[image: image1.png]Gas
Coolant

a

Winding Form

Stiffening Rib

PLASMA

Flexitle
Conducior
‘ — 16 mm =
Filler Block u
0.375'
3 —— Da
mm Flexible Conductor
| 325"
o 85 m
ts 433"
2 1o mm
£ Center of
@ Winding Pack
Couiing
Septum
| 008"
247"
— 02 55 mm
Shroud
‘.
98
T 203 mm Gap
. e Y ® i )
Vacuum Vessel 5mm-y 10 mm
T 744"
‘r 189 mm
35 mm
10.85 mm
|
PFC’s 25 mm
|
20 mm Gap
[ S




Fusion Energy Division

P.O. Box 2009

Oak Ridge, TN 37831-8073
NCSX  Data Sheet
DRAFT
February 2, 2001


Carl Hjelm

New England Electric Wire Corporation

130 North Main Street

Lisbon, New Hampshire,  03585

Conductor for NCSX Stellarator Coils

Dear Carl,

The National Compact Stellarator Experiment, NCSX, is a proof-of-principle facility to be constructed at the Princeton Plasma Physics Laboratory to demonstrate the advantages of the compact stellarator for magnetic fusion energy research. The magnetic fusion energy process attempts to use magnetic fields to confine hot plasma at sufficient temperature and density to permit fusion reactions to occur.  The NCSX device produces a magnetic field with a set of non-axisymmetric modular coils as well as axisymmetric toroidal and poloidal field coils.  The modular coils are shaped to provide a favorable magnetic field to confine the plasma.  The basic device and coils are shown in the attached Figures 1 and 2.  Additional information may be found at the manufacturing web site,  http://www.pppl.gov/me/NCSX_MFG/.

The modular coil geometry is very complex and the magnetic field must be very accurate.  The present concept uses a cast and machined winding form that also serves as the machine structure.  The winding form is a partial shell with a rib positioned on the inside.   The conductor is wound directly against the machined rib.  After the entire conductor for a particular coil is put into place, a temporary closure bag is put in place and the conductor is vacuum pressure impregnated with epoxy.

Due to the nature of the geometry, stranded cable conductor is preferred so the windings can be placed in position by hand.  This requires fairly flexible conductor.  At the same time, it is desired to have as much copper as possible in the cross section to reduce the net current density and subsequent heating of the conductor pack.  Our preliminary specification for the conductor is also attached.

We would appreciate your recommendations for the type of conductor that would be most suited for our coils.  We would also be very interested in a budgetary cost for the quantity of conductor listed in Table 1.   

Sincerely,

Brad Nelson

NCSX Modular Coil Conductor requirements

The NCSX modular coil conductor is not fully specified, pending decisions on the final magnetic configuration and field strength, but is basically a flexible cable that is compacted to a slightly rectangular cross section.  It operates at relatively high current density for short pulses, and is cooled by conduction to a gas-cooled septum between pulses.  It is assumed to be vacuum impregnated with epoxy after winding to provide structural rigidity.  Table 1 lists some of the basic parameters.

Table 1 NCSX cable conductor parameters

	Parameters
	Value
	Units
	Comment

	
	
	
	

	Max current
	15
	kAmps
	Maximum during pulse

	Pulse length
	~1 
	seconds
	Equivalent square wave

	Repetition rate
	10
	minutes
	Between pulses

	Width of cable
	0.625
	in
	w/o insulation

	Height of cable
	0.50
	in
	w/o insulation

	Individual wire size
	36
	AWG
	

	Cable Cu fraction after compaction
	0.7 minimum
	
	0.75 preferred, if possible 

	Equivalent Cu size
	278500
	Circ mil
	minimum

	Length (continuous)
	325 to 415
	feet
	depends on size of coil, number of turns

	Total conductor length
	~ 15,000
	feet
	21 coils

	Insulation rating
	~ 3
	kV
	Turn to turn

	Insulation thickness
	0.02 
	in
	Total, 2 layers half-lapped

	Bend radius
	( 1.5
	inches
	At centerline of inner conductor

	“Flexibility”
	
	
	Must be capable of hand-layup, in any orientation, without un-raveling.  It is not necessary to retain flexibility after it is put in place 
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Figure 1  Winding form concept, including form, form with winding, and assembled machine
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Figure 2  Cross section through modular stellarator coil with nominal dimensions

