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Present: Kris Anderson, Roger Bennett, Chris Densham, Ralph Ford, Jim Hylen, Patrick Hurh, Chris Kelly, Peter Loveridge, Alberto Marchionni, Mike McGee

Discussion began with Mike Fitton summarizing key points of the fabrication and assembly for MET-03.  Mike noted micro cracking at the root of a weld which was not visible on the X-ray.  It seems that a lack of fusion at the root had occurred and this defect caused the part to fail the Vendor’s inspection, although the weld had an acceptable threshold.   Mike Fitton had designed the sample for limited access (as in the actual case).  The Vendor’s welder was able to perform the welds under a single pass with help from a second welder.  
Kris Anderson noted that welds inspected and certified by Alloyweld may have small defects which are accepted, under the guidelines of NAS-1514 Class 1.  These include single defects and others which are judged by allowable void-fractions.  RAL has used AL rods such as 555A, 5356 and ER 4043 and root cracking is not uncommon with the base material AL 6061.  Kris mentioned some of the weld sample failures regarding a socket type design for the horns at Fermilab.  

Quality Procedure Discussion: use of CT-scans (3D representation)…  Mike Fitton mentioned that high resolution CT-scans will show micro-porosity in welds.  Horn production – ports used a socket weld and Kris mentioned the new Northstar Imagining CT-Machine at Alloyweld.  Kris also mentioned micro-sectioning with the horn.  From his experience with the horn and welding the root pass using DC current to fill, porosity was found after 2nd pass (AC on top).  H2 may have caused the porosity.  Note that the Northstar Imagining Machine’s resolution is 25 microns (1 mil) and micro-focus of materials is possible for 1” thick steel.  The machine has a plate 12” x 18” and is able to scan a typical target cooling rail.  Mike F. uses a tabletop micro CT-scan machine cable of 3 micron (~ 0.1 mil) resolution.  

Chris Densham mentioned to try a shrink-fit application using LN2.  Why weld?  Patrick wondered if there would be a galvanic couple caused by the dissimilar connection (SS-AL).  An anodized layer could exist between them, preventing a reaction.  Some ideas to consider: use of an oven for temperature control over the process, push SS tube into aluminum socket (and cooling rail).  This could also serve as the SS-AL transition.  

Chris D. also asked about target production.  Jim Hylen responded with an explanation regarding the amount of beam on target and his experience with NuMI.   Target NT-02 received over 6 x 1020 POT before degrading.  Jim believes that we might see roughly 6 x 1020 POT in one year of steady operation.  So, as many as 6 targets may be needed over the life of NOvA.   However, to be conservative up to 12 targets may be needed.   The annealing properties of graphite and spreading out over a larger spot-size reduce the degradation as compared to NuMI.  
Roger Bennett asked if we could use a seal instead of welding.   Initially, during the development of the target design we stayed with a welded type connection internally because of the sound nature of a welded design (if under perfect conditions).  However, we know that there have been challenges with the aluminum welds.  So, considering other forms of joints is a positive approach to improving overall target integrity.  In any case, a sealed connection or joint could be added to the matrix for evaluation.  Some questions which surround the use of a sealed connection include; effect of water hammer of the joint, chemisty between seal and RAW system, bulkiness of design, and added heat load due to increased material present.  
Patrick began the discussion regarding an R&D program which considers the development of critical and non-critical joints in target production.  This program may have design implications beyond Fermilab ME Target production for NOvA.  The program would consider the use of coupons under different types of service.  A testing station would be applied to samples with known flaws to understand the possible outcome if accepted.  Therefore, the final objective is to combine testing with QA (inspection) to catch any defect.  Also, we can consider cyclic affects through testing.  
Mike F. brought up an adjustment difficulty with the current design on the DS target end.  A simple fix would be to construct a fixture to push-pull the target cooling rail assembly transversely relative to the target casing.  Also, Mike F. mentioned the possibility of the vertical and horizontal budal fins shifting in the opposite plane.  Jim H. mentioned that the shift was not in the critical direction in each case.  One possible solution would be to consider a shouldered screw which minimized the clearance hole.   This aluminum shouldered screw would be anodized to prevent a short.  Finally, Mike F. asked if a copper wire could be used to connect each budal fin to the outside.  The current stainless steel wire is very stiff and causes assembly to be difficult.  Jim H. mentioned that the Cu would be OK since it will exist in an inert enviroment (helium).  
Mike F. mentioned the graphite fin bake-out completed before final assembly and alignment of the target.  This bake-out removed moisture and remianent hydrocarbons from the graphite.  Kris mentioned that we do leave the target open to atmosphere for several days during the external referencing of the target to the (4) tooling balls found on the target casing.  Given the same process for MET-01, we were able to pump the helium space down to 26 mTorr and backfill with helium.  The pumpdown lasted for a few weeks using a dry scroll vacuum pump.  We plan to bake the graphite fins for MET-02 in a similar way and then take an RGA scan of both target assemblies and compare as a baseline for future reference.
Finally, Mike F. brought up an interesting point regarding H2 content in 6061 aliuminum and welding.  There is a general lack of published data regarding H2 content within 6061 aliuminum due to measurement cost and difficulty.  This is a parameter to track during subsequent matrix testing, if we can determine a way to measure the H2 efficient
