FDC Wire Plane Assembly Procedures

Document D00000-01-03-P000


Procedure 1: Glue the circuit boards together.
1. Clean the fixture and 12 of the .221” diameter pins with Alcohol. Install the 12 pins (2 per board) in the fixture plate as shown in the picture below. 
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The work area for following steps must be oil and Silicone free!
Any handling of the boards or tools that come into contact with them should be done while wearing powder free latex gloves.
2. Inspect the PCB’s at this time. The PCB’s should be partially populated (see Kim’s document). Inspect the lap joint areas and remove any burrs/defects that would prevent proper joining. Clean all surfaces with alcohol.
3. The PCB’s will be placed on the fixture with the wire side facing up. There is a slot machined in the fixture plate to accommodate the capacitors on the back side of the low voltage boards, so position the boards as shown in the picture below, and dry fit the PCB’s on the assembly fixture.  
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4. Check all boards for a flat fit to the fixture.  Weigh down boards as necessary.  
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5. Use a paint pencil to mark the end points of each joint on the fixture. These marks will be used to locate the release agent in the next step.  Using masking tape, mark the middle areas of boards 1000 and 1003 at the ends of the adjacent boards. Epoxy will not be applied in those areas.
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6. [image: image10.jpg]


Carefully remove the PCB’s from the fixture, lifting up with a plastic putty knife if necessary. Apply silicone free release agent to the fixture (McMaster Carr 1409K61 or equivalent) in the areas that will be covered by the joints.

7. The following procedure will require a special tool (shown below) to scrape the epoxy bead to the correct size and location. 
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8. PPE required for this step:  Rubber gloves and safety glasses.  Mix a small cup of Scotch-Weld 1838 epoxy with a 1:1 ratio, by weight. Using a popsicle stick, fill a 10cc adhesive applicator with the mixed Scotch-Weld.  Install a 1/16” diameter tip on the applicator.   Have isopropyl alcohol on hand for cleanup.  
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9. This  step is for practice in applying and scraping the epoxy bead to the correct size.  1” wide strips of G10 with the lap joint step should be available. Use the applicator to apply the epoxy as shown below:
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Here is a close-up view of what you should have:
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On a clean piece of wax paper, and using the tool shown previously, scrape over the bead to create a properly sized and uniform bead. The left edge of the blade rides against the edge of the lap joint, and the aluminum plate sits flat. Take care to hold the tool flat on the working surface using the middle fingers.  Use your index finger to press the working edge of the tool down onto the joint.  Make the working edge touch the raised edge of the joint at all times.  Excess epoxy will be pushed up on top of the circuit board and down onto the waxed paper.  After dragging the tool over the joint, immediately slide the work piece to the left, away from any epoxy that was put on the waxed paper.  Pick up the board, and carefully wipe the excess epoxy from the bottom edge of the lap joint.  Leave the epoxy on the top edge of the joint (this will be removed later).  

The finished bead should look like this:
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11.  Use the above procedure to apply epoxy to the lap joint edges of boards 1001 and 1005. Cover the complete length of these lap joints.  Apply epoxy to the ends of board 1003, leaving the middle area (marked by masking tape in step 5) uncoated.  These three boards have upward-facing lap joints, and may now be placed back on the jig plate as shown below:
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12. [image: image19.jpg]


Use a razor knife to complete the bolt hole on boards 1001 and 1005 as shown below:

13. Place the remaining boards on the fixture.  Weigh them down as in step 4 to make them lay flat.  Wipe off any excess epoxy with an alcohol moistened paper towel.
14. Inspect joints to find any that may have insufficient epoxy.  Check for voids in the glue joint by looking through the translucent joints.  Add glue if necessary to fill voids.  Examples  shown below:
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15.   Lay the white polyurethane strips on top of the joints.   Place the clamping bars on top of the polyurethane strips.  Tighten the clamping bolts snug plus 1/8 turn. 
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16. [image: image22.png]


Clean all tools and surfaces of epoxy.  Leave the empty mixing cup on top of the fixture as a proof of cure.  Allow epoxy to cure overnight (12 hours minimum).  Check that the epoxy sample has cured.  If the epoxy sample has cured, remove the weights and clamp bars.  Inspect the surface and if necessary, scrape any excess epoxy off the surface. Carefully inspect the lap joints in the area of the white ring adjacent the bolt holes (1030mm diameter)- this ring marks the O-ring contact area, and the surface should be of uniform height.  If there are voids or high spots correct them at this time. 
17. Clean the exposed jig plate area and the top of the ring with Alcohol.

