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Progress in NI REBCO Magnet (2009 – 2017)
 Magnetic Field  vs. Year 

K. M. Kim (ASC-MagLab)
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“Little Big Coil 3 (LBC3)”
 ID: 14 mm; OD: 34 mm; H: 51 mm

P1 P12

 SuperPower 30 um tape 

SPC Number Number of turn Coil O.D. (mm)

1 229 34.00
2 229 33.95
3 234 34.00
4 229 33.85
5 220 33.83
6 222 33.95
7 222 33.96
8 226 33.75
9 220 33.74

10 229 33.82
11 229 33.84
12 228 34.01

 Tested in a 31 T resistive magnet

S. Hahn  
<hahnsy@snu.ac.kr>

Recent Progress in NI-REBCO Magnet
MT-25 (Mon-Af-Or9), Amsterdam, Netherlands (2017/08/28) 8/27



Generation of 45.46 T in 31.08 T Background Field (∆B = 14.38 T)
 Field Measurement: (1) Calibrated Hall Sensor (<45 T); (2) Search Coil (>45 T)
 Calibrated magnetic field (Hall sensor): 44.80 T
 ∆B of LBC3 (search coil): 0.66 T

Search coil

44.8 T

Background + LBC3: 45.46 T
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 Key Operation Parameters at 45.46 T (After Survival from Unexpected 31 T Trip)
 Actual coil current: 245.3 A  tape 𝐽𝐽𝑒𝑒: 1419 A/mm2; winding 𝐽𝐽𝑤𝑤: 1262 A/mm2

 Peak magnetic stress: ~700 MPa; Peak total strain: 0.38 % (compressive bending included) 
 Operating temperature: >7 K (due to the helium bubble trap issue) 

Je: 1419 A/mm2

Jw: 1262 A/mm2

Generation of 45.46 T: 1400 A/mm2 and 700 MPa at >7 K

Overview: Wed-Mo-PI5 by G. Boebinger
Quench simulation: Tue-Mo-Or12 by K. Bhattarai
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26-T/35-mm MW-NI All-REBCO Magnet (2015, SuNAM-MIT-MagLab)
 Multi-Width No-Insulation Magnet in Liquid Helium at 4.2 K
 Designed by MIT, constructed by SuNAM, and tested by SuNAM and MagLab

Ref: S. Yoon, et al., “26 T 35 mm all-GdBa2Cu3O7-x multi-width no-insulation superconducting magnet,” Supercond. Sci. Technol., 29 (2016), 04LT04.
S. Hahn  

<hahnsy@snu.ac.kr>
Recent Progress in NI-REBCO Magnet

MT-25 (Mon-Af-Or9), Amsterdam, Netherlands (2017/08/28) 12/27



26-T/35-mm MW-NI All-REBCO Magnet (2015, SuNAM-MIT-MagLab)

REF: Center for Axion and Precision Physics Research, Institute of Basic Science (2017) 

 The First Scientific User Experience in HTS Magnet (24 T at 4.2 K)
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18 T 70 mm NI-REBCO Magnet by SuNAM for IBS-CAPP

Parameter Unit M4 M5 M6 M7 M8
Coil Configuration

IC (77K, S.F., 4.1mmW, 0.12mmT) [A] 200
Cold Bore; Magnet Height [mm] 70; 476
Winding I.D.; O.D. [mm] 74.0; 155.6
Spacer SP-SP; DP-DP [mm] 0.2; 0.6
Number of DPC 28 4 4 4 4
Total DPC; Turn per SPC 44; 340
Equivalent Conductor L (4mmW) [km] 13.24

Magnet operation
Homogeneity* (r < ±25mm, z < ±100mm) [%] 92.5
IOP; IC, Coil (Margin [%]) [A] 199.2; 249.3 (20.1)
Inductance [H] 18.9
Critical Current of Modules, IC, Module [A] 249 284 325 346 304
Perp. Field on HTS (B//c) @ IC, Coil [T] 2.5 2.6 2.5 2.7 4.8
Magnetic Hoop Stress (BJR; FE) [MPa] 276; 362

* 90% Homogeneity Requirement in Cavity Space

 The First Commercial HTS Magnet in Korea
 Design, construction, and test by the SuNAM, Co., Ltd. in collaboration with SNU.

