16  MAGDA in ,2007.11.22-23

P22

Chua
Ferroresonance Circuit Analysis Employing Chua Type Model
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Keisuke MATSUO (Stu.), Yoshifuru SAITO (Mem.)

This paper studies nonlinear phenomena caused by ferromagnetic materials. To represent nonlinear properties of
ferromagnetic materials used in the electrical transformer, we employ a Chua-type magnetization model composed of
the nonlinear parameters: permeability p, reversible permeability |, 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. As a result, it is clarified that ferroresonance phenomenon
could be observe secondary circuit of transformer. Moreover, computed transient response is well corresponding to

measured one.
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A : cross-section area (m’)
R, C | : flux path length (m)
AL N ;: number of coil turns
) ) — N ,: number of coil turns
-r, 4 =" R; : resistance (Q)
& . _ o R, : resistance(QQ)
v NEe 1N, : r; : internal resistance (Q)
A 7/ R r, : internal resistance (Q)
i C : capacitance F
Y i; : current (A)
Iy: current (A)
Fig.4 Single phase transformer with a series ferroresonance
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Table 1 Parameters used in the computation
U : permeability (H/m) Fig. 1
L : reversible permeability (H/m) | Fig.2
S : hysteresis parameter(2/m) Fig.3
A : cross-section area (m°) 48.0x 10°
| : flux path length (m) 754x10°
N 1: number of coil turns 100
N ,: number of coil turns 50
R : resistance (2) 800.0
R : resistance(Q) 1
r; : internal resistance (€2) 0.4
I, : internal resistance () 0.2
C : capacitance F 40x10°
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Fig.6 Secondary current (computed)
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Fig.7 Secondary current (Measured)
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Table 2 Parameters used in the computation =2
U : permeability (H/m) Fig. 1 —4
L : reversible permeability (H/m) | Fig.2
S : hysteresis parameter(€2/m) Fig. 3 0 001 n.oz2 003 004
A : cross-section area (m”) 48.0x 10° tis)
| : flux path length (m) 754x 107
N g ber of coil 100
Ni: Esﬁbz gfzgil tmuzz 50 Fig.11 Secondary output voltage (computed)
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I, : internal resistance () 0.2 4
C : capacitance F 4.0x10° 5 ' ]
Figs.10-12 v S MnMM llflmﬁ.
Vout Fig.10 " VUHI{N | [UW“
1kHz ov ~ |
20V
Figs.ll, 12 a oot Dt?; 0oz 004
t=0.019[s]
Fig.12 Secondary output voltage (Measured)

289



eI

=15 =50 =25 0 2% s U5
H (T)

(a) (=0~0.18)

BT)

0.4

nz

-2

0.4

—300 =200 —100 0 100 200 300
H (T}

(b) (=0.18~0.25)

—80 40 —40 -0 0 20 40 40
H (T

(¢) (t=0.25~0.4)

Fig.8 A family of hysterisis loops

290

16  MAGDA in ,2007.11.22-23

Chua

1] ce >
(1995-1)

[2]Y. Saito, M. Namiki, and S. Hayano, ““A Magnetization Model
for Computational Magnetodynamics””, J. Appl Phys., Vol69,
No.8, pp5684-5686, (1991-4)

[3]Y. Saito, S. Hayano, and Y. Sakaki,““A Parameter Representing
Eddy Current Loss of Soft Magnetic Materials and Its
Constitutive Equation””, J. Appl, Phys., Vol.64, No.10,
pp.5684-5686(1988-11)

[4] R.S.Varger ““Matrix Iterative Analysis”” Prentice-hall NJ

(1962)

(5] -
MAG-02-139
[6] -
15 MAGDA
in ppl104-109  (2006-11)