18.  At this time, assign the ring a unique identifying number, and mark this on the outer edge of the ring using a paint pencil. This mark must not extend inward from the edge more than 25mm (1 inch). Record this number in the logbook with the serial numbers of the PCB’s used in construction.

19. Carefully lift PCB off the fixture (two person operation!) and slide a rigid sheet of plastic under it.   Invert the assembled ring only when it is attached to the rigid piece of plastic.  Inspect both sides of the assembly for defects.  Remove any excess epoxy using razor knives.  Take care to not damage the solder pads, or the green conformal coating on the boards. Clean this side thoroughly with alcohol to remove the mold release agent and other contaminants.
20. Place the assembled ring in a safe location where it can lie flat.   Note: the ring should be covered to prevent contamination.
Procedure 2: Assemble the G10/Rohacell lamination
1. Place a 533mm x 711mm sheet (3.93 thick) 110IG Rohacell down on a the plastic cutting matt , and using the wide aluminum cutting template D00000-07-01-2032, cut out arcs in the pattern shown below using a razor knife. The I.D. and O.D. are less critical than the straight ends, as the ends will form a gas seal. Eight arcs are required per wireboard. Blow all dust off the arcs.
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2. Use 600 grit sand paper to slightly roughen both sides of the  G10 ring to be bonded (1178 O.D/1020 I.D.). Inspect the surfaces carefully- any surface defect will prevent proper holding by the vacuum fixture!  At this time, use a sanding block to slightly chamfer the I.D. and O.D. edges. This removes fraying caused by the waterjet cutting operation. Wipe all surfaces clean of dust and other contaminants with an alcohol soaked chemwipe. Allow to thoroughly dry.
3.  A granite table will be used for glue application and vacuum bagging.  Clean the table thoroughly, removing all dust, etc.  Place a piece of Mylar on the table, to protect the surface from epoxy.  Dry fit the  arcs  on the granite table, paying particular attention to the joints.  If necessary, sand ends to get a good fit. Use a height gage to check the thickness of the arc ends- mating ends should not differ by more than .003”. If they do, either swap an arc, or lightly sand the joint area (2” on either side of joint) to achieve uniformity. Small height transitions are okay, as long as they are gradual (no steps! Steps would cause a void in the lamination). When done, cover the area under the ring with a piece of polyethylene sheet.
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4. PPE required for this step:  Rubber gloves and safety glasses.  Mix a small cup of Scotch-Weld 1838 epoxy with a 1:1 ratio, by weight. Using a popsicle stick, fill a 10cc adhesive applicator with the mixed Scotch-Weld.  Install a 1/16” diameter tip on the applicator.   Have isopropyl alcohol on hand for cleanup.  

5. Apply Scotch-Weld to one end of each arc, applying just enough to fill any gaps in the joint. Spread the bead across the Rohacell surface as shown.
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6. Reassemble the ring on the table.  The Scotch-Weld’s purpose here is to establish a gas seal at the joints. Scrape off any excess from the top surface of the joint.
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7.  Mix a small cup of Hysol RE2039 Resin and HD3561 hardener with a 100:33 ratio by weight.  Pour a 1/8” wide bead of epoxy on one side of a clean piece of acrylic plastic (the palette).  Roll over the bead with a 2” wide foam roller from Lowe’s (SKU 94052) , to pick up the epoxy.  Check the roller for proper loading by actually applying some epoxy to the palette.    Roll a single pass of the roller, without back-tracking over the applied epoxy.  Your goal is to apply a very thin coat (heavily sprayed appearance).  After determining that your roller is properly loaded, move to the work piece (the G10 ring).  Roll the epoxy to as uniform a layer as possible.  Make sure that the ring is completely covered. Re-load the roller as necessary.  
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8. Position the G10 ring on top of the assembled Rohacell arcs, taking care not to disturb the arc positions. Tape the Rohacell edges to prevent separation of the arcs while the glue sets.
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9. Place some pieces of super insulation fiberglass roving on top of the plastic sheet, to provide an air path to the pump out point.  Put down a bead of vacuum putty tape around the periphery as shown below.
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10. Put the vacuum bag down onto the putty, stretching it out as you go, ensuring no wrinkles cross over the putty.  If you have to make a correction of the vacuum bag placement, quickly lift the vacuum bag off of the putty in a snapping motion.  This snapping action allows you to separate the bag from the putty.  If you lift too slowly, the putty sticks to the bag.  
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After the vacuum bag is stuck down, locate the pump out point, if it has already been cut, or cut a new port with a razor knife in the shape of an X that is about ½” tall. 
12. Put the pump out port connector (a Quick Flange QF-50 adaptor with an o-ring inserted into the locator groove) onto the vacuum bag, over the X port.  Turn on the pump.
13. Inspect the assembly to detect any pieces of Rohacell that have moved.  Relieve the vacuum and correct as necessary.  .  Leave a thin sample from the batch of the epoxy on a disposable surface adjacent to the vacuum bag. 
14. Allow epoxy to cure overnight (12 hours minimum).

