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Modeling the Hysteresis Loop in Hard Magnetic Materials

Using T (x) Model
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Possibility of decomposing the static hysteresis loop is demonstrated. The applied method is related with
decomposition of experimentally obtained reversal magnetization curve on the reversible and irreversible compo-
nents. Results are applicable in analysis of reversal magnetization processes in hard magnetic materials and for
simulation of hysteresis loop using hyperbolic T (x) model.
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1. Introduction

In the available literature the T (x) model is widely
used to describe the hysteresis of soft magnetic materi-
als [1-3]. There is an acute lack of scienti�c papers, in
which are demonstrated possibilities of application of hy-
perbolic T (x) model for description of hysteresis in hard
magnetic materials.
Takacs and Mészáros in [2] have described a method for

the decomposition of the hysteresis loop of soft magnetic
materials, depending on content of the components, with
di�erent magnetic hardness (steels characterized by dif-
ferent values of saturation magnetization and coercivity).
Each component has been described by single distribu-
tion function. In this approach the in�uence of physi-
cal processes on the reversal magnetization mechanism
haven't been distinguished. Analysis of the in�uence of
these processes has been carried out by Varga et al. [3]. In
his work the magnetization has been separated into the
components of magnetization processes associated with
the rotation of the magnetization vector and the move-
ment of domain walls.
In this paper authors are presenting decomposition of

hysteresis loop of hard magnetic materials into the mag-
netization components, due to their type (reversible: ro-
tation of magnetization vector motion of unpinned do-
main walls, bowing of strongly pinned domain walls,
as well as irreversible: nucleation and growth of do-
mains with reversed magnetization and pinning of do-
main walls).

2. T (x) model

The shape of major hysteresis loop was described using
T (x) hyperbolic model, taking into account contribution
of the reversible and irreversible processes, by the follow-
ing mathematical equations:
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m+n =

n∑
k=1

(Ak · f+k + bn), (1a)

m−n =

n∑
k=1

(Ak · f−k − bn), (1b)

f+k = tanh[ak · (h− a0k)], (2a)

f−k = tanh[ak · (h+ a0k)], (2b)

bn =
1

2

n∑
k=1

Ak(f−k − f+k) for h = hm, (3)

where m+n and m−n are the normalized ascending and
descending magnetization functions, respectively, h is the
�eld excitation, a0k is the coercivity and Ak is the am-
plitude of the kth magnetization component, ak is the
sheering factor and bn is the integration constant, while
hm represents the maximum �eld excitation. The index k
refers to the individual magnetization component (both
reversible and irreversible) and n is their total number [3].

3. Experiment methodology

Studied sample was manufactured using melt-spinning
method from Sm12.5Co66.5Fe8Cu13 alloy ingots. The ob-
tained samples had a ribbon shape. Further, samples
were annealed at 850 ◦C for 3 h. Annealing process re-
sulted in decomposition of meta-stable SmCo7 phase and
formation of multiphase structure composed of SmCo5
and Sm2Co17 phases [4].
The static hysteresis loop and recoil curve, presented

in this paper, were measured using LakeShore VSM with
maximum external magnetic �eld of 2 T. Sample used
for magnetic measurements had a ribbon shape. The de-
magnetization �eld resulting from it's shape wasn't taken
into account.

4. Results and discussion

Figure 1a presents hysteresis loop and recoil curve mea-
sured in demagnetization direction.
The recoil curve was used to decompose demagneti-

zation curve into reversible and irreversible components
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Fig. 1. Recoil curve measured along the demagnetiza-
tion direction, and the determined on its basis b) the
reversible, the irreversible and the total di�erential sus-
ceptibilities.

Fig. 2. Hysteresis loop obtained by application of T (x)
model, taking into account the presence of reversible and
irreversible processes.

by the method described elsewhere [5]. In turn, these
components were used to determine reversible and irre-
versible di�erential susceptibilities (Fig. 2b), and to de-
scribe the reversal magnetization mechanism occurring
in the studied sample.
The reversal magnetization process in studied com-

posite magnet, consisting of the SmCo5 and Sm2Co17
phases, is associated with pinning of domain walls on
grain boundaries. On the irreversible di�erential suscep-
tibility curve (Fig. 2b - dash), three maxima for 0.232 T,
0.558 T and 1.01 T were distinguished, which were at-
tributed to three pining sites.
The reversible susceptibility curve had high initial

value and decreased with applied �eld. Further, for ex-
ternal �elds above 0.5 T a slight growth followed by
slow fall with increasing external magnetic �eld was ob-
served. The initial changes were attributed to the bowing
of pinned domain walls, movements of unpinned domain
walls in multi-domain grains and the rotations of mag-
netization vectors, while for stronger �elds the reversible

magnetization changes were dominated mainly by the ro-
tation of magnetization vectors.
The analysis of susceptibility components helped to

determine the two reversible and three irreversible pro-
cesses that have a signi�cant in�uence on the shape of
the hysteresis loop (n = 5). For each process, the distri-
bution functions were determined independently, using
sech function and the a0k (where k = 1�5) parameters
were determined. The obtained data were used as the
initial parameters for simulation of hysteresis loop using
T (x) hyperbolic model. The simulated curve was com-
piled with data from the magnetic measurements and is
shown in Fig. 2.
The area under three distributions, describing irre-

versible susceptibility changes and positions of their cen-
ters, were used to determine the in�uence of each pining
site on coercivity (0.37 T) of sample, by the method de-
scribed in [5]. The obtained results were as follows: 63%
(0.232 T) 29% (0.558 T) and 8% (1.01 T).

5. Conclusions

Recoil curve measured in demagnetization direction al-
low to determine reversal magnetization processes, shap-
ing the hysteresis loop.
Data obtained from analysis of susceptibility curves

for both types of processes allow to describe with good
accuracy a hysteresis loop, using hyperbolic T (x) model.
After decomposition of irreversible magnetization com-

ponent, it is possible to evaluate in�uence of each pining
site on coercivity of the sample.
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