

SP13549 Rev. C



Page 18 of 25



SP
13549

REVISION:
C
DATE REV:
05/11/05

PROJECT:
MAESTRO

[image: image1.wmf]
PROCEDURE

FOR MAESTRO LENS CAN OPTICAL ALIGNMENT

SP13549
Prepared By:
Michelle Reed

[image: image15.png]&

Steward Observatory, University of Arizona
33 1. Cherry Avenuz, Tucson, AZ 857210065
Phone: {S20)621-7659  FAX: (520)521-3398






Date:
08/05/04


APPROVALS:


Optical Engineer:
Michelle Reed
Date: 08/05/04



Mechanical Engineer:
Scott Mathews
Date: 08/05/04


Program Scientist:
Jill Bechtold
Date: 08/05/04




Released By:
Greg Landis
Date: 08/05/04

TABLE OF CONTENTS:

Table of Contents







2

Equipment needed







3

Chemicals needed







3

Reference Documents







3

Introduction








3

Temperature Considerations






5

Alignment Location







5

1.0 Alignment of Practice Optics





6

1.1 Alignment of Test Lenses 1 and 2



6

1.2 Alignment of CaF2 Lens





8

1.3 Assembly of Test Lens Triplet




9

1.4 Oil Check of Assembled Triplet




10

2.0 Mounting of Lenses into Cells





11


2.1 Mounting of Spare Lens 3





11


2.2 Lens 2 through 6 Mounting Procedure



14

3.0 Stack Process







17

3.1 Triplet







17

3.2 Lenses 2 and 3






20

3.3 Registration of Doublet and Triplet



21

3.4 Addition of Oil






22

4.0 Lens 1 Alignment







22

Appendix A   Tolerances






25

Appendix B   Sylgard Mixing Procedure




26

MAESTRO LENS CAN OPTICAL ALIGNMENT PROCEDURE

 Document number SP13549

INTRODUCTION

This procedure outlines the necessary steps for the alignment of the full Maestro Optical Assembly.  Included in this procedure is the mounting of the test optics in the test mounts, mounting of the lenses into their cells, alignment of the lens can, and the alignment of the rest of the instrument.  All witness samples referred to should include one sample of approximately equivalent thickness to bond, and one sample that is thicker than the bond.

EQUIPMENT NEEDED
1.Dial indicator accurate to .0001 inch.  

2. Dial indicator stands/holders.

3.  Rotation table

4.  Low power laser. 

5.  Alignment Telescope

6.  Portable interferometer for final collimator check.

7.  Large flat mirror to place under the test set up to observe wobble.

8. Suction lifting assembly to lower lenses into mounts

9. Jig to hold laser and alignment telescope above rotational table to measure beam wander.

10. Gauge blocks.

11. Paint brushes

12. Glue Dispenser

13. 10cc and 30 cc barrels for dispenser.

