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I have not attempted to summarize any of the extensive discussion of the RAS and SAS issues.

Knud concluded that fabricating a collar for the telescope tube to damp the vibrations was not worth the effort. With 2 mm of Uralane the levels would only be decreased by ~40% in the X-direction.

Torque striping of the bolts did not work during the December vibration test. Dave Clark will investigate other options.

Grid Vibrations at GSFC

· CMM measurements of the grid and handling fixture will be made before and after each vibration test.

· Both tightening and loosening torques will be measured on all grid mount to handling fixture bolts.

· Threads in titanium will be lubricated with PZNL lubricant. We must use less torque if lubricant is used, otherwise you are more likely to overstress the threads.

· Put all flight grids on test trays and vibrate them in batches. Deliver grids to PSI on these test trays.

Grid Mount Splinter Group

The following torques and mounting methods were agreed to at a splinter group meeting on Tuesday morning, April 27.

Grid #
Grid to Tray
Grid to Mount


Torque
Method
Torque
Method

1 - 4
4 Nm
Rolled thread
>=6 mm thread
M4 bolt
5.6 Nm
>=6 mm thread
Ti inserts in rim
Belleville washer

5
TBD
Same as for grids 1-4 or
Clark-supplied nuts
5.6 Nm
6061 T6 grid frame
8-mm dia. washer under bolt head

6
TBD
Same as for grids 1-4 or
Clark-supplied nuts
5.6 Nm
30( Pankow roof
Shims for coarse adjustment

7 & 8
4 Nm
Same as for grids 1-4
5.6 Nm
Current design

9
4 Nm
3 screws per block mount
Clark-supplied nuts or
same as 1 – 4.
N/A
Al block mounts
Grid frames must be flat
shim if necessary
counterbore for shipping nut and bolt.

Note that these conclusions will be modified as the result of further tests of threads and nuts conducted later in the week at PSI.

Grid mounts to Tray:

All grids except Grid 9

It was agreed that an additional series of tests will be performed to investigate the performance of strong nuts with and without washers. Depending on the outcome of these tests such nuts will be used for grid 6 and maybe grid 5. If no significant difference is found in comparison to rolled threads, grids 6 and 5 will be mounted with rolled threads, which still provides acceptable safety factors against slipping of the tray mount, i.e. 4.0 for grid 6. Grids 1 to 4 and 7 to 9 will have sufficient margins will rolled threads torqued to 4 Nm in any case. 

A second look at the bolt tests performed so far showed that 4 Nm are safely achievable with the rolled threads of 6 mm length; with lubricated bolts, this results in 5000 N preload. 

Grid 9: 

Grid 9 will be mounted with three aluminum blocks instead of elaborate mounts. Through each block three long bolts will run from the grid frame right down to the tray. For this the former pin holes will be converted to rolled M4 threads. The "new" grid 9 threads will be used. It has to be verified that the flatness of the grid frame is sufficient to avoid undue stresses in the grid when it is simply bolted down without much flexibility in mounts. If necessary either the rim will be reworked or the aluminum blocks will be adapted. In case such long bolts are not readily available they will be produced. At the central hole a slotted counter bore will make it possible to mount the grid to its support blocks and then mount the assembly onto the tray without loosening the connection grid to mount. 

The safety factor against slipping of grid 9 appears low with a value of 3.4 at first sight but as the block mounts do not lead to pronounced resonances and Q-factors the 150 g taken for the calculations are a gross overestimate of what grid 9 will see. 

Grids to Grid mounts:

All grids should be fine with a torque of 5.6 Nm on the M4 bolts except Grid 5. It has to be confirmed that the lubricated bolts can actually be torqued to that level. For Grid 6, the "Pankow roof" solution is accepted to provide safety against slipping.

Vibration Test levels:

In agreement with GEVS specifications, the acceptance levels for the vibration of the imager will be the qualification levels as used last December reduced by 6 dB in power. (This means that the grms levels will be reduced by (2 or, equivalently, the g2/Hz levels will be reduced by a factor of 2.) For the individual grid vibration tests we will use the levels agreed to by Amato and Pankow as derived from the measurements made during those tests in December. The levels will be taken as being the same in the tray X and Y directions. The plan is to conduct qualification tests of one grid of each grid type – round (Tecomet) and square (van Beek) – and acceptance level tests of all flight grids on their flight mounts. Since in general, the A versions of each grid pitch are inferior to the B versions and the C versions are the best of the three, we will use the A versions as spares, the B version on the rear tray, and the C version on the front tray, unless otherwise indicated.

For RAS vibrations the same values as for the imager will be applicable because these two are mounted to the same central spacecraft structure.

Notes from CMM Measurements
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Wednesday, April 28
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Measurements

Two grid trays were taken to the ETH CMM facility for detailed measurements. Grid 4B and 7B were attached to the rear tray and 4C and 7C were attached to the front tray. The general objective of the exercise was to test and verify the planned grid alignment procedure. The specific objectives were as follows:

1. Measure the locations of all tooling balls on each tray to define coordinate systems and allow the two trays to be aligned in twist on the telescope tube back at PSI.

2. To measure the locations of the tray TMS pinholes and annuli so that the correct twist relationship of the front and rear trays could be verified and monitored after attachment to the telescope tube back at PSI.

3. Measure the sunny-side grid fiducials and adjust the orientation of the sunny and dark side grids of each pair such that the slits in each grid of a pair will be parallel.

4. Measure the grid TMS pinhole and annuli locations so that grid TMS measurements back at PSI can confirm and monitor the correct twist orientation of the grids on the telescope tube back at PSI.

