March 22, 2007
To: Distribution

From: Wayne Reiersen

Subject: Notes from 3/22 meeting on MC interface design

A meeting was held on March 22 to review remaining issues in modular coil interface design.  David Williamson’s presentation provided the excellent basis for discussion.  Issues included the following:
1. Shear loads with added inboard bolts.  The Type B-C joint was modified to include 4 new bolt holes.  The A-B joint was modified to include 3 new holes.  The A-A joint was modified to include 5 new holes.  Previously, only 2 new holes were proposed for the A-A joint resulting in excessive shear loads to the bolt of 47 kips (w/ mu=0.3 and 81 kips preload).  With 5 new holes, the shear load per bolt is reduced to a maximum of 15 kips.  However, ANSYS modeling suggests that this mu/preload does not produce the desired no-slip interface (although the calculated slip is modest, 0-2 mils).  Myatt’s AVI clips are available here.
a. Analysis should be repeated with mu of 0.39 and a preload of 74 kips (for tapped holes) and 76 kips (for through holes) which should increase the shear reacted by friction by 18%.

b. Consideration should be given to eliminating the midplane hole on the A-A interface and adding two off-midplane holes if there is a compelling reduction in bolt shear loads (in the low friction case) and/or the desired no-slip interface can be achieved.

c. The A-B interface should be re-examined with the three added bolts to determine if [1] bolt shear loads are manageable [2] unbolted spans are minimized and [3] the desired no-slip interface is achieved.  Additional bolts should be added if appropriate.
d. The B-C interface should be similarly reviewed.

e. Bolt tension tests will be conducted to address several of the concerns including whether the bolts can be expected to become loose after repeated thermal cycling.

f. ORNL has provided fabrication drawings for the bolt shear tests to be conducted at ORNL.

2. Shim design for bolted joints

a. High friction coating.  Friction trials favor alumina as it provides a high coefficient of friction surface and electrical isolation.  It can be applied at local shops with fast turnaround.  Appropriate arrangements will be investigated (Gettelfinger).  Ekagrip provides comparable performance without the electrical isolation or fast turnaround.  The Ekagrip product we received had to be shipped to Germany for coating.
b. Geometry.  A trapezoidal “universal” shim design has been developed by ORNL.  The shim features an insulating sheet of G11 in the center which would not be required with the alumina coating.  The two open issues appear to be [1] whether a constant thickness shim will provide adequately uniform pressure distribution and [2] if so, what constitutes an adequate fit.  This issue will be addressed by clamping joints using prototypical shims and pressure-sensitive paper from Fuji film.  Initial trials with a forced offset of 10mils showed fairly uniform pressure around the bolt. The next step will be to use the thicker, surrogate flanges prepared for the bolt tension tests.  This will be followed by trials using the A1 and A2 coils.  If custom machining is determined to be required, a fixture should be designed to facilitate machining a flat surface which is offset and angled with respect to the base.
c. Material.  Consideration should be given to using titanium as a shim material.  It has the potential to increase the bolt preload by 4 kips per bolt at temperature.  Of course, cost and fabricability must be considered.

3. Shim design for unbolted region.  ORNL has proposed a shim concept in the unbolted regions of the inner leg which features insulated disks (aka shear pucks) providing a positive shear connection.  PPPL will weld up a prototypical joint to confirm that weld distortion is not a problem.
4. Bolted joint hardware

a. Studs.  Dudek will order one field period worth of attaching hardware.  Following the meeting, it was decided to order several shorter studs to facilitate tightening Supernuts where vertical clearance was limited.
b. Supernuts.  We decided that we would go the Supernot route everywhere.
c. Bushings.  We will buy enough G11CR for the first field period.  The stainless steel bushing option will be evaluated by Fan.

5. Shim bags.  Things look promising for the Teflon shim bags.  Dudek noted that he might slightly “oversize” the bags to facilitate sealing and trimming.  The first trial is awaiting fitup of something other than A-A coils.
