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1.0 [bookmark: _Ref289350981]INTRODUCTION
The National Spherical Torus Experiment (NSTX) is a high performance ST research facility that is presently operating at the Department of Energy’s Princeton Plasma Physics Laboratory (PPPL).  In 2009 the US Department of Energy approved the initiation of a project to upgrade the NSTX for approved performance.  A new Centerstack is included as part of the upgrade activities.  The Centerstack Assembly includes:
· Inner Toroidal Field Bundle
· Ohmic Heating Coil
· Inner Poloidal Field Coils
· Centerstack Casing
· Ceramic Break Assembly
· Plasma Facing Components

2.0 [bookmark: _Ref289686303]SCOPE
This document will describe the manufacturing and procurement plans for the fabrication and assembly of the new “Centerstack Assembly” and supporting hardware for the NSTX upgrades.  This includes the TF flex bus assemblies and the replacement for one of the outer TF coils.


[bookmark: _Toc293411141]Figure 1- CENTERSTACK COMPONENTS


3.0 [bookmark: _Ref289686315]INNER TF BUNDLE
[bookmark: OLE_LINK1]General Description: The Inner TF bundle is a thirty six (36) turn copper coil bundle that forms the inner legs of the toroidal field coil system.  The coil is constructed using pie shaped oxygen-free silver-bearing copper conductors that are, sandblasted, primed and insulated with multiple half-lapped layers of S2 glass tape. Each conductor end has Cu-Cr-Zr lead extensions that are added via friction stir welding [FSW] process. The coil will be constructed into quadrants that will allow better dimensional control.  Each quadrant will be epoxy impregnated using CTD-425 a 2-part system with Epoxy (EP) and Cyanate Ester (CE) catalyst in Part A and Cyanate Ester (CE) in Part B.  The finished quadrants are then over wrapped with multiple half-lapped layers of S-2 glass insulation to form the outer groundwall.    The entire insulated coil is then epoxy impregnated using the CTD-425 system.
[image: ][image: tf-slanted]












[bookmark: _Toc293411142]Figure 2- Inner TF Bundle
3.1 [bookmark: _Ref289686334]GENERAL TF FABRICATION NOTES:
3.1.1 The TF bundle will be fabricated in-house at PPPL as a precursor to the manufacturing of the OH solenoid. [See OH solenoid 4.0 section]

3.1.2 PPPL will be responsible for all materials including copper conductor.

3.2 [bookmark: _Ref289686345]PROCUREMENT PLAN
3.2.1 [bookmark: _Ref289686390]General TF Bundle Materials  (PPPL procurement)
3.2.1.1 S-2 Fiberglass Insulation 
3.2.1.2 Primer- CTD 450 
3.2.1.3 VPI System- CTD 425 
3.2.1.4 Upper & Lower TF Crown Assemblies 

3.2.2 [bookmark: _Ref289686415]Copper Extrusions: (PPPL procurement)
3.2.2.1 Copper extrusions will be procured prior to FDR due to potential schedule impact. 


3.2.2.2 [56] Copper conductor extrusions will be procured.  Sufficient conductors to build 6 quadrants plus spare for development.

3.2.3 [bookmark: _Ref289686426]Final Inner TF Conductor: ((PPPL procurement)
3.2.3.1 A contract will be issued for the final processing of the Inner TF conductors.  A single vendor will be selected and responsible for the completion and delivery of the Inner TF conductors.  This contractor will be responsible for the machining and Friction Stir Welding (FSW) operations.
3.2.3.2 Fabricate the Cu-Cr-Zr lead extensions.
3.2.3.3 Copper extrusions will be machined to the required conductor final dimensions.  Additional machining for a cooling groove and in the lead areas will be required. (55 conductors will be completed)
3.2.3.4 FSW the lead extensions to the machined TF extrusions.
3.2.3.5 Final machine the lead extensions of the TF conductors

3.3 [bookmark: _Ref289686459]MANUFACTURING PLAN
The TF bundle will be fabricated in the CS High Bay area at PPPL. (Former NCSX Test Cell)  Recommended manufacturing sequence:

