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Content 

A reasonably evolved HTS/LTS Hybrid Common Coil Design

• Optimized for a good field quality 

• Provides desired margin for both CORC and Bi2212 cable

• Same initial magnetic design is used for both CORC and Bi2212

• New design for including space for structure in CORC option

o To be verified by the actual mechanical analysis

o Common coil design allows higher Je or Jo CORC
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50 mm, 20 T Common Coil Hybrid Design

Field in Yoke HTS LTS
LTS

Space for intermediate structure
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Field Quality in 20 T Common Coil Hybrid Design

All harmonics 

<10-4

* Mostly 10-5 *
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HTS
LTS LTS

B0=20.1T

HTS
LTS LTS

Joverall

325 A/mm2 Joverall

403 A/mm2

Joverall

403 A/mm2

Peak Enhancement

~2.4%
(low peak field enhancement)

Jo same as in Vittorio’s Bi2212 design
Jo in CORC for Common Coil can be higher

50 mm, 20 T Common Coil Hybrid Design
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Margins in 20 T Hybrid Common Coil Design

➢ Enough margin at 4.2 K as well (plots for Jo)

HTS LTS
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Margins in 20 T Hybrid Common Coil Design

➢ Enough margin at 4.2 K as well (plots for Jo)

HTS LTS
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Conductor Used (1)
HTS (Bi2212 or CORC) Nb3Sn
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Conductor Used (2)
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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

➢ Checked with Danko – still possible

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
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Lorentz Forces at the Design Field (1)

Next slide 

for 

Fx and Fy
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Design with Space for 

Structure

(example CORC Coils)
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Designs Allowing Space for  Stress Management 



20T HTS/LTS Hybrid Common Coil Design          -Ramesh Gupta, BNL         September 7, 2021

Click to edit Master title style

Lorentz Forces at the Quench Field (1)

Next slide 

for 

Fx and Fy

Lorentz forces 

at 22 T
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Lorentz Forces at the Quench Field (2)
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Margins in 20 T Hybrid CORC Common Coil

➢8% margin at 4.2 K, 18% at 1.8 K (plots for Jo), limited b y LTS

HTS LTS
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Margins in 20 T Hybrid CORC Common Coil (2)

HTS

LTS

➢8% margin at 4.2 K, 18% at 1.8 K (plots for Jo), limited b y LTS
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New Design for CORC/Nb3Sn  Common Coil
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Field Quality in 20 T CORC Common Coil Hybrid

All harmonics 

<10-4

* Mostly 10-5 *
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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
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CORC Coil Programs with the Common Coil Dipole

STTR Coils two sets: 

Each with 6 and 8 turns

STTR: High field Demo

(13-14 T with 10 T from LTS)

MDP: Quench studies and 

technology demo

(10.7 T with 10 T from LTS)

MDP Coil 

4+4 turns

with an S-turnCORC® coils will run in 

series with the Nb3Sn coils
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CORC Coil Package (MDP)

• Overall thickness – 30.3 mm

• Outer plates – 2 mm

• Coil spacers – 7 mm

• Inner plates – 5 mm

• Gap between layers – 2.3 mm

23

• Each layer held together 

with flat head screws

• Assembly held with 

shoulder screws to allow 

separation of layers.
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Coil & Structure Parts, as Designed

242/25/2021
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(all parts in hand now)
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Summary and Discussion
Observations on the HTS/LTS hybrid common coil design presented today:

• The design provides the desired margin for both HTS and Nb3Sn, even at 4 K

• Same magnetic design is used for both CORC and Bi2212

➢ Common coil design allows higher Je or higher Jo for CORC

• The design is reasonably well optimized for a good field quality 

• We, however, should be able to optimize the conductor usage as LTS coils still have 

room. As such the common coil design is well suited for hybrid designs. 

• Space for the managed structure is included and more/less can be adjusted, as needed 

➢ Next Step – mechanical analysis and structure design

➢ Expect that the magnetic and mechanical design to be iterated together

• Stress management should be relatively easier and effective in the common coil design

• All files (ROXIE, EXCEL, etc.) are available for sharing


