April 7, 2007
To: J. Rushinski, T. Brown, M. Cole, and R. Ellis
From: Wayne Reiersen

Subject:  Sequence plan for final assembly

It became clear at our last meeting that the NCSX project had to document an assembly sequence for final assembly to serve as the basis for Erik Perry’s estimate.  This is my first cut at the assembly sequence.  Please review this first cut and let me know what changes should be made.  Joe probably knows best what the assembly sequence should be.  Hopefully, we can sort through the comments in short order and have a firm basis for Erik to proceed by the end of the week.

1. Install permanent base support structure.  The machine is supported on three columnar supports underneath the C-C parting plane under the outboard feet.  The machine is supported through an interface at the top of the column that permits sliding in the radial direction.  The columns sit on a hexagonal structural ring that allows gravity loads to go building steel, spanning penetrations in the floor.  The columns have struts that connect to the hexagonal ring for lateral seismic loads.  The hexagonal ring has radial beams that are tied to a central pedestal.  The solenoid gravity support sits on the central pedestal.
2. Install PF4L, PF5L, and PF6L on TC floor.  Both PF5L and PF6L have radii larger than the hexagonal structural ring.  They are trapped by the permanent base support structure and need to be placed on the floor prior to the field periods being moved.  PF4L is connected to the solenoid assembly and can placed on the radial beams at the start of machine assembly for convenience.  In the middle of PF4L is a vertical post that provides a spring support to balance gravity loads from the solenoid assembly and PF4U/L. It is installed after the solenoid assembly is installed to maximize access for making electrical, cooling, and instrumentation connections to the solenoid from underneath.
3. Install rails, positioning sleds, and actuators for radial motion.  Rails will be provided that provide precise, repeatable radial motion for each field period.  I expect the rails will be supported on the hexagonal structural ring and radial beams and will pass over PF5l and PF6L on the TC floor.  The sleds will provide 3-pt support for the field periods and move radially on the rails.  Actuators will be required to provide the motive power for radial motion.  At the end of this activity, the sleds will be ready to receive a field period.
4. Install and position FPAs on sleds.  Install FPA-1 on its sled.  Move to final position.  Adjust FPA-1 using O/H crane and 3-pt support on sled so that it is properly positioned for machine assembly.  Withdraw to starting position.  Install local platforms outboard of FPA-1.  Repeat for FPA-2 and FPA-3 as they become available.
5. Simultaneously move all three FPAs together.  Make any positioning adjustments required.  Install guide pins for repeatability of future alignments.  Confirm outboard shim dimensions previously derived from metrology data.  Retract all three FPAs.
6. Install inboard and outboard shims.
7. Simultaneously move all three FPAs together. Confirm adequate fit-up in shims.  Tack inboard shims to mating flange.  Retract all three FPAs.
8. Weld inboard shims on mating flanges.
9. Install TF coils at ends of each FPA.  The end TF coils were previously left off so the inboard shim fit-up could be checked and the shims tack welded into position.  Note that this might drive the clearance required between adjacent FPAs.

10. Install mechanism for holding the spool pieces along with the spool pieces.

11. Simultaneously move all three FPAs together.  Verify alignment of FPAs prior to bolting flanges.  Move VV to final position.  (It should have been set back slightly to avoid interference with spool pieces when positioning the modular coil assemblies.)  Verify adequate fit-up of spool pieces.  Verify electrical isolation of modular coil assemblies.
12. Bolt flanges.  Verify alignment of FPAs subsequent to bolting.  Drill eccentric holes and install bushings.  Bolt flanges.

13. Lower stellarator core onto permanent supports.  Shim permanent supports so uniform gap exists at all three support locations.  Lower onto permanent supports.  Install lateral and vertical restraints at three support locations.  Remove positioning sleds and rails.
14. Weld spool pieces onto VVSA.
15. Weld all six Port 4s in place.
16. Install vacuum pumping system.
17. Pump down and leak check vacuum vessel.  Repair leaks as required.

18. Install TF alignment and traction ring.  

19. Pull TF coil radially inward so that noses wedge to form continuous ring.  Verify nose fit-up.

20. Lock TF coils at the four support locations.  TF coils are locked vertically and laterally to reduce peak stresses in the coils and preserve stellarator symmetric deflections.  Verify electrical isolation of TF coil assemblies.
21. Install boots to seal VV port stubs to penetration in modular coil structure.  Verify electrical isolation of VV and modular coils.

22. Fill annulus between modular coils and VV with pourable aerogel insulation.
23. Install in-cryostat cabling for electrical power to coils.  
24. Connect cabling, LN2, and I&C for modular and TF coils.
25. Align guide mechanism for solenoid installation.
26. Install solenoid assembly.  Assumes solenoid is assembled as part of field period assembly operations, perhaps in Station 5.  Verify alignment and electrical isolation.
27. Connect cabling, LN2, and I&C to solenoid assembly.
28. Install solenoid support structure. 
29. Install PF4L.  Alignment and electrical isolation need to be verified for each ring coil.  The coils must be checked for roundness and planarity and must be perpendicular and centered on the major axis of the machine defined by the modular coils.
30. Connect cabling, LN2, and I&C to PF4L.
31. Adjust spring compression in solenoid support structure to balance weight.  Verify proper elevation of solenoid assembly and TF inner legs, load through solenoid support structure.

32. Install remaining PF (PF4U, PF5U/L, and PF6U/L) and two trim coils (TC1 and TC2).  Align each coil to the modular coils.  Verify electrical isolation.  Connect cabling, LN2, and I&C to each coil.
33. Install cryostat base.  Cryostat base is a circular annulus that is considered a “permanent” structure.  The three base support columns along with feedthroughs for electrical power, LN2, and instrumentation are routed through the cryostat base.  This facilitates cryostat disassembly for interior access elsewhere without disturbing the feedthroughs.
34. Install electrical power, LN2, and instrumentation feedthroughs in cryostat base.  
35. Conduct electrical power, LN2, and coil system PTPs.

36. Install warm-to-cold transition box and cabling between cryostat base and electrical connections to WBS 4.  Connect to power supplies.

37. Connect coil LN2 feeds to LN2 distributions system.

38. Connect coil and VV instrumentation.
39. Connect 150C bakeout system.  Pump down and bake vacuum vessel.
40. Prepare for warm power testing (ISTP).  Conduct ACC review.  Conduct warm ISTP.

41. Install cryostat cooling system and instrumentation

42. Install cryostat

43. Cool down cold mass

44. Prepare for cold power testing (ISTP).  Conduct ACC review.  Conduct cold ISTP.

45. Install field line mapping equipment.  (This could be done earlier.)
46. Perform initial field line mapping

Cc: Perry, Neilson, Viola, Dudek, Strykowsky, Williams, Gettelfinger, Gentile