3.3.1 [bookmark: _Ref289686471]Quadrant Fabrication (4 required) (PPPL fabrication)
3.3.1.1 Solder a copper cooling tube into the machined groove along the side length of each conductor copper conductor.
3.3.1.2 Protect the electrical contact faces and holes.  Cap the open cooling tubes.
3.3.1.3 Grit blast the entire conductor length.
3.3.1.4 Clean and ethanol rinse conductor surface.  Allow to dry.
3.3.1.5 Brush-apply Cyanate Ester primer (CTD-450) along the surfaces of the entire conductor length.
3.3.1.6 Cure the primer
3.3.1.6.1 Place in oven and ramp up to 110 °C and hold for 8 hours.
3.3.1.6.2 Ramp to 150°C and hold for 4 hours.
3.3.1.6.3 Cool to room temperature.
3.3.1.7 Turn Insulation- Apply three (3) half-lapped layers of 0.006 inch thick S-2 fiberglass tape insulation.
3.3.1.8 Assemble the insulated turn into the quadrant mold.
3.3.1.9 Continue until nine (9) insulated conductors have been assembled into quadrant mold.
3.3.1.10 Fasten and align the conductor ends to alignment fixture.
3.3.1.11 Close mold and move to VPI oven.
3.3.1.12 [bookmark: _Ref288484175]Vacuum pressure impregnate (VPI) the finished quadrant using CTD-425 system.

3.3.1.12.1 Place mold into VPI oven.
3.3.1.12.2 Ramp up coil temperature to 100°C and hold for 22 hours.
3.3.1.12.3 Ramp up to 170°C and hold for 24 hours.
3.3.1.12.4 Slowly cool down to room temperature and remove from the mold.
3.3.1.13 Repeat process for all four (4) quadrants.

3.3.2 [bookmark: _Ref289686570]Full Inner TF Bundle Assembly (PPPL fabrication)
3.3.2.1 Assemble the (4) cured quadrants together to form the full bundle assembly.
3.3.2.1.1 The quadrants shall be assembled around a G-10 center tube that is pre-insulated with approximately 0.125 inch of S-2 glass insulation. The nose sections of the quadrants interface with the center tube.

[image: ]
[bookmark: _Toc293411143]Figure 3- Center View of TF Bundle
3.3.2.1.2 Scotch-brite all epoxy surfaces (OD and flat surfaces) to enhance bonding between the quadrants during VPI.
3.3.2.1.3 Apply a layer of 0.040 inch of S-2 glass sheet between the interfacing surfaces of the four (4) quadrants
3.3.2.1.4 Once the quadrants are together, lock and align the ends of the quadrants together using the alignment fixture.


3.3.2.2 Apply multiple half-lapped layers of S-2 glass insulation (ground wrap) around the assembled bundle to an approximate build of 0.108 inch thick. See drawing for final dimensions.
3.3.2.3 Place insulated TF bundle into the mold and vacuum leak test.  Then place the mold and coil into the VPI oven.

3.3.3 [bookmark: _Ref289694957] Inner TF Bundle VPI
3.3.3.1 VPI the full Inner TF bundle to the parameters identified in section 3.3.1.12.

3.3.4 [bookmark: _Ref289695015]Inner TF Bundle Post VPI 
3.3.4.1 Remove TF bundle from the mold, perform acceptance tests and prepare the unit for the OH fabrication. (See section 4.0 Ohmic Heating Solenoid).


4.0 [bookmark: _Ref288484354][bookmark: _Ref289413175]OHMIC HEATING SOLENOID (OH)
General Description:  The Ohmic Heating (OH) solenoid is a 4-layer [884 turn] copper coil.  The coil is constructed using extruded oxygen-free silver-bearing copper conductor w/cooling hole.  Individual turns are insulated with co-wound glass/Kapton insulation applied in multiple half-lapped layers.  The OH solenoid conductor will be wound (2-in-hand) over the outside diameter of the inner TF coil bundle.  A 0.100 inch gap will be maintained between the OD of the TF bundle and the ID of the OH solenoid to allow for thermal growth of the components.   S-2 glass groundwrap is applied over the finished wound coil.  The entire wound coil will then be epoxy impregnated using a 3-part resin system CTD-101K.

4.1 [bookmark: _Ref289695041]GENERAL NOTES:
4.1.1 The OH Solenoid will be fabricated in-house at PPPL using the Inner TF bundle as the winding base. 

4.1.2 PPPL will be responsible for all materials including the copper conductor and special Kapton/glass turn insulation and resin system CTD-425.

4.2 [bookmark: _Ref289695053]PROCUREMENT PLAN
4.2.1 [bookmark: _Ref289695071]General OH Solenoid Materials (PPPL procurement)
4.2.1.1 Turn insulation: Co-wound Kapton (0.00325 inch thick) with S-2 Fiberglass Insulation 
4.2.1.2 VPI System: CTD 425
4.2.1.3 G-11 Fillers: 
4.2.1.4 Special cooling fittings:
4.2.1.5 OH Copper leads:
4.2.1.6 Lower OH Lead and Coil Support Structure:


4.2.1.7 “Aquapour” cast-able material
4.2.1.8 Upper Belleville washer assembly

[image: tf-oh-slanted]
[bookmark: _Toc293411144]Figure 4- OH Solenoid
4.2.2 [bookmark: _Ref289695372]Copper Extrusions: (PPPL procurement) Copper extrusions will be procured in FY2012
4.2.2.1 Sufficient copper conductor extrusions will be procured for two (2) OH solenoids plus spare for development.

