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Visualization of Nonlinear Phenomena Caused by Ferromagnetic Materials

Yuji TANAKA, Yoshifuru SAITO and Kiyoshi HORII

ABSTRACT

This paper studies nonlinear phenomena caused by ferromagnetic materials to
visualize a regularity of nonlinear systems. To represent nonlinear properties of
ferromagnetic materials in parallel ferroresonant circuit, we employ a Chua type
magnetization model composed of the nonlinear parameters: permeability p, reversible
permeability pz- and hysteresis parameter s independently measured from the past
magnetization history. By the backward Euler method with automatic modification, the
transient analysis of this initial value problem is carried out. The characteristic values
of the state transition matrix are calculated in each calculation step of Euler method in
order to visualize this chaotic system. As a result, it is clarified that the chaotic behavior
in the ferroresonant circuit is greatly concerned with the magnetic aftereffect of
ferromagnetic materials.
Keywords: Chua-type magnetization model, Backward Euler method, Ferroresonant

circuit, Characteristic values
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Fig. 4 Parallel Ferroresonant Circuit
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Parameters for Calculation of Ferroresonant

Circuit
|_u : permeability (H/m) Fig. 1(a)
i reversible permeability (H/m) | Fig. 1(b)
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/: flux path length (m) 75.4 x 103
N number of coil turns 100
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| _e: limit of discrepancy 1.0 x 103

7o, Fig6 [CRBWCHAMEE EREL A BT DL,
FEFIIL—HLTEY ZOEFNOZYMLE R LT
5.
24 BEEOHF A

Fig. 7 1k, skEREIEOBEFRITRERE AT, i
ICBE ORI E dVow/dt, FIZEE V& 70y
FLELOTHS. Fig T v, Bl—cclaiLT
VWD (=7.8ms LAIC I T, dVourddt 5T Vour DBEMRIT
—EDOMBIEE D 2, ZRNE, SEIRESN D A X
BOEBNERT D LA LIDA 59, Chua
AL T A B8R e RN, &
ARABERFERL SN D 2 & EBERTD.
2.6 VAT LDIKEE BN
WREEHFRACREBRITH OB, A%, #
ELRIOHBEHATE DS TH DD, KRG TIL,
FARARATIE & R 72 R 1 UC R LE Rl 217 -
THEBAL, ROWBEEETD,

BILREIK AT L OWRIEHB/MEBET L0,
RO B REEBITH a OEGE % ERR 208 =
WEMREL, A fomdh e U, fE - S EAEO
EE L EE A Y 3Rt A B ORI L % 7T 1RAL
T%. Fig. 8 ITRREERITH] a OBAMEOKMENLTH
L. KB DITH) aid 317 3FIOEFITHITH B0 b A#E
BC3EOEEMEZES., WTNOBRAE S LIRS
HAAMENEEOELERE LTIy b b
—TEOBE A - TWA, TR A ABR L WE S5
O, RDEDOAIEBECETDHEE R DI L #E
LTWa., RDOFTDDRT AZA, pr, s THDD, /s
RS HICBERT A W Ko, REEHOMERD
FAR) IR EBE T D EEZLND.

3. F&O

AL CHE, Chua RBHbREMET & BV CEFIEK
SEAREI K OB EREAT 24TV, SRR RIS 2 0 A
ABBICH UCHE L. R HE ORI 08 =
WA S LD RIEERITHOBEEORMER & 3Kk
BICAEMEAL L7, FOMRR, EREE A7 U v A0h 4
ABGE R LTV AL REBBITH OB BB K
FEHEREN T EHBA LY. 23, Chua BUEBHE M

— 281 —



I
|

Driving Voltage v{V)

R E IR
| Ml ]*f \ 'M' M(\ | \Mtl |
D

LU
{ 0002s (1 (S [EEEUI Qal 00128 XU
Time £(s)

Fig. 5 Driving voltage. Frequency is decreased
from 3.0 to 1.441 kHz until £= 7.8 ms, then fixed.
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Fig. 6 Calculated voltage Voucvs. time ¢
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chaotic behavior

P ,
c\lx‘)s\ Imaginary part
Im[A] (1/s)
n,m\’\\
~. / i 40000
Time ¢ : 20000
) (s) T jo
Imaginary ! 1 ~20000
. i
part g J —40000
S o 00
~1x107
- 0_02\—”/-1“0’
[ime Real part

Real part Rel\] (1/s)
Fig. 8 Changes of the characteristic values
derived from the state transition matrix 2 in

Eq.(8)
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