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Quench Simulation of Multi-width (MW) No-insulation (NI) REBCO Magnet
Bhattarai, K.R.; Kim, K.; Kim, S. (ASC, NHMFL); Lee, S.-G. (KBSI) and Hahn, S. (ASC, NHMFL)
Introduction 

Recent publications on construction and operation of several multi-width (MW) no-insulation (NI) REBCO magnets have demonstrated its strong potential for compact and reliable high field magnets. However, post quench behavior of such magnets is not yet fully understood. Quench simulations of “actual” NI magnets have been very limited. This work attempts to simulate and analyze post-quench behavior of an actual MW-NI REBCO magnet, 7 T 78 mm winding diameter, originally built and tested at MIT (PI: S. Hahn), but now being tested at the Applied Superconductivity Center, MagLab.
Simulation Using Lumped Circuit Model

This approach uses a lumped circuit model, recently developed in our group, in which an NI coil is modeled as a single inductor, a single variable quench resistance in series and a contact resistance (a.k.a. characteristic resistance) in parallel. Time varying current and voltages are simulated using Kirchhoff’s circuit laws. Heat generated at the resistances raises the temperature of the coil. The temperature rise is calculated using a heat transfer equation that is simplified further by a lumped capacitance model and adiabatic assumption [1].
Results and Discussion


Data of time varying voltage, angular current, leakage (bypass) current, temperature rise, discharge of power supply current and critical current can be obtained using this simulation code (Fig.1). The data obtained from the simulation agree reasonably well with the experimental data of coil voltages and power supply current previously obtained by the MIT team [2].   
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	Fig.1 Simulated coil voltages with respect to time.
	Fig.2 Experimental data of coil voltages and power supply current [2].


Conclusions

Without losing much accuracy, this approach provides a faster simulation compared to other methods using distributed network models. The code demonstrates electromagnetic interaction between coils during the quench, and hence the important self-protecting mechanism of NI magnets. The calculated normal zone propagation velocity agrees reasonably well with experiment. This work is the first attempt to simulate the post quench behavior of an actual NI magnet and to compare the prediction to real experiments. 
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