4.3 [bookmark: _Ref289695123]MANUFACTURING PLAN
4.3.1 [bookmark: _Ref289695135]“Aquapour” Application
4.3.1.1 Install the first three foot long section of mold around the outside diameter of the lower TF bundle.  This mold has spacer pins that can be adjusted to obtain the 0.100 inch required gap to the TF surface.  The mold is fabricated in two half-round sections.
4.3.1.2 Mix the “Aquapour” powder with water and fill the gap between the mold and the inner TF bundle.
4.3.1.3 Allow the “Aquapour” material to air cure for approximately 1 hour to thicken prior to proceeding.

4.3.1.4 Proceed to install the next three foot section of mold and repeat the “Aquapour” filling process.
4.3.1.5 Repeat this process until the complete “Aquapour” mold has been installed and filled.
4.3.1.6 Place inner TF bundle with “Aquapour” mold into the oven and cure at 135°C (275°F) for a minimum of 3 hours.


4.3.1.7 Allow to cool overnight before removing the mold sections.
4.3.1.8 [bookmark: _Ref289085393]Starting at the first mold section, back out all of the (0.100 inch gap) spacer pins.  Then carefully remove each half of the mold.  Inspect the Aquapour surface for surface voids.  Fill any large void by applying a mortar like consistency of “Aquapour” using a trowel.  Cure with heat lamps and lightly sand once solid.
4.3.1.9 [bookmark: _Ref289085411]Apply over the “Aquapour” surface two layers of Teflon sheet (0.004 inch thick total build).  Secure in place with adhesive backed Kapton tape.
4.3.1.10 Apply over the Teflon a wet lay-up consisting of one half-lapped layer of 0.010 inch thick S-2 glass tape with CTD-540 (24 hour cure epoxy system).
4.3.1.11 Once the epoxy/glass has cured, repeat steps 4.3.1.8 and 4.3.1.9 until the entire “Aquapour” mold has been removed and the epoxy/glass shell installed.

4.3.2 [bookmark: _Ref289695149]OH Winding Setup
4.3.2.1 Mount the inner TF bundle into the winding machine.  Due to the length and weight of the TF bundle, two (2) center wheel assemblies are used to support the weight during winding.
4.3.2.2 Position the first two (2) copper spools on the conductor tension unit.  Ensure that the conductor orientation is correct for winding.
4.3.2.3 The conductors shall be wound 2-in hand with both conductors being wound simultaneously.
4.3.2.4 The copper conductors shall be insulated with three (3) half-lapped layers of co-wound Kapton and S-2 glass tape  (Total thickness 0.048 inch) prior to being placed onto the mandrel (Inner TF bundle)
4.3.2.5 Reference: Winding tension- 600 to 800 pounds

4.3.3 [bookmark: _Ref289695163]OH Lead and Coil Support Structure
4.3.3.1 Mount the lower OH lead and coil support structure.  This structure sets the spacing between the Inner TF leads and the OH solenoid.
4.3.3.2 Install the temporary support structure between the upper TF leads and upper section of the OH solenoid.  This sets the distance on the upper end.
[image: ]      [image: ]
[bookmark: _Toc293411145]   Fig 5- Lower OH Lead & Coil Support     Fig 6- Upper OH Temporary Supports
4.3.4 [bookmark: _Ref289695173]OH Solenoid Winding
4.3.4.1 Apply (4) half-lapped layers (inner groundwrap) of 0.010 inch thick dry S-2 glass tape over the epoxy shell.
4.3.4.2 Starting at lower end of the OH solenoid, position the first coil lead into the lead box.  Position and secure the second conductor (2-in-hand) and wind the first layer of two (2) conductors onto the winding base.
4.3.4.3 Continue the winding process, joining the layer to layer conductors using “TIG-Braze” procedure. 

[image: ]
[bookmark: _Ref289416889][bookmark: _Toc293411146]                              Figure 7 Layer to Layer TIG-Braze Joint
4.3.4.4 Torch-braze cooling fittings to conductors and add G-11 spacers as noted on drawings.
4.3.4.5 Complete the four (4) layers of the OH coil by positioning the final coil lead.
4.3.4.6 Grit blast and apply CTD-450 primer on both ends of the last (3) turns of each layer of the OH solenoid.
4.3.4.7 Cure primer using heat lamps.
4.3.4.8 Apply the outer groundwrap S-2 glass insulation over the wound copper turns to a build of approximately 0.108 inches.  The groundwrap insulation extends the full length of the OH solenoid.  The outer measured diameter of the OH solenoid is the determining factor for the outer groundwall build.


