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REBCO cables

• In EU HTS magnet R&D is based on Roebel cable  
• US MDP is focusing on CORC and STAR
• Twisted Stacked-Tape (TST) cable was also proposed for HTS coils
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Bi2212 and REBCO SMCT insert coils 

Coil parameters.

Parameter Bi2212 REBCO

Number of layers 2 2

Number of turns 9 (3 IL+6 OL) 10 (4 IL+6 OL)

Coil ID-I/ID-O/OD, mm 9/20/59 19/25/59

Yoke Rin, mm 30 30

Yoke permeability 1000 1000

Coil Bmax/I, T/kA 3.609/8 4.06/8

Coil Bo/I , T/kA 3.503/8 3.59/8

Bmax/Bo 1.03 1.13

L. mH/m 0.200 0.345
REBCO tape and twisted stacked-tape cable



TST Cable twist in coil

• Coil ends and layer jump – cable easy-bend with small radius and twist.
• Coil straight section – cable twist by 180 degree or 0.5Lp. 

Question: What are the limits for Rb and Lp?
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Conductor degradation due “easy” to bending

=> The minimal bending diameter is 
~19 mm which is much larger than 
the degradation limits of ~8 mm 

~19 mm

~30 mm

~25 mm



Conductor degradation due to cable twist

=> For 4 mm wide 
0.1 mm thick tape
Lt minimal is ~80 mm



Coil parameter optimization

• ROXIE parameters for 
ends (angle, ellipticity) 
for all turn positions 
could be measured 
using Kapton tape

• Practice coil winding 
using the cable made of 
Kapton or copper tapes

• =>For ~30 cm long coil
0.5Lp~10 cm 
(0.5Lp_min~4 cm)

~18 cm



Cable and straight section lengths

• 4 spools with test data provided by LBNL 
• thanks to X. Wang (LBNL) 

• Cable piece length increases from ~7 m for 16 tapes
to ~14 m for 8 tapes

• With present coil ends only 12 or smaller number 
of tapes provide reasonable straight section length
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1 29 167 7.3 9.7 14.5
2 30 164 7.5 10.0 15.0
3 30 166 7.5 10.0 15.0
4 32 169 8.0 10.7 16.0



Turn twisting in coil straight section

• Due to turn twist in straight section, 2 possibilities for the present coil design
• every second turn can be twisted or 
• all inner-layer turns and every second outer-layer turns except midplane turns.

• Even with all turns twisted in SS the cable twist pitch varies along the coil =>
uncompensated flux



Bi2212 vs REBCO insert parameters

• The coils will be tested first separately and then as inserts into Nb3Sn coils
• Load lines for Bi2212 and REBCO inserts (with 16 tape cable) are close
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20 T hybrid dipoles with Bi2212 and REBCO coils

IPAC2023

FERMILAB-TM-2807-TD
(in preparation)

Parameter REBCO Bi2212 Nb3Sn Nb3Sn
Strand size, mm 5×0.1 1.0 1.0 0.7
Number of strands 50 32 40 40
Cable width, mm 8 16.5 20.1 15.0
Cable small edge, mm 8 1.85 1.70 1.22
Cable large edge, mm 8 1.95 1.90 1.38
Cable packing factor 1.0 0.83 0.90 0.81



• 2L design concepts of REBCO insert coil and SMCT coil support structure is 
being developed 
• REBCO coil parameters with 16 tape cable are similar to Bi2212 coil which 

allows direct technology and performance comparison
• coil support structure will be made of inexpensive LS-316 or bronze

• Plastic model to optimize the cable insulation, coil design, SMCT structure 
and coil winding technology is useful
• copper tape of similar size is available and inexpensive

• REBCO tape for the first insert provided by LBNL
• thanks to X. Wang (LBNL) for the tape and test data

• Demonstration of this cost-effective approach could be done in FY23-FY24 in 
parallel with the Bi2212 insert coil task

• Possibility of using this technology for the 20 T hybrid dipole is being studied

Summary


