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Chapter 1
The Mechanical Design of HIRES

University of California Observatories/Lick Observatory
University of California, Santa Cruz, CA 95064

UCO/Lick Observatory Technical Report No. 64
April 21, 1993

1.1 Abstract

The Spectrograph design was begun in 1987 and published as “HIRES Phase
C: Core Proposal” in 1988 (UCO/L.O. Technical Report No. 57). The design has
continuously evolved: the latest change was to accommodate the curved CCD
from Tektronics (Epps’ design #4052 of 6/3/92: 65” convex radius CCD). The
instrument will be shipped to Hawaii by mid-1993.

1.2 Infroduction

The mechanical design was done by Jack Osborne, Bruce Bigelow and Steve
Vogt. Bigelow’s work included the slit area items, the corrector lenses, the camera
mirror and the instrument cooling system. The “slit area” includes the television
guide system and the comparison source system. Also described here will be the
collimators; echelle mosaic; cross-disperser mosaic; CCD dewar; main housing;
main structure; re-aluminizing and re-alignment; and miscellaneous tooling.
Bruce left in September 1992 and Osborne and Vogt finished the alignment,
integration and testing. A report detailing the optical components has been
prepared by Dave Hilyard. Two separate reports by Terry Ricketts describe the
instrument control system and the CCD control system.

The instrument was designed and drawn using AutoCAD software resulting
in a complete 2-D representation and a partial set of 3-D drawings. There are
1380 mechanical drawings (25" by 42”). Many assembly drawings are included
in this report. We have anticipated changes and additions to the instrument.
HIRES was fabricated by the UCO/Lick Observatory shops at UCSC working
from full size blueprints. These were prepared from pen plots. Vellums are
stored at UCSC as well as the digital files on 1/4” magnetic tape cassettes (8




cassettes). 117 x 177 laserwriter drawings will accompany the instrument to
Hawaii. The British Engineering system of units (as opposed to the metric
system) was used in this project.

A brief general overview of the optical design and scientific philosophy
behind the HIRES instrument was presented by Vogt?!. The optical design for
the HIRES camera is described by Epps and Vogt!. The general assembly of
the Keck Telescope and HIRES optics are shown on drawing H0010. Drawing
HO102 shows the optical layout and HO148 details just the camera. A schematic
is shown on H0200. An additional schematic is also in the Appendix.

All drawings and figures are in the Appendices at the rear of this repoit.
Some drawings are used in more than one place. When updating this report
please change all copies of the same drawing.




Chapter 2
DESIGN OF THE COLLIMATOR MIRRORS

2.1 Drawing List:

There are 85 E-size drawings which are listed in the locating tree, H2005.

2.2 Mirror Cell:

A single cell supports both the red and blue collimator mirrors. These are
17" diameter Pyrex® mirrors. The 2.7 thickness was set by the manufacturer
and agrees with the 6:1 rule of thumb for diameter-to-thickness ratio for glass
disks. The radial supports are located at 120° but should have been 90° for the
lower two supports. This error should not present a problem. The radial supports
are designed to be temperature-compensating. This technique is described by
© Nelson in TMT Note 28%. Details of the design are shown in Drawing H2209.
The 3 axial supports are front-defining., Three swivel-foot pads are used on the
front of each mirror with spring loaded plungers directly opposite on the rear.
The axial supports are also located at 120° around the mirror. The usable light
beam was roughly square and so this support geometry cleared the beam. See
Drawing H2206 for details of the spring plungers and Drawing H2000 for the
cell assembly. The total force on the rear of the mirror should equal 1.5 times
the weight of the mirror (90 Ibs = 1.5 x 60). The general shape of the cell and
shuttle mechanism is narrow along the optical axis of the spectrograph. This is
because the original design had the slit 20" further back to allow more room at
the slit area. The collimator cell was thus up against the rear wall of the housing.
It wasn’t until later that more room became available in the area behind the cell.
(The slit was moved to improve image quality.)}

The two mirrors have the same spherical shape: 327" radius. The difference
between them is 0.02”. This makes the cell easier to design since the mirror
support and cell need only accommodate 0.02” of motion along the mirror axes
in locating the two mirrors in their cell.

The mirrors will be removed for re-coating by removing the front faceplate
of the double cell. Each mirror will be removed manually after removing the 3
fron(-defining pad assemblies. The adjustment will not be lost if the collimating
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screws are not turned. The upper radial support is loosened and a special clip
is installed to retain the Delrin® pad. The mirror can be replaced by noting the
orientation of the outer edge index mark. Re-installation is the reverse of this.
The upper radial support screw is tightened to 5 in-Ibs,

The mirror covers are air-operated with magnetic reed switches mounted
onto the cylinders to indicate open or closed condition. Speed control valves
are mounted to either end of the air cylinders. The covers are not interlocked
with the shuftle motion,

2.3 Mirror Shuttle (Red to Biue):

The motion from red collimator to blue collimator is controlled by 2
double-acting air-cylinders. An air switch causes an air-operated 4-bar linkage
locking mechanism to hold one of the two upper kinematic mounts tight and
an air-operated caliper brake holds the lower kinematic mount tight, The 3rd
kinematic mount is loaded by the weight of the cell and focus mechanism (about
300 Ibs). The electrical signal to shift from red to blue puts pressure (75 psi)
on the release side of the lock which overcomes the 60 psi locking pressure.
When the stage moves about 1/2” the mechanical limit switch opens to make
the locking pressure zero. The switch is then ready for the blue-to-red motion.
The opposite switch causes the opposite lock to engage when the shuttle is
within 1/2” of touchdown. This locking motion also helps seat the ball-in-groove
kinematic mount since we found that friction was high enough that seating at the
ball-in-cone mount was a problem. We added check valves to prevent exhaust air
from operating the lock cylinders prematurely. See Drawing H2415 for details
of the pneumatic control logic.

