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L. A.  Gauge (Kelly Flinn, Greg Westbrook)

· Suggested to use adhesive for the bonding.  Typical thickness 0.002” – 0.005”.  Over-cured adhesive at high temperature may generate poor joint.  Our concern: outgassing and moderate pressure (up to 20PSI). They recommended putting screws at selected places. They normally used 3M 2216 epoxy. More concern: long term corrosion and coolant affecting the glue joint? They can use glass beads to control the thickness of the glue to 3 mils. But getting thinner than that, they were worried by weakness in the bond joint.

· If brazing, silver-nickel base alloy might be used. (Ni – ferromagnetic) (They subcontracted out all brazing work)

· Diffusion bonding – would discuss on Wednedsay with a guy used to work at BrushWellman  on this

· Microfracturing happened during Be machining.  If part to be machined was too thin, some Be grain particles might fall out.  0.5mm thick should be OK. For small objects, they have done something down to 9 mil thick.

· Recommended starting material Be SF200 (98.5% Be)

· Thin parts would get curved after machining.  However, they could restore the flatness by thermal cycling.

· Would do thermal treatments during machining, acid etching for final machining.  One more thermal treatment would be likely to be done after that.

· Acid etching and thermal treatments would remove stress layer.  Parts could be heated treated many times without degrading the quality.

· The lid design for extra line seals sounded good to them.

· Would subcontract others for thermal cycling if greater than 120C.

· Would consult 3M for choices of adhesive.  They would do the bonding, pressure and leak tests before delivery.

· Suggested to try cooling strips instead of rod fins for ease of machining.

· Preferred cap and body design and did not think extra ribs on top plate for symmetry design would help stiffness that much.

· Sounded great for the elliptical-round transitional tubing.  However, they doubted if Be tubing could be squashed without fracture. They can braze or epoxy the tube to the main substrate.

· Be raw material (S200) cost at $750 per lb.  CTE and other properties were pretty uniform.

· Delivery for 2 prototypes might take 16 to 18 weeks. Without thinking too much, 2 pieces would cost $10-$12K. Production cost should be about $1K per piece.

· May use EDM machines (cost ). Typical variation in flatness : 5mil. Can get to 3 orders of magnitude better but cost a lot more. They think they can get to 0.5mil fairly easily

· Have done D0 parts before.

· Main shop :8000 SF, lots of machines of various kinds, temperature controlled to 72 2F; a 1500SF metrology lab with temperature controlled to 68 0.5 F and a class 100 clean room. They offered to customers assembly services.

Brushwellman (Gordon Simmons, Jose Vilanneva)

· Suggested epoxy bonding, cost effective. Concern: Outgassing. Radiation – no problem since they have produced beam pipes for many HEP expts. The glue they used for D0 was recommended by Joe Howell. It was a paste.

· Brazing might get corrosion, heat distortion might happen.

· Diffusion bonding OK, but needed to be done at elevated temperature, might not be a good idea.

· e-beam welding would not work on Be, it would melt Be at high temperature, also it would enlarge grain size and resulted in poor quality.

· Suggested to use heat gun for cutting film adhesive.

· Lid design for extra line seal sounded good.

· Heat treatment needed for substrate being too thin, cost increased. Exponential effect on machining cost Vs thinness.

· Thicker plate would help retaining flatness. 5 mils flatness OK to make.  Shorter plate would help enormously in keeping it flat. Also in manufacturing and cost. Cost will go up more or less exponentially with thickness. They will look into how thin that they can go without breaking our account. 1.2mm should be no problem.

· Preferred cap and body design for cooling channels. Might try conventional and EDM machining both to finish the work.

· Would do bonding, pressure and leak testing before delivery.

· Elliptical to round tubing sounded good, but squashing Be tubing would not work.  Extruded Be tube had some ductility along the tube axis but had none in radial direction.

· Squashing AlBemet tubing might not work either, would fracture during squashing.  There would not be off-the-shelf Be or AlBemet tubing available, all of them were custom made.

· Properties were pretty uniform for Be block, but not for extruded parts.

· Suggested machining the transitional tubing from Be block.

· Existing wall thickness of 2mm for adhesion OK, but preferred to be 3mm.

· Corrosion inhibition coating would be applied as primer before gluing.

· Galvanic corrosion would occur when Be in contact with water.  No corrosion occurred when contact with aluminum or stainless steel.  Area to be primed could be selective.  0.2 to 0.4 mils thick for the primer coat, and epoxy typically 5 mils.  If joint failed, usually happened at epoxy, not at primer.  Primer helps to provide a surface easy to handle, prepare the surface for adhesive bonding and prevents corrosion.  This has been used in high radiation environment(beam pipe). They don’t have any outgassing data (I think).

