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Hysteresis Modeling for Reluctance Network Analysis
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Quantitative estimation of iron loss taking magnetic hysteresis behavior into account is essential to development of

high-efficient electrical machines. In our previous papers, we proposed and examined a magnetic circuit model incorporating a

play model derived by LLG (Landau-Lifshitz-Gilbert) equation. In this model, dc hysteresis is expressed by the play model

which was preliminary obtained from the LLG equation, while ac hysteresis is expressed by magnetic circuit elements. It was

proved that the proposed magnetic circuit model can calculate both major and minor hysteresis loops of a ring-core with high

accuracy in a short time. In this paper, in order to apply the proposed method for more complicated machines such as electric

motors and generators, a novel reluctance network analysis (RNA) model incorporating the play model is presented.
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Fig. 1 Block diagram of a play model.
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Fig. 2 Measured and calculated dc hysteresis of the

non-oriented Si steel with a thickness of 0.2 mm.
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Fig. 3 Calculated dc hysteresis loops of the non-oriented
Si steel with a thickness of 0.2 mm from B,, =0.04 T to
1.2 T at intervals of 0.04 T.
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Fig. 4 Magnetic circuit model incorporating the play

model.
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Fig. 5 Unit magnetic circuit.
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Fig. 6 An example of two-dimensional RNA model.
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Fig. 7 Shape and dimensions of the cut-core used in the

experiment.
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Fig. 9 Exciting voltage waveform.
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Fig. 10 Measured and calculated waveforms of the

exciting current.
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Fig. 11 Measured and calculated hysteresis loops of the
cut-core.
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Fig. 12 Calculated hysteresis loop in a certain divided
element of the RNA model.
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