(Insert vacuum bag picture here)
15. Check the epoxy sample to ensure that it has cured.  Relieve the vacuum on the vacuum bag.  Gently lift the vacuum bag off of the laminate.  
16.   Inspect the laminate for adhesive migration.  Remove small spots of epoxy with a razor knife, taking care not to damage solder pads or board runs and conformal coating.  Note:  No laminate with Rohacell on one side should be left more than 5 days without laminating the other skin to the Rohacell.  Failure to do this can result in warped laminates (the Rohacell ring laminate turns into a Bellville washer shape from the stress of epoxy shrinkage.)
Procedure 3: Machining the Rohacell to thickness.
The Horizontal mill rotary table should be cleaned with alcohol prior to this procedure. Gloves should be worn whenever the components are handled.
Grooved vacuum fixture D00000-07-01-2036 is used in this procedure.  O-rings are manufactured to fit in the outer and innermost grooves. Cord stock diameter is .103”. With the G10  side facing down prior to machining, a minimum of 27 in Hg should be measured at the pump, and pushing the ring down at the edges should show no visible deflection.  The print for this operation is D00000-01-03-1010. 
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Procedure 4: Machining the O-ring groove, pockets and bolt holes.
The Horizontal mill rotary table should be cleaned with alcohol prior to this procedure. Gloves should be worn whenever the components are handled.
1. The lamination is machined on the Horizontal mill as per print D00000-01-03-1010 with the G10 side facing up.  Note in the picture below that Destaco lever clamps are used for holding, rather than toe-clamps. This is to minimize the clamping force to prevent compression of the Rohacell. The O-ring groove is cut oversize in the first machining step (the bolt holes and clearance slots are also machined at this time). Vacuum dust after machining from surface- do not use shop air!
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2. Mix a small cup of Hysol RE2039 Resin and HD3561 hardener with a 100:33 ratio by weight.  The oversize groove is filled with the Hysol epoxy in two steps.  In the first step, brush epoxy onto the exposed foam in the groove to seal the pores of the Rohacell. Do not fill the groove (excess epoxy would simply wick into the Rohacell)!    After epoxy application, use a chemwipe dampened with alcohol to remove epoxy from the surface of the G10 ring.
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3. After a 12-hour cure time, fill the groove completely with epoxy.  Due to some epoxy shrinkage, the groove must be slightly overfilled.  Remove excess epoxy as shown in the picture below.  After a second 12 hour cure time, the final O-ring groove is machined into the epoxy.  After final machining, inspect the edges of the groove and remove any flashing or epoxy on the surface of the G10. Clean the G10 side with Alcohol.
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Procedure 5: Gluing the PCB to the lamination
1. Remove the pins from the jig plate and place it on the granite table, with the side having 2 circular slots facing up. Note that the slots are not the same- one slot is outside of the circular hole pattern, the other is inside the pattern. Spray the surface of the plate with silicone free release agent (McMaster Carr 1409K61 or equivalent). Use alcohol and a chemwipe to clean any overspray from the granite table, as this would prevent proper sealing of the vacuum bag.