14.  Low viscosity plunger for barrels.

15.  Green and purple barrel tips.

16. Face masks, respirators. 

17. Gloves, latex and nitrile.

18. Beakers

19. CMM machine available in the Instrumentation shop

20. Cotton Swabs

21. aluminum sample dishes

22. kim wipes

CHEMICALS NEEDED

1. Acetone for cleaning the cells prior to priming, use gloves while using.

2. DOW sylgard prime-coat primer or other sylgard acceptable primer, use nitrile gloves and respirator while applying.

3. Sylgard 184 epoxy, use gloves while using.

4. Dow Corning 760 sealant.

5. Dap fun-tak putty or similar to dam up the cell edges and setscrew holes.

6. Compressed nitrogen for operation of dispenser.

REFERENCE DOCUMENTS

1. DRAWINGS

a. 13473 Lens Can- Lens 2 to 6 Assembly

b. 12871 Lens – Element 2

c. 12872 Lens- Element 3

d. 13198 Lens Can- Lens 2 to 6- Lens 2 Cell

e. 13199 Lens Can- Lens 2 to 6- Lens 2 Cell 2 to 3 Spacer Spool

f. 13200 Lens Can- Lens 2 to 6- Lens 3 Cell

g. 13204 Lens Can- Lens 2 to 6- Lens Cell Spacer Blank

h. 13485 Lens Can- Lens 2 to 6- Lens Clip

i. 13550 Lens Can- Lens 4 to 6 Assembly

j. 12873 Lens- Element 4

k. 12874 Lens- Element 5

l. 12875 Lens- Element 6

m. 13201 Lens Can- Lens 2 to 6- Lens 4 Cell

n. 13202 Lens Can- Lens 2 to 6- Lens 5 Cell

o. 13203 lens Can- Lens 2 to 6- Lens 6 Cell

p. 13194 Lens Can- Lens 1 to 6 Assembly

q. 13472 Lens Can- Lens 1 Stage and Extension Assembly

r. 13474 Lens Can- Lens 1 Stage Centering Adjustment Block

s. 13478 Lens Can- Lens 1 Stage Tip/Tilt Adjuster

t. 13557 Lens Can- Lens 1 Stage Assembly

u. 13196 Lens Can- Lens 1 Stage Shell Front Flange

v. 13205 Lens Can- Lens 1 Focus Stage Shell Stringer

w. 13206 Lens Can- Lens 1 Focus Stage Cross Roller Guide Stringer

x. 13558 Lens Can- Lens 1 Stage Shell Assembly

y. 13195 Lens Can- Lens 1 Stage Shell

z. 13211 Lens Can- Lens 1 Stage Lens 1 Cell

aa. 13476 Lens Can- Lens 1 Stage Cross Roller Guide Index Bar

ab. 13477 Lens Can- Lens 1 Focus Stage Lens 1 Clip

ac. 13197 Lens Can- Lens 1 Stage Lens 1 to 2 Spool Weldment

ad. 13560 Lens Can- Lens 1 Stage Lens 1 to 2 Spool Assembly

ae. 13220 Lens Can- Lens 1 Stage Lens 1 to 2 Spool Stringer

af. 13486 Lens Can Lens 1 to 2 Spool Spacer

ag. 13901 Lens Can- Lens 1 Focus Stage Rear Limit Block

ah. 13900 Lens Can- Lens 1 Focus Stage Front Limit Block

ai. 13481 Lens Can-Lens 1 Stage Cross Roller Guide Index Bar Nutplate

aj. 13902 Lens Can- Lens 1 Focus Stage Cross Roller Guide Preload Plate

ak. 13559 Lens Can- Lens 1 stage Lens 1 cell Assembly

al. 13475 Lens Can-Lens 1 stage Shell Back Flange

am. 13592 Lens Can- Lens 1 Stage Shell

Drawing list to be updated on final Lens 1 design completion

2. Procedures:

a. SP13879- Installation and Alignment of Crossed Roller Slide Rails Onto L1 Cell.

b. SP14099- System Alignment Procedure

c. SP14109-  Space Frame Alignment Procedure

TEMPERATURE

1.  The optimal alignment temperature for our system is 60 degrees F to ensure acceptable alignment over the full operational range.    If it is not possible to obtain this temperature in the laboratory, the system will have some degradation of resolution at –12 degrees C and lower. 

2.  The Instrumentation shop CMM machine is in a controllable environment.  The CMM is calibrated to 70 degrees.

Location for alignment of the lenses:
1.  The alignment of the lenses in their cells will be accomplished in the instrumentation shop using the rotation table for primary alignment with the CMM machine for final alignment and verification.  

The rotation table in the laboratory was characterized.  The TIR of the side of the table, 2/3 of the way down from the top, is 0.0021”, however the ending points consistently were less than the starting points by 0.0003”. The top of the table wedged with a TIR 0.00185”, but it was repeatable by position to 0.0001”.    The TIR was repeatable by angle.  Backlash on this table was significant, but could be controlled somewhat with the side tightening screws.  Also when reversing directions you came back to the same point when reversing back to the original direction.  

1.0 ALIGNMENT OF THE PRACTICE OPTICS:

Gloves should be worn during all optical alignment procedures, to prevent contamination.  In addition, all surfaces are to be cleaned with acetone prior to mounting.

Prior to any alignment with the MAESTRO optics, we will use the 3 small test optics to verify the oiling and cell mount procedure.  These elements are approximately 50mm diameter and we can use the procedure as listed for lenses 4,5, and 6.  We will also obtain a full size lens cell for use with the spare lens 3 to verify the lens mounting procedure on a full size sample.

1.1 Test Lenses 1 and 2

1. While wearing gloves to keep the shim stock clean, cut the appropriate thickness of plastic shim stock to the correct inner diameter shelf size.  Make sure you subtract 0.001 inches thickness to account for the tape thickness that will be used to adhere the shim to the lens cell.  Keep the shim clean, as using acetone will strip some of the color applied, which will also affect its thickness.

2. Place the lens cell for one of the outer lenses for the triplet on the table so that it is roughly centered using a micrometer and lock the cell in place, as shown in figure 1.     Place the dial indicator on the top of the lens cell, and adjust the cell until it is level to within tolerance as per Table 1, appendix A.  Add shims as necessary. 
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Figure 1

3. Move the dial indicator to the side of the lens cell, as shown in figure 2 and measure the runout of the lens cell.  Adjust the lens cell from side to side, until the total runout of the cell is within tolerance per Table 1.  Lock the lens back into place.

[image: image2.wmf]
Figure 2

4. Check the wedge on the top surface again to make sure no wedge has been introduced.  Adjust the wedge and centration again if necessary.  Record the final errors in the alignment in Table 1.

5. Paint the inside of the lens cell surface with primer and allow to dry for a minimum of 90 minutes.  Insert the lens pad shim, and secure with double sided tape.

a. Thickness of double sided tape: 0.001”

b. Thickness of shimstock used for pad:  0.002”  

6. Place the lens in the cell with the plane parallel side down, and roughly center it using a micrometer.  Since no set screws would fit in the test optic cell, and the force applied by the dial indicator is stronger than the frictional force of the lens to the shelf, exact centering of the lens will not be accomplished.  Cut shrink wrap into small strips, layer them together to provide resistance to flex, and place at 4 points around the outside of the lens at 90 degree increments.  This will provide equal resistance around the outside of the lens cell, which in turn will roughly center the lens.   