The speed control valves on the main motion cylinders are set to bleed
slowly so that the shuttle motion is very gentle at the touchdown portion of the
travel. Valves were added to bleed the remaining air after touchdown to unload
the drive cylinders and speed up the cycle time from red to blue and back. Time
delay circuits were designed to open the valves for 4 seconds after arriving at the
kinematic mounts. All motion is prohibited during the time these valves are open.

Before the collimator mirrors are aligned to the rest of the spectrograph,
the shuttle should be adjusted so that the mirror cell is tilied 1.75° (half of
3.5°) at each end of travel. There are 2 adjustments, one at each of the fower
(ball-on-flat) kinematic mounts.




The air exhaust runs through a long, large diameter pipe. A 1/2” tube
was tried but the back pressure caused the clamp cylinders to engage the stage
while it was moving.

Red or blue position status is via magnetic reed switches mounted to the
main drive cylinders,

Drawing H2401 shows the parallel linkage of the shuttle system; Drawing
H2415 shows the air system schematically; and Drawing H2460 shows one of
the locking mechanisms and one kinematic (ball-in-cone) mount.

There is a middle position for the shuttle: this was designed after assembly.
Moving to the middle and staying there is rather crude. Two split, plastic
cylinders attach to the main drive cylinder rods to hold the stage in the center
position. To center manually, halt the shuttle and release the brake button in the
middle of its travel. This should be done with 2 people and lots of light. The
rear-mounted autocollimator can now be used without removing either mirror
or opening the covers,

2.4 Focus Control:

The focus control was added after the project was begun and the cell was
finished. The total travel is about 3/4” along an axis halfway between the
incoming and outgoing beams. That is, along the mirror normal axis. The focus
control stage is 3 flex plates arranged in a triangular pattern. There is no sideplay
in the stage. The stage is driven by 3 THK ball screws bearing on 3 hardened
steel pads. Drawing H2600 shows the focus housing and shuttle stage. The
mirror cell, shuttle housing and 3 fiex plates are all made of aluminum, thus
avoiding thermal expansion and contraction problems. Coil springs are used to
keep the cell in contact with the 3 screws. The 3 screws are tied together with
3 timing belt sprockets and a long timing belt (337 teeth). A DC servo motor
is mounted directly to one of the 3 screws. The motor is mounted to a THK
linear slide so that it follows the screw (and cell) relative to the housing of the
focus stage. Four limit switches locate the travel ends and an optical interrupter
locates the center of travel and which side of center you start from. Encoding
is via the motor-mounted incremental encoder. There is no absolute encoder for
this stage. The motor is used throughout HIRES but has a 5:1 gear box mounted
here for more torque. There are 3 dial indicators which serve as rough alignment
devices in case the belt must be removed from the 3 drive screws. Drawing




H2610 is a schematic of the drive. Drawing H2620 is an assembly drawing of
the focus stage and shows the triangular arrangement of the 3 flex arms. The
motor/encoder is shown in Drawing H2623 and the gearbox is shown in Drawing
H2660. The limit switches are shown in Drawing H2630. During the testing we
discovered that one of the electric brakes failed causing the belt to come off. We
then removed both brakes and saw no drift in the focus. We are still watching
for this. The 5:1 gearbox is able to hold the stage from back-driving.




Chapter 3
DESIGN OF THE ECHELLE MOSAIC

3.1 List of Drawings:

There are 93 E-size drawings which are shown on locating tree H3005.

3.2 Grating Support and Subplate:

A 1 x 3 mosaic of gratings was used with overall dimensions of 12.6” by
496", The gratings were replicated by Milton Roy from a master grating which
they ruled. The substrates are Zerodur® from Schott Glass. Each Zerodur grating
is 12.6” by 16.5” by 3” thick. (see Drawing H3454) The rulings run along the
12.6” direction. The two gaps are 0.04” wide. The gratings are stepped by 0.09”
to hide the un-used portion in the shadow of each upper grating (about 3/8”
wide). See H3150. The pivot axis is arranged to be on the surface of the central
grating, parallel to the rulings. See assembly Drawings H3600 and H3100.
Drawing H3425 shows the blaze detail. All 3 gratings are held against a 4” thick
granite subplate. The grating back support detail is shown in Drawing H3500
and side support details are shown in Drawings H3510, H3511 and H3520. The
subplate is held in an aluminum cell. The subplate is black gabro, a type of
granite with an elastic modulus of 12 x 109 psi. Note: standard tool room granite
plates are 30% quartz for better wear resistance but have 1/3 the stiffness (E =
4 x 10%). The subplate is seen in Drawing H3470. Details of the three subplate
back-supports are shown in Drawing H3300. The three side supports are shown
in Drawings H3340 and H3345, The finite element analysis results are shown
in Drawing H3801: The predicted deflection for 180° gravity change is (.16
arc-sec for the worst case. This is the relative angular change between the worst
2 grating blanks. The software package used to model this flexure was ANSYS.
The location of the 3 back supports was selected to minimize this flexure.

