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Visualization of Nonlinear Phenomena in Electric Circuits
Yuji TANAKA, Seiji HAYANO, Yoshifuru SAITO, Hisashi ENDO and Kiyoshi HORII

ABSTRACT

This paper studies a typical ferroresonant circuit to visualize a regularity of nonlinear
systems. At first, a Chua type magnetization model is outlined along with the nonlinear
parameters: permeability u, reversible permeability gz and hysteresis parameter s,
independent of the past magnetization history. Second, we employ the iterative
backward Euler method for the transient analysis of this initial value problem. The
characteristic values of the state transition matrix are calculated in each of iteration
step as well. Finally, visualization of the time varying characteristic values clarifies the
stable system situation during the chaotic phenomenon exhibiting.
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Fig. 1 Magnetization curve giving

permeability zz (soft iron)
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Fig. 2 Reversible permeability u (soft iron)
20000

15000

10000

5000

(B ) — g (dH /) [V /]

1000 2000 3000 4000 5000
H [4/m]
Fig. 3 Hysteresis parameter s (soft iron)
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A: cross-sectional area [m2]
R C': capacitance [F]
AAA I:current [A]
A 1: flux path length [m]
¢ N:number of coil turns
CV) i N E q* charge of capacitance [C]
R resistance [Q]
v driving voltage [V]
I I @' magnetic flux [Wb]
). linkage flux [Wb] (=Ng)
Fig. 4 Series ferroresonant circuit
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Table 1

i= i (v _iq - N d_¢) ) Constants for calculation of ferroresonant circuit
R C dt 1 : permeability [H/m] Fig. 1
. - reversible permeability [H/ml] Fig. 2
(4) 1 @ (3) s hysteresis parameter [Q/m] Fig. 3
(5),(6) A cross-sectional area [m?] 48.6 x 106
) C': capacitance [F] 22.5x 106
u dA 1 )78 U dv 7 I: flux path length [m] 78.3 x 10°3
_2+—(1_—)‘] =——% (l——)V N: number of coil turns 180
dt C sRC s dt sRC R resistance [Q] 1.0
IR Y7 dA IR £ limit of discrepancy 1.0 x 105
+(l + 2 - ) —+ 2 (5) 1
SAN® sRC™ dt uAN
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ail ar 1T dy Ay Ay ar | Uy (D Fig. 5 Driving voltage. Frequency is decreased
0 Ay g U, from 70 to 33 Hz until £=0.29 s., then fixed.
q q

0z

. o AW WMMMMJ

i[&]

dt wunwuuvuuuy\J
0.1
(7)
) -2
2.3 0 02 04 06 0z
Table 1 t[5]
C Fig.6 Calculated current i vs. time ¢
LC 300
200
C = 100
) T 0
u =
) L s
100
) 200
Figs.5,6 v =300
i Fig.5
i[&]
70H '
’ (@ t=0.0 0.8s
t=0.29s 33Hz 350
Fig6 t=0.29s 300
_ 0
Fig.7 . . g. 150
di/dt 1 1
Fig.7 50
t=0.29s di/dt 1
005 0.1 015 0z 025
i[&]
Chua (b) Magnified: £=0.35 0.5s
Fig. 7 Trajectory of di/dt vs. I exhibiting a chaotic behavior
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Fig.8 Changes of the characteristic values
derived from the state transition matrix a in

Eq.(8)
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