NOTE:  The second test cell was centered using very fine shims made from wood, to provide the centering, as the sylgard did not cure where in contact with the shrink wrap.

7. Place the dial indicator at the top edge of the lens and measure the wedge of the lens cell.  Adjust adding shim stock as necessary between the lens and the cell to level the lens to tolerance per Table 1.

8.  Check the runout on the centration.  Adjust wedge and centration as necessary.  Record the final errors.

NOTE: Were not able to obtain the required runouts on the centration or wedge due to irregularities at the point of measurements, difficulty in room to add shims, and drag noticed with the dial indicator.

9. Mix the appropriate amount of Sylgard, evacuate the majority of bubbles.  Do not pump the sample for longer than 45 minutes. 

10. Hook up the automatic dispenser to the compressed nitrogen bottle to provide the appropriate pressure.  Using the dispenser, apply the Sylgard 184 layer carefully around the full edge of the lens with a continuous bead, slowly adjusting the pressure on the dispenser if the sylgard is dispensing too slowly or too swiftly.

11. Allow the Sylgard to set.  It will take 4 days for the Sylgard to set sufficiently for moving the lens off of the table.  Once the SYLGARD layer has set for at least 7 days, seal it with an oil resistant seal such as RTV 730 to seal all bond lines that may come in contact with the oil.   

12. Mount test lens 2 using the same method as listed above.

NOTE:  Instructions for the primer state that you should not let the primer set more than 6 hours prior to gluing, so primering of the cell should not occur before you are ready to align the lens in the cell and proceed immediately to the glue stage.

NOTE:  Encounters upon gluing.  Glue leaked out under lens.  Gap under lens less than 8 thou.  Sylgard did not cure where it came in contact with the shrink wrap.  After 5 days it was still very glue-like.  

1.1 MOUNTING OF THE TEST CALCIUM FLOURIDE LENS:

A different process is used for this lens because there is not a ledge on the cell to rest the lens against.

1. Measure the height of the outer adapter ring with the lens cell, at the top edge of the interior edge of the lens cell.  Next measure the height of the lens on the ball bearings, with the ring systems.  Compare the two measurements and add shims as necessary to make the two measurements equal.

2. Place the standoff test ring, with internal ring, o-ring seal, and ball bearings on the rotation table, and roughly center it using a micrometer.  Lock it in place.  

3. Place the dial indicator at the outer edge of the raised alignment jig, and level the assembly to within tolerance per Table 1, shimming as necessary.  See Figure 3.
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Figure 3

4. Next place the dial indicator at the outer edge of the alignment jig and center it to within tolerance per Table 1.  Recheck the level.  Repeat centering and leveling until within specification.  Clamp the test set up in place.

5. Place the CaF2 lens cell on top of the jig and place the dial indicator on the top surface.  Measure the total indicator run out.  Wedge as necessary to level the cell.  Measure the height of the top lens mounting edge.

6. Place the lens onto the set up, and roughly center it using a micrometer.  Place the dial indicator on to the top of the lens, outside the clear aperture.  Measure the total run out.  Level the lens by shimming until it is within tolerance per Table 1, wedging under the o-ring as necessary.    Measure the height of the top edge of the lens, once the lens is roughly centered and flat.  This height will be verified at several of the positions around the outside edge of the lens, to check the wedge of the lens. 

7. Compare this height to the cell height.  If the cell height is too low, shim it higher, until the heights are the same.  If the lens height is too low, remove the lens and raise the inner ring until it is at the appropriate height for the lens.  Apply primer to the cell wall at this point.  Return the lens to the assembly and repeat steps 6 and 7 until the height of the lens and cell are correct for gluing, and have been properly leveled.   

8. Again, there is no mechanism to appropriately center the test lens, shim until it is roughly centered. Record the final wedge and decentration of the test CaF2 lens and cell:

9. Apply the sylgard using the dispenser as outlined in step 10 of the previous section, until the appropriate thickness of the glue layer is obtained.  Verify that no wicking of the glue occurs past the o-ring seal.   Allow the glue to cure in place.  Once the glue has cured well (several days potentially), remove the test adapter plates and the o-ring seal.  Allow sylgard to cure for a minimum of 7 days.

NOTE:  IN PRACTICALITY, WE WERE UNABLE TO USE THE ABOVE PROCEDURE DUE TO THE SYLGARD LEAKING OUT SUBSTANTIALLY USING VARIOUS METHODS OF CONTAINMENT.  WE ENDED UP USING THE DAP PUTTY AND PRESSING THE CAF2 LENS INTO IT.  FROM HERE WE FILLED IN THE CAF2 FROM ONE SIDE, ALLOWED IT TO CURE.  WE THEN FLIPPED THE LENS OVER, REMOVED THE PUTTY, CLEANED WITH ACETONE, AND RESEALED WITH MORE SYLGARD.  AS A RESULT, THE LENS WAS NEITHER CENTERED ACCURATELY OR LEVELED.  WE NEEDED TO MAKE SURE THE OIL SEAL WORKED, AND THE CURRENT DESIGN FOR THE MOUNTING OF THIS LENS DID NOT ALLOW FOR PROPER ALIGNMENT AND SEALING OF THE ELEMENT.  PARTS OF SECTION 1.3 IS THEREFORE IRRELEVENT AND WILL NOT BE USED.

