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T. Nakata Kanto-Gakuin University, Japan Keywords Electromagnetics, Hysteresis, Loop Abstract The Preisach and Jiles models for hysteresis are applied to reconstruct BH loops from measurement data for constructional steel St 37. The distribution function for the Preisach model is determined from all the available, 18, measured BH loops starting from the initial curve. The five unknown parameters in Jiles model are determined by the simulated annealing method to minimize the distance between the largest measured BH loop and the corresponding computed loop. Although Jiles model gives differences from the measured BH loops for low applied fields, it provides results fitted well to the largest measured loop for which the parameters are optimized. The Preisach model gives good fitting over a wide range of the applied field.



Introduction In computational analysis of magnetic fields, a mathematical model of magnetic hysteresis is required to compute the permeability at any state of the magnetic material. There seem to be two main streams in the hysteresis modeling: Preisach model[1] and Jiles model[2, 3]. The Preisach model is based on the assumption that any hysteresis can be expressed as a sum of elementary hysteresis loops. The distribution function of the elementary hysteresis is determined fully from the measured BH loops[4], or is assumed to be expressed as one of special functions such as the Gaussian and Lorentzian functions with unknown parameters that must be determined by curve fitting technique. On the other hand, in Jiles model, magnetic hysteresis is described by a firstorder ordinary differential equation which is derived from physical insight into the magnetization process. The other methods as well as these two major methods are reviewed in[5]. This paper reports the performance of the Preisach and Jiles models when they are used to model constructional steel St 37 which is planned to be
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employed for the magnetic shielding of power cables. The distribution function for the Preisach model is determined fully from the measured symmetric BH loops, starting from the initial curve instead of the first transition curves which are usually employed for this purpose. The five unknown parameters in the Jiles model are determined by the simulated annealing technique so that the distance between the computed and measured curves is minimized. The numerical results as well as the feasibility of these methods will be discussed after brief reviews of the two models. Preisach model The essence of the Preisach model is the decomposition of the output f(t) of a system with hysteresis into elementary hysteretic responses L(u(t)), shown in Figure 1, that is: (1) where u is the input of the system and µ(α, β ) is the distribution function which will be determined in a direct or indirect way. Since α > β, the integration is performed over the upper triangular region T (T = S+ ∪ S –) bounded by the saturation input ± H0 as shown in Figure 2. Figure 2 shows the state which is L(u) 1
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Figure 1. Elementary hysteresis loop



α



–1 α



H0 S-



u



β



S+ -H0 Figure 2. Preisach plane for increasing u



o



-H0



H0



reached by a monotonously growing u, starting from the initial state u < – H0, in which all the hysteretic elements become –1. S + (S –) represents the region in which L(u(t)) = 1 (–1). When the material is demagnetized by decreasing the amplitude of the applied alternative field at a sufficiently low decaying rate, the demagnetized state would be indicated by the triangles bco for S + and abo for S –, shown in Figure 3[6]. After the input is increased from zero to H1, giving the output f(t) on the initial curve, it is then decreased to u to reach the state shown in Figure 3. In this process, the half of the difference of the outputs for inputs H 1 and u corresponds to the integration of µ over the triangle def, which is expressed by F(H1, u). Similar processes are carried out to obtain the values of F from the outputs at grid points in T, so that F can be computed at arbitrary points in T by interpolation. The outputs for arbitrary inputs can be computed from F without direct evaluation of µ[4].
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Jiles model The magnetization M is decomposed into the irreversible component Mirr and reversible one Mrev. The former corresponds to magnetization resulting from the pinning effect while the latter has its origin in reversible processes like domain wall bending. It has been shown in[2,3] that these components obey: (2) (3) where δ is a directional parameter having the value +1 (–1) for dH/dt > 0 (< 0), α, c and k are constants. Man is the anhysteretic magnetization at the global energy equilibrium state which is given by the modified Langevin function as: (4)
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where Ms is the saturation magnetization and a is a constant. The Jiles model possesses the five parameters, a, α, c, k and Ms, whose determination from measured BH characteristics has been proposed in[3]. However, in our experience the method does not always give satisfactory results because only some data on the measured BH characteristics are used for the determination. For this reason, we apply the simulated annealing method to determine the parameters for which the distance between the measured BH loop and the computed loop is minimized in a stochastic way. Namely, “thermal noise” is added to the parameters in this process, whose level is decayed gradually, based on the evaluation of the cost function. This method is expected to give the global minimum or, at least, nearly global minimum. Equation (2) is solved by means of the Runge-Kutta method. Since (2) provides negative differential permeability near the loop tip, a correction has been suggested to avoid this unphysical property[3]. Numerical results The function F for the Preisach model is determined from the 18 measured, symmetric BH loops starting from the initial curve. The initial curve itself is not used for this determination process. The parameters in the Jiles model are tuned for the measured initial curve and largest BH loop available. The optimized values of the parameters are: a = 350 [A/m], α = 7.52 × 10 –4 , c = 0.21, k = 506 [A/m] and Ms = 1.42 [MA/m]. The error, which is defined as the rms value of the difference between the measured and the calculated curve, is reduced in the optimization process from 915.0 mT to 78.2 mT. Figures 4 and 5 show the results of the curve fitting for the largest BH loop available. Both results are satisfactory: in particular, the initial curve
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Figure 5. Large hysteresis loop: measurement, Jiles model; error: 78.2mT



