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Superconducting  
Magnet Division 

Towards Building A High Field 
Solenoid for Axion  Search at CAPP  

ÅWhat is needed and what is available? 

ïBasic requirements, design and technology in hand 
 

ÅStatus/Progress (most of this presentation)? 

ïCAPP/BNL HTS demo solenoid with SuNAM conductor 
 

ÅWhat is needed to reach the goal while minimizing the risks? 

ïPath forward 
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Superconducting  
Magnet Division 

What is needed and what is available?  

üBasic requirements  

üChallenges 

üDesign and technology in hand 
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Superconducting  
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Design Considerations  
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YBCO B T᷆ape Plane

YBCO BṶ
Tape Plane

2212

High-Jc Nb3Sn

Compiled from ASC'02 
and ICMC'03 papers 

(J. Parrell OI-ST)

666 filament OST strand 
with  NHMFL 100 bar 

Over-Pressure HT

2223: BṶTape 
Plane

Sumitomo Electric 
(2012 prod.)

SuperPower "Turbo" Double Layer 
Tape, measured at NHMFL 2009

Nb-Ti
4.2K LHC insertion 
quadruole strand 

(Boutboulet al. 2006)

4.22K High Field 
MRI srand(Luvata)

Nb-Ti

April 2014

Large aperture, high field  

ü35 ï 40 T , 100 mm 
 

HTS must be used 

üBut HTS is expensive  
 

HTS/LTS hybrid design 

ü~25 T HTS and 10-15 T LTS 

This magnet pose huge challenges 

üLarge stresses 

üQuench protection  

üNew conductor 

Previous experience with large 

aperture, high field solenoid? 0 T

40.5 T
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Superconducting  
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HTS Solenoid for SMES  
(similar parameters)   

ÅField: 25 T@4 K 

ÅBore: 100 mm 

ÅStored Energy: 1.7 MJ  

ÅHoop Stresses: 400 MPa  

Amount of ReBCO HTS Used:  
Over 6 km, 12 mm wide from SuperPower 

üReached a critical or maximum 

expected field at 27 K - 12.5 T 

(new record for over T>10 K) 

üTest terminated due to electrical 

issues  

Key Points in Following Slides  
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Superconducting  
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Guiding Principles  

ÅHigh strength ReBCO 2G HTS tape optimized for high fields 

ÅCo-wind with stainless steel insulating tape for high strength 

ïStainless steel insulation also helps in quench protection 

ÅSubdivide structure to keep stress accumulation within limit 

ÅUse copper discs for uniform cooling and to reduce thermal strain 

ï Copper discs also help in rapid energy extraction after quench 

ÅAdvanced quench protection system 

ÅStrong QA with several intermediate tests (R&D conductor) 

VEach pancake was tested at 77 K  

VIntermediate high current 4 K tests  
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Superconducting  
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12 Pancake Coil Test  

0

100

200

300

400

500

600

700

800

0 1 2 3 4 5

C
u

rr
e

n
t (

A
)

Time (sec)

0

50

100

150

200

250

300

350

400

450

500

550

600

650

700

750

800

4:09:07 PM 4:14:53 PM 4:20:38 PM 4:26:24 PM 4:32:10 PM 4:37:55 PM 4:43:41 PM 4:49:26 PM

C
u

rr
e

n
t (

A
)

Time

Charge Quench 

This test was similar to CAPP/IBS  solenoid test 

performed with the 6 pancake of similar size 

11.4 T in 100 mm bore 
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Coils, Test Fixtures and 
Support Structure  

Pancake coils: inner and outer 

11 T, 760 A coil 
and fixture 

77 K Test Fixture for outer 

Outer 
Support 
Tube for 

Inner 

Outer 
Assembly 
Tube for 
Outer 

Outer 
Support 
Tube for 
Outer Inner 

Assembly 
Tube for 

Inner Copper  
Discs 
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Superconducting  
Magnet Division 

Special Considerations  

ÅOnly one test run was possible due to project limits. 

ÅThis posed considerable challenge. Particularly since the 

conductor was in R&D stage and still showing a 

significant variation in properties.  

ÅOne weak link in over 6 km conductor and 46 pancake 

could limit the performance of the entire system. 

ÅTo mitigate this situation, we installed additional current 

leads to bypass a weaker performing coil, if needed.  

ÅThe idea was to demonstrate the maximum achievable 

field in one test run with only minor adjustments.   
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Inner and Outer Coils 
Assembled with Bypass Leads  

Inner Coil  
(102 mm id, 194 mm od) 

28 pancakes 

Outer Coil 
(223 mm id, 303 mm od) 

18 pancakes 

Total: 46 pancakes 
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Preparation for the Final Test 
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SMES Coil Test @50%  
Critical Current Reached at 27 K    
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12.5 Tesla at  27 K 

Record field/energy density in a superconducting 

magnet at a temperature of 10 Kelvin or higher 

27 K possible 

with  

liquid Neon 

350 Amp 

425 kJ 

id:102 mm 

od:303 mm 
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An Incident During the Test  

ÅWe ramped the unit several  times between 20-80 K.  

ÅThe test run at 350 Amp - 12.5 T  at 27 K was already a record 

demonstration. 

