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Homogenization of the T-A formulation in 3D
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*C. R. Vargas-Llanos and F. Grilli, “3D homogenized T-A formulation for modelling HTS coils”, 2021, arXiv:2103.06590.
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Homogenization of the T-A formulation in 3D
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Critical current / 4 mm REBCO tape

*V. M. R. Zermeño and F. Grilli, ‘3D modeling and simulation of 2G HTS stacks and coils’, Supercond. Sci. Technol., vol. 27, no. 4, p. 044025, Mar. 2014, doi: 10.1088/0953-

2048/27/4/044025.

**A. Kario et al., ‘Investigation of a Rutherford cable using coated conductor Roebel cables as strands’, Supercond. Sci. Technol., vol. 26, no. 8, p. 085019, Aug. 2013, doi: 

10.1088/0953-2048/26/8/085019.
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https://doi.org/10.1088/0953-2048/27/4/044025
https://doi.org/10.1088/0953-2048/26/8/085019
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Validation - Racetrack coil

Circular

section

Straight 

section

Circular section Straight sectionTime = 0.01 s / f = 50 Hz

Homogenization of the 

H formulation

Homogenization of the 

T-A formulation

V. M. R. Zermeño and F. Grilli, ‘3D modeling and simulation of 2G HTS stacks and coils’, Supercond. Sci. Technol., vol. 27, no. 4, p. 044025, Mar. 2014, doi: 10.1088/0953-

2048/27/4/044025.

https://doi.org/10.1088/0953-2048/27/4/044025
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Saddle coil – Transport current

Ԧ𝐽
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Saddle coil – Transport current
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negative direction is visual. 
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Saddle coil – Transport current
3D Model 2D Model

Straight section

Curved section
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Saddle coil – Transport current
3D Model 2D Model
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Saddle coil – Transport current and external 
magnetic field

As an example, we applied a 

magnetic field in phase with the 

transport current

Higher magnetic field 

in the center

Lower magnetic field 

in the outer section

External magnetic 

field parallel to the 

tape

External 

magnetic field 

perpendicular to 

the tape

Transition

C. R. Vargas-Llanos, S. Lengsfeld, M. Noe, T. Arndt and F. Grilli, “Influence of coil position on AC losses of stator superconducting windings of a synchronous machine for a 

10 MW wind turbine”, IEEE transactions on applied superconductivity, vol. 31, no. 7, p. 5206509, Oct. 2021, doi: 10.1109/TASC.2021.3104983.

https://doi.org/10.1109/TASC.2021.3104983
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Curved section

Straight section
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Ԧ𝐽 ∙ ෝ𝑒2
𝐽𝑐(𝐵∥, 𝐵⊥)

Losses

3.622 J/cycle

Saddle coil – Transport current and external 
magnetic field
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Twisted coil – Load cycle

3D 

simulation

2D 

simulation

Current penetration Current penetration
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Twisted coil – Current penetration – t = 2.5 s
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The modeling approach was validated for a racetrack coil geometry. 

The 2D modeling approach was in good agreement with the 3D 
simulations, for transport current in a saddle coil. 

The transport current and magnetic field operating conditions can not be 
fully predicted with a 2D model.

The twisted coil ramp-up/down process was studied, and compared with 
a 2D modeling approach.

17.06.202222

Conclusion
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Thanks!


