MAESTRO ALIGNMENT PROCEDURE

EQUIPMENT NEEDED:  

1.  Dial indicator accurate to .0001 inch.  Available to 1/10,000 accuracy from McMaster Carr for </= 350.00

2.  Dial indicator stands/holders.

3.  Air bearing for stacking

4.  Interferometer/Laser. 

5.  Beam splitter

6.  Special optics for interferometric testing of components.  Potentially more than one set dependent upon the configuration being verified.  Off the shelf where possible.

7.  Quadrant detector, beam profiler, or guide camera for measurements of beam wander.

8.   Suction lifting assembly to lower lenses into mounts (possibly one available to borrow from mirror lab)

9. Jig to hold the lens can horizontal with stress points mimicking flexures but allowing for alignment of lenses.  Use actual spaceframe here.

10.  Gauge blocks

MACHINING ACCURACIES:

1.  Lens cell circularity at least ½ thou.  Measurements taken from outer diameters

2. Lens spacers ½ thou.

3. Lens cell end parallelism ½ thou.

NOTE:  Injection optics registration to each other is critical.  

TEMPERATURE:  The optimal alignment temperature for our system is 55 degrees F.  Currently there is not an alignment location that will accommodate maintaining this temperature, so all of the measurements of component positioning will have to be extrapolated to 70 degrees (or whatever temperature our alignment location will maintain), so that compensation of the systems for our full temperature range is still possible.  

AIR BEARING TABLE:  The airbearing table located in the small mirror lab will be used to mount the lenses into their cells.  It is believed that this fixture will be available to us for an extended period of time.

LENS CELL CHARACTERIZATION:  Initially, the lens cells should be characterized with a dial indicator to find the total run out, and high or low spots on the cell.  High and low spots should be color coded to aid in the stacking and individual cell mounting procedures to increase our accuracies.

A.  MOUNTING OF LENSES IN CELLS

A laser should be set up for the mounting of the elements into their cells.  Place a reference flat on the table.  Using the dial indicator center the reference flat on the table and ensure its perpendicularity with the axis of rotation. The centration is not too critical, but the perpendicularity is.

 Mount the laser above the table and at the axis of rotation.  Align the laser using the reference flat so that the beam is exactly returned.  This should ensure that the laser is mounted correctly to analyze the centration of the lenses.  Set up a second laser at an angle to reflect off the first surface of the optic under test, and onto a beam profiler/quadrant detector, or some other mechanism to be able to observe beam wander.  Very little light will be reflected off the surface but it should be sufficient to obtain the desired measurements.

 Each element will be mounted into its cell using the following procedure.  First we will practice the cell mounting procedure using the spare lens 3 element and a second lens 3 mounting fixture.  Once the methodology has been proven, the balance of the lenses will be mounted. 

Before alignment of each element, the inside of the cell and the edge of the lens surface to be glued will be painted with primer and allowed to dry for a few minutes. 

First the lens cell for lens 6 will be put on the table and placed on gauge blocks to the desired height.  This height will have to be large enough to facilitate observation of the laser through the element onto a screen.  The dial indicator will be placed on the side of the lens cell, and the cell adjusted until it is centered about the axis of rotation of the table to within the limits of the dial indicator, notating and marking any high or low spots of the cell.  Next, the dial indicator will be placed on the top of the cell and the cell will be aligned so that it parallel in the horizontal plane and there is no wedge in the cell.  We will then double check the centration and repeat this process until we are satisfied that the center of the lens cell is centered on and perpendicular to the axis of rotation of the table.  

The cell will then be locked in place from the outside of the cell. Lens 6 will then be placed into the locked down cell using the suction holder.  Using shims, we will roughly center the lens into he holder then remove the shims.  Next, we will place the dial indicator in between the lens and the inner edge of the cell, and center the lens within the cell by adjusting the lens to minimize the runout error noted on the dial indicator.  Positioning screws through the lens cell will be used to adjust the position of the lens. Once centration is achieved it will be verified by observing the laser through the center of the lens, and looking for aberrations that would indicated that we are not on axis.  Next, the dial indicator will be placed on the very edge of the top of the lens, outside the clear aperture, and the positioning of the lens will be adjusted to remove any wedge from the system.  This will be verified by observing any beam wander of the laser reflected off the surface.  When wedge has been removed, reverify the centration of the lens, and reiterate the process until satisfied that the wedge has been removed and the lens is centered.  Tighten the setscrews and verify the lens positioning again.