1.3 ASSEMBLY OF THE TEST LENS TRIPLET

1.  Place the lens 1 cell on top of the centered cell with the lens facing down, and roughly center it.

2. Lock the two lenses in place together. 

3. Place the next o-ring seal on the lens 2 cell.
4. Place the test lens cell 2 onto the assembly with the lens facing down.  
5. Roughly center the lens 2 cell using a micrometer
1.4 OIL CHECK OF ALIGNED SYSTEM

1. Verify that the triplet is sealed.

2. Install bleed off bladder. (Brake bleed?)

3. Inject oil into the system, using the dispenser.

4. Bleed off any air.

5. verify system is filled with oil.

6. Monitor the system for leaks.

You have now completed the alignment of the test optics and are ready to move on to MAESTRO system optics.

2.0 MOUNTING OF LENSES IN CELLS

Time will be obtained on the CMM machine in the instrumentation shop.  Tthe accuracy of the CMM used for the final alignment.  The calibrated CMM accuracy is +/- .0001 inches.  This should be accurate to better than our required alignment.  Actual measurements of the TIR of the edges of the lenses which would indicate decentration/tilt of the optical axis of the elements are well smaller than specified, and are less than the assembly tolerances we will require.
2.1 MOUNTING OF THE SPARE LENS 3

Verify the full size lens alignment with the spare lens 3 assembly as follows:

1. Place the alignment jig on the rotation table, and roughly level the tooling balls to eachother.  Center the 3 point standoffs to the rotation table using a micrometer.  Additional adjustments will be possible using the set screws.

2. Place the lens cell for the spare lens 3 on tooling balls, so that the ledge is facing up. Roughly center the cell using a micrometer.  

3. Move the dial indicator so that it resting against the reference surface on the outside edge of the cell.  Check the centration.  Using the set screws on the holding jig, adjust the lens until it is centered on the rotation of the table within .0015 inches.  Record the positioning.  Lock the cell into place, so no accidental movement of the cell is possible, but so that no deformation of the cell occurs.  

4. Place the dial indicator on the outer top surface of the cell and measure the total run-out of the top surface of the cell (Measurements every 20 degrees initially provides a good characterization).   Note the high and low spots and adjust the table tooling balls as necessary until the cell is level to within tolerance of Table 1. (slightly loosen the set screws to allow for movement.)

5. Verify the centration and levelness of the lens cell.  Adjust as necessary.

6. When you are ready to begin aligning the lens 3 into the cell, paint the inside of the lens cell surface with the primer.  Safety precautions per the MSDS should be taken.  The manufacturer recommends that the adhesive be applied over the primer within 6 hours of primer application.  Tests performed by the Steward Observatory AO group indicate that extended drying of the primer does not affect the performance of the adhesive strength.  Representatives from Dow corning also verify that length of time can be extended.

7. Place the six appropriate precut lens pads into the cell at equal spacing around the shelf and tape into place, using double stick tape.  This will provide the appropriate spacing between the lens and the cell to allow the Sylgard to wick into position and provide the metal/glass buffer as well as the stiffness for flexure.  The pads should be placed in line with the lens clip locations.

8. Place the spare lens 3 into the locked down cell using the suction holder.  Place the lens so that the concave surface is facing up. See Figure 4.  For safety, this is a two person operation, in case the suction fails.  One person should keep gloved hands under the lens at all times.  Make sure that the air supplying the suction holder is stable during operation.
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Figure 4- Lens 3 in Cell

9. Roughly center the lens into the holder using shims.  Once roughly centered, remove the shims.

10. Center the lens first.  If it is close to tolerance, the wedge should mostly be removed.  Do not remove wedge until CMM step. Place the dial indicator on the outside edge of the lens, and measure the centration.  Using the set screws, slowly adjust the set screws to center the lens, but do not stress the lens or the cell.  Once the centration is within 1.5 thousandths, adjust the set screws until they are stably holding the lens in place, but not stressing the lens.   

11. Place the dial indicator on the top of the outer edge of the lens, and measure the levelness of the lens.  Record the direction of any wedge and decentration. 

12. Transfer the lens to the CMM table.  Characterize the lens and the cell to make sure that they are concentric and level.  Adjust positioning of the lens as necessary to obtain positioning within tolerance as listed in table 1.  Securely fasten the set screws and lens clips to the lens to maintain position.

13. Once the lens is securely locked in place, carefully apply a small bead of putty to the edge of the cell shelf and contacting the lens surface.  Apply putty so that it does not come in contact with the clear aperture of the lens, but provides for a barrier to prevent leakage of the sylgard.

14. Mix a SMALL amount of sylgard and apply in a continuous bead using 15 psi pressure in the dispenser and the green dispensing tip, around the entire cell width.  Apply enough sylgard so that it can wick onto the shelf upon which the lens sits, but so that there is not enough to leak out the other side.  Apply until wicking is complete, but the sylgard is not deep enough to contact set screw locations.  Allow to set a minimum of 24 hours, to aid in sealing the possible leak points. Cure and label a witness sample.