2. Place the PCB on a clean sheet of closed cell foam with the wire side facing down (the foam is to accommodate the resistors and capacitors).  Inspect the back side of the PCB assembly for any feature or defect that prevents it from laying flat.  Trim any defect (i.e. glue drips) from the PCB.  Place the Rohacell lamination on top, and using the lamination as a template, mark the area on the back side of the PCB that is cantilevered to the inside diameter (1020mm diameter). In future versions of this board, there will be a ring shown in the artwork. This ring marks the exclusion zone of the epoxy to be applied in the next step. Remove the Rohacell lamination and set it aside. Clean any Rohacell dust from the PCB, and wipe the surface down with alcohol. 
3. Place the PCB ring on the Fixture with the wire side facing down as shown in the picture below. Note that the boards 1001 and 1002 are over the larger diameter slot. Check to make sure it is flat against the plate.
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4.  Mix epoxy and load a foam roller as per step 6 of procedure 2. ADD CLOTHING DYE (CHECK FOR CONTINUITY OF THIS DYE PRIOR TO USE)THIS WILL BE USED TO DETECT EPOXY FILM ON THE CIRCUIT BOARD CONTACTS
5.  Apply the epoxy to the ring, taking care to coat from the O.D. inwards until you reach the previously marked exclusion ring (step 2). Coat 100% of this area.
6.  Coat 12 of the plastic pins (part D00000-07-01-2006) with silicone free release agent. [image: image7.jpg]



7. Place two of the pins in the laminated ring and position it above the PCB ring as shown in the picture below. Carefully lower it onto the PCB ring, using the pins to ease it into place. 

8. Insert the remaining 10 plastic pins as shown in the photo below. Apply the vacuum putty at the edges of the granite table as shown below-REASON: if the tape were close to the jig plate, it would be hard to seal without wrinkles, and would have a high degree of stretching when pumped down, risking a leak or rupture. Lay a 12’ 4” long piece of 3/8” I.D. “Gorilla” hose (stock room) around the O.D. of the aluminum plate, and apply ½” wide vinyl tape to the outer edge of the G10 ring. REASON: The tube will decrease the vacuum bag stretch at the plate edge, and the tape prevents the G10 from cutting the bag.

How Not to do it:
Show below is the wire plane under vacuum, but WITHOUT the “Gorilla” tube or vinyl tape. You can see that the vacuum putty tape is being pulled loose. Additionally, because of the high bag tension, there is a risk of the G10 cutting the bag.

Note on the vacuum bag: The Vacuum bag can be re-used a few times. After three uses, discard and replace.
9. Remove the vacuum bag and the pins. Pins can be gently pried up if necessary.
10.  Clean the ring with alcohol to remove the mold release.  At this time, coat the exposed Rohacell edges with Scotch-weld to establish a gas seal, masking off the capacitors with painter’s tape. The epoxy can be applied with the tools shown below. 

11.  The bolt holes are sealed with the Hysol epoxy WITH DYE ADDED. Use the tool(s) shown below to seal the hole cavity, and use a syringe to pressure fill the cavity. Remove the tool(s) and wipe the hole clean with a Q-tip, and clean the G10 and PCB surfaces with alcohol.

12.  Do a final inspection of the Edge seals with a magnifier and good light. Recoat any questionable areas with Epoxy.

13. Remove any excess epoxy from the G10 surface with a razor scraper. Repeat this procedure on the PCB side, while using a magnifier.  GENTLY scrape epoxy from contact areas, finishing with the battery powered eraser. Use a volt/ohm meter to check every pad- use small probes with slightly rounded ends to confirm that bare copper is exposed (a sharp probe might poke through an epoxy layer, giving a false “good” reading) 


14. Move the finished board to the acrylic storage box in preparation for winding.
15.  Wire boards are wrapped with the stretch wrap tool and packed in the crate to go out for winding. 
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Picture of dryfit of Rohacell arcs here





Picture mixing scotchweld with gloves and glasses

















New picture showing the partial lamination above.

















Picture of the ring clamped with holes, pockets and initial O-ring cut





Need a new picture above. The above picture is shown as a complete lamination, which will not be the case.





Insert picture of edge sealing here. Show tools that Mark fabricated.








Picture of bolt hole sealing and tools here SHOW TINTED EPOXY ON PAD AND CLEAN PAD





Picture of bag cut








