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Study of Ferro-resonance phenomenon
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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.

Keywords:

Nonlinear, Ferromagnetic materials, Ferroresonance

1 #

R AIRE B 70 EREMEAT B O KR 2 FRRAI I A L7z
SR IHREE AT A EXHERIEEL R IN, £
fbEnTnsd, LaL, BEMsEloRoRISaf, b
ATV VR, BEREORMEL, Fe L TR E A
HAWSESHERICBNT, THIKEECHEEELR S AT A
ISE AR TIEENE D, LEN-T, BlEtrei4 5t
B FSRAT OEEE(LE, BT A EREERORG
WCHERRIRTH Y, TRILE S X7 LSEOMER
WCHEERAEART, ZOk ) RBURE I, T8
DIR=JFNarEa—FORATY) —FELEER
Eog#bitA®LL, =Yl arva—F T
BRI RN e R, HARTEREAT & b 2 TrIRE &
/RGO VR

MR ATV U AERET H-DIC8F IE 2 E
FFEETUBBREINTVDD, TORELREDR
RUBRECHEER, 20, BRERK, REIGCH%
R TEEBESZ T AT A—FERNTNE, 2D
720, BEHEEZRRT 537 2A—2Z01 O ERE
EFELILICERLT, BRINSBEHELIIRE X
B Z L L7e D BB & & BRI AT O X —1T,
MEFORHE A FRBL T DRULFEET L, T2 b

mh

IR . B ERA, T 184-8584 HAUEN/ &S TTRERET
3-7-2, EERFERER TP RAI R TS BIRRE
G,

e-mail: matsuo@ysaitoh.k.hosei.ac.jp

R

*“(BR) B ST BUERT

HEXAEH L, Maxwell D HBERAES Z & 10RT
%, LIRS RE - TS RET D Chua BURHLEF
HETFNERNT, EFEED T )V— 7 IR
OB THDHe AT YV A, BERAS, $ESUHRRSA

EDV I ab—a U BLOEOFEBRIRKIECKT L
MR EH A MR, R, RERESIC
BT 5852 LT\ A[1,2], &SI RFEARALRE
HET N EOBBRLILMNMILTHA[1,2,3]

AR ST, Chua BB WRREE T L& RV TESIER
AR O HLIRIFIZ 8T DB LRFEORENT &2 170 8%
HIRBGHEORBR L ZEZ DN HBEEEZALNIT B,
BARHIIZIE, Chua BURE LA E 7 /L ORERL RN L Y
EHENDERTEAAREBERETREL, BRIE
PRI A A T —iEE AW TCRERT 21T 5 [4), D
FER, B REKAIR (BHSRG AR (TET D LR
SR & 7 B REER T RV F—D—E AR R ~E A
SN, ZoOEETRLF—IZL o THHIIERELE DK
U bbb O TIHARD R 5, 372 b b BRI A
UL DM RO A ST 5,

2 Chua BUgiLFHHEETIL

FRARE R OIWBIEEMAT 21T O 72diz, (HTHEZX S
N5 Chua BUBHAEMET T L DR TR AV B,
1 1.dB dH
]1:;B+EQE"442;) (D
XDOAILF | TR RBXREA R L, FH2H
BB SEXRELR T, 22T, H, B iZEhth
DHHR DB X [A/m] L HERFBETIZEL, u 4y, s 1L




HARAEMFSGE

Vol.17, No.2 (2009)

Chua BIRHLEFEEF VDT A—2ThHY , FER
FHERIE[H/m], FIWHEREEH/m], b AT Y 2 2R
[QUm]THD, 2D 3/37 A—F1F, WEOHMIBES
ERENR ISR LW HIECEE, BlEshdZ e
DRALRFEE T UABRICEAT DR RDOF—HR A R T
H D51

BREE p (IRHERROF FIZ BV TR ERE LT
350 2 FASRE LR D> HIRET D, FAFMEISET D
AR LREEDO E AT U 2 —TIZBNWT, [E@—
MHEEIZRBT 5 LA & TRERENZN OB
DONEHEE - L— R 2 LT LEERA RS B h
L EPMBN TN D, Z OBAEREL B IE A O

1000 2000

H(A/m)

3000 4000

Fig. 1 Magnetization Curve Giving Permeability ¢ (TDK

H5A)

0.004
2 0.003
=,
)
% 0.002

0.001

0.1 02 03 0.4
B(T)

Fig. 2 Reversible Permeability « (TDK HSA)

(dBfdt)~ s (dH/dE) (V/m?)

0 200 400 600

H (A/m)
Fig. 3 Hysteresis Parameter s (TDK H5A)

800 1000

(LB & ZSHEERE L TR NS 72 DB EORMLBREC
EERTH D,

AIAEREER 4, b7, BEOBYLERICEE L)
NG RA—=ZTIFUTe bR, 2D, LD/
{LIE R IERLR T b 2 BAERH L IR ERFIZ 31T B~
A F—N—T, b BB BRI B
LS BERY D, ZOBSERRERIET 55
B, WERCREDEDOFEL RIS 5720, W T
KRR OBEREY O CRIET 2MERD 5,

b 27 AR s 1L, BOREE B=0 B Y —F 2
ANWBRBEL Y dB/dr, SHICEIREY dH/d Ko
HIETHRETED, 970bb, HHEE B=0 RO/
R HE, REED H ZHGET 506 (DL e 2T Y
T ARE s 1,

1 dB

§=——-
1t(m H,

a, @
dt

LD, RERELTC, BETEAA(LSE, MEREE
B=0 B dB/dt & dH/dt £V, & ATV ARH s D3R
5, £77, g 0d B=0 DL ERKELDI0H, K(Q2)
TERAT YV 2E s ZROHGEMERT 2 u,DE
IR KFAEERETH D,
WALFEET ML, BRBREEZRBL L5756
DTHY, EFTNVEBETDHNT A =4 BHRED
WAV G T 2L 9B b0 Tho TUI R b euy,
Figs.1-:3 IZEBICHE SN 7 =54 F 27 (TDK
H5A)D Chua BUET VDT A—H y, oy, s %525
HBTHD, RTINS DT X — & ZEFTIC
Mnd,

3 SHAREIROMBRHT

3.1 EYERIIRIENRS

ARSI IL. Figd (TR T & 912 R-L-C B
B AR TEHLDOTH D,

A : cross-section area (m?)

I flux path length (m)

R
WA

N: number of coil turns

R : resistance (Q)

C : capacitance (F)

i:current (A)

1 v: input voltage (V)

@ magnetic flux (Wb)
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