15. Once set, check alignment of the lens with the CMM.  Remove lens clips. Apply putty to lens clip positions, and mold to match the required sylgard placement.  Verify lens position.  Carefully back off the set screws away from lens surface, preferably so they are flush with the cell and verify lens positioning again.    Mix remaining appropriate amount of Sylgard per directions, and evacuate bubbles.  Load dispenser with sylgard, and using the automatic dispenser apply the appropriate amount of Sylgard 184 in a continuous bead around the entire cell, using pressure of 15-20 PSI.  Continue evenly around cell to the desired sylgard width, and let set completely (minimum of 7 days.)  Cure and label a witness sample.

16. Mark the outside edge of the cell with an arrow to indicate the initial light path direction, and any remaining high or low points for the lens/cell combination.  Also record direction of any decentration with respect to high or low points. 

17. Measure and record vertex position of lens with respect to cell. 

18. Remove putty and clean surfaces affected after sylgard has cured.

19.  Modify this procedure as necessary based on the obtained information of this test mounting.

20. Continue mounting of the balance of lenses per this procedure, following listed figures for lens configuration.  The order of mounting of the remaining lenses is not critical.

NOTE:  Element tilt for lens 2 are critical with the tolerancing.  Listed Tolerance is acceptable, but if improvements can be made with a small amount of additional effort, it will be worthwhile.  Make sure this alignment is performed extremely carefully.
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Figure 5-  Lens 3 in Cell

21. Lens 3 should be placed with the concave side up.  See figure 5.

22. Lens 6 should be placed so that the concave surface is facing up.  See Figure 6.

[image: image6.wmf]
Figure 6- Lens 6 in Cell

23. Lens 4 should be placed into the cell with the concave surface facing up.  See Figure 7.

[image: image7.wmf]
Figure 7- Lens 4 in Cell

24. Lens 2 should be placed into the cell with the plano side up.  See Figure 8.
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Figure 8- Lens 2 in Cell

25. Lens 5 should be placed into the cell with the smaller radius resting against the ledge.  See Figure 9. The arrow marked on the Lens should be facing up.

[image: image9.wmf]
Figure 9- Lens 5 in Cell

26. Once lens 5 is cured within the cell, the cell must be turned upside down to measure the position of lens 5 center with respect to the bottom edge of the cell.  This information will be needed for the mounting of lens 5 to lens 6.

3.0 START OF THE STACK PROCESS

1. Schedule a block of time with the CMM machine at the Instrument lab.  A minimum of 2 months is desired.  Transfer the rotation table to this location to provide for double checks.

2. Adjustment of the thermal control of the laboratory to 60 degrees, could provide for slightly better performance of the system at very cold temperatures.  Since the CMM is calibrated for 70 degree operation, we will not be adjusting the thermostat.

3.1 Triplet

1.  Place Lens 6 on the CMM table on alignment jig, so that lens 5 can be stacked on top of it.  Fix lens 6 into its position on the CMM table.  This position will provide the main reference for stacking of the triplet. Do not move its position or re-home the CMM machine until the alignment of the triplet is complete.  See figure 10.  If power must be turned off for safety, the positioning must be characterized and saved for insertion in the new day’s work.

[image: image10.wmf]
Figure 10- Lens 6 in Stack Position

2. Quantify the positioning of the mount of lens 6, the edge of the optic, and the top surface of the lens mounted inside.  Adjust lens 6 so that the lens top surface is within tolerance of planarity with the CMM table.  The CMM table will provide the reference plane datum.  Zero point calibration of the CMM should be with the center of Lens 6 cell.  Do not use lens 6 for the zero point, since that surface will be inaccessible once the stacking is finished.  The outer cells will need to be the references.  Keep the y axis consistant with the table axis for the stacking process.  Fully characterize the positioning of both the lens and the cell, verifying that the plane of the top edge of lens 6 is parallel to the plane of the CMM table to within .003 degrees in either axis so that the optical axis defined by lens 6 is perpendicular to the CMM table to within the TIR as built for lens 6.

3.  Once this lens has been fully characterized in its fixed position, place the appropriate spacer L5/L6 on top of lens 6.  Place the turned dowel rod pins, with the unturned edge down,  in place of the real dowel pins at lens 6 to help guide lens 5 into place.  Place lens 5 on top of the spacer, and over the dowel pins.  The smaller radius of lens 5 will be facing towards lens 6 (This is the shelf side of the mount.).  Do not yet install the o-rings as they could lead to errors in spacing.  See figure 11.   Retain marked positioning for the orientation between Lens 5 and Lens 6.  Clocking to reduce initial wedge between the elements is not possible.  All respective wedge must be removed with the manufacturing of the spacer. 
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Figure 11- Lens 5 on Lens 6

4. Check the positioning of the stand off bars on lens 6 to verify that there has been no deflection on lens 6 with the introduction of lens 5.

5. Center lens 5 horizontally so that it is concentric with lens 6 to within the alignment tolerances as specified in table 1.  Characterize this by analyzing the position of lens 5 within the cell. 

