
April 4, 2007
To: Kevin Freudenberg
From: Wayne Reiersen

Subject: Objectives of shear tests
I just wanted to review the purpose of the upcoming shear tests to be conducted at ORNL and solicit input on those tests.  Our bolted joint design is predicated on friction to prevent relative motion.  Brooks’ analysis shows that with added bolts, an average coefficient of friction of less than 0.4 is needed to prevent relative motion.
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Friction testing has been performed by Gettelfinger.  The data suggests a COF that increases with pressure.  A “design curve” can be characterized by an equation of the form 

COF = 0.4 + 0.02P

where P is the contact pressure in ksi.  This relation will be updated following additional testing.  The average contact pressure through which the bolt 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 an effective COF of 0.6 at 10 ksi which is significantly higher than the average COF of 0.4 required to prevent relative motion.
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The virtues of a friction joint were underscored in the analysis by Fan presented this past Monday.  It is instructive to consider the deflections and bolt stresses for the bounding cases where [1] friction is adequate to prevent relative motion (aka the bonded case) and [2] the frictionless case in which the shear load is reacted solely by the bolt.  When the friction is adequate to react the shear load, lateral deflections are small, less than 1 mil.  When the shear loads are reacted through the bolt, lateral deflections are an order of magnitude higher, around 11 mils.  Bolt stresses are also higher due to bending.  A stainless steel bushing instead of a G11 bushing would reduce these deflections by half.
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Nevertheless, we are concerned that if for unexpected reasons, e.g. significant loss of bolt preload, anomalously low COFs, or poor initial fit-up, the shear capacity through the friction path is reduced, unacceptable structural deflections might result if we do not have positive shear connections to limit those deflections.  Positive shear connections also ensure registration of mating coils.  So, we are providing tight-fitting bushings around the studs for positive shear connections.  Likewise, we are adding shear pucks to the shims in the unbolted regions to provide positive shear connections.
Consider first the positive shear connection provided by the tight fitting bushings and bolts.  For a properly preloaded joint, I expect the shear loads will be transmitted predominantly via friction.  If for unexpected reasons the shear loads transmitted via friction are reduced, the bolt will start picking up the difference between the applied shear load and the shear load transmitted through friction.  In order for this to occur, some slippage between the shim and the flange must occur to load the bolt.  If the shear load transmitted to the bolt is small, I expect that when the applied shear load is removed, friction will restrain further slippage.  The bolt will stay loaded in shear by frictional forces.  If the shear load transmitted to the bolt is large enough, I expect that when the applied shear load is removed, frictional forces will be inadequate to prevent slippage upon unloading.  Thus, there should be three regimes: a no-slip regime (ample friction), a slip and seat regime (marginal friction), and an always slip regime (inadequate friction). The third regime is one we would like to avoid.  The existence of these three regimes is just my expectation which may be wrong.  
The primary purpose of the shear tests is to characterize the load-deflection of a bolted joint assembly in each of these regimes and to quantify the transition conditions.  This is important for validating our modeling of bolted joint behavior and refining our assessment of structural margins.
The test article has been designed.  It is a double-shear design with two tapped holes as shown below.  It will be fabricated and assembled at PPPL and shipped to ORNL for testing.
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The test fixture at ORNL can comfortably provide 50 kips of shear load which translates to 25 kips per joint.  With a full bolt preload of 75 kips at 77K and a COF of 0.6, we should be able to handle 45 kips of shear per joint which is higher than the test fixture can provide.  Thus, the testing should be conducted at reduced preload, perhaps at 32 kips.  We should measure the actual preload following cooldown (if possible) to minimize uncertainties.  We can start with a shear load of perhaps 12 kips per joint and work our way up in small (1 kip) increments.  Once slippage occurs, we should consider replacing the alumina coated shims lest they become contaminated through slippage across the steel platen.  PPPL will have to provide an appropriate quantity of shims.
These are just my thoughts.  I would welcome your input and input from others on the usefulness of this test, on opportunities to make it more useful, and on other tests which should be conducted to provide appropriate underpinning for the design and analysis.  One area where additional testing should be considered is the shear puck design in the unbolted regions of the inner legs.
Cc: Cole, Williamson, Gettelfinger, Myatt, Nelson, Brooks, Fan, Dudek, Neilson, Viola, Strykowsky

