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Multi-scale modelling of Nb3Sn cable for accelerator magnets
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As part of the Swiss Accelerator Research and Technology (CHART) initiative, we have de-
veloped and validated a multiscale modeling framework for Nb3Sn Rutherford cables. This
routine bridges the gap between micrometer-scale filament strain and cable-scale performance,
providing a design tool for superconducting accelerator magnets in the 14 T range.
The workflow integrates explicit dynamics (LS-DYNA) to simulate plastic deformation during
cabling with a Python-based automation tool that generates finite element models in ANSYS
APDL from the resulting geometries. By incorporating measured, non-linear material prop-
erties and a homogenization strategy for the interfilamentary region, the model accurately
predicts critical current reduction under transverse stress we get from experiments, and can
predict the mechanical behaviour of superconducting cable stacks.
In this work, we present the deployment of this framework to support the PSI subscale super-
conducting magnet campaign. The modeling tool is used to evaluate stress-managed magnet
designs and assess their mechanical impact on Nb3Sn cable performance. The routine is cur-
rently being integrated into the PyMBSE framework, enabling both PSI magnet development
projects and the broader superconducting accelerator magnet community to leverage this tech-
nique.


