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In pursuit of higher fields with REBCO coated conductors

CAS 15 T LTS+12.2 T HTS[3]

MIT H800 + L500[1] NHMFL 14.4 T+31.1 T LBC[2]

Stress
Distribution

Screening
Effect

o Unexpected quench before target field
o Single-sided wrinkles with plastic 

deformation

[1] Y. Li, D. Park, Y. Yan, Y. Choi, J. Lee, P. Michael, S. Chen, T.-M. Qu, J. Bascunan, and Y. Iwasa, Supercond. Sci. Technol. 32, (2019).
[2] S. Hahn, K. Kim, K. Kim, X. Hu, T. Painter, I. Dixon, S. Kim, K.R. Bhattarai, S. Noguchi, J. Jaroszynski, and D.C. Larbalestier, Nature 570, 496 (2019).
[3] J. Liu, Y. Dai, and L. Li, Cryogenics. 79, 79 (2016).
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HTS Coil
(Self-field SCF)

Test Sample
(10-T background field,

with strain measurements)

Discussions
(based on numerical models)
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Parameter Value
Geometry ID; OD 14 mm; 34 mm

# of Single Pancakes 12
Total Height 52.0 mm

# of Turns per SP 100
Total Length 90 m
Conductor SuperPower SP4050

Magnetic Coefficient at 
Coil Center 26.2 mT/A

Inductance 12.3 mH
Time Constant (LHe) 6.7 s

Manufacture Ave. Joint Resistance 125 nΩ
(LN2) Ave. Critical Current (DP) 40 A

Ave. n-index (DP) 22
Operation Current Iop 350 A

(LHe) Center Field 9.17 T
Perpendicular Field 3.3 T

Critical Current
(3.5 T #$ / 4.2 K)

840 A

Iop/Ic 0.42

3

Coil winding

Standalone (LHe)

Assembly
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o Standalone operation with 2 Hall sensors
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Axis of Symmetry

Perfect Magnetic Conductor BC

Coil WindingPA
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o T-A formulation with symmetry

105 A 250 A 350 A

!" = ! − !%
Screen-Current-Induced 

Magnetic Field

o Quality test for coil winding
o Verification for EMF calculation

r

z
HP-A

HP-B

9.17 T *

* Calculated magnetic field at the magnet center
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Units: mm
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1 - Background field @ 10 T
2 - Load up HTS coil with transport     

current of 50 A, 75 A, 100 A…
--> strain distribution with sensor a-d

!" = $% & '

(

LTS: 10 T @ center, providing strong parallel fields to magnify the radial Lorentz force

HTS: co-axially aligned, generating the radial component to initiate the screening effect

Sample: one-turn 10-mm wide tape; 4 strain gauges arranged in oblique line (1-mm grid width)

LTS

Sample

HTS



Grid

& Adhesive
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Numerical Model

o !"#$% doesn’t apply with #$ = 0
o In tensile state along the axially outer rim; in contraction along the inner rim 

(effect of induced current)
o Max. hoop strain measured at SG-d is ~20% less than expected
o In ( − # power law, * = 31 (on hold)

o Electromagnetic Model

o Elastic Deformation

95 µm

REBCO (1 12)
( = 157 Gpa
7 = 0.30

Copper (22 12)
( = 89 Gpa
7 = 0.34

Hastelloy (50 12)
( = 228 Gpa
7 = 0.31

[1] Y. Yan, C. Xin, Y. Tan, and T. Qu, eprint arXiv:1909.07553 (2019).

[1]



!"# = 50 A

!"# = 100 A

!"# = 200 A
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• Electromagnetic loads were effectively 
distributed.

• At 200 A, *+.-./ was reduced by a factor 
of 0.49 and 0.78 for 5 and 10 filaments, 
respectively. 

• Prone to mechanical defects

• Critical current dominates the max radial 
Lorentz force

• 0 → ∞, 34 = 5678 → 5978
• With deep penetration depth, *+.-./ → 59∗78;[1]

FilamentationMax. Lorentz Force

10-mm sample with 1/5/10 filaments, with 
!"# = 200 A in the HTS coil:

[1] 59, critical current density over REBCO layer; 59∗, critical current density over total tape thickness

Current Sweep Reversal

Single reverse cycle with the overshooting 
factors of 10% / 20% / 30% with !"# = 150 A

• Hoop strains at the outer rim could be 
lowered. 

• But with higher overshooting factor, 
the opposite rim could present in 
tension in reverse. 
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With 10-T background field

PA

PF

!"#/#% &'(() with sc &'(() with uniform #*

+'.-./ → #%∗234

PA

+'(() with sc

+'(() without sc

PB PC PD PE PF

o !"(4, 7) follows the patterns of the current distribution
o Underestimated & by models with uniform #* assumption
o +'.-./ is  highly dependent on the background field and 

the critical current density

o 29: ↑, mechanical reinforcement is indispensable.

o #% ↓ is not bad.
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[1] S. Hahn, K. Kim, K. Kim, X. Hu, T. Painter, I. Dixon, S. Kim, K.R. Bhattarai, S. Noguchi, J. Jaroszynski, and D.C. Larbalestier, 
Nature 570, 496 (2019).

[2] ‘Plastic Deformation at “One-Side” Edge of HTS Tape’, ASC2018, presented by S. Hahn.

NHMFL 14.4 T+31.1 T LBC[1,2]

• !"# = 250 A

Radial Lorentz Force

o End of loading steps o After spring-back

• Elasto-plastic material
• Sheet approximation

Case:

• )*+,-+. = 45.06 T

• Outermost turn in SP1

SP1
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!/!#

n = 16n = 31

Hoop Strain

with measured data
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o In-field test with higher 
background field

HTS coil
(self-field)

Test Sample
(10 T in-field)
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HTS coil
(higher field)

• SCF field
• Verification for EMF simulation

• Strain measurements

• Relation between !" and max. hoop stress
• Effect of filamentation/CSR
• HTS coil with 10-T background field
• LBC plastic deformation
• n-index

Discussions
(based on numerical models)

Stress
Distribution

Screening
Effect

o Source of error?
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