Apply the calculated amount of Sylgard 184 layer carefully with a cross lens pattern (see figure 1) to fill approximately 80% of the desired width of the RTV layer until desired continuous bead is obtained.  Place a final continuous bead all at once to fill the remaining width, and let set.  Once the RTV layer has set sufficiently, seal it with an oil resistant seal such as RTV 730 to seal all bond lines that may come in contact with the oil.

After the lens has been solidly mounted into its cell, mark the outside edge of the cell with an arrow to indicate the initial light path direction.  Once the rtv and sealant have completely set, loosen the setscrews to prevent introduction of aberrations with stress.

  The second element to be aligned in the optical system will be lens 4.  It will be mounted into its cell using the same procedure as listed above, and potted using Sylgard 184, which will be sealed with the RTV 730 where exposure to oil is possible.

 Mount lenses 2 and 3 following the same procedure and accuracies as lens 6.

The Calcium Fluoride lens will be mounted into its cell last, so that all procedures can be refined as necessary before attempting this lens.  The procedure as listed above will be used with the following exceptions.  The RTV that will be used with the calcium fluoride will be Master Bond EP37-3FLF, flexible epoxy (this is what Bruce Bigelow used), or something similar, that is compatible with the oil.  It cannot be assumed that Sylgard 184 is compatible with the oil even though Cargille claims that it is.

B.  START OF THE STACK PROCESS

At this stage, we should have access to the CMM machine to do the stacking of lenses 2-6.  Since the CMM is in an area that cannot be thermally controlled, the spacer thickness requirements will have to be extrapolated from the optimum 55 degrees F. to the alignment temperature.

1. TRIPLET

Place Lens 6 on the CMM table so that lens 5 can be stacked on top of it.  With the CMM, verify that the lens is not wedged.  Quantify the positioning of the mount of lens 6, and the edge of the optic mounted inside.  Fix lens 6 into its position on the CMM table.  This position will provide for the main reference for stacking of the triplet.

Once lens 6 is fixed in its position, place lens 5 on top of it with the appropriate spacer.  Center it horizontally so that it is on optical axis with lens 6.  Measure the position of the top surface of lens 5 and compare it to the calculated required position.  Check the measurements for wedge and spacing.  Modify spacer by ½ of the required correction, and repeat process until the desired spacing between elements is obtained.  Direct a laser on axis through the elements and check for aberrations.  Adjust as necessary until the desired alignment is obtained.  Bolt elements together, maintaining alignment.

Repeat the process with lens 4.  Bolt together.  Check alignment with a laser through the optical axis and check for aberrations that may indicate decentration or wedging of the elements.  Verify alignment on an interferometer.  (A fizeau cavity may be able to provide this intermediate test.)  Adjust if necessary.  Once satisfied with the alignment, make sure that the elements are well bolted so that no movement can occur with respect to each other.  Apply Lock-tight to the bolts for future indication of possible movement.

NOTE:  If the cut away of lens 6 interferes with the stacking on the table, we will reverse the order of the previous alignment.

2.  LENSES 2 AND 3


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:

First Lens 2 will be placed on gauge blocks in the down position on the CMM table.  Measure the position of the lens and cell.  After ensuring that the optical axis is perpendicular to the table, lock the lens into position so that it can become the reference.  

Lens 3 and the spacer between lens 2 and 3 will now be stacked onto lens 2.  It will be adjusted horizontally until the optical axes of the two elements are in line with each other.

Next the positioning of lens 3 will be measured and compared to the calculated spacing and positioning.  Modify the spacer by ½ the desired correction, incrementally until the desired spacing is obtained.  Once the two elements are aligned to each other mechanically, a laser will be directed through the elements on axis and checked for aberrations indicating some residual decentration or wedge.  Once we have verified that the elements are aligned satisfactorily, they will be bolted together while maintaining that alignment.  

This doublet will then be analyzed interferometrically to verify the alignment.  Adjustments will be made if necessary.   

3.  REGISTRATION OF DOUBLET AND TRIPLET.

Next, lenses 2/3 will be returned to stack position on the CMM table with lens 2 down.  Lens 3 will be held in position at this point, so that lens 2 and/or the triplet will be movable if necessary.  The position of lens 3 will be quantified at this point to be used as the reference point.    

The spacer for lens 3 to 4 and the triplet with lens 4 down will be placed on top of the doublet assembly and guided into position with push/pull screws, until its horizontal positioning agrees with the positioning of the lens 2/3 assembly.  The spacing between lens 3 and 4 will be measured.  Adjustments will be made to the spacer in ½ the required correction increments until the desired spacing is obtained.  The laser profile will be observed to verify optimal alignment.