5. Determine the resolution and range of the grid fine adjustment capability.

The following are notes I took as the measurements proceeded:

1. The CMM probe comes very close to the grids, particularly to the outer ear of Grid #4 as it senses the tray surface close to the mount to tray bolt locations. In fact, it touched the TMS diode circuit board at one point.

2. The lens used to locate the pinholes and annuli has a working distance of <50 mm. Consequently, it cannot be used to measure the tray TMS features with the grids in place. Apparently, no lens with a longer working distance is available so the tray features must be measured before the grids are put in place. This raises issues of tray sag when the grids are installed but it is probably OK since there will be no tray sag in orbit.

3. The location of the surface of each tooling ball is measured at 9 different locations, four around the equator, 4 at a latitude of 30( and one at the top of the ball. The best fit center of each ball is then calculated and the plane of the tooling balls on each tray is determined using software written by Alex Zehnder.

4. The nominal diameter of each tooling ball is 12.7 mm, the measured values were generally 12.699 mm and the sphericity was within 1 – 2 microns.

5. We had to use an air bottle to blow dust off the pinholes and annuli before reliable locations could be obtained. In the future, this should be done before the TMS diodes are installed and before the grids are mounted on the trays and the measurements commence.

6. It is important to autofocus on the TMS pinholes illuminated from below with the laser diodes operated at low voltage to avoid saturating the camera. If this is not done, an asymmetrical “halo” appears around the image that can move the calculated center of the circle of light. 

7. We need a small light source for illuminating the pinholes from below. Peter Ming will email me the manufacturer and model number of the light box used at ETH. The aperture for a fiber optic bundle into the light box is 18 mm in diameter and <=34 mm deep. Since rear illumination was not possible except for the TMS pinholes, the measurements were done with top axial illumination through the camera lens. For those pinholes on the dark side of the grids, it was still possible to locate the center of the 30-micron diameter holes even though they appeared offset from the center of the ~100-micron diameter circles of the wide side of the tapered holes. This only compromised the measurements of some of the dark side fiducials and the TMS annuli by 1 – 2 microns.

8. For the second set of measurements after the grids were adjusted in twist, a longer probe was used to provide more clearance between the probe attachment collar and the grids when the tray surface was being measured.

9. The CMM camera is a Sony Model XC-75. The CMM is a Mitutoya system. The Probe system is a Reneshaw PH9 Mk. 2 (the same as the one Dave Clark uses in Building 5.)

10. It takes about 5 minutes to carry out the automated measurements of the 9 tooling balls on each tray.

11. Measurements of the ellipticity of one of the TMS annuli showed no significant deviation from a perfect circle at the few micron level.

12. The tray TMS annulus measurements (240 points around the inner edge) all fit within (4 microns of a perfect circle.

13. The center of a TMS annulus was measured to be within 1 micron of the center of its pinhole. Thus, in future, significant time can be saved by just measuring the pinholes at the annuli centers.

14. The tray TMS annuli were not all installed with the same side up (2 were correct, 2 were wrong). The tapered nature of the holes should be noted in future and they should be installed with the narrow side on the Sun side. This way will allow the centers to be determined most accurately on the CMM. Note that all features on the grid dark sides have the narrow openings on the dark side – all features on the sunny side have their narrow openings on the sunny side. This was decided to allow them to be located most accurately on the OGCF at Goddard.

15. The distances between fiducial and TMS features should be tabulated so that any distortion in the grids can be assessed as the fine twist adjustment is made.

16. To facilitate the fine twist adjustment of each grid, a first surface mirror or optical cube should be mounted on the grid. The angle of rotation can then be determined to arcsecond accuracy with an autocollimator as the adjustment is being made. This technique could also be used to measure the tray rotation as the two trays are being aligned in twist.

The detailed analysis of the results from these CMM measurements is still being carried out but some of the results obtained to date are as follows:

1. The grid 4 pair was found to be misaligned by 0.097 degrees. We rotated the adjustment screws by 3 turns in opposite directions for each of the two grids to bring them closer into alignment. The second set of measurements after all adjustments were made indicated that the misalignment was reduced.

2. The grid 7 pair was found to be misaligned by 0.038 degrees. We rotated the adjustment screws by 3 turns in opposite directions for each of the two grids to bring them closer into alignment. The second set of measurements after all adjustments were made indicated that the misalignment was reduced.

3. The fine adjustment of the #7 grids was only 1/3 what was expected per turn of the adjustment differential screw. The distances between the fiducials in the grid frame were found to have changed by as much as 30 microns in some cases. This was determined to be because the side frames of these grids were being bent by the forces exerted by the twist adjustments. We will redo the optical characterization of these grids at Goddard to see if there is any permanent deformation. No such effect was measured with the #4 grids.

4. It was important to rotate the fine adjustment screws on all grids to their original non-stressed condition before the grids could be removed from the trays and returned to their handling fixtures. All grids except for #4B were easily taken off an put back on their GHF’s. Grid 4B was more difficult, perhaps because it is the one that had been vibrated to qualification levels the week before.

Current PSI Schedule for Grid Alignment and the Gridlet Test

All grids at PSI
July 9

TMS diodes mounted and cables routed
July 13 – 29

Grids mounted on trays
July 27 – 29

CMM measurements at ETH Zurich
July 30 – August 4

CMM data analysis
August 3 – 5

Mount trays on tube
August 5

Gridlet test preparation at PSI
June 1 – July 29

Gridlet test room ready to use
August 10

Gridlet test conducted
August 17 – 19

Vibration test and thermal cycling
August 19 30


TMS test between each axis

Gridlet test (optional)
August 31 – September 2

Pre-shipping measurements with portable CMM
October 7 – 25

Packing and shipping
November 19 – 29

Post shipping measurements with portable CMM
November 30 – December 15
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