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Abstract

The paper presents results of calculation according to the idea of Jiles–Atherton–Sablik (J–A–S) model, of the stress

dependence of the hysteresis loop of the Fe78Si13B9 amorphous alloys in as-quenched state. Mathematical simulation

was made on the basis of experimental results. In the experiment uniform, compressive stresses were achieved in the

ring-shaped sample due to special nonmagnetic backings. Based on the experimental data, corresponding to the J–A–S

model, the quantitative interpretation of changes of the model’s parameters is presented and discussed.
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1. Introduction

Energy-based Jiles–Atherton–Sablik (J–A–S) [1] mod-

el gives a partial description of the magnetizing process

BðHÞ in magnetic materials in the presence of the

external mechanical stresses s: This model allows

calculating major and minor hysteresis loops [2,3]. For

such calculation, the model’s parameters, which describe

magnetic properties of the material [4], are necessary.
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2. Experimental method

Paper presents results of calculation, accordingly to

the idea of J–A–S model, of the stress dependence of the

hysteresis loop of the Fe78Si13B9 amorphous alloy in as-

quenched state. Mathematical simulation was made on

the basis of the experimental results. In the experiment

the uniform, compressive stresses (perpendicular to the

magnetizing field) were achieved in the ring-shape

sample due to special, nonmagnetic backings [4].
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3. Results and discussion

The influence of the compressive stress s on the

hysteresis loop of the Fe78Si13B9 amorphous alloys in as-

quenched state is presented in Fig. 1.

Due to the magnetoelastic Villari effect, the flux

density B; increases for the initial values of stresses and

next decreases for the stresses s larger than 20MPa.

Parameters of J–A–S model were calculated for each

experimental hysteresis loop (at a constant value of

compressive stress �s). The genetic strategies together

with Hook–Jeevis optimization method were used [5].
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Fig. 1. The influence of the compressive stress s on the shape of

the hysteresis loop of the Fe78Si13B9 amorphous alloy.
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Fig. 2. Dependence of the J–A–S model parameters on applied

stress s:
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The calculations were made for the compressive stresses

s up to 25MPa. As a result of these calculations the
stress dependence of the model parameters

a; k; c; *a;Kan; t are presented in Fig. 2. The saturation

magnetization (Ms ¼ 6:23 � 105 A/m) is assumed to be

constant because it does not change under external

stresses [6].

The model parameters a and c describe as follow the

slope of the hysteresis loops and its reversibility. The

character of the changes of these parameters is similar.

For value of stresses s up to 20MPa, these parameters

increase, next maximum occurs (Villari reversal) and

then decrease.

The changes of the model parameters k (average

energy required to break pinning site) and *a (quantifies

domain interactions) have opposite character to the

changes of a and c: These parameters reach also extreme

(minimal) values in the Villari reversal.

The parameter Kan describes a value of the anisotropy

in the material and parameter t is to quantify a value of

the anisotropic phase in the amorphous material [8]. The

changes of these parameters confirm that the external

stresses have influence on the anisotropy of the

amorphous material. Moreover for the stresses lower

than a value of the Villari reversal the anisotropy

increases and for stresses higher than the Villari reversal

it decreases.

It is interesting that for the initial value of the stresses

s; the significant changes of all model parameters were

not observed. This is an important difference in the

character of the influence of the external stresses on the

amorphous alloy and Mn–Zn ferrite [5].

The influence of the compressive stress applied

perpendicularly to the direction of magnetizing field is

similar to the influence of the tensile stress applied

parallel to the magnetizing field [7]. For this reason,

presented results create the new possibility of applica-

tion of J–A–S model for the interpretation of the

physical origin of the magnetization process under

external stresses s: Note that this paper describes the

physical origin of the Villari effect to the stress

dependence of the hysteresis parameters rather than

the stress dependence of dl=dM:
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