ÅDuring one such tests, the system tripped due to a data entry error 

at ~165 A ï well below the current the coil was powered earlier.  

ÅThis trip resulted in arcing between two current leads in the inner 

coil and some damage. This was not part of the normal magnet 

construction. These leads were added to bypass weaker coil. 

ÅThe issue is not related to the high field HTS SMES technology.  

ÅThe coil still has the potential to reach higher fields after repair.  
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Status/Progress  

ÅCAPP HTS demo solenoid with SuNAM conductor 
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Work Performed for CAPP/IBS  

üConductor Test 

üCoil Construction 

üCoil Test 

üMagnet Assembly  

üMagnet Test 

Task: 

Demonstrate 10 T peak 

field in a 100 mm bore 

solenoid built with 

SuNAM HTS, as 

available at that time 
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CAPP/IBS Phase I HTS Solenoid  

Å Peak Field : 10.8 T 

Å Aperture : 100 mm 

Å Stored Energy : 66 kJ 

Å Temperature : 4.2 K 

Å Number of Turns: 1881 

Å Number of Pancakes : 6 

Å Conductor: 12 mm wide ReBCO HTS Tape 

Å Insulation: Stainless Steel  
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Conductor  
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Test Results of 12 mm 
Wide Tape  

Last visit : Test results of 4 mm tape 

 

This time : Test results of 12 mm tape   

 used in the actual magnets 
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ReBCO HTS from SuNAM  

Specifications: 

ÅI c (77 K, self-field): > 600 A  

ÅOriginal spec was 700, revised to 600A 

ÅAll batch except one met the spec  

ÅI c (4K, 8T) : > 550 A (expected) 

ÅWidth: 12 mm 

ÅThickness : 100 micron 

ÅPiece Length: 140 meter 

ÅInternal splices: None  

ÅCu thickness: 40 micron 
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SuNAM  HTS  

ÇUniform Properties 

ÇGood Copper Plating 

Conductor measurements:  

ü77 K, self-field both at SuNAM and at BNL 

ü20 K, 3.5 T and 4T at SuNAM   

ü4 K, 4-8 T at BNL 
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Conductor Data from SuNAM  

77 0 - 615 650 605 650 612 691 582 665

Temp. Field Angle
HCN12600-

150325-1

HCN12600-

150325-2

HCN12600-

150407-1

HCN12600-

150407-2

HCN12600-

150407-3

HCN12600-

150407-4

HCN12600-

150407-5

HCN12600-

150407-6
Average STDEV

20 3.5 20 864 856 669 628 690 737 890 666 750 104

20 3.5 30 581 571 514 467 525 544 501 519 528 37

20 3.5 40 468 489 452 417 454 478 450 473 460 22

20 3.5 50 434 455 432 396 431 448 406 457 432 22

20 3.5 60 425 442 425 384 422 439 386 459 423 26

20 3.5 70 432 451 429 398 428 440 382 480 430 30

20 3.5 80 446 460 436 408 436 456 392 496 441 32

20 3.5 90 456 468 448 414 453 460 401 509 451 33

20 3.5 100 459 459 421 437 477 406 483 449 29

20 4 20 797 777 628 628 606 651 694 599 673 77

20 4 30 503 498 467 467 495 477 454 481 480 17

20 4 40 426 449 417 417 409 422 378 450 421 23

20 4 50 398 416 396 396 393 405 357 416 397 19

20 4 60 382 402 384 384 382 399 348 418 387 20

20 4 70 387 411 398 398 381 401 348 435 395 25

20 4 80 403 423 408 408 415 429 358 464 414 30

20 4 90 421 434 414 414 417 439 367 468 422 29

20 4 100 425 421 421 391 435 375 458 418 27
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Measurements at SuNAM   
(@3.5T & 4T, 20 K -  I c Vs. Ȃ) 
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Scaling Factor at 20K, 3.5 T  
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Scaling Factor at 20K, 4 T  
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BNL Study of SuNAM  Conductor  

Variety of Measurements at 77 K 

For example: Bending test 
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We also train technicians 
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BNL Measurements at 4K, 4 - 8T  
(15 T test station also available)  

A. Ghosh/SMD/BNL 

B 

More Relevant to our application: 

×Performance at 4 K in high fields 

Sample Holder for in-field Ic Measurements at BNL 
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Pictures of Conductor Test Station  
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Pictures of Conductor Test Station  
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Remarkably uniform performance  
(specially for conductor delivered in 3 batches) 

Measurements at BNL  
(@4K, B

ƍ
 -  I c Vs. Field)  

However, the lift factor 

is significantly lower 

than in SuperPower 
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Summary of  
Conductor Measurements  

Pinning can improve the in-field performance at 4K  

As compared to SuperPower, SuNAM has lower lift factor  

Also the thickness of copper plating was lower 
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Construction  
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Transferring the Conductor  
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Reel- to - Reel Transfer  
(acrylic to metallic with proper hub)  
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Coil Winding Machine  
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Coil Winding  



High Field HTS Solenoid for CAPP     R. Gupta        CAPP, Korea       Oct 26, 2015    36  

Superconducting  
Magnet Division 

Practice Coil  
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Actual Pancake Coil with V - taps  
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Other - side of the Pancake Coil  

i.d.=101.6 mm, o.d.=192 mm 


