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Abstract. This study suggests an enhancement of the Jiles—Atherton model for
simulating magnetic hysteresis in ferromagnetic materials by integrating the fre-
quency effect into the model parameters. Utilizing experimental data from a
MnZn ferrite toroidal core exposed to rapid magnetic fields, the model parame-
ters are refined through the Particle Swarm Optimization (PSO) technique and
adjusted for frequency dynamics. This method makes it possible to model hys-
teretic behavior in a realistic way, especially at high frequencies, where phase
shift and hysteresis loop broadening effects are most important. The results have
been experimentally validated and show a good match with the extended Jiles—
Atherton model. This opens up new possibilities for use in high-frequency elec-
trical engineering devices.
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1 Introduction

Magnetic hysteresis is a natural process that happens in ferromagnetic materials and
has a big effect on how well electrical devices like motors, transformers, and power
electronics work. So, accurate hysteresis modeling is very important for figuring out
core losses and thermal effects [1-2]. The static Jiles—Atherton (JA) model is one of the
most popular methods because it strikes a good balance between being physically
relevant and being easy to compute [3]. The classical static JA model, however, has
serious problems when it comes to fast magnetic excitations because it doesn't take into
account how hysteresis loops behave differently at different frequencies and the
dynamic losses that come from this [4-5].



To address these limitations, this study enhances the JA model by explicitly integrating
frequency effects into its parameters. The suggested method is based on experimental
data taken from MnZn ferrite cores when they were quickly excited by a magnetic field.
A Particle Swarm Optimization (PSO) technique is used to find model parameters [6],
which makes sure that the model can adapt accurately to changing conditions.
Experimental validation shows that the extended model accurately reproduces phase
lag and hysteresis loop broadening at high frequencies. This makes it a reliable tool for
high frequency electromagnetic applications and for estimating magnetic loss.

2 The Jiles Atherton model

Jiles Atherton (JA) model [3] states that the sum of the contributions of the irreversi-
ble (Mirr) and reversible (Mr.y) magnetization components can be used to describe the
overall magnetization of a ferromagnetic material.

M = M + Myey (H

The combination of the walls' reversible translation and rotation in ferromagnetic
materials called the reversible component. However, the irreversible component stands
for the magnetic domains' irreversible displacement. It is possible to develop the
differential equation that describes how magnetization depends on the magnetic field
as.

My, = c(Mgn — Myyy) 2
M=M,, —k 52M—FZT 3)

where Man is the Anhysteretic magnetization, which corresponds to an ideal,
reversible and thermodynamically balanced state, without hysteretic losses.

Where H, = H + aM is the effective field that accounts for the domain interactions,
k parameter is linked to the coercitive field, c is the reversibility coefficient, and §

parameter § = +1 when i—f > (0and § = —1 when i—l;[ < 0[3].

The following is an expression for the differential susceptibility based on the JA
model.
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The JA model has already been extended to account for magnetoelastic effects [7-8],
anisotropy [9], and temperature [10—15]. Previous attempts to include frequency effects
[16] were mainly based on coupling the JA model with Chua’s mathematical
framework. In addition, Jiles proposed another extension of the JA model in [4],
offering a different approach to describe frequency-dependent hysteresis behavior. In
the present work, we propose a new extension by directly incorporating the frequency
effect into the parameters of the static JA model.



3 Integration of the frequency effect in the static JA model

The frequency effect of the exciting magnetic field is integrated into the static
Preisach model using an adapted model of the parameter k and c.

3.1 Determination of the model parameters as a function of the frequency

From an experimentally measured hysteresis loop, the PSO optimization method was
applied to identify the parameters of the static Jiles-Atherton model. For each excitation
frequency (500-2500 Hz), the five model parameters (a, k, a, ¢, Ms) were determined.
The results, presented in a table 1, highlight the evolution of these parameters with
frequency, allowing for an analysis of the dynamic effects on the hysteretic behavior of
the material.