· Would investigate how thin the part could go.

· 12 week machining time upon receiving material, might take 24 weeks for the complete machining, gluing and testing done.

· Machine tolerance : depends on location, step height and width. Mostly, it’s a matter of cost.

Peregrine (Rob Hardesty, Hamid Mutwakil)

· Machining would generate many micro-cracks, this sort of surface damage could be minimized or removed by etching and heat treatment.  Typically, 15 mils damage resulted when machining 100 mils off.  Could use dye penetrant to inspect.  Up to 0.050” crack could be seen. Smaller than that would appear as scatter dots.  Flaw size larger than 0.050” would be rejected.

· Last few thousandths removal would be done by etching.

· Would use epoxy to shim the non-flat machined shingle bottom surface for the last round of shingle machining.  When done, it could be heated up to 250F for easy removal.

· Strongly suggested diffusion bonding.  Epoxy got cryogenic concerns.  Typically, silver based alloy about 0.002” would be used and inserted between the parts to be bonded.  After heating up to 1400F and pressure was applied uniformly, silver alloy would penetrate into Be substrate and made the bonding.

· Brazing the parts OK, but the oozing out of brazing alloy material might be too much that would restrict the coolant flow.  Could CVD alloy on bonding surface, no corrosion concern.

· Would machine channel first, diffusion bond the parts then did the final shingle surface machining.  Although overall thickness was larger, could not go any thinner as was (3mm).

· Part could not be too thin, otherwise dimensions would vary too much (out-of-flatness).   

· Suggested changing coolant inlet/outlet locations to surface perpendicular to the flow direction, in that case large round Be elbow could be used and they could be soldered.

· Would do machining, bonding, pressure and leak test, with dimensional CMM inspect report before delivery.  Delivering 80 units over a 2 year period would not be a problem.  Would take 4 to 5 months to deliver the first prototype.

· List of tests that they would do: Fluoresence dye (check defects on surface), X ray (check diffusion bond), CMM (surface profile), leak test, pressure test.

ESLI trip report  May 15, 2001

· As removal of silicon sensor might need, film wax that at least could stand for 100C baking temperature was suggested.  (Storage temperature of silicon was about 125C?).  Temperature control was needed, otherwise there might be too much wax drooping along the fibers to the root.  Hexane could be used for washing off redundant wax. After shingle surfaces were machined, could CVD a coat on top to keep the wax from drooping to the root.

· Film wax on silicon first, then heat up to 50C to secure.

· To ovalize a resin tube, a processing temperature at 400C was needed.

· Would position in-plane fibers and interlocked with radial fibers by CVD to form a rigid network.  Stiffness would be improved.

· Would do a rough machining for the shingle surface first then laid up the in-plane fibers.  Otherwise, some fibers would be cut off as the step size of shingle was not small.

· Gave up on commercial Poco graphite tube.  Instead, ESLI made such carbon manifold from resin themselves.

· Carbon nanotubes mixed with epoxy appeared toughen the joint.  ESLI would do some test to quantify the improvement.

· 100 psi coolant pressure was experienced before.

· Larger tube squashed to an figure 8 then bonded in the middle was once suggested.

· FermiLab would run FEA for the 100 psi coolant pressure effect.

· FermiLab would run FEA to see temperature profile when one of the tube missed coolant flowing.

· FermiLab would run a spreadsheet to find out what the appropriate size of oval tubing to be used.

· ESLI showed the following and they all looked good.

· array of squashed oval tubing, 

· radial fibers attached to substrate, 

· the toughened joints between 2 glassy carbon tubing.

Action Items

Fermilab action items for Be Vendors

- to determine the bonding method.

- to determine if we go for cooling pins/strips for a better heat transfer

- to determine the depth of the cooling channel

- to determine the coolant inlet and outlet design

- to determine any specifications for the substrates(e.g. machine tolerance, flatness etc)

- to finalize the drawings for the vendor

- to submit drawings to vendors for bidding

- determine the tests that the vendors should perform

- acceptance criteria

Be vendor action items

- BrushWellman will advise further on the possible minimum 

thickness and the costs

- when vendors send in their proposal, fabrication approach and materials used 

should be addressed in detail, together with cost, delivery schedule and estimate on final production cost.

Fermilab action items for ESLI

- to determine the tube size

- to check the displacements of silicon due to heat and pressure

- to check temperature profile if one of the tube missing coolant flow

- to determine the layout of the tubing

ESLI action items

- to wrap up the phase I work by producing some small prototype samples for 

evaluation

- to run some tests such as impact test and/or static loading test to quantify the improvement in the toughness of the manifold joint

