Experimental data + Evolutionary
algorithms: Modeling and understanding
the ferromagnetic hysteresis

The core objective is to bridge the gap between
experimental measurements and computational
simulations by incorporating measured data into the
modeling process.
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Introduction & Goals

Standard hysteresis measurement methods are separating the superimposed hysteresis. By integrating
challenging to implement in industrial environments due experimental data with Matlab in COMSOL simulations,
to their time-consuming and cost-intensive nature. By the superimposed hysteresis can be decoupled using an
employing a U-shaped soft magnetic yoke in an evolutionary algorithm, allowing for the precise
attachment technique on ferromagnetic materials, the determination of the sample material's hysteresis.

combined/ superimposed hysteresis of the yoke and the
sample can be measured. The primary challenge lies in
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Methodology

Both the sample and the yoke are modeled in 3D with time-
dependent simulations. The ferromagnetic hysteresis behavior
of both components is described using the Jiles-Atherton (JA)
model. During the simulations, the JA parameters of the sample
are iteratively adjusted to ensure that the simulation results
align with experimental data, as defined by the objective
function. This parameter optimization is carried out in Matlab
using a differential evolution algorithm (Fig. 1).
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FIGURE 1. Schematic representation of the optimization process.

Results
The present study highlights the potential of using advanced '
optimization techniques and integrated simulation
environments to greatly improve the modeling of magnetic
systems. By accurately simulating the magnetic behavior of
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hard magnetic samples magnetized with a one-sided access

voke, this approach provides a valuable tool for designing and e T a5 10 05 o0 05 10 15 20
analyzing magnetic devices. Future work will explore the 1o oo O

extension of the methodology to other magnetic FIGURE 2. Left: Voltage excitation of magnetizing coil in
configurations and the inclusion of additional physical simulations. Right: Measured superimposed hysteresis in
phenomena to further improve the model's predictive simulations.

capabilities.
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