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ABSTRACT 

 

Accurate and simple magnetic material law is necessary to correctly model the complete 

electromagnetic systems. In this article, a new formulation based on the scalar quasi-static 

hysteresis Jiles-Atherton model extended to dynamic behavior using fractional derivative 

dynamic contribution is proposed. The fractional contribution is solved using convolution 

which highly reduces the numerical issues. The order of the fractional derivation provides a 

new degree of freedom and allows to obtain correct simulation results on a very large frequency 

bandwidth. By using such a formulation, highly space and time consuming space discretization 

techniques (finite differences, finite elements) are avoided while keeping the global accurate 

simulation results. 

 

 
KEYWORDS 

Hysteresis, ferromagnetic material, Jiles-Atherton model, fractional derivatives. 

 

 

 



 
 
MAIN TEXT 

The development of new electromagnetic designs, such as the improvement of already existing 

ones require precise simulation tools. These numerical tools can also be used for the estimation 

of ferromagnetic losses. In the micromagnetic non-destructive testing field, they are used for 

the understanding and the interpretation of non-destructive control techniques such as eddy 

current testing, magnetic incremental permeability or magnetic Barkhausen noise [1][2]. 

Previous scientific progress in the electromagnetic simulation domain mainly focuses on 

coupling space discretization techniques (Finite Elements Method (FEM), Finite Differences 

Method (FDM)) to accurate scalar or vector, dynamic or static hysteresis material law [3][4]. 

For this material law, the best results come from the extension of a vector quasi-static hysteresis 

contribution (Preisach model [5], Jiles-Atherton model [6]) to a dynamic behavior as it is 

defined by the separation losses in the Bertotti’s theory [7]. Unfortunately, the usual 

simultaneous resolution of space discretization techniques and hysteresis models can only be 

performed by time and high memory space consuming iterative techniques. One of them is the 

so-called fixed point scheme. If the non-linearity levels are weak, this technique gives accurate 

results whereasfor higher levels (strong hysteresis, saturation) numerical errors are always 

observed. In this article, an original alternative to space discretization techniques is proposed. 

In this approach, the space discretization is left behind and the focus is on numerically 

reproducing the time variations of lump quantities (The cross-section average induction field 

B, and the surface tangent field H). A few months ago, by extending the Preisach model quasi-

static contribution to fractional derivation operators, the authors succeeded in obtaining very 

accurate simulation results on a very large frequency bandwidth [8]. Unfortunately, the issue 

here, comes from the Preisach model congruent property, i.e. the similarity of the minor cycles 

obtained for a given H variations at different levels of B. This property becomes real 

inconvenient, when we try to plot the butterfly loop |�|(�) required by the magnetic 



incremental permeability technique [9]. Indeed, using Preisach model |�|(�) is limited to just 

one curve and exhibits no hysteresis. To improve this, a switch from Preisach’s model to Jiles-

Atherton’s model has been finalized. In this article, we explain with details, how we succeed in 

simulating the butterfly loop and the B(H) curve on a large frequency bandwidth by extending 

scalar Jiles-Atherton’s quasi-static contribution to dynamic behavior thanks to fractional 

derivation operators. Fractional derivative is introduced in the lumped quasi-static hysteresis 

model through a dynamic contribution.  Eq. 1. And fig. 1 gives a quick overview of the model 

equation, n is the fractional order and J.A the Jiles-Atherton model. 
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Fig. 1. Block scheme for the Jiles-Atherton extended dynamic model. 

 

Fig. 2 gives a first illustration for the model accuracy by comparing simulation and 

experimental results for a major hysteresis cycle obtained under dynamic sinus excitation H 

(400 Hz). In the final version of the article, a large number of comparisons simulation/measure 

will be provided, the good results obtained for the butterfly loop |�|(�)  will also be illustrated.  



 

Fig. 2. Comparison of simulation/measurement for Iron/Silicon non-oriented grains under 400Hz sinus excitation field H. 
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