6. Create a plane with the CMM for the correct required position of lens 5 top surface and center. 

7. Measure the position of the top edge surface of lens 5 and compare it to the required position.  Since the exact edge of lens 5 is extremely difficult to measure, use the position of the surface at a radius of 5.2 inches out from the center of the lens.  Check the measurements for wedge and spacing.  Using this information, pattern the correction that will need to be made to the spacer.  Mark the directionality of the spacer, and lens 5 with respect to lens 6, so that a repeatable set up can be obtained.

8. Modify the spacer by approximately ¾ of the required correction to obtain the proper spacing.

9. Remount lens 5 with the modified spacer, using the markings made to realign it the same direction.  Remeasure and repeat steps 7-8 until lens 5 is at the proper location, to within the acceptable tolerance as listed in table 1.   

10. Once appropriate spacing is obtained, index mark orientation of the spacer/lens assemblies.  Add 3 o-rings to their positions per drawing 13550, 

11. Recenter lens 5 with respect to lens 6 to within appropriate tolerances, and check the wedge if any.

12. Clamp the pieces together to the appropriate torque (??????????????????)

13. Verify spacing of the system after clamp.  Modify if necessary.  

14. Verify wedge of system after clamp.  Modify if necessary.

15. Measure and record final centration, wedge and spacing error in Table 2.  Do not turn off the CMM at this point, until lens 4 is completely in place with lens 5 and lens 6.  If the CMM is turned off, the reference plane associated with lens 6 will be lost, and you will not be able to remeasure it without removing L5 and starting over.  If the CMM must be turned off for safety reasons, carefully record the positioning of Lens 5 with respect to lens 6 for recreation in the CMM model file.

16. Repeat steps 6-9 until centration alignment is regained, and the cells are tightly fastened together.  Remove the modified dowel pins and place the real dowel pins in.

17.   Place the modified  dowel pins in the lens 5 cell and place the lens 4/5 spacer on to lens 5.  

18. Add lens 4 onto lens 5 with the curved surface facing lens 5 using the dowel pins to help place the lens without bumping into lens 5.  This will have the ledge of lens 4 facing away from lens 5.  See figure 12.
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Figure 12- Triplet Stack Position

19. Check the positioning of the points on the lens 6 stand offs to verify there has been no deflection with the introduction of lens 4.

20. Repeat steps 6-9, comparing lens 4 position with lens 6 position.  Rotate Lens 4 with respect to lens 6 so that the initial wedge between the elements is minimized.  Lens four may be clocked at 60 degree increments only.  Keep the orientation of the screw holes consistant for mounting to the spaceframe.  Use the bottom surface of the Lens four cell for the reference of when the lens is in plane with lens 6.

21. Once appropriate spacing, centration and wedge is obtained, index mark orientation of the spacer/lens assemblies.  Add the three o-rings to their respective positions, and clamp the pieces together to the appropriate torque.

22. Verify spacing, centration and wedge of the system.  Modify as necessary.

23. Repeat steps 6-9, comparing lens 4 position with lens 6 position

24. Once proper alignment has been obtained, bolt lens 4 together with lens 5-6, and repeat steps 11-13 until satisified with alignment.

25. Once satisfied with the alignment, make sure that the elements are well bolted so that no movement can occur with respect to each other. 

NOTE:  Interferometric testing is not possible at this point without the design and fabrication of a holographic null lens to complete the system.  There is no budget for this.

3.2 LENSES 2 AND 3

NOTE:  Element tilts for lenses 2 and 3 are large contributors to the tolerancing budget.  Make sure these alignments are performed extremely carefully.  

After Lenses 2 and 3 are mounted individually into their cells using the procedure listed in the previous portion of this document, they will be aligned to each other as follows:

1.  Place Lens 2 on gauge blocks on the CMM table so that the curved surface is facing down.  Characterize the position of the lens and cell.  See Figure 13.  This lens will become the reference for this part of the alignment.
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Figure 13

2. Define the optical axis from the characterization measurements, and shim until the optical axis is perpendicular to the table, and the plane of the lens is parallel to the table.

3.  Lock the lens into position so that it can become the reference position.  Recharacterize the position.  Do not move its position or re-home the CMM machine until the alignment of lens 2 to lens 3 is complete.

4. Place lens 3 and the spacer between lens 2 and 3 on top of lens 2 with the concave surface facing down.  See Figure 14.  Adjust lens 3 horizontally until the two lenses are concentric within the tolerances listed in Table 1.  Create a surface at the required position of lens 3.  Measure the actual height and positioning of lens 3 and compare it to the required positioning. 

5. Clock lens 3 to minimize initial wedge between lens 3 and lens 2.  
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figure 14

6. Modify the spacer by approximately ¾ of the required correction to obtain the proper spacing.

7. Repeat steps 3-5 until the proper positioning of lens 3 is obtained.  Shim stock may be used between these two elements to remove wedge without putting wedge into the spacer.

8. Bolt the two lenses together and verify alignment.

3.3 REGISTRATION OF DOUBLET AND TRIPLET

1. Return lenses 4-6 to the CMM table with lens 6 down.  Characterize the positioning of lens 4 on the table and adjust until the optical axis is perpendicular to the CMM table and the position of lens 4 is characterized to become the reference.  At this point the CMM cannot be turned off or re-zeroed until the doublet and triplet are aligned to each other. Fix the triplet into position to prevent movement.