4.3.5 [bookmark: _Ref289695434]OH Solenoid VPI
4.3.5.1 Remove the lower OH support structure.  The OH lead box remains in position. 

 (
OH Lead Box
)[image: ]
[bookmark: _Ref289417103][bookmark: _Toc293411147]Figure 8 OH Lead Box w/ Coil Leads
4.3.5.2 Install the mold around the OH solenoid and vacuum leak test the mold assembly.
4.3.5.3 Vacuum-pressure-impregnate (VPI) the OH solenoid using CTD-425 system.
4.3.5.3.1 Place mold with OH and TF coils into VPI oven.
4.3.5.3.2 Ramp up temperature to 50°C and fill the coil.
4.3.5.3.3 Ramp up coil temperature to 100°C and hold for 22 hours.
4.3.5.3.4 Ramp up to 170°C and hold for 24 hours.
4.3.5.3.5 Slowly cool down to room temperature and remove from the mold.

4.3.6 [bookmark: _Ref289695467]OH Solenoid Post VPI
4.3.6.1 Remove the mold from around the OH solenoid, inspect the VPI and perform acceptance tests.
4.3.6.2 Remove the upper temporary support structure between the upper OH and TF leads and install the Belleville Washer assembly. (see Figure 9  “OH Bellville Washer Assembly” in Position)
4.3.6.3 Reinstall the lower OH support structure.
4.3.6.4 Silver plate the coil lead surfaces on both the OH and TF coils.

 (
Belleville Washer Assembly
)[image: ]
[bookmark: _Ref289417359][bookmark: _Toc293411148]Figure 9  “OH Bellville Washer Assembly” in Position

4.3.7 [bookmark: _Ref289695560]Final Inner TF Preparations
4.3.7.1 Remove the upper TF alignment fixture from the TF bundle.
4.3.7.2 Apply approximately 0.125 inch build of CTD-540 epoxy/S-2 glass wet-layup around the TF bundle above the leads. (see Figure 10- Upper TF Crown Assembly)
4.3.7.3 Dry fit-up the upper epoxy/glass crown that will lock the upper leads together. (see Figure 11- Laminate Crown)
4.3.7.4 Remove the crown and make any fit-up corrections.  
4.3.7.5 Apply epoxy/glass and reinstall the crown permanently.
4.3.7.6 Repeat the process for the lower TF crown.

 (
S-2 glass/epoxy wet layup
Laminate Crown Assembly
)[image: ]
[bookmark: _Ref289435274][bookmark: _Ref289435659][bookmark: _Toc293411149]Figure 10- Upper TF Crown Assembly
[image: ]
[bookmark: _Ref289435635][bookmark: _Toc293411150]Figure 11- Laminate Crown
4.3.8 [bookmark: _Ref289695608]Final OH Preparations:
4.3.8.1 Apply by brush a ground plane layer to the outside surfaces of the OH solenoid.
4.3.8.2 Mount the surface diagnostics to the outside surface of the OH solenoid.
4.3.8.2.1 Flux loops
4.3.8.2.2 Thermocouples
4.3.8.2.3 Rogowski coils
4.3.8.3 Install two (2) layers of ‘Micro-Therm” insulation around the outside surfaces of the OH solenoid. The blanket insulation will be hand sewn together at the seams.  The seams shall not be in line with each other. 
Note:  The Micro-Therm blanket cannot be installed until the lower PF-1A coil has been joined to the OH/TF assembly.  See section 9.0.
4.3.8.4 Silver plate the OH solenoid leads

4.3.9 [bookmark: _Ref289695660]OH/TF Complete
4.3.9.1 The OH/TF assembly is ready for final Centerstack assembly. (See section 9.0)


5.0 [bookmark: _Ref289420650]INNER POLOIDAL FIELD COILS (IPF)
General Description:  Includes three pair of poloidal field coils [PF1A, PF1B and PF1C].  These coils will be constructed using extruded oxygen-free silver-bearing copper conductor w/cooling hole.  Individual turns are insulated with co-wound glass/Kapton insulation applied in multiple half-lapped layers.    Multiple half-lapped layers of S2 glass groundwrap is applied over the finished wound coils.  The wound coils will then be epoxy impregnated using a 3-part resin system CTD-425.  The PF1A and PF1B coils would be wound directly onto their support structure and VPI’d into the structure.  The PF1C would be wound on a mandrel then installed into its support frame and epoxy impregnated.