reconstructed by the Preisach model also fits well the measured curve, though it is not employed in the computation of F. Figures 6 and 7 show the results for a smaller BH loop. The Jiles model gives distinct errors in comparison with the Preisach model. This error tends to grow when the amplitude of the applied field is decreased. Moreover, the computed loop becomes neither symmetric nor closed for very small amplitude. This tendency does not change significantly when the parameter optimization is B [T] 1.4
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Figure 6. Small hysteresis loop: measurement, Preisach model; error: 25.6mT
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carried out for several BH loops with different amplitude. An improvement may be achieved by introducing a correction technique for small loops[7]. In practical situations, it is not always possible to get enough different BH loops for the identification of the distribution function in the Preisach model. A special form of the distribution function would be assumed in such cases. This process may, however, lead to additional errors. Figure 8 shows the computed responses to the AC input: H(t) = H0 exp(–t/3T) sin(2πt/T), H0 = 2,390 A/m. Small discrepancies are observed for small amplitude of B, as expected. B [T] 1.6
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Conclusion The Preisach model provides good fitting to the measured BH loops for a wide range when a sufficient number of measured data is employed to compute F(α, β). Although the Jiles model gives good fitting for the largest BH loop, for which the parameters are optimized by the simulated annealing, discrepancies occur for small loops. A correction technique should be introduced to overcome this difficulty. References 1. Preisach, F., “Über die magnetische Nachwirkung, Zeitschrift für Physik, 1935, pp. 277-302. 2. Jiles, D. and Atherton, D., “Theory of ferromagnetic hysteresis”, Journal of Magnetism and Magnetic Materials, Vol. 61, 1986, pp. 48-60. 3. Jiles, D., Thoelke, J. and Devine, M., “Numerical determination of hysteresis parameters for modelling of magnetic properties using the theory of ferromagnetic hysteresis”, JEEE Transactions on Magnetics, Vol. 28 No. 1, January1992, pp. 27-35. 4. Mayergoyz, I., Mathematical Models of Hysteresis, Springer, New York, NY, 1991. 5. Ivaniy, A., Hysteresis Models in Electromagnetic Computation, Akademiai Kiado, Budapest, 1997. 6. Atherton, D., Szpunar, B. and Szpunar, J., “A new approach to Preisach diagrams”, IEEE Transactions on Magnetics, Vol. 23, 1987, pp. 1856-65. 7. Carpenter, H., “A differential equation approach to minor loops in the Jiles-Atherton hysteresis model”, IEEE Transactions on Magnetics, Vol. 27, 1991, pp. 4404-6.
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