2. Characterize the positioning of the stand off plates on lens 6 to monitor movement with the introduction of the doublet.

3. Place the spacer for lens 3 to 4 and the doublet, with lens 3 down, on top of the triplet assembly.  Guide the doublet into position with push screws, until it is concentric with the positioning of the triplet assembly, within the tolerances of table 1, and the wedge is within tolerance.  

4. At this point, the top of lens 4 will not be accessible, but the CMM Characterization will be active and spacing measurements will have to occur between lens 2 and lens 4 as referenced.  Measure the spacing between the referenced lens 4 and lens 2.  Compare the positioning to the required spacing of these two elements.   

5. Adjust the spacer thickness for the lens 3 to 4 spacer by 3/4 the required correction, and repeat the process to ensure that the appropriate spacing increment has been achieved.  Continue measurements and adjustment of the spacer until the desired spacing is obtained.  

6. Check the positioning of the lens assembly for perpendicularity of the lens optical axis with the referenced lens 3 position, and the concentricity of the elements.  

7. Perform a star test or interferometrically test lenses 2-6 to verify alignment.  Final adjustments will be made as necessary.  This test should be accomplishable with a precision flat to auto collimate the beam.  Oil must be added to the system to perform the optical verification.

3.4 ADDITION OF OIL

This section is to be completed after definition of assembly is finalized.  A temporary oil installation will need to be made, since the collimator will not fit into the spaceframe with the bladder system intact.

4.0 LENS 1 ALIGNMENT

For the alignment of the cross roller slides to the cell assembly please refer to document number SP13879.  Below begins the alignment procedure for the installation of lens 1 to its cell, and the alignment of the completed assembly to the rest of the lens can.

1. With the lens one cell on its side, as it will be mounted in the space frame, index mark 12 positions equally spaced around the outside of the inner cell for lens 1.  Using the CMM, measure these 12 positions.

2.  From these 12 positions, define the center position of the cell.  

3. At eight translation positions along the cross roller slides measure the positioning of the 12 points of the cell with the CMM machine.  Using the CMM define the movement centerline and error of this line.  This will become our optical axis of this assembly.  

4. Measure the front surface of the lens cell to define the plane.

5. Measure the perpendicularity of the lens 1 faceplate plane and the optical axis plane.  Note any deviations.

6. Lens 1 will have to be mounted perpendicular to the calculated optical axis, and on center with it to within the tolerances of table 1.  Turn the assembly so that it is vertical.  Shim the assembly until the top surface of the inner lens 1 cell is perpendicular to the optical axis.  Using the CMM, shims as necessary and the side set screws, align lens 1 until it is in position with the optical axis of the lens 1 assembly to within the tolerances specified in table 1.  

7. It is anticipated that the way we have specified the mechanical mounting of the cross roller slides, that the front surface of lens 1 should be perpendicular to the optical axis, and very little shimming should be necessary between lens 1 and lens 1 cell.  

8. Once the position of lens 1 is correct in the cell and is firmly being held in place with the setscrews, turn the lens over and apply a very fine layer of putty against the shelf, but outside of the clear aperture of lens 1.  This will prevent wicking of the sylgard onto the surface of lens 1.  

9. Turn the lens back over and reverify the positioning of the lens.  Adjust if necessary.   

10. Mix a small amount of sylgard and apply it in a thin bead around the cell.  This will be used to wick through the shelf and provide an additional barrier to the full sylgard amount.  Cure and label a witness sample

11. Once the first amount of sylgard has set so it will no longer flow, mix the remaining amount of sylgard and apply it to fix the lens within the cell.  Cure and label a witness sample.    While the sylgard is setting, it is important not to move the lens.  It will take 7 days for the sylgard to harden to the point that the lens will be movable from its location.

12. Return the lens 2-6 assembly to the rotation table with lens 6 down.  Center the assembly to within the tolerance of table 1.  Next, attach the spool assembly that connects the lens 1 assembly to lenses 2-6.  Center this with the lens 2-6 assembly to within the mechanical tolerances of the spool assembly.

13. Attach the lens 1 assembly and center the inner cell with respect to the lens 2-6 assembly, within the tolerances listed in table 1, using the push-pull tip-tilt screws on the lens 1 assembly, while monitoring a dial indicator that is recessed down to the edge of the lens 1 inner cell. Observe a laser with the alignment scope, and make adjustments until there is no wobble of the laser viewed through the lens system, and the dial indicator indicates they are concentric and level.  Check the position of lens one on the cross roller slides to ensure that the position is centered on the available movement of the lens.

14. Transfer the entire set up back onto the CMM machine, and measure the distance between lens 1 and lens 6.  Compare this to the required separation.  The size of the spool should be such that no adjustments should be necessary, however, if proper alignment cannot be accomplished while maintaining lens 1 near the center of movement on the rail, adjust the spool size until the desired separation is achieved, and lens 1 is still near it’s center of movement.