5.1 [bookmark: _Ref289695685]GENERAL NOTES:
5.1.1 The Inner PF coils will be fabricated by an outside vendor.

5.2 [bookmark: _Ref289695697]PROCUREMENT PLAN
5.2.1 [bookmark: _Ref289695796][bookmark: _Ref289695708]Inner PF Coils (Vendor responsibility)
5.2.1.1 (3) Sets of coils 
5.2.1.2 Vendor is responsible for copper conductor
5.2.1.2.1 Sufficient copper conductor extrusions will be procured for building the six (6) Inner PF coils, plus one spare one development conductor.
5.2.1.3 PPPL will provide insulation and coil structures.

5.2.2 [bookmark: _Ref289695721]Glass/Kapton Insulation (PPPL procurement)
5.2.2.1 Turn insulation: Co-wound Kapton (0.00325 inch thick) 
5.2.2.2 Quantity: 130%

5.2.3 Inner PF Support Structure (Vendor responsibility except PF-1C)
5.2.3.1 Fabricated from 316SS all welded construction.
5.2.3.2 PPPL will provide the PF-1C support structures only to PF fabricator.


5.3 [bookmark: _Ref289420758]MANUFACTURING PLAN
5.3.1 [bookmark: _Ref289695826]Inner PF Coils & Support Structures 
5.3.1.1 The Inner PF coils will be manufactured and VPI’d by an outside domestic manufacturer.
5.3.1.2 PPPL shall provide the PF-1C coil structure and turn insulation.   All other materials shall be the responsibility of the coil vendor.
[image: ]         [image: ] 
[bookmark: _Toc293411151]                      Figure 12 PF1A Coil & Support            Figure 13 PF1B Coil & Support



[image: ]
[bookmark: _Toc293411152]Figure 14 PF1C Coil & Support

6.0 [bookmark: _Ref289695856]CENTERSTACK INCONEL CASING 
General Description:  The Centerstack casing provides the inner vacuum vessel wall for NSTX.  It includes a straight vessel wall section as well as the Inboard Divertor surfaces.  It is constructed using Inconel 625 materials.  The components include Inconel cylinders, Inconel bellows, diagnostic organ pipes, provisions for mounting the plasma-facing components (PFC), CHI electrical leads for bakeout and heating/cooling provisions for the IBD region.  

6.1 [bookmark: _Ref289695867]GENERAL NOTES:
6.1.1  The center stack casing will be fabricated by an outside vendor.  The vendor will be responsible for the procurement of all components including the bellows. 

[image: ]
[bookmark: _Toc293411153]Figure 15 Inconel Center Stack Casing





6.2 [bookmark: _Ref289695883]PROCUREMENT PLAN:
6.2.1 PPPL will be responsible for procuring all of the following components.  Components include: (PPPL procurement)
6.2.1.1 Centerstack Casing Assembly 
6.2.1.2 Inconel weld studs 
6.2.1.3 CHI copper bus leads 
6.2.1.4 CS Casing support structure 

6.3 [bookmark: _Ref289695952]MANUFACTURING PLAN
6.3.1 [bookmark: _Ref289696007]Vendor Fabrication: 
The Inconel Center Stack casing including welding, assembly and leak checking will be performed by an outside vendor.

6.3.2 [bookmark: _Ref289696016]PPPL Fabrication:
6.3.2.1 Upon delivery to PPPL, the casing will be inspected.
6.3.2.2 The Inconel studs will be then be welded to the casing to provide mounting for the PFC’s


7.0 [bookmark: _Ref289169440]CERAMIC BREAK ASSEMBLY:
General Description:  The ceramic break assembly is comprised of a ceramic ring or insulator that isolates the inner and outer vacuum vessel sections.  The structural portion of the break assembly is constructed of SS316 and ties the inner casing via the bellows to the outer vessel flange.  The new PF1C coils are part of the structure for the ceramic break assembly.  Once completed, the PF-1C will be incorporated with the final assembly of the ceramic break assembly.  

7.1 [bookmark: _Ref289696208]PROCUREMENT PLAN:
7.1.1 PPPL will be responsible for procuring all of the ceramic break assembly components. Components include:(PPPL procurement)
7.1.1.1 Ceramic insulators “CoorTek” or equivalent (Quantity: 3)  
7.1.1.2 Viton “O”-rings 
7.1.1.3 Support structure- 316 SS including G-10 insulators 
7.1.1.3.1 NOTE:  PPPL will provide structure to Inner PF coil manufacturer for the PF1C  
7.1.1.4 Hardware 

7.2 [bookmark: _Ref289675637]MANUFACTURING PLAN:
7.2.1 Once fabricated, PPPL will vacuum leak test the ceramic break assembly. 