3.3 Grating Supports:

The mosaic concept was to be a passive support. The initial alignment would
then be done and no adjusting would be needed forever. The Zerodur gratings
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would be located by three Zerodur washers against the granite subplate. The
details of the support can be seen in Drawings H3500 (back support), H3510 (side
support, type I) and H3520 (side support, type II). The washers were polished
on one side and fine ground on.the other. The polished side was optically
contacted to the polished grating surface. The three supports in each grating
pull the grating against the subplate with 1.5 times the grating weight (90 Ibs
= 1.5 x 60). The washers were machined by fine grinding after measurements
of the mosaic were made by interferometer. The washers could be measured by
Anorad profilometry in 6 places around the perimeter, ground to remove as little
as 0.000,027, re-measured and re-installed for another interferometric test in one
day. It took one day to evaluate the test results and predict the next cut and it
took typically 4 cuts to get one pair of gratings aligned to each other. This was
about 8 cuts for the echelle mosaic (and 4 cuts for the cross-disperser mosaic).
We did this with bare, polished blanks and then again after replicating. The error
in replication turned out to be less than 3 arc-sec. The gratings were aligned in
the plane of the gratings by pushing on the sides or on Zerodur blocks which
were glued to the sides. These adjustments and supports were aluminum and
stainless steel. We found during cold testing that the side supports are not stable
enough and so invar parts are being built to replace these components.

3.4 Gluing:

The first experience with mosaics is documented in UCO/Lick Technical
Report #49 (Reference 9). This 2 x 2 mosaic used 6” x 8" Zerodur blanks.
Each blank was supported with three invar inserts epoxied into the back of each
blank, We used Devcon 5 minute epoxy. We scaled up the design for the HIRES
mosaics. The under-cut pockets in the back were larger and we used Eccobond
285 with catalyst 11 by Emerson and Cuming to embed the invar threaded insexts.
This epoxy cures at an elevated temperature (80°C). We had failures in the glass
after this process. The side pads were glued with Eccobond 285 and catalyst
24LV. This is a black adhesive and comes apart at boiling water temperature.
The plan was to remove the side blocks for replication after our initial alignment
testing, by placing the blanks in boiling water. The rear inserts would then stay
in place and not come out. The 285 glue with this catalyst is rated to take up
to 177°C. They would not interfere with the replication process at Milton Roy.
The side pads were 2 long invar blocks and we had glass failures here, too.
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Though the expansion coefficient for invar is small, it is not zero and so we
suspect the motion of the invar pads from day to night in the lab caused the
glass to be stressed to failure.

The solution to both these problems was to use a different epoxy. We were
referred to Hysol EA 9313 by A. DuBois (See Reference 18). Drawing H3040
details the gluing procedure and shows a test block. The side support block is
now Zerodur instead of invar and we have had no more problems there. The
Hysol epoxy is softened with Methylene Chloride and by using a thin saw blade,
the side blocks were removed before replicating, This was a time-consuming
process. The blocks were re-attached after replication. The invar inserts were
bonded into new holes bored into the grating blanks by Zygo. The old pockets
were cleaned out with Eccostrip and then we decided to acid etch the cracks with
Ammonium Bisulfate. This caused more problems than it solved because the
acid seemed to migrate to all the surfaces of the grating blanks and left stains on
every surface. We sent the tarnished blanks to Zygo to polish again,

3.5 Echelle Mosaic Testing:

This topic is covered in greater detail in the optical report. Drawing H3061
shows one of the grating tests using a folding flat mirror and Zygo interferometer.
Drawing H3603 shows the final test with the mosaic at 10.5° to the interferometer.
An isolation platform using Newport air-mounts was built to test this mosaic. We
have tested the mosaic with the interferometer while it is mounted inside HIRES.

The blaze angle turned out to be slightly different from specified and so the
drive was modified to move the center position by 1.5° (70.5° instead of 69°).
The grating was enough oversize to accommodate this change and the tilted
grating and cell did not interfere with the incoming light from the slit, Final
alignment of the three gratings in the plane formed by the mosaic is less than
1 arc-sec (“hinge” or dispersion direction). Alignment in the cross-dispersion
direction is also sub arc-sec. Alignment of the gratings about the center grating
normal axis is less than 5 arc-sec.

We tried to make grating blanks here (UCSC) but found it was cheaper and
faster to have Zygo make the blanks. The front and back surfaces have to be flat
to 20 waves. Zygo can do this easily. We had tighter tolerances since we were
first testing the concept to 1 arc-sec and we needed 1 wave surfaces. This will
not be necessary in the fature. Zygo bored the mounting pockets in the back.




Zygo also machined the bevels which are very important for proper separation
during the replication process. Milton Roy returned our first set of blanks because
the bevels were out of tolerance. This “take-apart” process is proprietary and
so we never learned exactly what the bevel minimum could be. The success
of replication lies in their ability to split apart a 12” by 167 glue joint without
damaging the glass or the thin (0.001”) layer of epoxy.

3.6 Echelle Drive:

The drive is shown in Drawing H3200 and the bearings in Drawing H3240.
Echelle drive and encoder sub-assembly are shown in Drawing H7300 and limit
switches are shown in Drawing H7330. A 6” linear stage from Daedal and
Heidenhain linear encoder are used here. This encoder was not rated below 0°C
but we have tested it to ~20°C. We found that the motor encoder works as well
as the (expensive) linear encoder. After the echelle drive was finished and tested
we decided not to design a linear encoder into the CCD focus stage.

The echelle pivots by two stub axles bolted to the cell. These are carried in
two SKP double row spherical roller bearings. One stub axle has a contingency
stub protruding from the bearing block. This is for locating a rotary encoder if
the linear drive and encoder did not work out. The opposite side of the A-frame
support structure has a tab which angles down to the third kinematic mount of
the main frame. This was not used but was intended for a stiffening element if
the echelle ended up with a low natural frequency. Drawing H3244 shows the
alignment tooling for locating the echelle bearings.

