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Introduction

YBCO coated conductor development has seen rapid progress over the last few years and is primarily targeted for electric
power applications at low magnetic field and higher temperatures. YBCO coated conductor is also a candidate HTS
conductor for high-field insert magnets that operate at low temperatures. Established HTS magnet technology development
programs to date are mostly based on Bi-2212 and Bi-2223 superconductors. To demonstrate the capabilities of their YBCO
coated conductor, SuperPower Corp. constructed a magnet in consultation with the NHMFL.

Design Approach

The conductor substrate is a 4 mm by 95 micrometer Hastalloy substrate upon which a 1 um superconducting layer is
deposited and plated with a 20 um copper layer for stabilization. This conductor can tolerate roughly twice the stress and
strain levels of Bi-based HTS conductors as the strength of the substrate far exceeds that of the silver-based matrices of the
Bi-conductors. No additional reinforcement is required, which would have reduced the winding current density.

Twelve double pancake modules form the windings of this magnet, with an inner and outer diameter of 19 and 87 mm
respectively. This is a relative compact insert coil with a height of 52 mm, using less than 500 m of conductor, leading to a
coil constant of 44.5 mT/A.

Experimental

As for previous HTS insert tests, the NHMFL Large Bore Resistive (19.5 T, 195 mm bore) magnet served as background
magnet. The insert coil was equipped with voltage taps and a Hall sensor mounted at field center. Protection was provided by
a quench detection unit, coupled to contactors and a dump resistor.

Results and Discussion

At a temperature of 4 K and in a background field of 19 T, the insert generated 7.8 T at a current of 175 A. This is a record
field increment for HTS insert coils, and the current density is roughly double that of previous record setting HTS inserts.
Moreover, the full conductor potential was not reached in these experiments. The achieved current density and stress
tolerance of the conductor allow the design of significantly more compact and powerful HTS inserts. Thereby this conductor
type has met some of the key requirements for the conductor in the high-field sections of a 30 T superconducting magnet.
The quench behavior of this coil is also of note. When the critical current is exceeded locally, a small dissipative area
develops. Dissipation stabilizes at constant current with a time constant of dozens to hundreds of seconds. This threshold
current can be exceeded significantly without thermal runaway. When a second and larger critical threshold is exceeded,
normal zone propagation speed abruptly becomes very large and comparable to speeds in low temperature superconductors.
A second YBCO coated conductor coil is under design at the NHMFL with conductor specifications customized for magnet
application and an ultimate target of developing technology for a 30 T superconducting magnet.

Conclusions

The impressive performance of this insert coil points out the unprecedented possibilities of YBCO coated conductor for high
field HTS magnet applications.
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