7.2.2 The stainless steel structure portion shall then be shipped to the Inner PF coil manufacturer for the Inner PF1C. 

 (
Ceramic Insulator
Ceramic Break Structure
PF1C Coil
G-11 Insulators 
)[image: ]
[bookmark: _Toc293411154]Figure 16- Ceramic Break Assembly

8.0 [bookmark: _Ref289696235]PLASMA FACING COMPONENTS (PFC):
General Description:  The surface of the Centerstack casing and in-board-divertor (IBD) will be covered by Plasma Facing components [PFC] or tiles.  They will be mounted to the surface via Inconel studs or tapped holes that will be provided on the casing and IBD.  The tiles are constructed from carbon or fiber filled graphite that will protect the inner vessel wall from the Plasma temperatures.  Special diagnostics and gas injection ports will be embedded into some of the tiles in support of operations.  A series of diagnostic wires and gas injection lines will be routed on the CS surface for the embedded diagnostics and gas injection.  These wires, tubing and tiles will be positioned during the assembly of the Centerstack.
 (
PFC Inboard Divertor Region Tiles
Inner Vessel Wall Tiles
)[image: ]
[bookmark: _Ref289694533][bookmark: _Toc293411155]Figure 17- PFC Tiles
8.1 [bookmark: _Ref289696286]PROCUREMENT PLAN:
8.1.1 PPPL will be responsible for procuring all of the PFC components.  Components include: (PPPL procurement)
1.1.1.1 Center Stack casing and In-Board-Divertor tiles
1.1.1.2 Mounting brackets and hardware to secure tiles to in vessel walls.

8.2 [bookmark: _Ref289696295]MANUFACTURING PLAN:
8.2.1 [bookmark: _Ref289696651]Outside Vendor: 
8.2.1.1 The PFC tiles and tile mounting brackets will be manufactured by outside vendors.  This includes the special tiles for diagnostics. 
8.2.1.2 After machining the tiles will be baked out in a vacuum oven to pre-determined temperatures vs. time.  One of the following cycles will be used.
8.2.1.2.1 650°C for 16 hours
8.2.1.2.2 800°C for 12 hours
8.2.1.2.3 1000°C for 8 hours
8.2.1.2.4 1200°C for 4 hours

8.2.1.3 After bakeout, the tiles will be individually bagged and identified for shipment.

8.2.2 [bookmark: _Ref289696663]PPPL Activities:
8.2.2.1 Upon arrival at PPPL, the special diagnostic tiles will be assembled with their appropriate diagnostics and packaged awaiting installation. (PPPL Diagnostics group)
8.2.2.2 Assemble the balance of the tiles and hardware together and repackage for installation.(PPPL responsibility)
8.2.2.3 Tile assemblies are ready for Center Stack Assembly.


9.0 [bookmark: _Ref289433225]ASSEMBLY OF CENTER STACK COMPONENTS:
General Description:  The Centerstack Assembly is comprised of numerous components.  These include:  Inner Toroidal Field bundle; Ohmic Heating solenoid; Center Stack Casing; Inner Poloidal Field coils; OH surface diagnostics; Micro-Therm insulation and Plasma Facing Component’s.

9.1 [bookmark: _Ref289696749]GENERAL NOTES:
9.1.1 The CS Assembly will be completed by PPPL in the C-Site High Bay area at PPPL. (Former NCSX Test Cell) (PPPL responsibility)

9.1.2 A majority of the assembly activities will occur with the Centerstack in the vertical position.

9.1.3 All CS components required for the CS assembly will be prefabricated and delivered to the CS assembly area. 
[image: ]   [image: P2180024.JPG]

[bookmark: _Toc293411156]Figure 18- CS Assembly Structure
9.2 [bookmark: _Ref289696757]PROCUREMENT PLAN:
9.2.1 There are no additional procurements required for the CS assembly, except for general safety and miscellaneous supplies needed to complete the assembly.

9.3 [bookmark: _Ref289696832]MANUFACTURING PLAN:
9.3.1 [bookmark: _Ref289696865]Center Stack Assembly Sequence:
9.3.1.1 Mount the upper and lower inner PF1B coils to the Centerstack casing.  The PF-1B support is welded to the Inconel Casing flange.

