET AN BE BN D BALEEZ KN RT.

Frame 18 Frame 24 Frame 30

R SA7ATE L) A R HACHEE LT
T T— A= = NPT TS o NET IV

EHIZ, ML LHiF < X105,

B[T]
1
0.5 /_
H[A/m]
-10000 -5000 5000 10000
-0.5
-1

B[T]

-10000 -5000

H[A/m]
/ 5000 10000

X9 FTA Yo LT — e F—Fh<x b0
KD 7w b

BI10 /N7 AT ) A REEHCCHEE LT
CNT—F— b7 P TTA P I NET NN LRDIZ
T e




b. &

AL T, N2/ ITEN T —« F—h~ F &2
WTHIT T Ao RIS T V28 E LA Y —
N—TE N RIT, By Z—EIZ K> TRk EnT-
We X B 2. B LIETE OFRE C A W AR EE RS B E ik
FE RN RERERS BhAE k. R ) [BIHR RS L Al ik oD SAEN ~ 47
L, DB LENENOFEREIEEICS U TlnEr
~2EfEL TR T — A — b= FUETAEZE N F
=FHIC, EROMREFBEG BN ELT — - F
— b= FUETAVOREESL— /LB L OEERBEOEL
BNS T TAYF v BET LORREEBS L —/L L RIVE
OEACHEEZ G AL FEICEI U 7B bR xS D 1
LR DO BBUC T LTz, etk EEROBX 2B I
BWTHIEIND /A R& GLECTHEEE LR L —
NEeEBEZDZ LTV INTRY ) A X bR
OFHU KT LTz,

DL b AR SCTIEAE SR B B e FERE MR IS EE IR L TR
FRECH - IR OBBE /2 I 2 Lb— g V&
RO LOAHLWEEELT, BT —F—hF~w b
ETNVERE L, TOEBAMEZA LTS LTI
IR SFARAT R D B oo — ¥ 2 BRdE L 7=,

EiEs

AW EAED D272 0 FERIR S EIZ 2132 < 0 T
OO EABO E L. BEN - LET.

F 7. BEEFEE OEREICIZ, AR D=0 ZHhE, &
TEAEBOELE. ORI T NELE.

BEXH

1) ZHKEE, Bk, WHEZ vy ¥ IR L D
MR REE ORI AR O AL AR RS AR T Y
2(2007) ¢207

2) RI.ZA4 v —F /PR 7=V, (GR)FWHK:
MathematicaE#HR DT I o L— 3 U PRE LAWY
F OB

3) RJIZ A m— R WEEHEHEE, GOWEEEE/WEINE
Mathematica H AABIE OFIHET bt T —F— |
vH e Ialb—Ta

4) TG : BT — « A— b~ IS X DM GO
ETME, HRRKFAR— L=
http://www.soloton.t.u-tokyo.ac.jp/nishilab/mypapers/
rikoud.pdf

5) NI NI ) A XOMEEHII~OE A ¢ 8k
WFZEFTR&D L ' = —v0l.27 No.4(1992.12)

6) ZERIRE . REFBIG, WL, AEFRE, AR
WAt EDET Y 7' (1986.MGA-86-109)

7) FEAEE By X —EIC X B ALK E{E B85
BEA~EHEAROUD & & & B A ORI b~ 5B
REFEATHEBE Y R R V022 &+

8) i)IE(E : HHEROR

9) BEEINERDOBALEE « BILERKFA— A=
http://www.ous.ac.jp/DAS/phys/class/expl/pdf/Ferro
magnetism.pdf

10) EYGR. FEEEIR AT, B B A — Rv b Ac K
LA E D RIAE - BHER OB L 7T A P o
EF v - (ALK # Vol.28 Suppl.No.1 200847 H
P01-004)

1) B, kL kLI — - A== btk D
WAk DR BLEE511m] A Bhilil] #6584 5% H 2~ 2008411
H22A, 230214, LK FIFE)



[1].

(4]

Vol.50(2009 3

Visualization of Current Distributions by Infrared Imaging and Its Application

Goh SUZUKI

In order to realize the reliable nondestructive inspection systems, many infrared image sensor
systems are developed and utilized because of their high visual capability = Recently, nuclear
electric power plant is increasing its usefulness not warm up earth atmosphere accompanying with
human life activities ~ We are now developing to enhance an infrared inspecting system to carry
out the condition based maintenance methodology mainly for nuclear electric power plant use At
first, this paper clarifies a relationship between the pixel value constructing infrared image and
absolute temperature even though automatic gain control function equipped in infrared CCD
camera is activating to get the highest contrast image  Second we demonstrate the absolute
temperature visualization when heating the targets by eddy currents  This makes it possible to
clarify the versatile capability of our scheme for various condition based maintenance applications
Key Words :Infrared image, Nondestructive testing, induction heating
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Study of Ferroresonance phenomenon

Keisuke Matsuo

This paper studies nonlinear phenomenon caused by ferromagnetic materials. To represent nonlinear
properties of ferromagnetic materials used in series ferroresonance circuit, we employ a Chua-type
magnetization model composed of the nonlinear parameters: permeability p, reversible permeability u,,
and hysteresis parameter s independently measured from the past magnetization history. By the
modified backward Euler method with automatic modification, a transient analysis of this initial value
problem is carried out. As a result, it is clarified that some of the magnetic energy to be iron loss is
recovered from magnetic materials when the ferroresonance phenomenon is occurring. This energy may
be considered as a reason why the series ferroresonance is continuing even if a source voltage is
reducing.

Key Words : Chua-type magnetization model, ferroresonace circuit
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