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Quench Tests and “Self-Protecting” Behaviors 
of a 26 T 35 mm Multi-Width No-Insulation REBCO Magnet
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	Fig.1 To-scale schematic drawing of the 26 T 35 mm MW-NI REBCO magnet.


Introduction


The no-insulation (NI) high temperature superconductor (HTS) winding technique was expected to enable an HTS magnet essentially “self-protecting,” mainly due to the “fast” electromagnetic quench propagation among coils in the magnet. As a result, a minimal amount of stabilizer, typically copper, is required for an NI HTS magnet.  Cu is added for ease of soldering and handling, making a highly compact magnet. Multi-width (MW) winding allows conductor grading, which enables operation at a substantially higher overall current density than its conventional counterpart. As a result, the MW-NI HTS magnet becomes highly compact in size and reliable in operation.
Experimental 

Fig.1 shows a to-scale schematic drawing of a 26 T 35 mm bore MW-NI magnet that was recently constructed by SuNAM Co., Ltd., with a design by S. Hahn (MagLab). The magnet was delivered to the ASC and two quench tests were successfully conducted in a bath of liquid helium (LHe) at 4.2 K. The magnet inductance (L) is 12.79 H and the stored energy at its nominal operating current is 370 kJ. During the test, magnet current, voltages of the double pancake (DP) coils, and magnet center fields were measured. 
Results and Discussion
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	Fig.2 Two consecutive quench test results: first (a) and second (b).



Fig.2 shows the measured voltages (green), currents (red), and fields (blue) during the two quench tests. In the first test, the magnet was quenched at a power supply current (Ip) of 230 A (see Fig.2a). In the immediately following second test, a quench occurred at 235 A without showing any degradation (see Fig.2b). Fig.3 shows the voltage signals of individual DP coils during the 2nd quench which started in DP18 and propagated to the rest of DPs in <1s. The results clearly demonstrate the self-protecting mechanism of the no-insulation magnet due to this electromagnetic (thus fast) quench propagation. 
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	Fig. 3 Voltages of individual DPs during the second quench test. The electromagnetic (thus fast) quench propagation was confirmed. 


Conclusions

The 26 T 35 mm multi-width (MW) no-insulation (NI) HTS magnet was deliberately quenched twice in liquid helium at 4.2 K, to investigate the post-quench behavior of the magnet. After the first quench at 230 A, the magnet was re-energized and again quenched, this time at 235 A, without showing any discernable degradation. The quench initiated at DP 18 and “electromagnetically” propagated to adjacent coils, which enables the 26 T magnet to be essentially “self-protecting.” This fast electromagnetic quench has uniquely been observed only in NI HTS magnets, and has never been reported with conventionally insulated ones.
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