15. Fix the full collimator together.  

9. Transfer the lenses to the rotation table and center them to within tolerance.  Direct a laser through the lenses and monitor the laser positioning through an alignment telescope while the lens is rotated 360 degrees.  Adjust positioning if necessary.

16. Move the entire assembly to an interferometer, and check the image quality.  Adjust lens 1 if necessary to improve image quality.  If no improvement is obtainable, and the image quality is poor, earlier steps of this procedure will have to be repeated, until collimator is fully aligned to optimum performance.  Reference to the tolerancing done in Zemax should provide an indication on possible starting locations for locating the source of the misalignment.

17. Continue on the alignment of the system using procedures:

SP14098- Prism alignment procedure

SP14099- System alignment procedure

SP14109- Space frame construction

Sp???- - Grating alignment procedure

APPENDIX A

TABLE OF FINAL TOLERANCES

	Description
	Theory   

Inches 
	Actual

Inches (TIR)

	Lens 4 test optic- Marked lens 1
	2.0
	1.998

	Lens 6 test optic- Marked lens 2
	2.0
	1.999

	Lens 5 test optic-CaF2
	2.0
	1.

	Error in final centration of the test lens 1 cell 
	+0.0005
	0.0007 

	Error in final wedge of the test lens 1 cell
	+0.0005
	0.0015

	Error in final centration of the test lens 1 
	+0.0005
	0.00485 

	Error in final wedge of the test lens 1
	+0.0005
	0.003 

	Error in final centration of the test lens 2 cell
	+0.0005
	0.0010 

	Error in final wedge of the test lens 2 cell
	+0.0005
	0.0009 

	Error in final centration of the test lens 2
	+0.0005
	0.0017 

	Error in final wedge of the test lens 2
	0.0005TIR
	0.0005 

	Error in final centration of the test CaF2 cell:
	+0.0005
	----

	Error in final wedge of the test CaF2 cell
	0.0005TIR
	----

	Error in final centration of the test CaF2 lens
	+0.0005
	----

	Error in final wedge of the test CaF2 lens:
	0.0005TIR
	----

	Error in final centration of the test lens 1 cell in assembly:
	+0.0005
	----

	Error in final wedge of the test lens 1 cell in assembly:
	0.0005TIR
	----

	Error in final wedge of triplet assembly:
	+0.0005
	----

	Error in final centration of the test lens 2 cell in assembly:
	+0.0005
	----

	
	
	

	
	
	

	Error in final centration of lens 2:
	+0.0005
	.0001x/.0003y

	Error in final wedge of lens 2:
	.011 deg WRT Cell
	.006

	
	
	

	
	
	

	Error in final centration of lens 3a:
	+0.0005
	.003x/.0003y

	Error in final wedge of lens 3a:
	.011 deg WRT Cell
	.008x/.008y

	
	+0.0005
	

	
	+0.0005
	

	Error in final centration of lens 3:
	+0.0005
	.0006*

	Error in final wedge of lens 3:
	.011 deg WRT Cell
	.007

	Error in final centration of lens 4 cell: max to min
	+0.0005
	

	Error in final wedge of lens 4 cell:  max to min
	0.0005TIR
	

	Error in final wedge of lens 4:
	.011 deg WRT Cell
	.002

	Error in final centration of lens 4:
	+0.0005
	.0001x/.0001y

	Error in final wedge of lens 6 cell:  max to min
	0.0005TIR
	

	Error in final centration of lens 6 cell: max to min 
	+0.0005
	

	Error in final wedge of lens 6:
	.011 deg WRT Cell
	.006

	Error in final centration of lens 6:
	+0.0005
	.0004x/.0003y

	Error in final wedge of Lens 5 cell:
	0.0005TIR
	

	Error in final centration of Lens 5 cell:
	+0.0005
	

	Error in final wedge of Lens 5:
	.011 deg WRT Cell
	

	Error in final centration of Lens 5:
	+0.0005
	

	Actual spacer thickness used between lenses 5 and 6
	
	

	Actual spacer thickness used between lenses 4 and 5
	
	

	Actual spacer thickness used between lenses 2 and 3
	
	

	Actual spacer thickness used between lenses 3 and 4
	
	

	
	
	


*  The error in the measurment of the circle of lens 3 due to the glue, indicates that this may not really be out of specification.

Stack up error results

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


APPENDIX B

Sylgard mixing procedure

1. Prepare the hood area by checking the vacuum pump for operation and sealability of the bell jar.

2. Set out two 10cc measuring syringes

3. Set out 1 tongue depressor.

4. Set out 1 beaker with a minimum size of 3 times the amount of sylgard you plan to mix.

5. Set out the two parts of the sylgard.

6. Place all of the supplies on a paper towel under the exhaust hood.  Turn on the hood.

7. Measure the appropriate amount of sylgard Base into the beaker using a syringe.

8. Measure one tenth the amount of sylgard activator as you did the base, into the beaker using second syringe.

9. Mix the parts together well using the tongue depressor.  Mix a minimum of 2 minutes.

10. Place beaker in the bell jar, and evacuate using vacuum pump, until all bubbles are gone.  This could take up to 1.25 hours.

11. carefully pour prepared sylgard into the dispenser syringe, so as not to introduce additional bubbles to the mixture.
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