Table 1. Parameters identified with the PSO method.

f (Hz) a k Erreur (¢)
500 39.4161 0.3643 3.1677e-05
1000 45.0284 0.3643 3.3535¢-05
1500 51.8785 0.3643 1.7470e-05
2000 57.0124 0.3643 2.8239¢-04
2500 63.2557 0.3643 7.2635e-05

The effects of frequency can be incorporated into the Jiles-Atherton model by introduc-
ing a frequency dependence into certain parameters, particularly a and k. The other
model parameters, such as Ms = 534621.0588, ¢ = 0.3643, and a = 0.0004, are
considered constant.

3.2  Introduction de la loi du comportement fréquentiel dans les parametres

By making the parameters a(f) and k(f) frequency-dependent, it becomes possible to
account for part of the dynamic effects while maintaining a stable and simple model for
simulation. In this work, their frequency evolution was identified and modeled from
experimental measurements. The resulting laws modify the static Jiles-Atherton model,
overcoming the limitation of constant parameters and improving the representation of
the material’s dynamic behavior.

The evolution of the parameters « and k as a function of frequency can be modeled
by equations (5) and (6), which we propose below:

a(f) = AJf .eBf +C 3)

k(f) =D\f.e® +F ()



The analysis of the variation of parameters a and k& with frequency, presented in
Figure 1, enabled the extraction of the constants A, B, C, D, E, and F required for the
proposed model.
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Fig. 1. Frequency-dependent behavior of parameters a and k with A = 0.242107, B= -

0.00001294, C = 89.315148, D = 0.465738, E = 0.00015627 and F = 26.928752.
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4 Validation expérimentale de I’extension apportée au modele

At an excitation frequency of 500 Hz, the five parameters a, k, o, ¢, and Ms were
identified and optimized using the PSO algorithm. These optimized values provide a
baseline for studying the frequency dependence of the parameters and for evaluating
the dynamic effects on the hysteretic behavior of the material.

x10°

5.218 T 91.4
A
5.216 s 91.2 _/_f
/ oo N
5.214 91 r\{
f 90.8
0 5.212 s
= £ 906
2 52 £ ™
£ S 90.4
©
£ 5.208 o
& 90.2
5.206 1 %
5.204 89.8
5.202 89.6
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Iteration Iteration
3
24.5 10 X130
24 9
23.5 8
23 N 7
x ©
Pl c
% 225 g 6
13 £
S 22 S5
[ &
215 4
21 3
205 2
20 = L 1 i
0 50 100 150 200 250 300 0 50 100 150 200 250 300

Iteration Iteration



4
3.86 <10
3.85
3.84 r\
8383
]
£
£382
o
3.81
38
3.79
0 50 100 150 200 250 300

Iteration

Fig. 2. Evolution of the optimization process of the parameters Ms, a, k, ¢ and a.

Figure 3 illustrates the variation of the mean squared error € between the hysteresis
loops generated by the Jiles—Atherton model and the experimental data obtained from
the descending branch of the measured cycle.
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Fig. 3. Convergence curve of the optimization process using PSO.

Figure 4 presents the hysteresis loops obtained experimentally and through simula-
tion for various frequencies.
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Fig. 3. Comparison between the measured and simulated hysteresis loops at frequencies: (a)
500 Hz, (b) 1000 Hz, (c) 1500 Hz (d) 2000 Hz
and (e) 2500 Hz.

The superposition of the measured and simulated hysteresis loops, for excitation
frequencies ranging from 500 Hz to 2500 Hz, reveals an excellent agreement. The
extended Jiles—Atherton model accurately reproduces the loop shapes as well as key
parameters such as the coercive field He, the remanent induction Br, and the saturation
induction Bs. These results confirm the accuracy and robustness of the proposed
extension in representing the dynamic behavior of the material.

Table 2 presents a comparison between the experimental and simulated values of the
saturation induction Bs, the remanent induction Br and the coercive field He.

Table 2. Evolution of magnetic quantities as a function of frequency.

