
November 9, 2005
To: Distribution

From: Wayne Reiersen

Subject: Proposed path forward on the cladding issue for the C1 coil
A meeting was held on November 7 to discuss concerns with the conformance of the cladding to the tee.  Discussions were summarized in a memo issued on November 8 (051108_CladdingConformance_14_WTR.doc).  The purpose of this note is to present some new information and discuss a path forward for the C1 coil.  This path forward will be reviewed at a peer review scheduled for November 9 at 10am.

New developments
One concern with the C1 coil was how prevalent regions of poor conformance really are.  Jim Chrzanowski confirmed that after the cladding had been applied, it was inspected.  Pieces of cladding that visually did not conform well to the tee were removed and re-installed.  This was not a perfect process.  Paul Fogarty later found at least three pieces where there were visible gaps.  However, it is noteworthy that even in the absence of inspection requirements and an acceptance criterion, the winding team took the initiative to re-work the cladding in an effort to make the conformance as good as reasonably achievable.
The surface of the ground wrap which lies atop the cladding was measured yesterday.  Raftopoulos reported that there is significant measurement uncertainty when inferring the conformance of the cladding by measurements taken on the surface of the ground wrap.  The uncertainty is due to the sponginess of the ground wrap and the gaps and slots in the cladding.  Raftopoulos’ assessment was that although there are places where the cladding conformance did not appear to be very good (perhaps on the order of the 60 mils reported by Fogarty), this was the exception rather than the rule.  The finding is consistent with the previous paragraph in which it was reported that the pieces of cladding with visibly bad conformance to the tee were generally fixed.
Chrzanowski reported that the adhesive used to bond the cladding to the tee was basically Crazy Glue with an accelerator (see Appendix 2).  This formulation was chosen because it sets in seconds and melts below the cure temperature of the epoxy (to avoid bonding the winding pack to the tee).  The region where conformance of the cladding is a concern is near the top of the tee where there is a continuous band of copper across the cladding that holds the fingers together.  The coolant tubes are located outside the winding at this same vertical height.  There are no clamps during the VPI cycle at this height.  The pressure difference across the bag mold is set to neutralize the hydrostatic pressure at the bottom of the coil.  Thus, there is little pressure during the VPI cycle from the clamps or autoclave to change the conformance of the cladding to the tee, even if the adhesive does melt.
Perhaps the most significant development was the inspection of the pieces of winding cut from the Twisted Racetrack Coil (TRC).  What we were looking for was evidence that the winding process seats the cladding uniformly against the tee.  If so, we would expect to see that the cladding is straight in cross-section views and the epoxy appears to be of uniform thickness in side views.  To my eye, this indeed appeared to be the case.  Raftopoulos inspected the pieces and arrived at the same conclusion.  Brooks is bringing the pieces to the review tomorrow so others can inspect them as well.  There are traces of adhesive behind the cladding, but no compelling visual evidence (in my estimation) that the adhesive bumped out the cladding.
The Path Forward

If we are convinced that [1] the C1 cladding generally conforms acceptably well to the tee, [2] the winding process seats the cladding uniformly against the tee, and [3] the adhesive does not cause unacceptable bumps, then we might proceed with the original plan, i.e. to set the clamp locations based on the measured surface of the winding form, with acceptably low risk.
Whether we make measurements on the C1 to quantify the conformance (gap sizes) of the cladding or make measurements on the TRC pieces to quantify uniformity of the seating (epoxy thickness) can be debated.  What we do for subsequent coils can be decided on a longer timescale.  Pictures of the TRC cladding can be viewed by clicking here.
Cc: Zarnstorff, Stratton, Neilson, Chrzanowski, Raftopoulos, Nelson, Williamson, Brooks, Fogarty, Dudek, Williams, Hawryluk, Anderson, Heitzenroeder
Appendix 1: Cladding application steps (from Dimensional Control Plan NCSX-PLAN-MCWDC-01))

[image: image1.png]3.1.13 Shim winding form where required. Use glass cloth tape underneath chill
plates to shim.

3.1.14 Install cladding, taking care to minimize thickness of glue between winding
surfaces and cladding.

3.1.15 Measure cladding surfaces on base and septum using standard measurement
pattern. Check that dimensions are consistent with winding surface
measurements and nominal cladding thickness (0.040”) plus any shims.




Appendix 2:  Steps to apply the cladding (from the implementing procedure Modular Coil Fabrication – Winding Form Preparation Activities D-NCSX-MCF-001)
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6.20.1
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6.20.1.2

Cladding Preparation:

Select the inner wall copper cladding being used for the coil type being manufactured. [Parts
shall be deburred prior to use] Clean the copper plates with ethanol and clean lint free wipes.
EXTREME CARE must be taken during handling of the cladding because of the potential for
sharp edges. It is recommended that Kevlar gloves be used if possible during this installation.

Apply (1) layer of adhesive backed Kapton tape (0.00325 in. thick) to the backside of the
cladding that is facing the winding surfaces.

6.20.2  Cladding Installation:

6.20.2.1

6.20.2.2

Fitup each section of copper cladding to the inner wall using the cladding mapping drawings.
Customizing of each section of copper cladding will be required. Some pre-forming can be
performed. but final fitup will be performed with cladding piece in position. Install cladding on
both sides “A” and “B”. (Figure 24- Installation of Cladding)

Once the cladding has been fit, remove and re-clean if necessary. Check that there are no sharp
edges or burrs.
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Loc:

Secure the insulated cladding to the winding form winding surfaces using 3M adhesive cement
#CA40H. Apply a minimal quantity [drop] to the back of the cladding per Figure 24-
Installation of Cladding. A small quantity may also be applied to the backside of the vertical
cladding if required to hold pieces in place. Care should be taken to avoid any buildup of
cement under cladding.

Prior to placing the cladding in its final position, apply [spray] 3M Accelerator “Pronto Surface
Activator” to small area of MCWF where the adhesive on the cladding will mate with the
winding form.

Place the cladding into position and hold in place for 5 seconds. Then continue with remaining
cladding pieces.

backside of cladding

Figure 24- Installation of Cladding




[image: image4.png]6202.6 During the installation of the cladding, continue to verify that the cladding i electrically isolated
from the winding form using a multi-meter. Once all of the cladding has been installed, verify
that each section of cladding is electrically isolated from its adjacent piece
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