
Magnetothermal modeling of 
multilayer HTS tapes for their 
control at room temperature

Walid Dirahoui, Hocine Menana, Melika Hinaje

Université de Lorraine, GREEN, F-54000 Nancy, France



Outlines

• Introduction

• Experimental setup

• Modeling

• Results and validation

• Conclusion

2



Introduction
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Context

• Structural defects may lead 

to a substantial degradation 

of the performances of the 

HTS tapes.

Objective

• NDT control of 2G HTS 

tapes by using eddy current 

thermography (ECT) at 

room temperature.

Scientific and technical issues

• Thin multilayered structure.

• Multiscale dimensions.

• Materials with different 

physical properties.

Typical structure of REBCO HTS tapeSchematic diagram of an ECT control device Photograph of a cross-section of a 
delaminated sample



Experimental setup
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IR Camera

HTS Tape

Magnetic 
wheel

Speed 
measurement 

coil

Driving motor

DC power 
supply

• Avoid the thermal disturbances 

of current supplied inductors.

• Rotating magnetic wheel.

Photograph and schematic draw of the experimental setup
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Electromagnetic model
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• Eddy currents:

• Source magnetic-flux density:
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−1 𝑖+𝑗+𝑘𝑎𝑡𝑎𝑛2(𝑆𝑇, 𝑅𝑈) Ԧ𝑒𝑧

𝑆 = 𝑥 − −1 𝑖𝑎

𝑇 = 𝑦 + 𝑅𝑚𝑠𝑖𝑛𝜃 − −1 𝑗𝑎

𝑈 = 𝑧 − 𝑅𝑚𝑐𝑜𝑠𝜃 − −1 𝑘𝑎

𝑅 = 𝑆2 + 𝑇2 + 𝑈2

𝐽𝑥 =
𝜕𝑇𝑧
𝜕𝑦

𝐽𝑦 = −
𝜕𝑇𝑧
𝜕𝑥

Parameter Value Description

L | W | T
50 | 4 | 0.1 
mm

Tape dimensions

a | Rm 2.5 | 22.5 mm
Geometry of the magnetic 
wheel

𝐵𝑟 1.4 T
Remanent magnetization of 
magnets

𝛺 826.73 rad/s
Angular speed of the magnet 
wheel

Modeled system

2-D approximation

𝜃 = Ω𝑡

System specifications
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Thermal model
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• Diffusion equation:

Global index:

𝑝 = 𝑖 + 𝑗 − 1 𝑁 + 𝑘 − 1 𝑁𝑀
𝑤ℎ𝑒𝑟𝑒 (1 ≤ 𝑖 ≤ 𝑁, 1 ≤ 𝑗 ≤ 𝑀, 1 ≤ 𝑘 ≤ 𝐿)

𝜆𝑊 ቤ
𝜕𝑇

𝜕𝑥
𝑊

= ℎ𝑥 𝑇𝑝 − 𝑇𝑒

−𝜆𝐸 ቤ
𝜕𝑇

𝜕𝑥
𝐸

= ℎ𝑥 𝑇𝑝 − 𝑇𝑒

𝜆𝐹 ቤ
𝜕𝑇

𝜕𝑦
𝐹

= ℎ𝑦 𝑇𝑝 − 𝑇𝑒

−𝜆𝐵 ቤ
𝜕𝑇

𝜕𝑦
𝐵

= ℎ𝑦 𝑇𝑝 − 𝑇𝑒

𝜆𝑆 ቤ
𝜕𝑇

𝜕𝑧
𝑆

= ℎ𝑧
𝑆 𝑇𝑝 − 𝑇𝑒

−𝜆𝑁 ቤ
𝜕𝑇

𝜕𝑧
𝑁

= ℎ𝑧
𝑁 𝑇𝑝 − 𝑇𝑒

• Boundary conditions:

Finite difference discretization strategy



Results and validation
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𝜃 = ൗ2𝜋
5

𝜃 = ൗ3𝜋
2

𝜃 = 0

Evolution of the electromagnetic quantities as a function of the wheel position

Spatial repartition of 
magnetic flux density Bz in 

substrate layer

Magnetic flux density 
profiles along the length of 
the tape in substrate layer

Spatial repartition of eddy currents 

South magnetic pole 
facing the HTS tape 

surface

North magnetic pole 
facing the HTS tape 

surface

Interface between 
magnets facing the 

HTS tape surface

Substrate layer Copper layer
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• Unflawed HTS tape: 

Simulation Measurement

The direction of the rotation 
of the magnetic wheel

Photograph of the HTS tape

Temperature profiles along the length
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𝑛 × 𝑇 = ห0
Γ𝑑• Delamination defect: 5 mm x 5 mm x 20 μm • Pore defect: 5 mm x 5 mm x 30 μm

Temperature profiles along the length (ΔT)

Temperature profiles along the length (ΔT)

Temperature profiles along the length (ΔT)

Temperature profiles along the length (ΔT)

Photograph of the 
multilayer aluminum tape

Location of 
the defects



Results and validation

• Simulation of delamination defect in HTS tape: 3.4 mm x 3.6 mm x 30 μm

Temperature profile along the length (ΔT)

Temperature profile along the length (ΔT)
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Centered 
defect

Shifted 
defect



Results and validation

• Control of grooves in striated HTS tape:

Ideal grooves:
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Groove Filament

Eddy currents Temperature

Unflawed striated HTS tape



Results and validation

• Control of grooves in striated HTS tape:

Short circuit between filaments :

12

Short 
circuit

Eddy currents Temperature

Striated HTS tape presenting short 
circuits between filaments



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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