 (
PF-1B coil and structure
)[image: ][image: ]

[bookmark: _Toc293411157]Figure 19- Upper PF-1B to Casing

[image: ]
[bookmark: _Toc293411158]Figure 20- Lower PF-1B coil being assembled to Casing

9.3.1.2 Install “Micro-Therm” insulation around the upper PF-1A coil and assemble to the CS casing.  The PF-IA mounts to the upper PF-1B support structure.
[image: ]           [image: ]
[bookmark: _Toc293411159]Figure 21- Upper PF-1A & CS Casing
9.3.1.3 Install “Micro-Therm” insulation around the lower Inner PF1A coil and mount to the CS casing support structure.
[image: ]                     [image: ]
[bookmark: _Toc293411160]Figure 22- Lower PF-1A w/Micro-Therm Insulation

9.3.1.4 Lower the lower inner PF1A coil over the OH/TF bundle and secure to TF support plate. to the lower 

[image: ]          [image: ]

[bookmark: _Toc293411161]Figure 23- Joining of Lower PF-1A with OH/TF bundle

9.3.1.5 Mount the OH surface diagnostics and “Micro-Therm” insulation around the OH solenoid.

 (
Lower PF-1A coil Assembly
) (
Diagnostics and “Micro-Therm” insulation
)[image: ]

[bookmark: _Toc293411162]Figure 24- OH Coil w/ Micro-Therm insulation


9.3.1.6 Lower the entire Centerstack casing assembly over the OH/TF assembly.  Note:  The OH/TF will be in the vertical position.
[image: ]  [image: ]

[bookmark: _Toc293411163]Figure 25- Lowering CS casing over OH/TF Bundle
  
9.3.1.7 Mount the PFC tiles and diagnostics to the CS casing.  This requires the routing of the diagnostic wires though the organ pipes located in the upper and lower CS casing flanges. Do not install the IBD edge tiles at this time.

[image: ]

[bookmark: _Toc293411164]Figure 26- PFC Tile Mounting Arrangement
 (
Do Not Install Edge tiles
)[image: ]

9.3.1.8 The CS Assembly is complete.  Transport the CS Assembly in support structure to the NSTX Test Cell.

[image: CS transported]
[bookmark: _Toc293411165]Figure 27- Completed CS Assembly in Support Structure

10.0 [bookmark: _Ref289696924]TF FLEX BUS ASSEMBLIES:
General Description: The TF flex bus assemblies connect the Outer Toroidal Field leg assemblies to the Inner TF bundle.  There are a total of (70) assemblies required.  The TF system current feeds located at the bottom will not use the flex bus design.  Besides the copper flex bus, the assembly includes Inconel studs, “Super Nuts, copper lead extensions for the upper Inner TF leads, Outer TF lead extensions and the TF flex support structure.

10.1 [bookmark: _Ref289696960]PROCUREMENT PLAN:
10.1.1 All of the TF Flex bus assembly components will be manufactured or purchased from outside vendors.  
10.1.2 These components include: (PPPL procurement)
10.1.2.1 TF  Flex Bus assemblies -Cu-Cr-Zr ( Figure 29- TF Flex Bus)
10.1.2.2 Inconel studs
10.1.2.3 “Super nuts”
10.1.2.4 Inner TF lead extensions -upper TF  leads only (C10100)
10.1.2.5 Outer TF lead extensions (Cu-Cr-Zr)
10.1.2.6 TF flex bus support structures

10.2 MANUFACTURING PLAN:
10.2.1 No special manufacturing requirements other than procurements.



 (
TF Flex Bus
Studs & “Super Nuts”
Inner TF Lead Extensions
Outer TF Lead Extensions
)[image: wood-mockup 06-07-10.jpg]

[bookmark: _Toc293411166]Figure 28- TF Flex Bus Assembly
[image: ]

[bookmark: _Ref293392661][bookmark: _Toc293411167]Figure 29- TF Flex Bus






 (
Inner TF Bundle
TF Flex Bus Assembly
OTF Leg Aluminum Support Block
TF Flex Bus Support
)[image: bp-tf-inner-outer]

[bookmark: _Toc293411168]Figure 30- Upper Center Stack Assembly

11.0 [bookmark: _Ref289697013]REPLACEMENT OF OUTER TF COIL LEG:
General Description:  One (1) Outer Toroidal Field (OTF) leg assembly will be replaced as part of the Centerstack Upgrade activities.  The coil assembly will be fabricated by an outside vendor.    The OTF’s are constructed using OFC copper conductor that are, sandblasted, primed (CTD-450) and insulated with multiple half-lapped layers of S2 glass tape. The OTF turns are then over wrapped with multiple half-lapped layers of S-2 glass insulation to form the outer groundwall.    The entire insulated coil is then epoxy impregnated using the CTD-425 resin system.