3.7 Gluing Notes:

Keck Observatory Technical Notes 194* and 160° derive practical guidelines
for glue joint design. We have used Hysol EA9313 epoxy resin with a nominal
thickness of 0.012”. A description of the glue methods used in the Keck
Telescope was written by A. DuBois as “Keck Observatory PMSS, Epoxy Bonds
for Segment Inserts,” November 26, 1990. HIRES Drawing H3040 lists our
cleaning and preparation methods and shows a 3” x 3” x 3" test block which has
been loaded to twice the maximum insert load. The three small side blocks which
are arranged around the test block, are loaded to 1 times the maximum expected
load. This test assembly was glued and loaded in July, 1991. It was then placed
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in a freezer at —20°C. It has been stored at that temperature for almost 2 years.
It will be kept at UCSC and inspected periodically.
The solvent for this epoxy is Methylene Chloride.

3.8 Cover

The air-operated cover is shown in Drawing H3700 and the pneumatic
control is diagramed in Drawing H3703,
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Chapter 4
DESIGN OF THE CROSS-
DISPERSER MOSAIC

4.1 List of Drawings:

There are 126 B-size drawings which are shown in the locating tree, H4005.
21 of these are for the replacement turntable.

4.2 Grating Support and Subplate:

A 2 x 1 mosaic of 12.5” x 16.5” blanks was designed. The gap is 0.04”.
The overall size is 16.5” x 25”. This is very similar to the echelle support and
common parts were used wherever possible. Drawing H4470 shows the subplate.
Drawing H4000 shows the cell assembly. Drawing H4700 shows the air-operated
doors and Drawing H4751 shows the pneumatic details.

4.3 Mosaic Testing:

The final alignment accuracy yielded a pair of gratings with 0.77 arc-sec
error in the direction perpendicular to the echelle dispersion (“cross” dispersion)
and less than 0.02 arcsec error in the echelle dispersion plane (“hinge” error
at the joint), This corresponds to mismatches of less than 5.4 microns of
cross-dispersion error and 0.14 microns of echelle dispersion error at the CCD.
We were not sure what kind of specification we had to meet, but are very
happy with this result,

4.4 Rotary Table and Drive:

An initial purchase of an Anorad precision rotary table was a disaster. We
then found ourselves in the position of designing a precision turntable to fit in
a very narrow package to replace the Anorad table. We were successful. The
drive uses one of the servo motors used throughout HIRES and a Heidenhain
incremental rotary encoder is mounted directly on axis. This encoder has 720,000
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pulses per revolution and a single pulse per revolution index track. The resolution
is 2 arc-sec. Drawing H4251 shows the encoder. A brake was designed and
installed. This is shown on Drawing H4534. It was discontinued because we
observed the stage to creep over long (8 hour) time periods. An air cylinder
provides a counter balance to the offset weight of the mosaic (450 lbs). See
Drawing H4511. Turntable details can be seen in Drawings H4264 and H4530.
Drive schematic is on Drawing H4281.

4.5 Lifting Equipment and a Second Cross-Disperser:

Thé lifting bridle is detailed in Drawing H4740. The manual hydraulic crane
is used to exchange grating mosaics. A second mosaic will be built soon.
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Chapter 5
CCD DEWAR AND SUPPORT

5.1 List of Drawings:

There are 216 B-size drawings which are shown in the locating tree, H7005.

5.2 Focus Stage and Drive:

Drawing H7250 shows the dewar frame and stage. The stage is 3 flex
links mounted with disconnect pins. This is the point where a second dewar
will be attached. The dewar frame is then defined by 3 hardened steel pads
resting on 3 steel buttons. These are driven through a 20:1 lever system by
3 micrometer screw drives. The micrometer screws are coupled to a single
motor by timing belts. See the H73xx series of drawings. Drawing H7350 is
a kinematic drawing of the drive. One pulse of the motor encoder represents a
theoretical motion of 6.94 x 1073 inch (1.76 nano-meters). Total focus travel is
+0.012”. (The target was +£0.57/20 = +0,025”, but the double set of limit switches
and the required overtravel for each one, limited the focus travel.) There are
three manually-adjusted bronze screws in the focus system which allow for a
coarse adjustment of £0.57.

5.3 Vacuum Chamber and Liquid Nitrogen Fill System:

Drawing H7130 shows the CCD dewar and support frame. Drawing H7131
shows the detail of the liquid nitrogen can, Drawing H7180 shows the central
vacuum housing with field flattener window and Drawing H7500 shows the
pre-amp box which hides in the shadow of the center housing. The liquid
nitrogen automatic fill system is shown in Drawing H7600. The design for
the level-sensing tri-axial capacitors was borrowed from Lawrence Berkeley
Lab®, See Drawing H7601.The dewar transport and lifting systems are shown
in Drawing H7800.
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5.4 Dewar Performance:

The LN, reservoir holds 3.5 liters. An ion pump keeps the vacuum at
108 torr. Details of the dewar design and construction can be found in a
UCO/Lick Observatory Technical Report in progress by Osborne. Hold fime is
approximately 15 hours and so transfer happens twice daily. A 50 liter supply
dewar rests on the Nasmyth platform. The utility board in the CCD controller

monitors the level sensors and begins the transfer of cryogen and stops it when
full. The venting of nitrogen gas is carefully done so that the housing does not
fill up with nitrogen which is deadly. The 50 liter supply dewar is pressurized to
2.5 psi with clean, dry compressed air until the transfer is completed.

The Varian ion pump (2 liter/second) power supply has been modified. The
schematic is shown in the Appendix. This modification prevents over-heating
of the pump unit after power loss and during start up at a pressure higher than
about 10 torr. The pump could get hot enough to cause the o-ring in the valve
to fail. Or the pump could get hot enough to start a fire.
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Chapter 6
HOUSING and STRUCTURE

6.1 List of Drawings:

There are 225 E-size drawings. These are shown on H6000, the locating
tree for Housing and Structure.

