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“Self-Protecting” Behaviors of a Metallic Cladding No-Insulation Coil at 4.2 K
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	Fig.1 Photos of a MC coil (a) and a background magnet (b).



Recently, the “metallic cladding (MC)” technique was introduced to reduce the charging delay of a no-insulation (NI) REBCO pancake coil. The key idea is to wind an NI coil with REBCO tapes having a 1 – 2 (m metallic layer that surrounds the REBCO tape hermetically. Recent test results of an MC-NI coil showed reduction of its charging time by ~4 times, when compared with that of its conventional NI counterpart [1]. Yet, the self-protecting feature of MC coils has not been carefully investigated, especially in operation at 4.2 K and thus “large” coil current density. This study presents the quench test results of an MC pancake coil under a 15 T background field in liquid helium at 4.2 K [2]. 
Experiment

The MC pancake test coil was constructed and tested in the cold bore of a   15 T background magnet at the Applied Superconductivity Center, National High Magnetic Field Laboratory (Fig.1). In these tests, the MC coil was repeatedly quenched at various operating currents to investigate its post-quench behavior. To initiate quenches, a stainless steel heater was embedded between the G-10 bobbin and the first turn of the coil. 

Results and Discussion


At a coil current density (Je) of 700 A/mm2, the coil experienced its first “thermal runaway" quench (Fig.2), while it did not experience any quenches at lower Je. The power supply current rapidly decreased from 336 A to 50 A in 0.5 s, as is commonly observed in a full quench of an NI coil due to the fast multi-turn-to-single-turn transition. After the first quench, the coil experienced 9 consecutive quenches at Je = 700 – 820 A/mm2; 820 A/mm2 was the limit of the power supply. The coil voltage vs. current traces during the tests are presented in Fig.3. Except for the first charging at Je = 700 A/mm2, all the other voltage traces were essentially identical, which demonstrates that the MC coil was essentially “self-protecting” against the multiple quenches.
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	Fig.2 The first “thermal runaway” quench at Je = 700 A/mm2.
	Fig.3 Voltage vs. current curves obtained from multiple consecutive quench tests at Je = 700 – 820 A/mm2


Conclusions

The results demonstrate a potential for the MC technique to be effective to reduce the charging delay of an NI coil wound with the stainless steel clad tapes, without sacrificing the self-protecting feature of the coil even when operated at a coil current density of <820 A/mm2.
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