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20 T HTS/LTS Hybrid Common Coil Design

➢ Hybrid designs for (a) Bi2212 and (b) CORC in series with Nb3Sn

➢ Optimized for a good field quality

➢ 4.2K and 1.9 K design options

➢ HTS/LTS splice considerations

➢ Mechanical structure considerations

➢ Issues/benefits specific to common coil
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50 mm, 20 T Bi2212/Nb3Sn Common Coil
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Nb3Sn
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Structure

• 1 Layer of Bi2212

(+pole coils)

• 5 Layers of Nb3Sn

• 20% margin at 4K

• 20 T @12.1 kA

• Space for structure 

(to be iterated)

Full Model

One 
quadrant

(half of one 
side of the 

coils)
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Field Quality in 20 T Common Coil 

Bi2212/Nb3Sn Hybrid Design

All harmonics <10-4   (normal and skew)
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HTS LTS LTS

B0=20.03 T

Peak Enhancement

~2.2%
(low peak field enhancement)

50 mm, 20 T Common Coil Bi2212/Nb3Sn Hybrid Design

LTS
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Bi2212 Nb3Sn

Splices in Common Coil Design

(between two single layer coil)

Perpendicular Nb-Ti splice in the low field 

region of BNL common coil dipole DCC017 

In common coil design, splice (even between two types of coils), can 

be easily made in the middle of the coil where the field is very low
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Conductor Used
HTS (Bi2212) Nb3Sn
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Margins in 20 T Hybrid Common Coil Design @4K

➢ Enough (10%) margin at 4.2 K in Nb3Sn as well

HTS

LTS

Bpeak

Bo
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Lorentz Forces @20 T in Bi2212/Nb3Sn Hybrid

Concept used in the 

earlier 16 T design for 

securing pole blocks
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4.2 K and 1.9 K Hybrid 

Designs with CORC/Nb3Sn 

(ReBCO Coils)
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CORC in Common Coil

Accumulated Lorentz 

forces can be managed 

in a structure

❖ STTR with ACT anticipated a future common coil CORC 

with an engineering current density of 600 A/mm2

❑ 800 A/mm2 possible (STAR –Selva) 

❑ Designs based on 600 A/mm2 only

Overall Current density with structure:
• Area for 6 mm wire: pi*6*6/4 = 28.3 mm2

• Area for 6.5mm X 8mm rectangle = 52 mm2

Jo for Je = 600 A/mm2:

❑ Jo =600*28.3 /52 = 326 A/mm2

➢ Similar to Bi2212; but with a structure

➢ Common coil design allows higher Je CORC due to large bend radii
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(in series with Nb3Sn; spaces for structure) 

1.9 K 4.2 K

Nb3Sn

Nb3Sn Nb3Sn
Nb3Sn

CORC CORC
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50 mm, 20 T Common Coil CORC/Nb3Sn Hybrid Design

Field on the Conductor

2-layer CORC. 1.9 K Design

(10% Margin)

Field on the Conductor

3-layer CORC. 4.2 K Design

(10% Margin)

Designs limited by Nb3Sn
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Field Quality in 20 T Common Coil 

CORC/Nb3Sn Hybrid Design

2-layer ReBCO; 1.9 K 3-layer ReBCO; 4.2 K

All 

harmonics 

< 10-4
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Common Coil CORC/Nb3Sn Hybrid Design

Lorentz Forces in

3-layer CORC. 4.2 K Design

Lorentz Forces in

2-layer CORC. 1.9 K Design
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Clearing Bore (others shown elsewhere)

CORC coil can 

be bent first 

away and then 

up/down

Practice & 

Tested Coils
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for HTS/LTS High Field Hybrid Dipoles
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❑ Natural segmentation between 

HTS and LTS (and different cables)

❑ Easier tuning between HTS & LTS

❑ Coil layers move as a module 

without causing strain at ends 

(BNL common coil had 200 mm)

❑ Intermediate space for stress 

management structure. It can be 

easily adjusted, even at the late 

stage of the magnet construction