6.2 Bally Enclosures:

Three pre-fab modular rooms were bought for this instrument: The small,
6 foot by 6 foot “Vault” contains the electronics and operates above 5°C. It is
cooled by Observatory coolant until the temperature drops below 5°C. The heat
generated by the electronics component serves to keep the temperature above 5°C,
The components are not rated to go below 5°C. The large room was 15’57 by
17°4” when ordered from Bally. Tt was modified with a large cylindrical portion
which fits inside the elevation axle. The design clearance is 17 in radius or 27 in
diameter. A 5’ by 10’ ante-room was added later. These enclosures use 4” thick
poured-in-place polyurethane foam for insulation. They come with self-closing
sealed doors and insulated floors. The locking latches have been removed (for
safety). The incandescent lights are dim. We added 8—foot fluorescent lights
which are rated for very low temperatures (-40°F). These fluorescent lights have
persistent glow for many minutes after being turned off and also cause the paint
of the interior walls to fluoresce. Thus, we recommend that the bulbs be removed
during routine operation of the spectrometer and only installed and used during
extended periods of maintenance. We added an overhead raceway for wires and
hoses. The main enclosure is shown in Drawing H6400. The Vault is shown
in Drawing H6425. H6410 is a 3-D drawing of the main housing and vault.
Tt shows the conical transition section and cylindrical “nose.” This drawing can
only be viewed in the drawing editor in AutoCAD. The single view shown in
the Appendix here is one of an infinite number of views.
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6.3 Light Trap Ante-room:

An ante-room was added to help keep the main enclosure dark and provide
a location for donning clean-room apparel. This room is shown on Drawings
H6460 and H6461, 1t is about 5° by 107

6.4 Kinematic Mounting of the Structure on the Nasmyth Platform:

The instrument is located on the RIGHT Nasmyth Platform. The decision
to move from the Left platform was made in May, 1993, during packing and
shipping. There are benefits in occupying the Right platform: 1. access to the
elevation encoder is preserved, 2. access from the fixed Nasmyth Deck structure
is easier while the telescope is in the stored position, and 3. no walkways
need modifications. Drawing HO010.H shows the new configuration, Drawing
HO0010.G shows the old configuration. The mounting holes are different between
the two platforms, We intend to match the slots in the 3 support feet to the
mounting holes (12 mm threaded holes) on the Right Platform by using transfer
screws and aligning the feet, then removing the feet and using a milling machine
at the Summit to locate the slots.

The attachment to the telescope is through 9 threaded holes (12 mm). The
mainframe of HIRES attaches to 3 feet which bolt to the 9 holes in the platform
to distribute the load into the telescope. The foot closest to the slit is fitted with
a spherical bearing. This bearing is shown in Drawing H6177. A typical foot
assembly is shown in Drawing H6120. An adjustment in the up/down direction
is provided by a large acme screw (1.5”Dia x 5 TPI). Adjustment in the slit
jaw direction (telescope-defined y-axis, that is horizontal direction) is via slots
in this foot assembly. The foot near the collimator mirrors has a spherical pad
resting on a flat surface. This simulates a ball-on-flat joint. An acme screw
here (5 TPI) allows vertical adjustment and a tilt adjustment to align with the
telescope elevation axis. The 3rd foot has a simulated ball-in-groove joint. The
detail is shown in Drawing H6174. This last foot allows the Nasmyth deck to
change shape without introducing forces into the HIRES optical bench structure.
This preserves the original alignment of the spectrograph optics. There are slots
in this 3rd foot which run in the telescope-defined z-axis (along the instrument
axis). This allows the instrument frame to be steered in the plane of the deck
to align with the elevation axis. There is no vertical adjustment in this foot. If
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one is required, then we will use shim plates. It is thus possible the slit jaws
will not be perfectly horizontal.

A series of drawings beginning with Drawing H6020 show the day-to-day
assembly of HIRES onto the Nasmyth deck. The mounting feet are shown clearly.

6.5 Optical Layout:

The spacing of the optical elements is detailed in Drawing H0102. The
Camera layout is shown in Drawing H0143.

6.6 Cooling Tests at UCSC:

Drawing H6470 shows the Bally freezer unit located in the main enclosure.
The freezer is not to be shipped to Hawaii. During the initial cold testing in
1989, the temperature was —22°C. The final optical testing in February of 1993
was done at —7°C. The electronics vault also had a Bally freezer installed. Its
temperature was kept at 5°C.
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Chapter 7
MISCELLANEOUS (SHIPPING
AND INITIAL ALIGNMENT)

7.1 Handling Equipment:

The Ruger Crane is a manually operated 1/2 ton crane. It has a 2 speed
feature which is not straightforward to initiate: When lifting very heavy items
(750 1bs), the relief valve must be set to 1/4 to 1/2 turns open. This is not an
obvious thing to do. The crane has 2 mounting sockets. There are 2 lifting arms
to reach different items. See Drawing H9000. The main use for the crane will
be changing Cross-Dispersers. The socket on the optical centerline will be used
for this. Note- be sure to remove the crane aafter using at this station or it will
interfere with the optical path of HIRES! See Drawing H9005 for the correct arm
location. Other items to be lifted include the Collimator Mirror Cell (used with
the white lift arm) and the Bchelle mosaic cell. The Echelle can be lifted from
either socket (See Drawing H9006). These will not be routine operations.

The pneumatic-tired dollies are for moving the grating mosaics (See Drawing
H3075 for the Echelle and Drawing H4075 for the Cross-Disperser cart). This
keeps the loads on the fragile subplate supports to less than 1.2 g’s. Only
manual lifting devices should be used to lift grating cells. A lifting bridle is
provided for the Cross-Disperser. A commercial swivel eye is located in the
top of the Echelle cell.

