
MODULAR COIL DESIGN DEVELOPMENTS FOR THE 
NATIONAL COMPACT STELLARATOR EXPERIMENT (NCSX)

D. Williamson1, A. Brooks2, T. Brown2, J. Chrzanowski2, M. Cole1, H-M. Fan2, K. Freudenberg3, P. Fogarty1, T. Hargrove4, P. Heitzenroeder2, G. Lovett5, P. Miller5, R. Myatt6, B. Nelson1, W. Reiersen2, D. Strickler1
1Oak Ridge National Laboratory, Oak Ridge, TN, 2Princeton Plasma Physics Laboratory, Princeton, NJ, 3BWXT Y-12, Oak Ridge, TN, 4Hargrove Engineering, Scottsboro, AL, 5MK Technologies, Knoxville, TN, 6Myatt Consulting, Norfolk, MA

Coil Type A
20 Turns

Coil Type B
20 Turns

Coil Type C
18 Turns

236

180 152
cm

173

201
170

VPI Bag

Flexible
Conductor

Winding
Form

Copper Cladding
(inner surface)

Chill Plates
(outer surface)

Cooling
Tube

Fiberglass
Reinforcement

Magnetic
Sensor

Clamp
Assembly

NCSX STELLARATOR CORENCSX STELLARATOR CORE

WINDING PACK ASSEMBLYWINDING PACK ASSEMBLY

MODULAR COIL ASSEMBLYMODULAR COIL ASSEMBLY

ELEVATION AT 60ELEVATION AT 60--DEGDEG

ELEVATION AT 0ELEVATION AT 0--DEGDEG

5.3 m

Vacuum
Vessel

Hanger
Supports
(6 Places)

VESSEL INTERFACEVESSEL INTERFACE

TF COIL INTERFACETF COIL INTERFACE

A

B

C

C
BA

TF Crown
Structure

Modular Coil
Field Period
Assembly

A

B

C

This work was supported by the US Department of Energy under 
Contract No. DE-AC05-00OR22725 with UT-Battelle, LLC.

-4000

-2000

0

2000

4000

6000

8000

0 10 20 30 40 50 60 70 80 90 100

Poloidal Position

Ru
nn

in
g 

Lo
ad

 (l
b/

in
)

M2-Left-Rad
M2-Left-Lat
M2-Right-Lat

Lateral force 
away from tee

Fr=200-kip
Fz=7-kip

Fr=86-kip
Fz=122-kip

Operating Loads (Electromagnetic, Thermal)Operating Loads (Electromagnetic, Thermal)
• Magnetic flux density at windings up to 4.7 T
• Heating to 130 K during pulse
• Cooling by conduction to 85 K in ~15 min
• Eddy currents reduced by segmentation
• Coil EM load up to 1.4-MN radial, .5-MN vert
• Maximum running load is 1.2 MN/m
• EM force is mostly toward structure
• Clamps provide winding preload
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EM LOADS AT 2T OPERATING SCENARIOEM LOADS AT 2T OPERATING SCENARIO

MODULAR COIL DISPLACEMENTMODULAR COIL DISPLACEMENT

1.3 mm Coil Deflection and StressCoil Deflection and Stress
• Windings track shell deflection in most places
• Local deflection depends on shape, initial strain
• Clamps help maintain contact in most regions
• Max stress in structure ~200 MPa (FS>2 at 80 K)
• Max stress in windings ~80 MPa
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Magnetic Field ErrorsMagnetic Field Errors
• FEA deflected shape was analyzed for typical

scenario, vacuum field plot did not change
• Fabrication errors in winding center evaluated,

errors < 30 cm from plasma were significant
but in other areas could be ignored

• Shape of as-built coil derived from magnetic
measurements to aid in precise assembly

• Assembly features allow independent positioning

Vacuum Field for Undeformed Coil Deformed Coil at 2T Scenario

Effect of Fabrication Error on Field Configuration

Conductor – OFHC Copper
• 34-gauge Wire ( 0.0063 in. diameter)
• 0.342 in. x 0.383 in. (bare) +/- 0.008 in.
• 0.004 in. thick nylon serve
• 12x5/54/34 cable, 3240 strands

Manufacturing DevelopmentManufacturing Development

Straight Tee Section
• First use of “bag mold”

for VPI process
• CTD-101K resin

Racetrack Coils
• First winding experience and

use of copper cladding / chill plates

Field Period AssemblyField Period Assembly
• Three coil sector installed over vessel segment
• Assembly fixture motion defined by kinematics

code that analyzes component clearance

Three-Dimensional Winding Fixture

Prototype Casting
(Energy Industries of Ohio)

Twisted Racetrack Coil
(under construction)
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