Courtesy to K. Cheon (SuNAM)

 Multi-width no-insulation REBCO type
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4 T Quadruple Magnet for Rare Isotope Accelerator (2021, IBS-KERI)
 First MI REBO Coil for Actual Accelerator

 Large temperature margin of HTS
 LHe-free operation (40 K, GHe)
 550 mm x 150 mm “window-frame” double-pancake
 SuNAM & SuperPower, 12 mm wide; SS co-winding

Courtesy to K. Sim (KERI) and S. Choi (IBS)

 REBCO magnet for high radiation region

 Major challenges: 𝐼𝐼𝑐𝑐 degradation in aging; cryogenic load due to dissipation   

REBCO
Tape

Stainless Steel 
Tape
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Defect Irrelevant Winding (DIW)
 Key Concept
 An REBCO NI coil having multiple defects (or even discontinuity)

Ref: S. Hahn, et al., “Defect-irrelevant behavior of a no-insulation pancake coil wound with REBCO tapes containing multiple defects,” Supercond. Sci. Technol., 
29: 105017, 2016. 
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 Single Pancake Test Coil
 𝑎𝑎1: 20 mm; 𝑎𝑎2: 34.5 mm; Turns: 135; ~23 m

 Ic Measurement by the Yatestar
 6 “major” defects, i.e., local 𝐼𝐼𝐶𝐶 is less than 

80 % of the lengthwise average
 Peak 𝐵𝐵𝑟𝑟: 2.38 mT/A (z=1 mm); 

4.72 mT/A (z=2 mm)
 𝐵𝐵0: 3.18 mT/A

The First DIW Test Coil: 6 Major Defects

Ref: S. Hahn, et al., “Defect-irrelevant behavior of a no-insulation pancake coil 
wound with REBCO tapes containing multiple defects,” Supercond. Sci. 
Technol., 29 (105017), 2016. 
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Operational Reliability Test of an NI HTS Coil by KERI
 HTS Coil Operation under “Mechanically Extreme Conditions”
 3 types of extreme conditions: (1) hammering; (2) nailing; and (3) drilling
 barely discernible degradation of the coil performance.

Courtesy: M. Son, K. Sim, and the KERI Superconductivity Lab., 2016. 
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NI REBCO Magnet for Magnetic Separation (2014, Korea U.)
 2 T 94 mm All-REBCO NI Magnet for Water Purification1

Concentration and reduction rate of Si 
in wastewater samples

REBCO double pancake coil (left) and HGMS’s 
magnet assembled with 18 NI DP coils (right)

Schematic drawing (a) and photograph (b) of the high gradient magnetic separation 
(HGMS) system for the purification of chemical mechanical polishing (CMP) wastewater

2Y. G. Kim, et al., "Purification of Chemical Mechanical Polishing Wastewater via Superconducting High Gradient Magnetic Separation System With Optimal Coag
ulation Process" IEEE. Trans. Appl. Supercond. 25 (2015), 3700205.

 18 NI REBCO DP
(tapes by SuNAM)

 95.5 % reduction of
Si concentration after 
800 mL/min filteration
at 2 T2

 20 K solid nitrogen
by use of a cryocooler

1J. B. Song, et al., "High-Tc Supercon-
ducting High Gradient Magnetic 
Separator Using Solid Nitrogen 
Cooling System for Purification of CMP 
Wastewater," IEEE. Trans. Appl. 
Supercond. 23 (2013), 3700505.
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“Vacuum Tube MagLev”: Hyperloop
 On-going Collaboration with KRRI, Changwon National University, and SuNAM

REF: Hyperloop, wikipedia

 No-Insulation HTS linear synchronous motor
 Construction and successful operation completed in 2015. 
 A scale-up project under preparation in collaboration with KRRI, KERI, CNU and SuNAM.

Courtesy: C. Lee (KRRI) and S. Kim (CNU)
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300 kW 1.2 m x  0.6 m MI Magnet for Induction Furnace (2017, CNU)

The Developed 2G HTS Magnet for HTS DC IF.

Excitation Ceremony of the 2G HTS MI Magnet

 “Largest Bore-Size” NI-class Magnet

 SuNAM REBCO tape (12mmx 0.1mm), 3.4 km
 Stainless steel tape co-winding
 528 mH without iron core; ~1 hr charging
 250 A/mm2 at 7 K (conduction-cooled)

Characteristic Curves of the HTS MI Magnet Fabricated
Ref: Jongho Choi, Minwon Park, Sangho Cho, Development of the large HTS magnet for a 300 kW HTS DC Induction furnace, Excitation Ceremony, 2016. Aug. 

 “10 kW” success in 2015 (full demonstration) 

 To be installed at SuperCoil, Co., Ltd., in Korea
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Summary 
 Significant Progress of NI-REBCO Magnet Technology since 2010

 High Field Research Magnet (Completed)
• “Little Big Coil”: Record High DC Field of 45.46 T at 1400 A/mm2 and 700 MPa
• First user experience by IBS-CAPP: 24 T SuNAM/MIT/MagLab Magnet
• First commercial high-field user magnet in Korea: 18 T SuNAM/SNU for IBS-CAPP

 Industrial Applications (Completed)
• ”Defect-Irrelevant” Behavior  Significant Enhancement in Operation Reliability 
• High Gradient Magnetic Separation by Korea University
• Vacuum Tube Maglev by KRRI, CNU, and SuNAM

• 4 T 550 mm x 150 mm quadruple magnet by KERI for IBS-RISP (accelerator)  

• Induction Heater (1.2 m x 0.6 m) by Supercoil and CNU 

Application of the NI-REBCO technology is expanding to more challenging systems
S. Hahn  

<hahnsy@snu.ac.kr>
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