The roll-around hand-cranked lifter is for corrector lens cells and the CCD
dewar. See Drawing H7800.

The camera mirror and mount are removed as a single unit using the overhead
[-beam trolley and manual chain hoist. Be sure to release the hold-down clamps
before attempting to lift the camera mirror, or you will lift the entire spectrograph!
The mount has 4 casters for rolling once it is lowered to the floor. In the future,
there will be both a red and a blue camera mirror. The passing arrangement
is shown in Drawing H6936.

Three large steel casters mount onto the mainframe and are for moving
during dis-assembly, packing and re-assembly. They will have no other use after
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commissioning. See Drawing H6605. The mainframe dis-assembles for shipping
in 8 foot wide containers. See Drawing H6200.

7.2 Initial Alignment Scenario:

Drawing H6500 shows some of the alignment tooling. The permanent tripod
at the rear of the mainframe has been bolted, pinned and welded. It is not
intended to be removed or adjusted. An autocollimating telescope is fitted to
the tripod and used to align the spectrograph. There are no adjustments to this
mounting. The philosophy here was to open the slit jaws and use this same
autocollimator to find the telescope optical axis. This will be used in the future for
modifications, additions or to look for problems. The Davidson Autocollimator
will remain with the HIRES instrument.

Drawing H6510 shows the rear tripod. A moveable tripod assembly which
mounts ahead of the slit is shown in Drawing H6530. This device has an
aluminum storage plate for protection and a wooden storage crate when not
in use. The tripod is fitted with adjustments but should never need adjusting.
Should this tripod be needed, it can either be installed through the forward panel
which has the entrance hatch (use the “man-lift”) or by carefully ’snaking’ it
into position from the inside of the HIRES housing. Whenever this tripod is
re-installed, its alignment should first be verified by checking against the fixed
autocollimator mounted behind the collimator cell.

Alignment of the slit area is detailed in Section 18. No re-alignment is
intended; all of the joints have been pinned. The only alignment which may need
looking after is the tilt of the comparison lamp feed mirror and the cenfering of
the pupil mask in the comparison lamp optical system. The strategy is to ensure
that the apparent pupil of the comparison source system coincides precisely with
that from the telescope.
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Chapter 8
RE-ALUMINIZING AND RE-ALIGNMENT

8.1 Camera mirror (or “Hextek” mirror); about 44” diameter:

This mirror will be coated at Mauna Kea using an adapter which is shown in
Drawing H5420. The adapter assembly has been engraved to help identify it. The
mirror support hardware is left in place during cleaning and aluminizing. The old
coating will be stripped off using chemicals. A strip of 1/4” wide non-hardening
strip caulking is placed in the joint just behind the front plate. This will keep
any liquid from going into the cavities in the interior of the mirror. This strip of
material must be removed before placing in the vacuum chamber. The original
coating was done at Mt. Hamilton hanging vertically. The tank at Mauna Kea
has the mirror looking face down. The red and blue mirrors will require different
coatings. We are assuming that the coating technology will be present at the
Summit. This will keep travel to a minimum for these fragile mirrors.

8.2 Sol-gel re-coating:

The 2 large corrector lenses (about 32" diameter) have been Sol-gel coated
at the Lawrence Livermore National Lab. They have lifting slings and cartying
fixtures which have been reviewed by the technicians there. Refer to UCO/Lick
Observatory Technical Report No. 62 dated June 1992 by Bigelow entitled:
“Mechanical Engineering Safety Note - Lifting Slings for the HIRES Spectrograph
Corrector Optics.” (Reference 8). There are 2 clean cases for shipping the lenses.

The field flattener lens (6.5” diameter) has a case but no special sling. This
optic will be coated before HIRES arrives in Hawaii. LLNL has slings for
this size lens.

The Sol-gel is extremely fragile and scratches ealily if even lightly wiped.
The Sol-gel also has 35 times the surface area of the part it is on, so is a virtual
sponge for dust and other contamination. Great care must thus be taken to guard
against dirt or touching of these coatings.
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8.3 Collimator Mirrors (17" diameter) red and blue:

These mirrors have wooden cases for storage and shipping. They will be
hand-carried to Z, C & R in Los Angeles for red coating and blue coating. These
mirrors weigh 60 1bs each and so can be installed or removed manually.

8.4 Re-aligning the collimator mirrors:

This is done with the Davidson autocollimator mounted in the slit area
tripod socket (refer to Drawing H6530). Before removal of one or both of
the mirrors, the autocollimator will be installed and the target mounted onto
the central pedestal using the kinematic mount and the 3 steel balls (refer to
Drawings H6560 thru H6565). We have used this method and achieved 10
arc-sec re-installation accuracy. If a focus drive belt should break, then refer
to the 3 dial indicators on the rear of the collimator housing. These will be
recorded after initial instrament assembly and checkout. Drawing H2640 would
be a good place to record these readings.

8.5 Pumping:

A clean, oil-less vacuum pump must be used inside the HIRES enclosure
after the field flattener lens is re-installed onto the dewar since this is the vacuum
sealing window. We expect to have such a pump in place after arrival in Hawaii,
This pump uses a liquid nitrogen cold trap and so the room must be ventilated
while pumping the dewar or while operating the pumping station.

8.6 Mosaic testing:

There is no provision for mosaic (either echelle or cross disperser) re-
alignment, This was intended to be a passive support and so far we have seen
nothing to change our original intent. We do have hardware for mounting the
Zygo interferometer on the main frame to look at either of the 2 echelle mosaic
grating joints or the single cross disperser mosaic grating joint. These setups are
shown in Drawings H6220 and H6222. We are not leaving the interferometer
in Hawaii. We have used it in our shop at UCSC and found it to give stable
enough results that an air isolation table was not needed. We hope that the
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telescope environment is at least this stable. The mounting stand replaces the
center hydraulic lift mount socket.

