
Barry Sullivan, DOE-OFES 

And 

Joseph V. Minervini, MIT-PSFC 

  

 

Committee to Assess the Current Status and Future Direction  

of High Magnetic Field Science in the United States 

National Academies – Keck Center – Room 201 – Washington, DC 

Thursday, May 17, 2012 

 











































































ITER TF Spec 
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We need to develop 

superconducting magnets 

for fusion which take 

advantage of this fantastic 

new operating space 

Old operating space 



 

• HTS is potentially a ‘game changer’ for fusion devices in several 

respects: 

– high performance 

– high reliability, availability and maintainability 

– acceptable cost  

• Flexible experimental scale devices  

• Steady-State tokamaks,  

• Stellarators, and other 3-D magnetic configurations  

• Synergism with other DOE and scientific programs: 

– High Energy Physics  

– Superconductivity for Electric Systems 

– High field NMR 

– Medical (MRI, Proton Radiotherapy) 
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Joint European Torus (JET) 

• Water-cooled copper tokamak 

• World’s largest fusion device 
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ITER Magnet System

Central Solenoid 

(6 Modules) 

Pulsed Operation 

13T, 40 kA 

Nb3Sn 

Toroidal Field Coils 

(18 Coils) 

Pulsed Operation 

11.8T, 68 kA 

Nb3Sn 
Poloidal Field Coils 

(6 Coils) 

Pulsed Operation 

6T, 45 kA 

NbTi 

 

12.5m 

4m 



J.V. Minervini  MIT-PSFC 

Incoloy Alloy 908 Conduit 
(structural materials) 

>1000 superconducting wires 
(superconducting materials,  

electromagnetics) 

Supercritical helium flows in 

interstices 

 and central channel  
(heat transfer, thermodynamics, fluid 

dynamics) 

CICC 
(50 mm x 50mm) 

Strand 
(0.81 mm 

diameter) 

Sub-element Bundle 

Superconducting Filament 
(~3 m diameter) 

ITER CSMC Superconductor 



Coils assembled in the Vacuum Vessel 

Overview of Model Coil Test Facility at 

JAERI, Naka, Japan 

• Magnet stores 640 MJ at 13 Tesla 

peak field  

• Fast Discharge in ~6 seconds 
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1. Basic elemental conductor development 

• Basic cables made of 1 mm – 5 mm width YBCO tapes  

• Multi-cable conductor 

2. CICC development 

3. Termination development for Multiple-cable conductor  
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109 Rad, insulation limits design 

RPD 

ITER – advanced 

Nb3Sn should be 

within allowable  

FIRE, ARIES-AT, 

RPD don't use 

Nb3Sn – good 

thing 

  

FIRE-SCST 
ITER 

ARIES-AT 
TF, Calc 

Allowable 

>1010 Rad, sc limits design 



 
 

• All A15's have same Tc/Tco degradation vs. fluence 

1-2 orders of magnitude more sensitive than NbTi 

• YBCO films have faster Tc/Tco degradation than A15's 

ITER Allowable 

ARIES-AT 

YBCO film 

RPD Allowable 

SLHC Cos D1 
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Critical currents in YBCO bulk 

superconductors at 77 K 



 

• Presently employed glass-fiber reinforced 

epoxies degrade at the ITER fluence level 

• Novel cyanate esters may not withstand the 

DEMO fluence level 

• New research efforts needed 

 

 

Insulation Materials 



Tensile Tests of Unirradiated and Irradiated ALSTOM ITER Samples 
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Fracture at 77 K before and after irradiation  

to fast neutron fluence of 1x 1022 m-2 (E>0.1 MeV) 
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Summary 

• Demo and commercial fusion reactors will not be built with 

1990‘s ITER technology 

− We can‘t afford to wait 20-30 years and then try to catch up 

• Advanced superconducting technology is critical to 

development of a reliable and economical fusion reactor 

− Need intensive HTS high current, high field conductor 

development 

• Significant further R&D of radiation tolerant insulation systems 

must be pursued 

• Can radiation resistance of superconductors be improved? 

• New facilities are required including ability to irradiate at 

cryogenic temperatures 

− Ideally perform mechanical tests at low temperature 


