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Modelling the Electromagnetic Behaviour of Si Fe Alloys Using the PreisachTheory and the Principle of Loss Seperation L. DUPRISa’*, R. VAN KEER b and J. MELKEBEEK a
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In this paper we present 2 simplified methods for the evaluation of magnetisation loops in laminated SiFe alloys, using the Preisach theory and the statistical loss theory. These methods are investigated in detail as a practical alternative for a very accurate, but much involved numerical approach, viz. a combined lamination model dynamic Preisach model earlier developed by the authors. Particularly, one of the 2 methods provides accurate results inspite of a dramatic reduction of the CPU-time in comparison with the earlier developed combined model. For the other simplified method, the reduction of CPU-time is less pronounced but still considerable and the results are fairly good. Keywords: Magnetic materials; Hysteresis; Dynamic Preisach model; Statistical loss theory; Static and dynamic field
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1. INTRODUCTION



The Preisach theory [1] combined with Maxwell equations [2] has received considerable attention over many years, because it includes *Corresponding author. Department of Electrical Power Engineering, Laboratory for electrical machines and power electronics, St. Pietersnieuwstraat 41, B-9000 Gent, Belgium. Tel.: + 32 9 264 34 24, Fax: + 32 9 264 35 82, e-mail: [email protected] 113
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many key features of the quasi-static as well as of the dynamic behaviour of magnetic alloys in a mathematically elegant way. In [3], a rate-dependent Preisach model, denoted by DPM, was introduced by assuming that the switching of each elementary Preisach dipole cannot occur instantaneously, but at a finite rate controlled by the difference between the external field and the loop threshold fields. In [3], it was shown that the area of the loop predicted by the DPM follows a law of the form Co + C x/f in terms of the imposed frequency f. In this paper, we present and evaluate two simplified models as an alternative for the complex combined lamination-dynamic Preisach model, described in detail in [4-6]. These simplified models have the advantage to predict the material behaviour in a more efficient way with respect to CPUtime, however with a relatively small loss of accuracy.



2. STATISTICAL LOSS THEORY



A general approach to the calculation of electromagnetic losses in soft magnetic laminated materials under unidirectional flux o(t) is based on the separation of the losses into three components: the hysteresis losses Ph, the classical losses Pc and the excess losses Pe. According to the statistical loss theory [7], the magnetisation process in a given cross section S of the magnetic lamination of thickness d can be described in terms of n simultaneously active correlation regions. For several alloys, n is a linear function of the excess field Hexc Pe/(4fBm), i.e., n



(1)



Hexc/Vo



When (1) holds, the total losses under a sinusoidal flux excitation with frequency f and maximum induction Bm, can be written as, cf. [7]



Pt Ph q- Pc + Pe =- Wh(nm)f
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cr is the electrical
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conductivity and G=0.1357. Notice the specific frequency dependency for Ph, Pc and Pe. The fitting parameters Wh and V0, depending on Bm, are defined by the microstructure of the material.
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3. THE DYNAMIC PREISACH THEORY The scalar classical Preisach model (CPM) [1] provides quite an accurate description of hysteresis effects in magnetic materials. In this model, each Preisach dipole has a rectangular non symmetric hysteresis loop defined by two characteristic parameters a and /( < a). Being dependent on the history of the magnetic field, the magnetisation of the dipole, denoted by takes the value / 1 or 1, according to
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