11.1 PROCUREMENT PLAN:
11.1.1 The OTF Leg Assembly will be manufactured by an outside vendor: (PPPL procurement)
11.1.1.1 All coil materials will be supplied by the selected vendor.
11.1.1.2 Materials:	Conductors, cooling tubes, primer, insulation and VPI resin system.
11.1.1.3 Due to the low quantity, these conductor bars will not be procured as complete extrusions with cooling groove.
11.1.2 Reclaim the aluminum support castings and stainless steel support clamps from the existing OTF#7 coil. (No procurement)
11.1.3 Procure epoxy/glass for installing the aluminum castings and supports. (PPPL procurement)

11.2 MANUFACTURING PLAN:
11.2.1 [bookmark: _Ref289697873]Outside Vendor: 
OTF leg assembly will be manufactured by an outside vendor.  (Note: An in line braze will be required since full length conductors cannot be procured) (Outside Vendor)
11.2.1.1 Recommended fabrication sequence:
11.2.1.1.1 Machine copper conductors to final dimensions including cooling tube groove.
11.2.1.1.2 Braze conductor lengths together.
11.2.1.1.3 Cold form conductors to shape. 
11.2.1.1.4 Braze electrical leads to the conductor ends.
11.2.1.1.5 Solder cooling tube into conductors.
11.2.1.1.6 Solder fittings to cooling tubes.
11.2.1.1.7 Flow and hydrostat test coil turns.
11.2.1.1.8 Grit blast the entire conductor length.
11.2.1.1.9 Clean and ethanol rinse conductor surface.  Allow to dry.
11.2.1.1.10 Brush-apply Cyanate Ester primer (CTD-450) along the surfaces of the entire conductor length.
11.2.1.1.11 Cure the primer
11.2.1.1.11.1 Place in oven and ramp up to 110 °C     and hold for 8 hours.
11.2.1.1.11.2 Ramp to 150°C and hold for 4 hours.
11.2.1.1.11.3 Cool to room temperature.
11.2.1.1.12 Turn Insulation- Apply three (3) half-lapped layers of 0.006 inch thick S-2 fiberglass tape insulation.
11.2.1.1.13 Assemble the three (3) conductor turns together. 
11.2.1.1.14 Ground Wrap Insulation: Apply ground wrap insulation around the assembled coil. Six (6) half-lapped layers of 0.010 inch thick S-2 fiberglass tape

      [image: c:\windows\TEMP\\msotw9_temp0.jpg]  [image: C:\Program Files\Canon Creative\pdeluxe\MyPhotos\13-101398-04 Outer TF @ Everson.jpg]
[bookmark: _Ref290387108][bookmark: _Toc293411169]      Figure 31- Rolling Outer TF conductor
[bookmark: _Ref290387088][bookmark: _Toc293411170]					Figure 32- Assembling (3) Conductor Turns
11.2.1.1.15 Install the insulated the three turn outer TF leg assemblies into the VPI mold.
11.2.1.1.16 Close mold and move to VPI oven.
11.2.1.1.17 Vacuum pressure impregnate (VPI) the finished quadrant using CTD-425 system.
11.2.1.1.18 Place mold into VPI oven.
11.2.1.1.19 Cure Cycle:
11.2.1.1.19.1 Ramp up coil temperature to 100°C and hold for 22 hours.
11.2.1.1.19.2 Ramp up to 170°C and hold for 24 hours.
11.2.1.1.20 Slowly cool down to room temperature and remove from the mold.

11.2.1.2 Perform dimension inspection and acceptance tests.
11.2.1.3 Crate and ship completed OTF Leg Assembly to PPPL.

11.2.2 [bookmark: _Ref289697881]  PPPL Activities:
Upon receipt of the Outer TF coil leg assembly, the coil will be prepared for the addition of the support blocks and clamps.

11.2.2.1 [bookmark: _Ref289680671]Install the aluminum support blocks to the upper and lower ends of the OTF assembly.  
11.2.2.1.1 First scotch brite the OTF surface where the support blocks are to be located.
11.2.2.1.2 Apply a wet-layup build of CTD-540 epoxy/S-2 glass around the OTF leg assembly in the location of the support blocks. 
11.2.2.1.3 Install and bolt together the support blocks with the appropriate hardware.  
11.2.2.1.4 Allow 24 hours for a final cure of the wet/layup.

11.2.2.2 Install the stainless steel support clamps, using the same method as was used for the aluminum support blocks. (see section  11.2.2.1)
11.2.2.3 Paint the coil surface red to match the existing OTF leg assemblies.  Use epoxy paint.
11.2.2.4 The OTF leg assembly is ready for installation.
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