Table 1: List of Stave Drawings Requiring Preparation

	Item
	Design Estimate (Drwg-hrs)

	End Cap
	24

	Facing
	8

	Cooling Tube w/connections
	12

	Assembly
	30

	3D layout of staves being supported by disks
	120


Table 2: List of Fixtures

	Item
	Description
	Design Estimate (Drwgs-hrs

	End Cap Holding
	Receiver for End Cap
	24

	Stave Bonding Fixture
	Positions facings and End cap
	40

	Cooling Tube Holding Fixture
	Positions and holds tube during bonding to first composite face
	12

	Graphite plate for facing lay-up and transfer to Autoclave
	Bag and consolidate each uni-tape layer; then transferred to Autoclave for curing of laminate
	4

	
	
	


Table 3: Description of Process Steps
	Task
	Step
	Tooling and Fixture Requirements

	End Cap Machining
	Machine profile of end caps exclusive of the pin holes.  Place end caps back to back, trim top and bottom surfaces to be co-planar.  In same set-up use either top or bottom surface for datum and bore through holes for pins 
	Standard shop set-up.  Through holes for stave alignment pins are machined together in one set-up, producing matched pair.  Mark reference surface used to position holes.  This common surface on both parts will be used as a reference in bonding end caps to facing

	Composite Facings
	Lay up and cure laminate, sufficient width for 6 facings (15.12in)
	1.25m by 0.38m wide flat platen for staging pre-preg, 90, 0,0,0,0/s.  Bag material and transfer platen to autoclave. Platen (coated with mold release) material options: graphite and aluminum 

	End Cap Holding Fixture
	Machine block with hole and slot to engage the two precision pins from the end cap.  Slot used to avoid over constraining.  

Machine 1 hole and two slots in block normal to stave plane.  Two slots are orthogonal.  
	This block (s) is used to hold the end caps during bonding of caps to first facing.  (Possibly make two blocks one for each end cap.  If so the hole and two slot pattern in both blocks will be machined in one set-up producing a matched pair.)

During end cap bonding, block is positioned over three vertical pins in platen (vacuum) used to hold facing 

	Fixture for positioning facing and end caps during bonding
	Machine a flat platen with vacuum chuck features in facing region.  

Machine two sets of 3 precision pin holes for alignment purposes, located at opposite ends of platen 

Machine two pin holes along outside edge of where composite facing will sit, defining the axis of facing within 0.005in

Machine one pin hole to locate facing in axial direction
	At each end of the platen will be machined three precision holes for vertical alignment pins.  Axial separation between 3-pin set defines axis of stave and end caps.

Platen shall be 2inches thick with projected tolerance of pin holes of .001in out to height of 2inches above plate.  Depth of pin holes to be 1.75in.

3-pin holes for indexing facing will have a projected tolerance of .001in to  height of 0.5in above plate; pin holes will be machined to a depth of  0.5in 

	Diamond slitting saw or Waterjet
	Use double back sticky tape to hold laminate. Cut width of facing to 64mm within 0.005” over 1m length  


	Store laminate between two plates.  (Prior to bonding use Scotch Guard or Ajax to abrade bonding surfaces)

	Bond End Cap #1 (with holes for cooling inlet and exit)
	Place machined laminate on narrow plate fixture (vacuum hold-down).  Use three pins to index laminate axis.

Place end cap onto holding fixture; engage three vertical pins that control axial and azimuth orientation. Lower end cap and holding fixture to position defined by shims Bond with Hysol 9354 (Rm temp cure)
	Tooling plate with vacuum source.  Precision drilled pins for positioning laminate and end caps.  Vacuum used to hold laminate during bonding of end caps and cooling tube.  Pins used to position and hold end caps.  End cap has step equal to thickness of laminate facing.  Control bond-line thickness using micro-balloons in adhesive and shims beneath the end cap holding fixture; slight pressure during room temp cure

	Cooling Tube Bonding-Face #1 
	Side 1: Bond cooling tube to one facing.  Problem is to center tube with facing axis.  Insert cooling tube through bonded end cap.
	Vacuum chuck for holding composite facing, from before.

New holding fixture for cooling tube that picks up tube axis and aligns to pins used to center end cap and composite facing. Secondary function of tube holding fixture is to apply pressure during adhesive cure. 

Use thermally conductive adhesive (TBD).  Allow RM Temp set-up, oven cure if required (CGL7018), after removing sub-assembly from fixture 

	Bond End Cap #2
	Without removing in-process bonded assembly from holding fixture, bond End Cap #2, using three vertical alignment pins at opposite end as before for End Cap #1  
	End Cap has machined step equal to laminate facing (plus bond-line thickness).  Pins used to hold position during applied pressure.  Bond and cure with Hysol 9354 (Rm temp cure) Micro-balloons use to control bond-line thickness 

	Honeycomb bonding
	Bond honeycomb to region not covered by tube.  Honeycomb strips will be in 24in lengths (0.61m, need two strips for 1m length)
	Cut honeycomb into two equal length strips (0.5m).  First, place facing #1 with cooling tube back in vacuum chuck (if necessary).  

Need two temporary rails that mount to vacuum chuck that controls outboard edge of honeycomb inset by 1mm.  

Use second set of machined pins in vacuum holding fixture to align the side rails used to position the honeycomb strips. The 1mm offset is to allow room for close-out rib that is bonded later. Use Hysol 9354 Room temp cure

Second, bond center honeycomb piece between the cooling tubes, only issue is to control the height during cure.  Need plate for weight.

	Bond second Facing
	Remove sub-assembly from fixture.  Install facing #2 down on vacuum chuck using alignment guide pins.  

Before placing partially assembled stave down onto second facing, coat facing with Hysol 9354 for the End Cap and thermally conductive adhesive for cooling tube (TBD)
	To use the same set of alignment pins that located the end caps, flip the partially assembled stave “end to end” Place sub-assembly down over the three pins (at each end) locating previously bonded sub-assembly over facing #2.  Use pressure and micro-balloons to control bond-line thickness of Hysol 9353

Use thermally conductive adhesive (TBD) on cooling tube.  Allow RM Temp set-up, oven cure if required (CGL7018), after removing sub-assembly from fixture 


