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Abstract

This paper studies nonlinear phenomena caused by ferromagnetic materials. To represent
nonlinear properties of ferromagnetic materials in series, parallel ferroresonant circuits as well as
electrical transformer, we employ a Chua-type magnetization model composed of the nonlinear
parameters: permeability p, reversible permeability g, 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 the chaotic properties. As a result, it is clarified that the chaotic behavior in the
ferroresonant circuit is greatly concerned with the magnetic aftereffect of ferromagnetic materials.
Moreover, calculated transient response is well corresponding to measured one. The conclusions
denote the usefulness of Chua-type magnetization model for electrical machines analysis fully taking

hysteretic magnetization properties of ferromagnetic materials into account.
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