The gratings cannot be re-aluminized, of course. There is no cleaning
procedure. The spectrograph was designed with the echelle facing down to
minimize dust collection. There is one thumb print on the echelle mosaic and it
has been documented on H3640. It is fortunately outside of the beam footprint.

8.7 Re-aligning the corrector lenses:

The first step before removing anything is to align the autocollimator with
the corrector lenses: Lift the cross-disperser cell and store it on its cart. The
autocollimator adapter fits onto the turntable and the autocollimator can then
be rotated to line up with the camera axis. Drawing H4210 shows the adapter.
Drawing H6500 shows the autocollimator in place. The inter-lens spacing should
be documented. There is no need to locate the lenses along the optical axis
to better than 0.01” and the elements will easily go back into their cells to
that tolerance.

To re-align the entire camera, the dewar frame and camera mitror must be
removed and the second camera mirror mount installed with its autocollimator.
(Two autocollimators are required here for efficient aligning) Note that when
the second mirror has been installed onto this mount, an additional fixture will
be needed for this alignment procedure. It will be designed and built at the
same time the mirror support hardware is fabricated. This fixture allows the
cross-disperser table to be rotated to align with the camera mirror axis. The
camera mirror (and camera mirror mount #1) can now be re-installed to check
its alignment using the cross-disperser autocollimator. The corrector lenses are
re-installed and checked. Finally, the dewar frame is replaced. If you suspect
it has shifted or want to check it, the camera mirror is removed again and the
camera mirror mount autocollimator is installed to look at the field flattener. The
spacing between the camera mirror and the field flattener cannot be measured
directly anymore, unless the field flattener can be recoated since any touching
with an inside micrometer will damage the Sol-gel. The spacing can however be
measured indirectly by measuring between the mirror and front lip of the dewar
body, and then subtracting the known distance from dewar body to lens vertex.
See Drawing H0148. The CCD is aligned by taking many spectra at many focus
settings. This has been detailed by Vogt in his notes.
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Chapter 9
OTHER COMMENTS

Hooks were left for future expansion. The large side door in the housing
was located so that in the future a Cross-Disperser might be rotated to look at
a camera axis on the other side of the optical axis. See the layout on Drawing
H6100. There are 4 stub flanges attached to the main frame to add additional
supporting structure,

This project has been reviewed by a committee chaired by Dr. Bob Tull at
the University of Texas. Also on that committee was Dr. Frank Melsheimer
of DFM Engineering Inc, Longmont, Colorado. Progress was also monitored
by 17 Quarterly Reports submitted to the Science Steering Committee (SS5C).
Software reviews were included with the mechanical reviews and supplemented
with reviews of the Low Resolution Imaging Spectrograph (LRIS) together
with HIRES.




Chapter 10
The HIRES Slit Area

The HIRES spectrograph slit area is composed of a large steel suppotting
structure and twelve motorized or air-powered stages for remote control of slit
area functions. The intent of this document is to provide a brief overview of
the standards and design philosophy used throughout the slit area, and to give a
general description of the layout, operation and adjustment of each of the various
stages (see Drawing P1001). This document will also serve as a roadmap for any
journey in search of engineering information concerning the slit area.

10.1 Slit Area Structure:

Previous experience with slit area instrumentation at Lick Observatory
suggested three important features for the HIRES slit area. First, the slit area is
subject to improvement and modification throughout the life of the instrument,
and should be designed for easy modification from the start. Second, the slit area
is typically the most crowded region in the spectrograph, so all structures and
components should strive for compactness. Finally, certain accessories will tend
to preclude the use of others, so stages should be able to be readily removed
or interchanged. These three features of ecasy modification, compactness and
interchangeability will be discussed in relation to the slit area and its motion
stages.

The central backbone of the HIRES slit area is the “slit area structure” and
several constraints drove its design. One aspect dictated by the telescope was the
requirement that the slit area structure be of a cantilever design. The location of
the nominal Nasmyth focus at the center of the elevation axis journal required
that the slit, decker and autoguider all be located inside the bearing. Another
important objective was to leave a maximum amount of space for accessories
and relatively easy access to them. Another issue was to design the structure
such that its first natural frequency was not likely to be excited by motion of
the telescope or the active mirror control system. All of these points and others
lead to the design of the cantilevered space frame for the slit area (see Drawings
H6710 and H6711). The 27 x 4” structural steel tubes are liberally peppered
with 1/4-20 threaded inserts on regular spacings to provide easy installation of
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new components. Note that the threaded inserts are stainless steel and will gall
with stainless fasteners unless they are properly lubricated (i.e. “Never-seez”) on
assembly. The structure is primarily a rectangular weldment, with several bolt-on
diagonals to increase stiffness, but which are removable for access if needed.

10.2 Common Motion Stage Features:

From the outset of the HIRES project, it was clear that there might be
as many as twenty (first light) remotely controlled functions, which strongly
suggested standardization on a minimum assortment of components. To that end,
DC servo systems were selected for all areas requiring precision motion control
and air cylinders for all toggling and non-precision motion applications.

