LAT X-LAT Peer Review RFA Response #5

Action Requested:

1) Provide some level of detail of the bonding (Nusil) of the heat pipes to the X-LAT plate. How achieve 10 mil thickniess of Nusil? Rivet w/Nusil cured or wet? How verify appropriate pressure on Nusil to achieve necessart thermal conductance? 2) Consider enforced displacements of X-LAT plate during T/V testing to simulate non-planarity of E-Box interface.

Reason:

1) Discussions at the review did not clear up this level of detail.

2) Concern that distorted X-LAT plate might affect thermal conductance of joint.

Response:

1) Heat pipes will be bonded using wires to control bondline thickness. A development test was performed to verify the process. The steps were:
1. Prepare mating surfaces (per specs) 

2. Apply 0.008” thick Teflon tape to the X-LAT plate around the perimeter of the heat pipe. 

3. Install 0.0045” diameter wire to the plate on each side of the heat pipe lengthwise. The wire is to be outside the rivet locations (Note: the rivet holes in the  X-LAT plate and the X-LAT heat pipe are matched drilled prior to these bonding operations). 

4. Apply Nusil CV-2942 adhesive to the plate. Use a stiff squeegee across the Teflon tape to spread a 0.008” adhesive layer on the plate. 

5. Install the heat pipe on the plate and install all rivets within the adhesive pot life. 

6. Clean up squeeze out and remove Teflon tape. 

7. The results were a fairly uniform 0.0065” thick bondline. The minimum thickness was 0.0031” next to a rivet and 0.0093” thick halfway between (lengthwise) two rivets. Since this is primarily a thermal bond, these variations are acceptable.

2) There are 2 thermal joints. One between the X-LAT heat pipe and the X-LAT Plate, which is a bonded and riveted joint, and one between the X-LAT Plate and the electronics boxes, which is a dry, bolted only joint. It is the latter that is addressed in the RFA. SLAC believes that this interface is better verified by analysis, and has extended the existing analysis to provide an additional level of confidence in the design. Setting up a test as defined would be problematic.
This thermal joint was previously analyzed and demonstrated to be robust assuming contact only around each bolt. As long as the bolt is able to pull the plate to the E-box with some residual clamping force; the thermal performance will be acceptable. Three more analyses have been performed to provide additional confidence. The first was to assess the stress in the X-LAT plate due to the worst case height differentials between the various E-boxes and the EMI skirts. This analysis is complete and shows positive margins – which means the plate can conform to the distorted shape. The second analysis shows that the preload in the X-LAT to E-box bolts is much greater than the loads required to distort the X-LAT plate + launch loads. The maximum bolt loads were 143 lbf for the electronic boxes and 181 lbf for the edge fasteners (EMI skirt and radiator) assuming a 2.0 safety factor on yield for qualification by analysis.  These loads are well within the preload capability of a #8 CRES fastener (~1400 lbf at 65% of yield strength for 160 ksi UTS bolt).  Lastly, in the thermal analysis, conduction at the highly loaded bolt locations was removed (simulating loss of clamping at this location) and the effects on box temperature (summarized below) indicates adequate thermal performance. This set of analyses demonstrates the robustness of the design and eliminates the need for a test.
Thermal analysis summary: 

An analysis was performed involving the X-LAT plate and an ebox to determine the effect of loss of clamping force along one row of bolts holding the ebox to the X-LAT plate.  This analysis was suggested as part of the response to RFA#3 resulting from the X-LAT Peer Review.  The EPU box in Bay 3 was chosen for this analysis because this bay is representative of the highest power dissipation level (44.9W).
The portion of the X-LAT plate covering Bay 3 has a total of 24 bolts, arranged in 4 rows of 6 bolts, which clamp the plate to the EPU box.  The objective of the analysis was to simulate the loss of clamping action from the one row of bolts closest to the EMI skirt, a 25% loss of clamping action.  However, in the thermal math model, the particular nodalization patterns of both the X-LAT plate and bottom of the ebox necessitated simulation of loss of clamping action from 8 bolts instead, a 33% loss of clamping action for the EPU.  This is more conservative than the original objective.  In the thermal model simulation, the conductors between the X-LAT plate and the EPU nodes were eliminated on one row of the 3x3 nodes covering the bottom of the EPU.
Results of the simulation are as follows (all temperatures in deg C): 







Was
Predict

Op Limit
Average max temp of –Z EPU 2 outer nodes:
21.1
32.2

40

Average max temp of Bay 3 TEM flange above:
29.6
35.2

40

Max temp (w/o uncertainty) of Bay 3 TEM walls:
31.3
36.3

40

Average increase in max temp of –Z EPU 2 outer nodes:
11.1

Average increase in max temp of Bay 3 TEM flange:
5.6

Average increase in max temp of Bay 3 TEM walls:

5.0

The typical temperature range between the three averaged nodes was 1-2 deg C.

Since the operating limit of the eboxes is 45C (40C w/o uncertainty), the boxes in this stack are still well below maximum limits and the loss of clamping action for one row of 6 bolts should not be of concern.

