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[Conditions of Protection against Quench and Thermal Runaway of Conduction-
Cooled High Temperature Superconducting Magnets|
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The REBCO coated conductor is expected to be the suitable conductor for high-temperature
superconducting magnets because its critical current density is considerably higher than those of
common LTSs (e.g., Nb-Ti and NbsSn) at the same operating temperature and external magnetic
field. However, quench/thermal runaway detection and protection can be more difficult in
superconducting magnets wound with REBCO coated conductors than those wound with LTSs
because of the slow NZPV. Some novel quench/thermal runaway detection methods (such as
Rayleigh-backscattering interrogated optical fibers) or protection methods (such as non-insulation
winding coils) are proposed. However, these methods are complex or only applicable to certain types
of superconducting magnets wound with REBCO coated conductors. The conventional quench/
thermal runaway detection and protection method, z.e., detecting quench using VTs and dumping the
stored energy in an external dump resistor, is an attractive option because it is simple, and its
hardware is well-established. However, the applicability of the conventional quench/thermal runaway
detection and protection method to the superconducting magnet wound with REBCO coated
conductor was not clarified well. To apply the conventional quench/thermal runaway detection and
protection method to a superconducting magnet wound with REBCO coated conductor, the
protectable conditions (i.e., conditions under which no degradation appears after quench/thermal
runaway), which are necessary to design the quench/thermal runaway detection and protection
system in a superconducting magnet, are studied.

In this study, short-sample experiments were conducted to study the quench/thermal runaway
detection and protection instead of burning expensive superconducting coil. To simulate the quench/
thermal runaway detection and protection processes in superconducting magnets, an FPGA module
was used to monitor the voltage in short samples and control the power supply. In this case, quench
1s detected by voltage, and protection is provided by decreasing the operating current exponentially
(simulating the current decay using an external resistor). The hot-spot temperature during the
protection process, which directly affects protection, is calculated based on voltage and the
temperature-resistivity relationship of copper and current-sharing model. The fast-turnaround short-
sample experiments enabled the collation of data on hot-spot temperatures under various conditions
in addition to the conditions for successful/failed quench detection and protection.

The results of this study indicate that the conventional quench/thermal runaway detection and
protection method is applicable to a superconducting magnet wound with REBCO coated conductors.
The conditions for providing successful protection could be estimated using short samples in
experiments instead of burning expensive coils. These experiments provide guides to solve the
problem of designing the protection system of a superconducting magnet wound with REBCO coated
conductors. Although this study focused on the conditions for providing protection against quench/
thermal runaway using the conventional detection and protection method, other detection and
protection methods can be evaluated using a similar setup. Moreover, short-sample experiments can
be conducted not only to study the protection of magnets wound with REBCO coated conductors but
also to investigate the characteristics of various conduction-cooled superconductors.
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[ Study on spin-charge conversion in Bi-based systems]
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[Investigation of spectral properties of broadband photon-pairs generated by four-
wave mixing in an on-chip ring resonator|
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[Short Channel Effects and Mobility Improvement in SiC MOSFETs|
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[ Enhancing Morphological Analysis and Example Sentence Extraction for Japanese
Language Learning]
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