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Motivation: we need defect tolerant cable
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Across-tape defects

Along-tape defects

Deposition malfunction

Epitaxy failure

Some defects emerge
during coil operation

Courtesy of Anatolii Polyanskii
NHMFL

VAvoiding defects in YBCO layers is difficult

VSome defects are hidden, get revealed only after coil tests



Solution: electrically coupled cable 

2Gwire stack BTGexfoliated filament stack

Buffer

Substrate

Sharingcurrentpath

Sharingcurrentpath
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We are solving the following problems:
ÁSingle-filament magnets proven difficult to protect against burnout

ÁSubstrate prevents efficient current sharing

ÁMultifilamentary cable is far more expensive than a single tape

ÁNot compatible with epoxy impregnation



Timeline of the exfoliated YBCO development
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2015 2016 2017 2018 2019

10 cm coupons

Phase I HEP Phase II HEP

Phase I HEP Phase I Fusion

EERE AMO BAA: AMSC, BTG, BNL

2 m coupons

2.5 mm laser sliced

1 mm filaments

15 m cable
20 K coil tests

Irradiation enhancement Double sided tape

Transposed cable
Distributed splices

YBCO on insulator

Signal
lines

Current leads

Cables

Trapped field
coils



Multi-filamentary cable architecture
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Copper stabilizerNichrome cladding Solder YBCO

VElectricallyconnectedfilamentsare the keyelementfor a stablecablestructure



Test coil manufacturing process

LTSW 2019, Charleston, SC February 11-13 2019 6

Dry wound Vacuum impregnation, Stycast 1266

Upper current lead

Voltage taps Voltage taps

Cooling collar attached

12 coils, over 100 meters of cable tested



77 K performance after re-flow and impregnation
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VNo Icand n-value degradation after multiple rapid cool-downs to 77 K

VSolder reflow significantly reduces the winding noise, but reduces Ic by 8%
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Effect of solder re-flow on the winding noise: FFT of coil 
signal

VWinding noise is most likely originates by collapse of inter-filament current loops

V Reliable electrical connection between the filaments is essential in suppressing the winding noise

Transient current loops


