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Nonlinear Electric Circuit Analysis by Visualization of Characteristic Values
Keisuke MATSUO, Yoshifuru SAITO and Kiyoshi HORII

ABSTRACT

This paper studies nonlinear phenomena caused by ferromagnetic materials. To represent nonlinear
properties of ferromagnetic materials in parallel ferroresonant circuit, we apply Chua-type
magnetization model to an inductance exhibiting saturation and hysteretic nonlinear properties of
ferromagnetic materials, deriving a state variable equation and solutions by the backward Euler method
with automatic modification. The characteristic values of the state transition matrix are calculated in
each calculation step by Euler method. As a result, it is clarified that the trajectories of characteristic
values in state transition matrix reveal a difference between the normal and ferro-resonance
phenomena in the ferroresonance circuit.

Keywords: Nonlinear, Ferromagnetic materials, Ferroresonance, Characteristic Values

2.1 Chua
(1
Chua
1 1 dB dH
H==B+=(——u — »
s(dt Hr dt)
(1) 1 2
H B
H[A/m] BTl u ur s Chua
[H/m] [H/m] [Q/m]
3)
H
Maxwell
Chua
1)
Chua
2) Hr



AR 1EER Vol. 28 Suppl. No.1(2008478)

P01-001
0.4
0.3
3
M 02
0.1
1000 2000 3000 4000
H(A/m)
Fig.1 Magnetization Curve Giving Permeability
(TDK H5A)
0.004
= 0.003
=
=)
< 0.002
0.001
0.1 0.2 0.3 0.4
B(T)

Fig.2 Reversible Permeability £s,(TDK H5A)

20000

10000

(dB/dt)— re(dH[dt) (V/m?)

0

0 200 400 600 800 1000
H (A/m)

Fig.3 Hysteresis Parameter s (TDK H5A)

s B=0
dB/dt dH/dt
B=0 H H:
6)) s
1 dB dH
S=——(—— pt, — @
H, (dt Hr dt)
B=0
dB/dt dH/dt s
Hr B=0
2)
Figs.1-3

(TDK H5A) Chua

o b 9
2.2
Fig.4
R-L-C
Chua
FA i A cross-section area (m2)
] ’ — & /: flux path length (m)
: \ . l g A N number of coil turns
t)C— Vous & £ R internal resistance (Q)
\ i =S | | C: capacitance F
In { @: magnetic flux Wb
1; : current (A)
12t current (A)
Fig.4 Parallel Ferroresonance Circuit
(1) |
[ o) (2
. di I | d
N|+ﬂN—:—¢+——¢ 3
s dt wA sAdt
Fig.4 L iy (4)
. d¢
b =|V.-N—/—|/R (4)
| ( C dt)
(4) i @ (2
(5) (6)
MNW_(_NMN_']M_'(é
s R dt? R s RC sAN/dt AN~ (p)
N 4 N u N -
—- o
J{R S R202]q+ s Rc
dq_; Nd$_q )
dt R dt RC
6),(7N (® (9
] d¢¢ 0 1 0 d¢¢ 0
aa:anazz ast*‘ul )
q 0 8 Qg q U,
d X=ax+b 9
dt

€))



AR 1EER Vol. 28 Suppl. No.1(2008478)

P01-001

5)

3.1

Table 1 Parameters used in the computation

u* permeability (H/m) Fig. 1
1" reversible permeability (H/m) Fig. 2
s hysteresis parameter(Q/m) Fig. 3
A cross-section area (m?) 48.0 x 106
/: flux path length (m) 75.4 x 103
N number of coil turns 100
R resistance (Q) 0.4
C : capacitance F 1.32 x 106
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Fig.7 Characteristic values changing of the state
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