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Abstract

Numerical and experimental studies on structural control
of multi-layered high-temperature superconductor tapes
at room-temperature using eddy-current thermography
are presented. A rotating magnet wheel is used as an
inductor. A three-dimensional integro-differential
formulation in terms of the electric vector potential is
developed for eddy current calculations in the HTS tape,
where the integral part is discretized by a collocation
method, and the differential part is discretized by the finite
difference method, coupled with a thermal modeling
using the diffusion equation, discretized by the finite
difference method. The source magnetic field is
calculated using the surface magnetic charge model.
Simulation results are confirmed by measurements.

1 Introduction

Rare-earth-based multilayer high-temperature
superconductor (HTS) tapes are promising conductors
for power applications. However, due to the specific
manufacturing process and to a multilayer structure,
defects such as non-uniformity and delamination may be
occur in such tapes [1,2]. Structural defects can
significantly degrade HTS tape performance, therefore,
non-destructive characterization to investigate non-
uniformities and defects is important for quality control of
such tapes in the manufacturing process. Several
techniques have been successfully used to control the
superconducting properties of such tapes [3, 4].

In this work, we present numerical and experimental
investigations for controlling structural defects in 2G-HTS
tapes at room temperature using eddy current
thermography (ECT). An experimental setup has been
developed where a rotating magnet wheel inductor is
used to avoid thermal disturbances. A fast 3-D
magnetothermal modeling approach has been
developed for interpretation of results and simulation of
experimentally irreproducible situations. The
magnetothermal model is based on combining an
integro-differential formulation in terms of the electric
vector potential for the eddy current evaluation in the HTS
tape subjected to a time-varying external magnetic field
generated by a rotating magnet wheel, calculated using
the surface magnetic charge model, with a thermal model

based on the diffusion equation discretized by the finite
difference method.

2 The modelled system

The system, modelled in Cartesian coordinates, and
shown in Fig. 1, consists of a multilayer HTS tape
exposed to an external magnetic field generated by a
magnetic wheel rotating in the y-z plane.
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Figure 1: The modelled system.

Due to the thin structure of the HTS tape, the eddy
currents are assumed to flow in the x — y plane, and the
formulation, given by (1), involves only the normal
component of the source magnetic-flux density BS and
the normal component (Tz) of the electric vector potential,
with T, = 0 on the tape borders.
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In (1),u, and & are, respectively, the vacuum
permeability and the electrical conductivity matrix. The
surface magnetic charge model for cuboidal magnets,
having a uniform magnetization [6,7], is used to evaluate
the source magnetic-flux density generated by the
rotating wheel. The z component (normal to the tape
surface) of the latter is given by (2).
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In (3), a represents the half length of the cubic magnets
edge and R,, is the distance between the wheel and the
magnets centres, as illustrated in Figure 1, where (x,y, z)
and (x,,, ym zm) represent, respectively, the coordinates
of the calculation point and that of the center of a magnet.
The angular position of the magnetic wheel is related to
its rotation speed (), such as 68 = Qt, where t is the time.

Thermal phenomena caused by joule losses in the tape
are governed by the heat diffusion equation given in (4),
where, A, y, Cp, h, T,, T and 7 are, respectively, the
thermal conductivity, the mass density, the specific heat
capacity, the convection exchange coefficient, the
surrounding medium temperature, the frontier of the tape
region and the vector normal to it.
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For the numerical analysis, (4) is discretized using the
finite difference method. All the system specifications are
given in [8].

Figure 2 shows a comparison between the simulation
and the experimental results at steady state. A good
match is found between the results. For the experimental
results we can notice an asymmetry in the temperature
profile along the HTS tape. This asymmetry is due to the
aerodynamics of the rotating magnet wheel, creating a
cooling imbalance on the tape surface. Indeed, the
wheels draw air in one direction and expel it in the other.
This was confirmed by reversing the direction of rotation
of the magnet wheel. This phenomenon is not considered
in the modeling, which only considers a symmetrical
increase in the convection coefficient due to the air forced
by the rotating wheel.
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Figure 2. Thermal mapping on the surface of the HTS tape
profiles of the temperature along its length at x = 0 mm.
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