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Abstract—This paper presents a hysteresis model for high
temperature superconductor (HTS) by using simplified Preisach
Model, in which the Preisach distribution function is determined
only based on the B−H limiting loop. The nonlinear eddy current
field of HTS tapes in 2D is simulated by using an improved
extended finite element method (XFEM) combined with the HTS
hysteresis model. This technique allows the interfaces to be
represented independently of the mesh. The support of a node or
an element can be cut by several nearby interfaces. Finally, the
influence of hysteresis on superconducting tapes is analyzed and
discussed. The convergence studies, error analysis and magnetic
field computations are provided to demonstrate the utility and
robustness of the proposed approach.
Index Terms—Eddy current, HTS tape, magnetic hysteresis,
XFEM.

where k=1, 2,…, Nint which is the indexing of the interface
Γ k . When multiple interfaces cross the support of a node or
an element, multiple enrichment functions have to be
considered to make derivative field jump along these
interfaces. In order to preserve the accuracy of the
approximation, the high order enrichment function which is no
longer a ridge function is chosen.
In this paper, the simplified Preisach model is applied to
describe the magnetic performance of HTS. Figure 2 shows
the hysteresis loop of Bi-2223.

I. INTRODUCTION
The superconducting layer of the high temperature
superconducting (HTS) cable with 6 layers is showed in Fig. 1.
The number, twisted angle and twisted direction of the tape
are different in each layer. The tapes are about 4 mm wide and
0.20 mm thick while the outside diameter is about 30 mm and
the length of the tape in a pitch is more than 100 mm. In
addition, the distance between two layers is nearly equal to the
thickness of the tape [1]. Therefore, the mesh, computational
cost and the accuracy are a big challenge. This is why the
current sharing is usually studied by using the equivalent
circuit which cannot consider the proximity effect and
hysteresis effect well at the same time [2]. The pinned
magnetic flux constitutes a memory that gives rise to a
hysteresis with corresponding losses and produces an
additional voltage in the HTS cable, which affects the current
distribution seriously.

Fig. 2 Hysteresis loop of Bi-2223

III. NUMERICAL EXAMPLE
HTS tapes carrying 2 sin(100π ⋅ t ) A·m-2 are showed in Fig.
3. The relative errors of the magnetic vector potential, the
magnetic flux density and the eddy current density by using
improved XFEM are calculated to compare with traditional
XFEM. The inference of magnetic hysteresis is also analyzed.

Fig. 3 HTS tapes

IV. CONSLUSION

Fig. 1 Superconducting layer of HTS cable

II. PRINCIPLE OF THE IMPROVED XFEM AND HYSTERESIS
MODEL OF HTS
The improved extended finite element method (XFEM)
magnetic vector potential approximation can be expressed by
N int

=
u h ( x ) ∑ N i ( x ) ui + ∑ ∑ N j ( x )ψ (
i∈I

k

j∈J ek

k)

( x ) a(jk ) .

(1)

Although the numerical example is only 2D HTS tapes, this
method can be extended to the complex 3D HTS cable or
other electromagnetic devices with nearby interfaces and the
singularity condition where the conventional FEM is not an
effective method.
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