The centration of all of the elements will be verified by laser, checking for wobble or aberrations.   Lens 2 and the triplet will be adjusted as necessary about lens 3 until satisfactory alignment is achieved.

The set of lens2-6 will again be checked interferometrically to verify alignment.  Final adjustments will be made as necessary.

4.  LENS 1 ALIGNMENT

First the cross roller slides will be aligned to the cell to verify positioning and ease of movement, as well as perpendicularity of the cell with movement.  The end surface of the lens 1 cell will be accurately machined to provide a reference flat surface to assist in the measurement of the perpendicularity of the cell with the roller slides.  The cell will be translated along the full length of the roller slide assembly and checked on the cmm machine, if available, to characterize the optical axis positioning along the slides.  The optical axis vector will be calculated with respect to the measurements taken.  Any wedging of the cell with respect to movement will be made prior to mounting of lens into cell.  The entire cell will be wedged with respect to the cross roller slides until the optical axis of the cell is parallel to the axis of the cross roller slides.  It should be noted that the actual cells may not end up concentric and parallel with each other at this point.

Lens 1 will be mounted into the cell and adjusted until it is centered in the cell.  This will be done on the airbearing table as follows.  First the barrel assembly of lens 1 will be placed on the table and shimmed until the reference end surface is parallel to the surface of the table.  Using a dial indicator to measure runout, the barrel will then be centered on the axis of rotation of the table.  Check for wedging and repeat this process until satisfied that the cell is centered and not wedged.  Lens 1 will be placed into the cell at this point and adjusted using the dial indicator on the precision OD and the OD of the lens until the lens is centered in the mount and not wedged with respect to the cell.  At this point, the lens will be held into position with the setscrews and the adhesive applied to hold it in position.  Once the RTV has set, the setscrews will be loosened to prevent introduction of aberrations with stress.

Next, whole lens 1 barrel assembly and spacer will be mounted to the lens 2-6 assembly and adjusted until it is on optical axis with the rest of the system.  The alignment of lens one, with its spacer, will be performed by centering the OD of the lens 1 cell with the OD of lenses 2-6, and checking the parallelism of the front surface of the lens 1 cell with the front surface of the lens 2 cell.  The positioning of lens one along the length of the cross rollers should be consistent with the temperature at which the alignment is performed, and allow for full focusing in both directions as required for temperature change. There will be preloaded tip tilt, and decentration screws at the joining of the lens 1 spacer and lens 2, so that lens 1 is aligned with the system and remains in alignment while translated.  It should be noted at this point, that the barrel containing the lens 1 cell and cross-roller slides may not be centered with respect to the rest of the lens system, but lens 1 within the cell should be.  Once the correct spacing is obtained and the assembly is in proper alignment with the rest of the system, all positioning screws will be tightened and locktight applied to ensure position maintenance, and also to allow for identification in the future if something has come loose.

C.  COLLIMATOR VERIFICATION PROCESS.

Once the collimator section is assembled it will be placed horizontally, and weight balanced to mimic the mechanical stresses as imposed by the space frame (and other optics like the prism, grating, injection optics, dewar, etc).  A mirror will then be placed in back of the triplet, and the assembly verified interferometrically.  A twymann-Green or similar interferometer can be used for this check.  Ideally for this test, we will be mounting the collimator into the real spaceframe so that we do not have to expend extra time and cost in the development of a separate weight mimicking assembly.  Set up the interferometer with a mirror to return the light.  Set it at a height above the table so that it is centered within the bulkhead center, and the focus position is in the correct location for the collimator.  The mirror should be far enough behind the desired location of the collimator that the collimator can be inserted into the spaceframe without moving the mirror so that the alignment between the interferometer and the mirror can be maintained.  Insert the collimator into the spaceframe (I believe the current concept is to have lens 1-2 pinned so that they can be separated and the collimator inserted in two pieces then re-pinned together while maintaining the alignment. Shimming of the entire lens assembly will occur here to verify that we have a horizontal optical axis, and the return beam is correctly focused.  The spaceframe should be able to move forward and backward at this point to obtain our fringe pattern an get the proper alignment with the interferometer.    

NOTE:  THE FOLLOWING SECTIONS WILL BE DETAILED FURTHER WHEN FINAL DESIGN OF THE MOUNTING FIXTURES OCCURS.  THE ROUGH CONCEPTS ARE SUMMARIZED.

