
April 3, 2007
To: Geoffrey Gettelfinger

From: Wayne Reiersen

Subject: Objectives of bolt tension tests and additional friction testing

Bolt tension tests

The objectives of the bolt tension tests are to characterize key aspects of the bolted joint and to develop and qualify the assembly procedure for the bolted joint.  Two joint configurations will be tested – a through-hole configuration and a tapped hole configuration.  Initially, the joints will be assembled using surplus studs from the poloidal break assembly.  A Supernut assembly is required for tensioning the stud.  Underneath the Supernut assembly, there should be:

· A ¼” or ½” load washer (1.5” ID, 2.65” OD) centered on the stud.  This washer replaces the spherical washer set (SE140-194) and should be 316, A286, or Nitronic 50.
· A ½” load washer per SE140-193 centered on the hole.  This washer should be 316, A286, or Nitronic 50.
· A .03” G11-CR washer per SE140-192.

The surrogate flanges were machined out of Stellalloy and should already be in your possession.  In between the two flanges, a flat 0.5” 316 plate should be installed with the approximate profile of the standard shim.  For the through-hole configuration, the fastener on the back side can be a Supernut assembly or a 6-pt or 12-pt nut made of 316, A286, or Nitronic 50.  Washer assemblies should be the same on both sides.
Preloading the bolts

The first objective is to establish the procedure for preloading the studs.  This involves establishing the pattern for torquing the jack bolts on the Supernut assembly and the incremental torque values to be used.  Both joint configurations should be assembled.  The preload should be measured using strain gages that are configured to measure bending in the stud as well as tension.  The same UT instrument we plan to use for assembly operations should be checked against the strain gage measurements.  Bolt preloads should be set based on the materials used in the studs and nuts.  A286 studs that we do not plan to use again should be preloaded to 73 kips (assuming the nuts are adequate).  A286 studs that we plan to re-use should only be preloaded to 61 kips.  Compression of the bolted joint should be measured when it is preloaded.  This information will be used to set expectations for the compression anticipated when bolted two coil assemblies together and to confirm FEA modeling.  The outputs from this first test will include:
· A bolt torquing procedure that reliably provides the desired preload

· Qualification of the UT device for measuring the bolt preload

· Measurement of the bolted joint assembly deflection under preload

These first tests should be repeated once we get the actual studs and Supernuts and the material selections for the shim and load washers are finalized.

Preload relaxation

By the time we get to this point, we should be using prototypical hardware so the tests do not have to be repeated.  The second objective is to characterize the change of preload with time.  The preload should be monitored periodically over the course of a week.  If relaxation does occur, the stud should be re-tensioned and the preload monitored for another week.  This test should be repeated monitoring relaxation over the course of a month following cooldown testing.
Cooldown testing

The third objective is to verify that the preload changes as expected when cooling down to 77K and that repeated thermal cycling does not result in loss of preload.  At least 10 thermal cycles between RT and 77K should be applied during which the preload is monitored.
Additional friction tests

Additional friction testing should be conducted to improve the characterization of the effective COF versus contact pressure, flange surface roughness, and alumina deposition process.  The additional friction testing should also verify that the effective COF is stable under repeated cycling.
COF characterization

We have a number of data points for the coefficient of friction (COF) versus contact pressure.  There is a disturbingly large scatter in the data.  We would like to better understand the source of the scatter.  Possible contributing factors include [1] surface roughness of the mating steel surface and [2] alumina deposition process (e.g. with or w/o binder and roughness of the alumina surface).  Additional tests should be performed to better characterize the COF versus contact pressure curve utilizing the very same surface roughness of the steel and alumina deposition process that will be used to coat the shims and assemble the device.
Cyclic testing

Once the alumina deposition process parameters have been fixed, we should verify that the COF is stable under cyclic loading.  The limiting shear load has been characterized by a pressure dependent COF of the form
COF = 0.4 + 0.02P

where P is the contact pressure in ksi.  This relation should be updated following the additional testing discussed above.  The average contact pressure through which the preload is transmitted at the shim/flange interface is approximately 10 ksi (based on Fan’s FEA analysis and Viola’s Fuji film test).  This results in a limiting COF of 0.6 at 10 ksi.  Brooks’ analysis indicates that an average COF of 0.4 is required to prevent relative motion.  The bolt and bushing designs are being evaluated assuming an average COF of 0.4.  I propose doing cyclic testing with a contact pressure of 10 ksi with a starting shear load that would require a COF of 0.54 increasing in COF increments of 0.02.  At each level, provide 20,000 cycles.  Each level should be doable in a day at 1 Hz.  If this is not a doable rep rate, please advise.  Continue increasing the required COF each day until failure occurs.  By the time it fails, we should have close to 130,000 cycles which is the design life of the device.
Please review this guidance carefully and let me know what changes should be made.

Cc: Cole, Williamson, Freudenberg, Nelson, Brooks, Fan, Dudek, Neilson, Viola, Strykowsky

