



November 8, 2005
To: Distribution

From: Wayne Reiersen

Subject: Minutes of yesterday’s discussion on cladding conformance

The issue of how well the cladding conforms to the tee has been a source of lingering concern.  The risk is that we will not meet our requirement to control the location of the current centroid to within 20 mils on the finished coil.
The dimensional control plan is predicated on setting the clamp locations based on the measured geometry of the MCWF and the nominal thicknesses of the cladding and ground wrap.  The nominal thickness of the cladding is 40 mils.  However, in order for the cladding envelope to be 40 mils, it needs to conform perfectly to the tee.  Factors include the following:

· Visible gaps have been observed between the cladding and the tee that are larger than the cladding thickness of 40 mils.  Gaps on the order of 60 mils (1/16”) were reported by Fogarty on November 3.  Multiple locations with visible gaps were also reported.
· The current procedure for applying the cladding does not include any step for measuring the conformance of the cladding to the tee nor does it include an acceptance criterion for adequate performance.

· The prevalence of regions of significant nonconformance (for this discussion, let us use 20 mils as a threshold value) is unknown.
· The surface of the finished cladding is not measured in the current procedure to the degree that it can be used for setting clamp locations.  Measuring the surface of the ground wrap which is applied on top of the cladding in order to set the clamp locations, may not be feasible due to access limitations and measurement uncertainties. 
The project needs to make a deliberate determination of what to do about this issue on the C1 coil, which already has the ground wrap applied (as shown below) and on future coils.
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Two fundamental questions are [1] what limits the conformance of the cladding to the tee and [2] what can be done about it?  Individual pieces of cladding are cut from sheets of copper and backed with Kapton.  Two 90° bends are made.  Some manual pre-forming may be done.  A dab of glue is then applied to the cladding and the cladding is applied to the tee.  Final forming is done by applying manual pressure to the annealed copper.
The cladding consists of thin copper fingers that are connected via a band that runs across the cladding near the top of the tee.  (See figure below which cladding identification is scribed on the part.) It is behind this band where conformance is an issue.  There have been no reports of poor conformance in the finger regions.
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The glue is typically applied in this region.  It is a fast drying formulation.  If the cladding does not conform well in this region, the glue will dry in a blob that precludes improving the forming by subsequent application of pressure.  The clamps are installed on the tee prior to application of the cladding limiting the ability to visually inspect the conformance of the cladding.  

Our initial concerns were with regions of sharp curvature in which the cladding would take the form of a chord inscribed in a circle.  Fogarty provided some photos that revealed another concern.  The cladding is not always formed with crisp 90° bends, as shown in the photo below.  This can result in gaps behind the cladding even in straight sections that may be difficult to see without using a gage.
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At the meeting, we discussed what to do about the C1 and what to do on subsequent coils.  The path forward on subsequent coils was clearer to see.  The following suggestions were made to improve our dimensional control in coil fabrication which should be considered by the project:

1. Improve the conformance of the cladding to the tee

a. Make sharper bends in the cladding.  This was already being pursued by the coil winding team and should go a long way to alleviate the “pooch” in the figure above.

b. Use tools (e.g. a hammer and set) to improve conformance where needed.  The winding team was as concerned about compromising the Kapton backing as they were improving conformance so the use of tools was generally avoided.  In today’s discussion, good conformance of the cladding was agreed to be far more important.

c. Apply the glue to the fingers or tabs instead of the connecting strip.  This should improve our ability to make corrections after the cladding is applied.  Perhaps eliminating the glue from between the cladding and tee is all we need to ensure that the clamp pressure applied during winding will result in good conformance.
d. Use a gage with a go/no-go criterion.  This will provide a quantitative measure for the winding team of what is good enough.

e. Install the clamps after the cladding is installed.  This should provide improved visibility and enhance our ability to detect nonconforming regions.

2. Measure the surface of the installed cladding and have QC inspection for nonconforming pieces.  Use the measured surface for setting the clamp positions rather than assuming the nominal 40 mil thickness.  The risk in going this route is that the winding process may improve the conformance of the cladding, especially if there is no glue in the gaps.  If so, we might be better off to assume the nominal thickness.
The more difficult question was what to do about the C1 coil.  Measurements of the ground wrap surface were done in an attempt to quantify the conformance of the cladding.  These measurements are still being processed, but Raftopoulos is not confident that the cladding surface can be determined to better than 20-30 mils accuracy.  He is also not confident that this surface will remain fixed during winding.  There are also regions that could not be measured due to access constraints.  This does not bode well for the option of measuring the surface of the ground wrap, using it as the basis for setting the clamp positions, and proceeding with the winding.  The other options are [1] stripping off everything, re-prepping the winding form, and winding C1 just like we would wind the rest of the coils or [2] setting the clamps positions based on the measured surface of the MCWF and assuming that the winding process will improve the conformance of the cladding to the tee.
Clearly, the first option would only be pursued if the risk of proceeding with the second option was judged to be too great.  We have little quantitative data from C1 on the prevalence of the cladding nonconformances and how much the winding process will improve the conformance.  We do have evidence from the TRC on how well the cladding conformed to the tee in the as-built from our dissection of the coil.  Two samples have been prepared thus far and are being examined.  Determination of what we do for the C1 coil will be predicated on what we learn from examining the TRC.
Cc: Zarnstorff, Stratton, Neilson, Chrzanowski, Raftopoulos, Nelson, Williamson, Brooks, Fogarty