D.  INJECTION BOX

1.  INJECTION LENSES

The two lenses must be registered with respect to each other within 10 microns (+- 5 microns) to maintain allowable alignment.  It is recommended that these elements be glued to specification at the manufacturer location if possible.   

Align the lenses into their cell shimming them to center fairly well.  The main adjustment will be accomplished after the lenses are in their cell, when we align the cell to its housing, as there will be tip/tilt/centration adjustments possible then.  Pot the lenses into the cell. We do want to get these lenses fairly close to the center to start with because the entire housing is very close to the top of the dewar and we want to maintain as much distance as possible between the top of the dewar and the injection box.


2. INJECTION OPTICS REGSITRATION TO SLIT PLATE

Place the injection optics over the slit plate.  Using the tip/tilt/centration adjustments and the CMM machine, position the injection optics so that the optical axis is perpendicular to the slit plate, and so that the injection optics are centered on the center of the slit.  Adjust the spacer between the slit plate and the injection optics in one half  the required correction increments until the spacing between the two assemblies is correct.  Reverify the tip/tilt, and centration between the slit and the optics.

3. TURNING FLAT

Mount the Mirror onto the mirror mount verifying that the mount does not stick out below the mirror.  Center it onto the mount. Using the adjustment screw on the mirror mount holder, adjust the mirror position until it is centered under the slit and at the correct spacing below the assembly.  Shine a laser through the system at this point and adjust until the light is being reflected off of the mirror at the correct angle.  Lock everything into place. 

 E.  ALIGNMENT OF INJECTION BOX TO COLLIMATOR

Place the laser at the focus of the collimator, now mounted in the space frame with the mirror located behind the collimator at the prism/grating location, but using dummy weights for the prism and grating.  Holes can be drilled in the prism dummy weight to allow for the transmission of the laser.  Verify alignment again.  

Decenter the interferometer assembly by the correct amount as dewar assembly, and tilt accordingly.  Find return of the mirror.

Tilt the mirror to account for the prism and grating effects and the laser light is reflected back through the optical system at the properly decentered point from the optical axis.  This can be characterized with a zemax file.

Align the injection box until the light is reflected, focused and centered on the slit. 

Reverse the illumination so that the light is focused on the slit through the injection optics.  View the image at the detector location and inspect quality and position.  Make any additional adjustments to the injection box alignment as necessary.

F. ALIGNMENT OF CALIBRATION LAMPS

At this point, it is necessary to align the calibration optics with the injection optics and the slit so that the spectral returns from the prism and the grating can be analyzed.  The calibration lamp box should be mounted to the side of the spaceframe, with the integrating sphere attached to it.  The folding mirrors and the lenses should be mechanically placed to allow for the slit to be overfilled.  The required alignment of this should allow for mechanical placement only, without undue specifications of the assembly.  Make sure that the light is focused onto the slit.

G. ALIGNMENT OF DETECTOR

At this point, the detector will be roughly aligned to have a means of viewing the images.  Add the detector and position to its correct location mechanically.  Fine- tuning of the detector can be made while aligning the prism and grating.  We should be able to see image quality based on the input from the calibration lamps through the system and see how we line up on the detector.  Place the return mirror in its appropriate position to return the light through the collimator and onto the detector.  Using the calibration lamps, optimize the image by adjusting the integration box and the detector positioning. 

H. ALIGNMENT OF THE PRISM

Add the prism and position it with the rest of the system.  It is anticipated that the mechanical tolerances for this element should allow for mechanical alignment requirements only.   Place the precision flat on top of the dummy weight at the grating location at the proper angle of return. With laser/calibration lamps focused onto the slit, verify the return to the detector location.  Adjust alignment of prism/injection optics/detector as necessary to optimize image.

I. ALIGNMENT OF THE GRATING

Add grating to position, and adjust until satisfied with the positioning of the prism/grating/injection optics/detector.  Fine-tuning of the detector within the dewar can be performed at this time.  

Mechanical tolerances of the positioning of the prism and grating should ease this process.  The grating should be adjusted so that it is in the mid range of the adjustments to allow for movements in all directions. Make adjustments as necessary to prism, grating, and injection optics until the optimum image is obtained at the detector, and the spectrum is in the desired location on the detector.

J.  ALIGNMENT OF THE SYSTEM TO THE TELESCOPE

The positioning of the MAESTRO system to the telescope needs to be accomplished to the following accuracies:

Vertical:  +1mm, -2 mm.

Horizontal: +- 2mm. 

