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Context

Need for a quick method to compute parameters in steady-state for 
AC regime

AC losses 
Electrical parameters 

 
What for?

A quick estimate for pre-design (cooling system for instance) 
A first step before initiating a transient analysis (for electrical 
machines for instance) 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Maxwell equations in frequency domain
Two newest formulations of the Maxwell equation:
T-A formulation (time) →              phasor formulation 
J-A formulation (time) →             phasor formulation  

 
Frequency-domain equations for tape-based model (thin strip):
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Tape-based or full model
Each individual tape is simulated given the proper current is impressed 
as

A Dirichlet boundary condition for the T formulation 
A point-wise constraint in the J formulation 

 
In both formulation, the magnetic vector potential is solved assuming a 
discontinuity of the magnetic field across the 1D line representing the 
tape:

1 2
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T2
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RMS electrical resistivity
Assuming a cosinusoidal current, the superconductor 
resistivity is,
 
 
 
Development in Fourier series and applying the 
Parseval relation, one can demonstrate that the RMS 
resistivity can be written as,
 

 
 
Where the RMS factor ζ has been fitted to be easily 
implemented in COMSOL k = 0.0605 , α = 0.7580, 

B0 =  0.103 T
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Two case studies

Single tape:
BSCCO 
REBCO (1 μm thick) 

 
CORC® cable:

REBCO (1 μm thick) 
 

Operating temperature: 77 K
Frequency range: 40 – 1000 Hz
 

  
 

Data Ic [A] n

BSCCO ● ACT-AC 
Sumitomo

● 68 ● 11

REBCO ● Superpower ● 300 ∙ 30

REBCO 
(CORC®)

● - ● 235 ● 33

ri (mm) ro (mm) rsc (mm)

2.65 3.15 3.25
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Single tape: BSCCO
Data sources: S. Fawaz. Etudes numériques et expérimentales des bobines supraconductrices HTC pour des applications en 
énergie électrique. PHD thesis, IAEM: Informatique - Automatique - Electronique - Electrotechnique - Mathématiques, 
Université de Lorraine, France, 2023.

Time-domain model
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Single tape: REBCO

Data sources: B. Shen ert al. Investigation and comparison of AC losses on stabilizer-free and copper stabilizer HTS tapes. 
Physica C: Superconductivity and its Applications, 541:40–44, 2017. 
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CORC®-type cable
Data sources: J. Yang, et al. Numerical Study on AC Loss Characteristics of Conductor on Round Core Cables Under Transport 
Current and Magnetic Field. IEEE Transactions on Applied Superconductivity, 31(8):1–4, 2021.
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Discussion

Single tape:
Very good agreement for BSCCO 
Discrepancy measurements and numerical results for REBCO (no thorough 
analysis in the literature however this difference seems to be expected!) 

No clear explanation at the moment on this discrepancy: non-magnetic 
material, and negligible impact of metallic layers

Non-magnetic material → guaranteed by manufacturer 
Metallic layers → additional model including the metallic layers not presented 
here 

 
Cable:

Losses dominated by the Cu former 
    Very good agreement for CORC 

IINGEN-UNAM and UERJ 06/06/202410



Conclusion

Proposal for a frequency model to get steady-state electromagnetic 
parameters
Validation via the AC losses against experimental data
For REBCO, the results are fair but systematically underestimate the 
losses → is the substrate not slightly magnetic after all?
 
The model can be used to predict steady-state conditions or to 
provide initialization values for a later transient analysis → very 
useful for superconducting components of the power grid, electrical 
machines, cables and fault-current limiters amongst other devices.
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