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Contents  
ÅHigh field HTS SMES solenoid 

ïSummary of design, construction and test results 

ü (achieved new record performance) 

 

A brief discussion on: 

Å High field magnets for accelerators 

ïCommon coil design for high field magnets 

ü  (inherent geometry for higher performance, lower cost) 

ü  (good field quality designs demonstrated) 
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High Field HTS Solenoid for  

Superconducting Magnetic Energy Storage  

(SMES)  

Conductor: High strength ReBCO from SuperPower  (over 6 km, 12 mm wide)  
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SMES Options with HTS  

 High Temperature Option (~ 65 K): Saves on cryogenics (Field ~2.5 T)  

 High Field (~25 T) Option: Saves on Conductor (Temperature ~4 K)  High 

Temperature  

SMES Ring  

High 

Field  

SMES 

Ring  

Previous attempts:  

   LTS: up to ~5 T 

   HTS: few Tesla (high temp. to save on cryo) 
 

Our analysis on HTS option:  

Conductor cost dominates the cryogenic 

cost by an order of magnitude 
 

High risk, high reward R&D under arpa-e:  

ü Very high fields: ~25 T (E Ŭ B2) 

×  Only possible with HTS 

üAlso: A medium field and medium temperature  option 

 (a new record demonstrated as a part of arpa-e funding) 
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Very High Field HTS Solenoid  

Field: ~25 T  

Bore: 100 mm (large) 

Hoop Stresses: 400 MPa 

Conductor: HTS (new) 

Aggressive parameters 

üFunded by arpa-Ŝ ŀǎ ŀ άƘƛƎƘ ǊƛǎƪΣ ƘƛƎƘ ǊŜǿŀǊŘέ ǇǊƻƧŜŎǘ 

The Basic Demonstration Module  
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Concepts of Large Scale SMES  

ÅTorus could consists of a large number of solenoid module 

ÅField becomes parallel, increasing I c of ReBCO several times 
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Concepts for GJ Size SMES for GRID 
Radius: 5 meter, height ~5 meter

Consists of double pancakes ïsame as in demo 

10 rings, each consisting of ~1000 double pancakes

GJ  scale compact storage system 

Bo~25 T, Bperependicular  ~0.4 T (B// efficient for ReBCO) 
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High Field 

HTS 

Solenoid 

Design 
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Magnetic Design  
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Coil 

Coil 

Stainless Steel 

Support 

Tubes 

Cross-section of Coil and Support Tube  

Inner Stainless Steel Tubes 

for Assembling Pancakes 

inches [mm]       units 
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Nominal Parameters  
Stored Energy 1.7 MJ

Currrent 700 Amperes

Inductance 7 Henry

Maximum Field 25 Tesla

Operating Temperature 4.2 Kelvin

Overall Ramp Rate 1.2 Amp/sec

Number of Inner Pancakes 28

Number of Outer Pancakes 18

Total Number of Pancakes 46

Inner dia of Inner Pancake 102 mm

Outer dia of Inner Pancake 194 mm

Inner dia of Outer Pancake 223 mm

Outer dia of Outer Pancake 303 mm

Intermediate Support 13 mm

Outer Support 7 mm

Width of Double Pancake 26 mm

Conductor used 

(ReBCO from SP): 

  

üWell over 6 km  

(12 mm wide tape) 
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Grading to Optimize Design  

Initial 1.7 MJ Design 
Optimized 1.7 MJ Design 

Adjust within coil  

(different pancakes) 

ÅCu thickness 

ÅSS thickness 

(more cu in ends 

more SS in middle) 

 

End Result:  

V Improved 

performance 

ü Better 

mechanical 

structure and 

reduced Bperp  
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Mechanical  Analysis (ANSYS)  

< 500 MPa 

< 125 MPa < 0.3% 

< 0.3% 

Maximum 

coil 

deformation 

due to 

Lorentz 

forces:  

~200 mm 

Axial Stress Axial Strain  

Hoop Stress Hoop Strain 

Lakshmi, et al. 

ASC2014 
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Engineering Design  
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Construction  
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Winding with Computer Controlled 
Universal Coil Winder  

Rotating (later) 
Fixed (earlier) 

Fixed (later) 
Revolving (earlier) 

Turn -to-turn insulation: stainless steel tape 
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Outer Pancake with v - taps  
Practice coils (SS)  

Outer  

Inner  

Outer  

Inner  

Made with ~210 meter of 12 mm ReBCO tape 

from SuperPower  with SS tape between the 

turns (No. of turns = 258)  
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Series of Pancakes  

Rotating (now)
Fixed (earlier)

Fixed (now)
Revolving (earlier)

V-taps 
(temporary)

V-taps for intermediate testing 
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Two Pancakes Connected 
with Spiral Splice Joint  
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Inner and Outer Coils Assembled  

Inner Coil 

102 mm id, 194 mm od 

28 pancakes 

Outer Coil 

223 mm id, 303 mm od 

16 pancakes 
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Coil Parts Prior to Assembly  

Support  
Structure  

Coils 

Test  
Fixtures 
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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 


