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Verification of Quench Simulation Code for No-Insulation Pancake Magnets
Kim, K., Dixon, I., Painter, T., Bhattarai, K.R., Kim, K., Jarvis, B., Hu, X., Radcliff, K. and Hahn, S. (NHMFL)
Introduction


As a continuous work to identify the quench behaviors of a no-insulation (NI) coil [1], two NI magnets comprising the respective two (2DP) and three double pancake coils (3DP) were constructed. All tests were performed in a bath of liquid helium at 4.2 K and the results were compared with simulation ones in order to further verify our quench simulation code. Also, a post-mortem analysis was performed using the YateStar (B ‖ c of 0.6 T) to better understand details of the source of the conductor damage. 
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	Fig.1 Critical current measurement result of the tape used for 2DP test coil.


Experimental

In the quench test, a power supply current was continuously ramped up until the test magnet was quenched. Magnetic center fields and terminal voltages of each pancake coil were monitored. The 3DP was tested as a standalone, while the 2DP in the bore of the existing 31 T background field (Cell 7).  
Results and Discussion


Fig. 1 shows lengthwise Ic test results of REBCO tape used for the 2DP test, where the severe Ic degradation was observed after a quench. We also observed damaged joint and buckling within the tape coil (red circle in Fig. 1). 


The experimental data of the 3DP test showed that the quench was initiated in the first double-pancake (DP1) at a power supply current of 243 A which corresponds to 4.72 T of center field (Fig. 2). The power supply current rapidly decreased to 0 A within ~0.6 s, commonly observed in a full quench of an NI coil. The simulation results using the code were presented in Fig.3, which agreed well with the measured ones. 
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	Fig.2 Experimental data of the 3DP test coil.
	Fig.3 Simulation results of the 3DP test coil.


Conclusions
       The results indicated that our simulation code reasonably well duplicates the experimental results, which validates our simulation code. Meanwhile, we observed mechanical failure of some NI coils after the quench. The survival of NI coils without electric “burn-out” seems to be well proven by many other experiments. But, like other insulated HTS coils, the issues on mechanical damage still need to be carefully investigated even in the coil manufacturing stage. More tests and refinement in simulation approach will continue to further explore these important technical issues: accurate quench simulation and safe operation of NI magnets. 
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