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1) Challenge: Current-driven Eddy Current Problem, in a Thin Shell

3) Validation: 2D Crosscheck and Benchmark
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Crosscheck: Single tape
isource = 0.5Icrit sin(2πt)

Reference:

Benchmark: H vs T-A form
Linear extrapolation

103 tapes,  0.5 hours

HTS Tape structure
Rare-Earth Bismuth-Copper-Oxide layer (ReBCO)

Motivation
NEW MAGNETS 20+ Tesla dipoles for future high-energy particle accelerators

NEW ACCELERATORS Upgrading existing accelerators, exploring new physics

NEW TECHNOLOGY Upgrade via High Temperature Superconductors (HTS)

NEW SIMULATIONS!

Current sharing regime in tape

Algebraic constraints:
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4) Numerical Results: 3D Flat Ring

𝐂𝐏𝐔 ∶ Intel Xeon E5-2667 3.2 GHz

𝐃𝐨𝐅 ∶ 220k
𝐭𝐜𝐨𝐦𝐩 ∶ 0.6 h

𝐢𝐬𝐨𝐮𝐫𝐜𝐞 ∶ 0.75Icrit sin(2πt)

Outlook

3D encouraging, but open questions:

• Accuracy in Qohm ∝ J
n+1

• Efficient A gauge 

• Optimized mesh and solver

Next Steps

• Thermal physics

• Complex cables (e.g. Roebel)

• Full HTS magnets
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2) Method: Field Formulation

Model order reduction

Domain decomposition
Combination of current and magnetic vector potentials [1]

Fully coupled weak formulation
 J = 𝛻T × n stream function [2] , Galerkin method 

Alternatives

A-Formulation

𝛻 × μ−1𝛻 × A − σ𝜕tA = 0

𝛻 ∙ σ𝜕tA = 0 ⟶ Instability

H-Formulation

𝛻 × σ𝛻 × H − μ𝜕tH = 0
 J δ⟶ No surface currents

No dynamics in δ: 

• 𝜕n … = 0
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𝚪: Eddy current problem on boundary
 J = 𝛻 × T

𝛻 × σ−1(𝛻 × T) + μ𝜕tT = 0

𝛀: Static field problem 

B = 𝛻 × A

𝛻 × μ−1𝛻 × A = 0
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Mf module

Weak form

b-PDE module

Multiscale Implicit

2D: stable, efficient, simple
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