
TO:   

L. Dudek
FROM:  
G. Labik
SUBJECT:
NCSX Job 3101 External Flux Loops _ Diagnostic Systems
Date: October 20, 2008
Scope
This job provides an extensive set of external (outside the vacuum boundary) magnetic field sensing coils including 225 two turn flux loops and 4 single turn voltage loops mounted on the surface of the vacuum vessel, 36 single turn Co Wound Loops installed on the ID of and along two parallel edges of the 18 Modular Coils, 2 on each Coil, and 18 single turn Co Wound Loops installed on the ID of the TF Coils, and 3 Rogowski Coils, one installed on each of the field periods. One of the Rogowski Coils is required for first plasma operation. All the coils require accurate and precise placement, except the Voltage Loops and Rogowski Coils which however are required to completely enclose a defined space. All sensing loops have exiting leads which are twisted with a consistent small pitch between 5/8 and 3/4 inch. All loop geometries were accurately measured using the Romer Arm and Laser Tracker except for the Rogowski Coils, and files were transferred to Design Drafting as IGES files, converted, and in turn passed on to physics (Neil Pomphrey) for verification to the math models defined in Phi Theta space. The cables were either terminated or have excess cable coiled into a protective box for future connection to a junction box and then onto the electronics. The junction boxes are used to transition from the rigid coaxial cable to conventional shielded cable. Robust coaxial cable with protective SS or Inconel sheath was used throughout due to the inability to access the sensing loops after construction of NCSX is completed.
Status
205 Flux Loops were installed on the 3 Field Period Assemblies and twisted leads routed and terminated inside custom junction boxes mounted to the Port 12 horse collars. 20 Flux Loops designated for the 3 Field Period 'Spacers' have not been installed. The 4 Voltage Loops are installed with segmented lengths on each of the Field Periods, with excess leads provided for twisting the leads and threading through the Modular Coil shell at assembly to form complete toroidal loops around the completed vacuum vessel. The 36 Modular Coil Co Wound Loops have been installed and potted into place with 30 ft excess length twisted leads provided, exiting the shell and coiled into a protective box located on the shell OD. The 18 TF Coil Co Wound Loops have been installed on the TF Coil ID and potted and excess length leads, partially twisted and run along an edge and coiled into a protective box attached to the TF Coil OD.
Interfaces
1. The vacuum vessel surface mounted flux loops interface to a custom fabricated junction box (JB) mounted onto 2.75 inch ConFlat flanges located on the horse collar of Port 12. A 1/4 inch thick rubber seal is provided between the JB and ConFlat flange forming the nitrogen gas boundary. The cable OD is 0.059 inch and the rubber disc punctured with small holes on the order of 0.020 inch diameter to form a tight fit when the JB was tightened to the ConFlat flange. The cable ends are sealed against moisture and terminated into the terminal blocks of a circuit board with a D subminiature connector. The coaxial cable has a strain relief loop inside the JB. 
2. The field period 'spacer' surface mounted flux loops will interface into a JB outside the cryostat. The twisted leads will exit the Modular Coil shell through the excess space around a nearby vessel nozzle and will require a custom nitrogen gas boundary design through the cryostat. 
3. Each Modular Coil has two twisted pair cables ( 2 Co Wound Loops) exiting from the ID through to the shell OD. The cables share a penetration used for exiting cooling lines. Presently 30 ft of excess length is coiled into a SS protective box. When ready for operation, the cables will be routed through and out of the cryostat to a JB, and will require a custom nitrogen gas boundary design. 

4. TF Coil Co Wound Loops have similar interfaces as the Modular Coils but only a single pair of twisted exiting leads.
5. The Co Wound Loops and 'Spacer' flux loops will be grouped into three exit points approximately 120 ° apart. There will be no cable splice points inside the cryostat. The future gas boundary design should take this into consideration when locating and designing the gas boundary.
6. Each of the Rogowski Coil twisted leads will be routed along the vacuum vessel surface of the associated field period and terminated into a convenient flux loop JB, located on the Port 12 horse collar but into a separate circuit board with D subminiature connector and terminal blocks. 
Specifications

NCSX-CSPEC-31-01-00
D-NCSX-PTP-DG-039      Thermocouples / Electric Heater Test

D-NCSX-PTP-TOK-015    Flux Loops/Rogowski Coil Test 

Schematics 
None
Misc sketches, flux loop layout in Phi Theta space and other data located in a Magnetics Drawing and Miscellaneous folder 

Drawings
se 310-030 -a -q ( Sht 1 to 15 )  Flux Loop Cable Winding Template Drawings  w/ Indents
se 310-030 -th0,th5 & th1 Flux Loop Cable Winding Template Drawings  w/ Indents
se 310-030 -th0,th2 & th4   Flux Loop Cable Winding Template Drawings  w/ Indents
se 310-030 -1  ( Sht 1 to 4 )    VVSA1 Magnetic Loop Arrangement 

se 310-030 -2     VVSA 2  Magnetic Loop Arrangement
se 310-030 -3     VVSA 3  Magnetic Loop Arrangement
se 310-030 -32   Co Wound Loops Modular Coil - Sensing Cable Protective Box
se 310-030 -34   External Flux Loops Sensing Cable Vertical Port 12 Junction Box
se 310-030 -35   External Flux Loops Sensing Cable Vertical Port 12 - CF Interface
se 310-030 -50   HIGH TEMPERATURE ROGOWSKI COIL
Analyses

Physics ( Neil Pomphrey) analysis of flux loop placement on VV surface, size , number, geometry , co ordinates of copper template locator points.
Testing
Resistance and capacitance measurements of the magnetic loops, thermocouples , and heaters partially completed.
Costs
No updates
Remaining Work
· Rogowski Coil twisted leads to be routed along the VV surface, inside a flexible SS protective sheath, to a convenient Flux Loop junction box, located on a Port 12 horse collar. Spot weld to VV surface with SS shim stock and terminate into a second circuit board terminal block with D subminiature connector.
· Provide a protective cover at the wire junction point ( start of twisted leads) of the Rogowski Coils. This is a fragile area. 
· Provide junction boxes out side the cryostat and cryostat penetration for the cabling.



















