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NCSX 


ROGOWSKI COIL

HIGH TEMPERATURE


PRELIMINARY DESIGN REVIEW
Requirements

1.
Provide a robust design and locate in secure location supported from stable structure (Vacuum Vessel or Field Period Spacer). There will be no access to the Rogowski Coil after the field periods are fully constructed. 
 2.     
Install a minimum of 2 Coils located         approximately 120 ° apart. Fabricate a minimum of 3 coils.
3.
Locate as close to the plasma as possible
4.
Survive  bake temperatures of 350ºC
5. NA of the NCSX greater than 2 sq inches per inch of length 
    6.
Minimize gap between mandrel ends, 3/8 inch acceptable upper limit
7       Twist the exiting lead wires immediately outside the footprint of the mandrel  
8. Coil to have an upper response in the 1 kHz range the low end is determined by the electronics. Measure prototype and extrapolate data.
9.
Provide electrostatic shield
Design 
1. Locate on vacuum vessel or field period spacer surface adjacent to weld flange. 
Approximately 10 ft length. Custom fit to minimize end to end gap

2. Mandrel 5/16 inch OD with 0.010 inch wall annealed 316 SS furnished as straight tube to facilitate winding
3. Winding wire 0.032 inch diameter coaxial mineral insulated cable, annealed 316 SS conductor and sheath, and compressed MgO insulator.                    μ < 1.02 ( Measured )
4. 30 turns per inch ( theoretical max is 31 )  
NA =2.8 inch² per inch  ( A=0.0935 inch² )
5.
    Two to three layers of Nextel tape, no lap wrap

0.018 inch thick 

6.        Protective outer housing annealed 316 SS, 5/8 OD by ½ inch ID. μ < 1.02 ( Measured )
7
Return wire run in ID of mandrel with Nextel  sleeve to damp vibration  
8 Route the Rogowski Coils  next to weld flange either on  vessel side or field period spacer ( spacer may have fewer obstacles ). 

 Hold in place with 0.080 inch thick by ½ inch wide inconel 625 formed clamp and tack weld to vessel or spacer.  7 clamps planned, custom bend, trim and install. 
0.20 inch gap between ends for 0.180 inch differential thermal expansion between the coil outer protective sheath and the vessel. 
Inconel clamp sized to permit the differential thermal expansion 
9 Twist coaxial cable leads with 5/8 to ¾ inch pitch and run approximately 30 ft to exit the Modular Coils at a convenient port cavity. One set routed outside the cryostat to a junction box for a transition to conventional shielded cable. The remainder coiled into protective box on Modular Coil structure.

Provide 7/32 inch ID flexible 316 SS hose as protective sheath.   μ < 1.02 ( Anneal at PPPL )
10     One Rogowski to be operational for first plasma.
Conventional cable run from junction box  outside cryostat to electronics  rack ( by others )                                
11 If Rogowski Coil is routed over Flux Loops or Voltage Loops provide 316 SS thin wear plate of 0.005 inch shim stock and spot weld to vessel
12     Fabricate the Rogowski Coil completely at PPPL
Set up 18 x 2 x 2.5 ft work bench in TFTR test cell or MG area for winding mandrel.                                               

Use extruded aluminum  Bosch Framing System, Micro Mark Small Tool lathe and Boston Gear Speed Reducer

    Order parts for winding after successful PDR. 
Schedule 
1.
PDR _________________________
6/12/07

2.
FDR _________________________
7/20/07

3.
Purchase equipment for winding 

 mandrel  _____________________
6/13/07

4.
Order 0.032 SS coax ____________
6/13/07

5.     PPPL sets up winding equipment __
7/30&31/07
6.
PPPL winds and assembles 3 coils_
8/6 to10/07

5.
Install on first field period assembly _
? 2007
Cost
1.
Winding equipment ___________________
$ 3000
2.
Labor to set up work area                                                         

2 techs ( 48 mh ) ________________
$ 5000

3.
Labor to wind 3 coils
 3 techs( 78 mh )   _________________      $ 8000
4.
Material Cost ___________________________       $ 4100


Cable _____
$  2000



Mandrel ___
$  1500


Nextel _____     $    450


Flex Sheath _
$    150

