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Abstract— This paper presents an improved approach for 
simulating magnetic hysteresis, which takes into account the 
effect of applied stress, based on an extended Stoner-Wohlfarth 
(S-W) model. Meanwhile, the S-W asteroid rotates and shrinks, 
and the stable direction of magnetization of the particle can be 
calculated from the new energy minimum conditions. This 
developed model is applied to analyze the magnetic hysteresis 
phenomenon of a soft magnetic composite (SMC) material under 
different compaction process, and the results of simulations are 
in good quantitative agreement with experimental data. 
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I. INTRODUCTION 

The stress effect on the magnetic material is a significant 
contributing factor during the magnetization processes [1]. In 
order to understand thoroughly the behavior of magnetization 
processes in magnetic materials at different applied stresses, a 
stress-dependent hysteresis model is necessary. Model of 
stress-dependent magnetic hysteresis has been under 
investigation for many years and various approaches have been 
proposed [2][3]. Among the previous works, many features in 
the model cannot be reconciled with the physical mechanism of 
the magnetic material.  

In this paper, the stress effect can be taken into account by 
adding the magnetoelastic energy into the traditional S-W 
model, and after mathematical transformation, the expression 
of the total energy can also be formulated as an equivalent S-W 
model with a rotation and scaling on the S-W asteroid. Finally, 
the numerical simulation results of the magnetization of a soft 
magnetic composite (SMC) material are compared with the 
measured data. 

II. MODEL DESCRIPTION 

In this extended S-W model, the magnetization direction is 
determined from the various energy contributions of the 
material anisotropy, applied field and the mechanical stress, as 
illustrated in Fig. 1. Then, the energy of a single S-W particle 
can be rewritten as: 
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where θH, θM and θσ are the angles of the applied field, the 
resultant magnetization, and stress, respectively, with respect 
to the particle’s anisotropic (easy) axis, λ is the 
magnetostriction constant, and σ is the applied mechanical 
stress. The first term represents the anisotropic energy, the 
second the interaction energy associated with the external 
magnetic field and the particle magnetization, and the third the 
magnetoelastic energy.  

 
Based on this developed equation, a new direction of 

minimum energy can be obtained. Thus, on the basis of 
mathematic deduction, an equivalent energy model is 
proposed to include the effect of stress, giving 

2
0sin ( ) cos( )eff M rot S M HE K M H                       (2) 

where θrot, an additional rotation caused by the applied stress, 
is defined as follows: 
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in which the reduced stress quantity hσ =3λσ/K, and the 
equivalent anisotropy constant Keff is now: 
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Figure.1 Orientation of a uniaxial S-W particle with a horizontal anisotropy 
axis	
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The stable direction of magnetization of the particle can be 
calculated from the energy minimum conditions. With the 
employment of normalized field heff, the energy minimum 
condition can be expressed as follows. 
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with the normalized field, 
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Then, a rotation and scaling will exert on the classical S-W 
astroid, as shown in Fig.2. 

 
For a given applied field H, the component of the total 

magnetization parallel to the applied field M can then be 
calculated by the following integral 
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where ρ(α,β,θ) is the distribution function of the S-W 
particles, and γαβθ(H,σ) the output magnetization of the 
extended S-W operator under different applied field and stress, 
In addition, γαβθ(H,σ) can also be determined directly, with the 
employment of the improved asteroid, as shown in Fig.2. 

All the parameters of distribution function can be 
determined with the comparison of the key points (saturation, 
residual magnetism, and coercive force) on the hysteresis 
loop. 

III. SIMULATION AND VALIDATION 

The stress-dependent S-W model was validated against 
measurements made on soft magnetic composite (SMC) 
material by a 3D magnetic property tester [4].The sample of 
SMC material in measurement was compacted with a high-
pressure (800 MPa) in mold along the coordinate axis of y 
direction.  

For better readability, considering the symmetry of the 
hysteresis loop, only the upper half of the hysteresis major 
loops, under stress on the y axis and no stress on the x axis, 
are illustrated in Fig.3. 

 
It is evident from the comparison that this stress-dependent 

S-W model is in good agreement with the measurements. 

IV. CONCLUSIONS 

In this work, a stress-dependent hysteresis model based on 
an extension of S-W theory was developed. The stress effects 
were incorporated into the existing S-W model by considering 
the magnetoelastic energy, which is caused by the stress effect, 
into the total energy contributions. Then, the S-W asteroid will 
change due to the modification, and the stable direction of 
magnetization of the particle can be calculated from the new 
energy minimum conditions. The theory agrees well with the 
experimental results of an SMC sample measured by a 3D 
magnetic property tester. 
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Figure.3 Comparison of measured and simulated major B-H loops.	 The	
stress	is	applied	along	the	y	axis.	
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Figure.2 The original S-W asteroid (dashed) and the extended S-W 
asteroid (solid).	


