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Introduction

Context

Structural defects may lead
to a substantial degradation
of the performances of the
HTS tapes.

Photograph of a cross-section of a
delaminated sample

Objective

* NDT control of 2G HTS
tapes by using eddy current
thermography (ECT) at
room temperature.

IR camera

Specimen

Excitation coil

Inductive
system

Schematic diagram of an ECT control device

Scientific and technical issues

« Thin multilayered structure.

» Multiscale dimensions.

« Materials with different
physical properties.

Cu stabilisation

Ag cap layer
REBCO layer
buffer layer stack

substrate

Typical structure of REBCO HTS tape



Experimental setup

IR Camera

HTS Tape
DC power

supply

» Avoid the thermal disturbances
of current supplied inductors.

Magnetic
wheel

» Rotating magnetic wheel.

Speed
measurement
coil

Driving motor

Photograph and schematic draw of the experimental setup



Modeling

Electromagnetic model

« Eddy currents:
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« Source magnetic-flux density:
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Calculation
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System specifications
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Modeled system

Parameter Value Description
LIW|T 6] 0L Tape dimensions
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y alR, 2.5 22.5mm Geometry of the magnetic

wheel

B" 147 Remanent magnetization of
magnets

0 826.73 rad/s Angular speed of the magnet
wheel




Modeling

Thermal model

 Diffusion equation:
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Finite difference discretization strategy
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Global index:
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where (1<i<N,1<j<M,1<k<Ll)




Results and validation

Spatial repartition of
magnetic flux density Bz in
substrate layer

South magnetic pole
facing the HTS tape
surface

Interface between
magnets facing the
HTS tape surface

North magnetic pole
facing the HTS tape
surface
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Magnetic flux density
profiles along the length of
the tape in substrate layer
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Evolution of the electromagnetic quantities as a function of the wheel position
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Results and validation

» Unflawed HTS tape:

Simulation Measurement Temperature profiles along the length
T(°C) T(°C) 45 .
> 42 23 —— Simulation
- 42 —— Measurement,
40 40 40 | 1
38 A8
| 1 36 s 35 I
= 36 g 134 E)
£ 0 134 £ 0 132 =
= B _ 30¢
28 )/
30 26 25 & {
2
28 24 N g /
26 22 20 == : : ' : :
98 225 -30 -20 -10 0 10 20 30
x(mm) X(mm)

Photograph of the HTS tape

The direction of the rotation
of the magnetic wheel 8



Results and validation

* Delamination defect: 5 mm x 5 mm x 20 um

Simulation
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Measurement Temperature profiles along the length (AT)
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Pore defect: 5 mm x 5 mm x 30 um
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Results and validation

« Simulation of delamination defect in HTS tape: 3.4 mm x 3.6 mm X 30 um
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Results and validation

Control of grooves in striated HTS tape:

Ideal grooves:

Groove

\

Filament

Unflawed striated HTS tape
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Results and validation

« Control of grooves in striated HTS tape:

Short circuit between filaments :

Short
circuit

y(mm)

Striated HTS tape presenting short
circuits between filaments
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Conclusion

* Numerical and experimental investigations of structural control in 2G
HTS tapes at room temperature using eddy current thermography.

 Highlighting the possibility of detection of several types of defects.
« Efficient and rapid numerical modeling.

 Future work: experimental testing of flaws in 2G HTS tapes.
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