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The global energy transition drives the need for innovative and efficient technologies capable of
operating reliably under extreme and complex conditions [1], [2]. Advanced materials and predictive
modelling tools are essential to develop these systems, which often involve tightly coupled physical
phenomena. Superconductors, such as MgB», represent a promising class of materials for high-
performance magnetic applications, including magnetic shielding [3] and trapping field [4], which
can play a role in future energy devices for energy production and storage systems [5].

In this work, we present a modelling framework to simulate the electromagnetic and thermal
behavior of MgB, bulks, focusing on thermomagnetic instabilities, such as flux jumps, that can
degrade the superconductor performance [6],[7]. The numerical model, implemented in COMSOL
Multiphysics® using the finite-element method and validated against experimental data, provides
detailed insights into the dynamics of these instabilities and allows the evaluation of mitigation
strategies, including enhanced thermal coupling and the integration of ferromagnetic components.

This study contributes to the development of digital twin concepts for superconducting devices,
supporting real-time monitoring, fault prediction, and design optimization. The results presented
here provide the basis for future researches aimed at exploiting the potential of the simulation tools
in supporting the energy transition.
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