Open-face TKR tray thermal distortion analysis summary: evaluation of thermally induced stresses in 2216 Grey Scotch-Weld when bonding Kapton to Tungsten.
Past analyses performed by Hytec:

1) Swensen, Erik.  CTE Mismatch Summary Report of the Current Baseline Design.  HTN-102050-015.  6/1/2000.

2) Ponslet, Eric.  Recommendation for Mechanical Specification for Adhesive Bond between Bias Circuit and Silicon Detector ladders.  HTN-102050-017.  6/15/2000.
3) Ney, Steve, E. Swensen, and E. Ponslet.  Investigation of Compliant Layer in SuperGLAST CTE Mismatch Problem.  HTN-102050-018.  8/3/2000.

4) Biehl, Franz.  GLAST Epoxy Thermal Shear Stress.  HTN-102050-023.  8/1/2000.

In Reference 1, cold temperature stresses are compared to room temperature bend test results.  Margins shown are high.  Configuration includes silicon and a rigid thermoset adhesive (current design has 16 spots of RTV to bond silicon on).

Reference 2 examines pros and cons for the adhesive selected to bond the silicon to the bias circuits.  Safety factors specified for rigid adhesives is 7 and for compliant adhesives, 4.2.  Concluded that compliant adhesives (shear modulus <50ksi) should be used to avoid high thermal stresses induced in bond.

Reference 3 discusses stresses between converter layers and the silicon detectors.  It recommends that the shear modulus should be selected to be less than 100 psi (preferably).  Also, it concludes that adhesive bond strength and adherend surface preparation need to be evaluated via test before the final selection is made.
Reference 4 seems to use FEA to corroborate reference 3 findings.  Its conclusions are somewhat intuitive, i.e. 1) Max shear stress decreases with increased bond area; 2) max shear stresses increase with increased shear modulus, and edge effects are more pronounced; and 3) conversely, shear stresses are spread out more evenly with low shear modulus.
The analyses Hytec performed showed that there were potential problem with the bias circuit to silicon interface and that the adhesives and processes had to be carefully selected and tested prior to incorporation.  Their analysis did not explicitly examine the bias circuit to converter interface.  It is probable that the open-face tray TVAC was not planned for at that time and was not considered a design case.  What is missing from the above Hytec analyses are the test results that back up the adhesive selection.  The analysis shows issues and makes clear testing is required.
Current Analysis performed by SLAC:
The current analysis performed by SLAC (John Ku) to investigate thermally induced stresses in the Tungsten to Bias Circuit interface has not been officially documented.  A non-linear analysis was performed to account for the temperature dependent parameters of the 2216 adhesive.  These parameters include a 13C glass transition, a shear modulus change in order of magnitude between 0C and 23C, a CTE change at 40C.  The analysis did not include silicon at all, and the bias circuits did not account for any of the copper traces.  At 55C, the peak stresses were calculated to be 2.6MPa, with less than 0.05MPa variation over the surface of the panel.  At 85C, the peak stresses were 5.0MPa with less than 0.05MPa variation over the surface of the panel.
The results of this analysis show that the shear stresses are relatively constant over the panel and edge effects do not govern failure patterns.  This agrees with Hytec’s analysis that showed low modulus adhesives minimize peaking effects at the edges.  The stress distribution does peak at the edges, and suggests if the process is completely uniform, the failures will start at the mid-side edges and work their way radially inwards.  The stress is relatively uniform, which would also suggest that manufacturing inconsistencies would cause failures at the weakest points.  These points might correspond with contaminants such as dust or oil.  The random nature of the observed failures supports this, i.e. failures can occur randomly depending on where the weakest areas are.

The analysis performed does predict onset of failure at 85C.  There is not enough test data available to evaluate failure at 55C.
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Although positive margins are predicted for the 55C case, there is not a high confidence associated because in the vendor data overlap shear test results, substrate material contributes significantly to shear strength --  at room temperature there is an observed strength range from 0.85ksi (5.8 MPa) to 1.9ksi (13.1 MPa).  This shows a 3.8X knock down from the highest data point to the lowest data point.  This highlights the importance of performing in-house process qualification for the flight configuration (Tungsten to Kapton bond).  Without such empirical data, future success is uncertain.

Two analyses are suggested to help understand the internal stresses better:

1) The first analysis resets the zero-stress-state to a temperature higher than 23C.   This would serve to reduce the temperature delta at the hot temperatures, where the adhesive strength seems to break down.  The downside to this is the increased stress at the cold temperature.  Although the adhesive strength increases, there may be added risk to the silicon getting loaded up.

2) The second analysis branches off from the first, comparing differences in the stress distribution with and without the SSD ladders.  This could show that there is no design issue because once Silicon is bonded the tendency for the bias circuit to delaminate goes away.  This is a theory we would like to investigate.  

A critical part to this analysis is to obtain the existing Plyform test data that shows strength variation with respect to temperature and surface preparation.  Without these data points, it will be very difficult make any meaningful conclusions.  
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		Temp		Shear Strength		Max Shear Stress

		24		3200		0

		55		1703

		82		400

		m=		-48.28

		b=		4358.62

		Temp*		Shear Strength [MPa]		Max Shear Stress [MPa]		W/ Safety Factor = 4.2		Margin of Safety

		24		22.06		0.0		0		N/A

		55		11.74		2.6		10.92		0.08

		82		2.76		5.0		21		-0.87

		* Temp at 55 is linear interpolated and not based on data

		m=		-0.33

		b=		30.05
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