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𝛻 × ρ𝛻 × 𝐇 + μ𝜕t𝐇 + 𝛻 × 𝛘 us = 0 in ΩH

𝛻 × ν 𝛻 × 𝐀⋆ + σ𝜕t𝐀
⋆ = 0 In ΩA

ρmCp𝜕tT − 𝛻 ⋅ k𝛻T − 𝐉 ⋅ ρ𝐉 = 0 in Ω

ΩH
𝛘 ⋅ 𝛻 × 𝐇dΩ = is Current constraint 

𝛘 = −𝛻ξ, ξ ∶ 𝛻 ⋅ σ𝛻ξ = 0 Voltage distribution function

𝜈 𝛻 × 𝐀⋆ − 𝐇 × 𝐧 = 0

𝜕t𝐀
⋆ + ρ𝛻 × 𝐇 + 𝛘 us × 𝐧 = 0

𝐀⋆ × 𝐧 = 0 on ΓA
𝐄 × 𝐧 = 0 on ΓE, ΓJ

𝛻T ⋅ 𝐧 = 0 on ΓA

ΩH → ΓH volume as slab

𝐉 ⋅ 𝐧 = 0 current in the slab              

𝛻t ⋅ =
𝜕⋅

𝜕𝑟
,
𝜕⋅

𝜕𝑧
, 0 no variation along 𝐧

Within the shell:

𝛻t × ρ𝛻t × 𝐇𝐧 + μ𝜕t𝐇𝐧 + 𝛻t × 𝛘 us = 0
𝐊 = 𝛿𝑡𝛻t × 𝐇𝐧

At the shell interface:

𝐊 = ν 𝛻 × 𝐀𝟏
⋆ − 𝛻 × 𝐀𝟐

⋆ × 𝐧
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ΩH = ΩH,s ∪ ΩH,c active region:

• ΩH,s superconductors (𝜌 → 0)

• ΩH,c normal conductors 

ΩA = ΩA,c ∪ ΩA,i passive region:

• ΩA,c normal conductors 

• ΩA,i insulators (𝜎 → 0)
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Superconducting ReBCO Tape

Screening currents Jeddy relevant for: 

• Magnetic analysis (field quality) 

• Thermal analysis (quench phenomena)

■ Copper

■ ReBCO

■Substrate

Jeddy

𝜕𝑡𝐁

Multiphysics

Constitutive Law for (E, J)

Ec = 1e−4 V/m
10 ≤ 𝑛 ≤ 30

𝑛

Benchmark:

H vs A-H formulations

Feather-M2 coils 

(Courtesy of J. Van 

Nugteren)
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INTRODUCTION

Highly nonlinear Multiscale

Application: 

Dipole insert magnet Feather M2 [1]

ℓ𝐦𝐚𝐠𝐧𝐞𝐭

ℓ𝐭𝐚𝐩𝐞
≈ 𝟏 × 𝟏𝟎𝟔

ቤE = Ec
𝐉

Jc(𝐁, T)

𝑛

Vanishing resistivity in ΩH (𝜎 → +∞), conductivity in ΩA (𝜌 → +∞)!
Finite material properties ensured by a coupled field formulation

Crosscheck: 

Single tape

Reference model available at:

is = αIcrit sin(2πt)