Fréquence (Hz) 500 1000 1500 2000 2500
Bs (T) Mesures 0.518 0.518 0.518 0.518 0.518
Bs(T) Simulations 0.5133 0.5068 0.5012 0.504 0.5019

Erreur (%) 0.91 2.16 3.24 2.70 3.11
Br(T) Mesures 0.1741 0.1859 0.2032 0.1897 0.2471
Br(T) Simulations 0.1861 0.1927 0.1995 0.2066 0.2233
Erreur (%) 6.68 3.66 1.82 8.90 9.63

Hc(A/m) Mesures 22.6419 24.8798 29.417 35.1932 40.1763
Hc(A/m) Simulation 24.1758 27.8029 31.0845 36.1671 40.0159
Erreur (%) 6.77 11.74 5.67 2.77 0.40




The comparative analysis between the measured and simulated magnetic quantities
as a function of frequency (500 to 2500 Hz) highlights the effectiveness of the extended
Jiles—Atherton model in reproducing the dynamic behavior of the studied material. The
simulated values of the saturation induction (Bs) generally match the experimental
values, with an error consistently below 3.24%, thus validating the predictive capability
of the model with respect to magnetic saturation, although moderate deviations appear
at higher frequencies. A more pronounced variability is observed for the remanent
induction (Br), with the error ranging from 1.82% to 9.63%, reflecting the sensitivity
of Br to dynamic phenomena not fully captured, particularly internal relaxation losses.
In contrast, the model reproduces the coercive field (Hc) with high accuracy, especially
at high frequencies where the error is minimal (0.40% at 2500 Hz). This performance
results from incorporating frequency-dependent parameters, such as a(f) and k(f), into
the model, which significantly improves the representation of magnetization delay and
the tracking of the hysteresis cycle.

5 Conclusion

This research has demonstrated the relevance of integrating the frequency effect into
the static Jiles—Atherton model for MnZn ferrite. Through rigorous parameter
identification using PSO optimization applied to hysteresis loops measured at different
frequencies, a frequency-dependent law was introduced for the essential parameters.
Experimental validation based on the comparison between simulated and measured
loops from 500 to 2500 Hz confirms the accuracy of the modified model, which
faithfully reproduces key characteristics such as coercivity, remanence, and saturation.
This study highlights the capability of the extended model to capture magnetic dynamic
effects in MnZn ferrite, thereby providing a solid foundation for the modeling and
optimization of electrical devices subjected to fast excitations.
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Bechkoura Hana, “Modified Configuration of the Cylinder-Plate Electrostatic Separator
for the Recovery of PVC and Aluminum Particles From Waste Electric Wires”, University
of Guelma.

Larba Mohammed, ”“Experimental Study of Discharge Currents on the Surface of
Polyvinyl Chloride PVC”, University of Bejaia

Ait Yahia Abdellah Walid, “Experimental Analysis of the Force of Attraction Exerted on
Metal Particles Using an Electrostatic Actuator”, University of Sidi-Bel-Abbes. (Online)

Thematic Session F: Power Electronics and Control Systems.
(Conference room)

Chairs: Pr. Omeiri Amar and Pr. Ladjimi Abdelaziz

Malki abdallah, ”Control of a Single-Phase Unified Power Conditioner for Power Quality
Enhancement: Experimental Validation”, University of bechar.

Bahita Mohamed, “Process Control by Modified State Feedback Based on Linearization
Around an Operating Point”, University of Constantine.

Khadar Saad, “Improved Predictive Control for Permanent Magnet Synchronous Motors
Using Backstepping Control”, University of Djelfa. (Online)

Benhemine Asma, ”Performances of Sliding Mode Control of a DFIG Wind System based
Indirect Matrix Converter”, University of Bechar. (Online)

Attallah Faris, “Application of the GPBiCG(m, £) Iterative Solver to Large-Scale Power
System Analysis”, University of Bab Ezzouar. (Online)

Closing and Lunch




