
April 5, 2007
To: David Williamson
From: Wayne Reiersen

Subject: Open items on preparations for Station2 FPA
We have made a lot of progress in developing the MC interface design and resolving coil assembly design issues.  The purpose of this memo is to solicit input from you on what items have been resolved and what items are yet unresolved.  For those items which are unresolved, I would like to understand the plan forward.  Please be prepared to go through these items during our weekly telecon on Monday, April 9 so we can initiate any actions that might have been overlooked ASAP.  Time is of the essence in coming to closure on these items.
1. Bushing material.  The bushings are made of G11CR.  However, it has been shown that deflections (and bolt stresses) due to shear loads not reacted by friction can be reduced by using SS bushings.  Are we planning to use SS bushings anywhere?

2. Washer assemblies.  I understand that spherical washers will not be used under the Supernuts because the Supernuts themselves can accommodate non-perpendicularity.  You indicated that we could use a ¼” load washer in place of the ½” spherical washer where space is tight.  Does this affect the length of the studs we need to provide?  Should we use the ¼” load washer everywhere or just where space is tight?  What material should the ¼” and ½” load washers be made of?  On through-holes where we are using Supernuts on the other side, do we need to provide spherical washers?  What nuts should be used if we are tensioning the stud from the other side with a Supernut?  Regular hex nuts? 12-pt nuts? Supernuts?
3. Locking features.  All fasteners should have a locking feature that ensures there will be no counter-rotation once the fastener is tightened.  To my knowledge, none of the drawings call out these features.
4. Preload monitoring.  Stud preloads will be monitored during assembly and operation using a UT device, either one that we already own (if it can be made to work) or a new one.  The exceptions are the studs in the inboard regions which are inaccessible following assembly.  We would dearly like to be able to monitor the preloads for these studs during operation.  Should special studs can be ordered to provide this functionality?
5. Bolted shims.  The latest data sheet I saw defining the trapezoidal shim under the bolts still featured a glass-epoxy layer in the middle of the shim.  I understand that the present design features an alumina coating on both sides.  Are we providing a round or chamfer on the edges of the shim?  Are we providing rounded corners or are we sticking with a chamfer?  Is the shim universal or are there areas where special shims will be needed?  Are we adding any features to facilitate handling and installation?  Are we adding any features so that the A-A shims could be preinstalled when joining two 3-packs together or the C-C shims during final assembly?  What is the interface between the shim and the stud?  Is it a loose fit?  Is there a G11 sleeve?
6. Added holes.  The added holes on the A-A, A-B, and B-C interfaces have been defined.  There was discussion about providing a countersunk feature around the tapped hole to engage a collar.  It is not clear what problem we are trying to solve with this feature, how this feature solves the problem, and why it is not required elsewhere.  What is the plan for coming to closure on this issue?  This issue is really time critical because we need to get the coils ready for field period assembly.
7. Inboard shims.  Dudek is arranging for welding trials to measure deflections around the shear puck hole due to the fillet weld.  Freudenberg is assessing whether the stresses in the fillet weld are manageable.  There is a non-negligible risk that we will not have success in going down this path of designing a shear puck in a tight fitting hole with the receiver structurally welded to the flange.  At least the welding trials will not be completed for several weeks just because of the time required to fabricate the test articles and perform the tests.  The bottom line is that we need to have a Plan B ready to implement should Plan A not pan out.  Do we have a Plan B?
8. Thermocouples and strain gages.  None of the modular coils have thermocouples installed although they are required on all of them.  We would like to complete installation of the thermocouples prior to FPA.  We had an FDR for the strain gages and thermocouples back in January.  Serious concerns were raised with the strain gages.  There were few, if any, concerns raised with the thermocouples.  The unresolved issues appear to be the length of the leads and the routing of the leads to the outside of the shell.  Once the lengths of the leads are resolved, we can place the order for the thermocouples.  Once the coil assembly drawings are issued that define the routing of the leads, we can install them.  The strain gages are a different story.  They will only be installed on one coil of each type.  Uncalibrated Fabry-Perot gages do not appear to provide an accurate enough measurement to validate our structural models in a meaningful way.  COTS displacement gages do not seem to work at cryogenic temperature.  Our only lingering hope appears to be Fiber Bragg Gratings (FBGs) which Gettelfinger is pursuing with Lakeshore.  Is that your understanding as well?
9. Jumper assembly cooling.  The copper Z-shaped piece (aka the lug) that connects to the electrical leads and cable conductor, features a tapped hole with several vent holes on the jumper assembly side.  These features were added to provide cooling.  The flow of nitrogen through the lug cools the lug and provides a thermal intercept between the coil and the electrical feeds.  The flow of nitrogen out through the vent holes provides cooling to the jumper assembly.  There is no other cooling of the jumper assembly other than conduction to the lead block chill plates which are quite a few inches away.  What are the nitrogen flow requirements to this connection?  Should it be plumbed directly into the LN2 supply in parallel with the other coil cooling circuits?  If so, it would provide a constant source of LN2 dribbling onto the stellarator core unless it flashes to vapor.  Should it be plumbed with a pulsed valve so the LN2 would be provided only when needed?  The vent holes do not appear to be aimed directly at the jumper assembly so it is not clear that the LN2 spray would actually provide direct cooling of the jumper assembly.  Is a deflector plate required to direct the LN2 spray?  Should the lug be plumbed directly into a cold GN2 line?  This is probably not critical for the start of Station 2 field period assembly operations, but we do need an answer for the design of the Nitrogen Delivery System and Coil Services.
10. Jumper assembly and electrical lead protection.  The jumper assembly and lead connections feature bare copper at high electrical potential exposed to the interior of the cryostat.  Debris could easily fall into the area and cause electrical problems during assembly and operation.  There have been discussions of providing a cover plate to keep debris out.  There have also been discussions about painting the exposed copper with a cryogenic varnish to discourage electrical shorts.  Meanwhile, the winding team is taping a plastic box over this area as an interim measure.  Are we going to paint the exposed copper with cryogenic varnish?  Is a protective cover for the jumper assembly and electrical leads being designed?  This is another one that is not critical for the start of Station 2 field period assembly operations but still needs to be addressed.
Those are the open items that pop into my mind.  Please flag any others that you are tracking.  After the unresolved issues are resolved, we still need to fold the solutions into drawings and spec to complete the coil assemblies and finalize the procedures for field period assembly.
Thanks for your attention to this matter and welcome back!

Cc: Cole, Gettelfinger, Freudenberg, Nelson, Brooks, Fan, Dudek, Neilson, Viola, Strykowsky, Heitzenroeder, Chrzanowski, Brown