We chose to standardize on DC servo systems for all of the precision
motion functions for a variety of reasons including freedom from annoying
(stepper motor) resonant frequencies, low power and high torque, compact
motor/encoder units, and prepackaged servo drive and optimizing software. We
selected Galil 50/1000 systems including Galil motor controllers, Pittman 50
oz-in DC servo motors with integral Hewlett-Packard 4000-count per revolution
shaft encoders, and the Galil software package. For fiducial location sensing, a
TRW OP8970TS55 optical interrupter switch was chosen. To provide software
limit sensing, Microswitch BZ-2RW822—-A2 limit switches were used. A second
switch, Microswitch DT-2RV22-A7, was used to cut power to the servo motor
in the event of a software or software limit switch failure,

For the roughly twenty non-precision situations, we selected a variety of
different sizes of air cylinders manufactured by Bimba. Although we had already
decided to use the Microswitch limit switches for the precision stages, we chose
to use the Bimba magnetic reed switches for sensing limits on all of the air
powered stages. These swiltches are designed for use with the air cylinders
and helped avoid a fair amount of bracket design and fabrication. Along with
the cylinders, we standardized on Skinner Magnalatch 4-way solenoid valves,
which have the benefit of no power consumption after latching, Wilkerson
R16-02-000 air pressure regulators were used throughout. Camozzi “super
rapid” quick assembly fittings were used for many areas. These developed
trouble during the cold test and are being removed and replaced with Swagelok
tube connectors, The nature of the trouble was that these finger-operated fittings
couldn’t be operated by human fingers at cold temperatures. The Swagelok
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connectors dis-assemble with small hand tools (wrenches). The Bimba cylinders
should always be supplied with clean dry air. We experienced many cold-related
problems; moisture freezing caused cylinders to hang up or operate un-reliably;
the factory-supplicd lubricant became very viscous and caused the speed controls
to work slowly. We also had trouble with the latching solenoids sometimes not
shuttling from one state to the other. Much of our testing will be done in Hawaii
where the temperature is cold while the air is dry. Our testing problems were
made worse because we had to keep the instrument full of dry nitrogen during
the cold testing to prevent condensation. This required oxygen masks and made
testing impossible. We have cleaned all of the air cylinders with the solvent
(petrolenm distillate) and purged all air lines with dry gas. During shipment all
air ports have been sealed to prevent moisture from entering.

There were a variety of linear and rotary bearing requirements in the slit area,
and we chose a different manufacturer for each, based on previous experience.
For lincar bearings and ball screws, THK products were used exclusively. SKF
bearings with integral seals are used throughout.

For small mechanical components such as clutches, timing gears and belts,
and worm gears, Berg products were used. All worm gearing meshes are
lubricated with Nyogel 788 from W. F. Nye Co.

10.3 Slit Area Stages:

The HIRES Phase C Proposal (UCO/Lick Observatory Technical Report No.
57, January 1991, Vogt) briefly listed the remote control functions to be provided
in the slit area. All of these were completed in addition to several others. The
following sections will give a general description of the design and operation
of each stage, as well as a short list of appropriate adjustments for each. The
stages are discussed as follows:

1. Slt

2. Slit Accessory Server (Decker)
3. Instrument Filterwheels

4, Shutter

5. TV guider

a. CCD camera and cooler
b. Lens Drives (Focus and Apertare Control)
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c. Filterwheels
6. Comparison Source System

Light Source Motion Stage
Thermal Enclosure and cooler
Filterwheel

Projection Optics

eo op

7. Todine Cell System (Stage)
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Chapter 11
THE SLIT

11.1 General Description:

The slit controls the vertical dimension of the aperture to the spectrograph
by opening or closing a bilateral pair (both jaws move about their centerline) of
reflective jaws. The slit jaws are opened by a ball-screw driven wedge which
separates the flex-pivot mounted slit plates (see H1324). The slit jaws are roughly
2” x 4”7, made of 420 stainless steel, and polished flat to about 5 waves. Return
springs force the slit jaws closed as the wedge is withdrawn. The shaft encoder
attached to the motor provides for a theoretical resolution of about 0.5 microns
at the slit jaws. An optical interrupter provides the fiducial location, and travel
is protected by software and mechanical limit switches (see dig H1326). The
slit is mounted at an angle (7.5° nominal) to reflect most of the field back to
a TV camera for autoguiding.

11.2 Adjustments:

The slit has individual adjustments for tip, tilt, rotation, and piston on one
jaw, while the other jaw remains fixed. The adjusiments are made by tightening
or loosening the screws supporting the jaw (see dig H1322). The jaws are
readily adjusted within 10 arc-sec using an autocollimator and a reference flat
for parallelism. The minimum slit opening can be adjusted using the travel limit
screws, which can be reached through the access holes, found near the return
springs (see dig H1324). The travel limit switches may be adjusted by loosening
the mounting screws and sliding the swilches in the slots.

The slit assembly as a whole can be adjusted for up/down, left/right, focus,
and tilt, using the slotted mounting screws attaching the slit to its support (see
dig H6760). In addition the adjustments on the stage, the slit and filterwheel
supporting beam can be adjusted for lefi/right, up/down, and focus, using its
slotted mounting screws (see dig H6758).
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Chapter 12
THE SLIT ACCESSORY SERVER (Decker)

12.1 General Description:

The Slit Accessory Server (SAS) can provide both vertical and horizontal
control over the aperture into the spectrograph. The SAS can be used in
conjunction with the slit, or it can be used alone to define the aperture. The SAS
carriage has positions for four, 4” square aperture {rays, and sufficient travel to
see all of the trays, plus a stowed position giving a full unvignetted view of
the slit (see Drawing H1359). The aperture plates are EDM machined, and are
optically polished flat to a few waves (see Drawings H1384, H1389, H1390 and
H1391). The carriage is attached to a timing belt driven by a motor and gearbox.
An optical interrupter provides the fiducial location, and travel is protected by
software and mechanical limit switches (see Drawing H1378). The shaft encoder
attached to the motor provides a theoretical resolution of about 0.8 microns at the
aperture plate (see Drawing H1387). Like the slit, the SAS is mounted at a 7.5°
angle, in order to reflect most of the field back to a TV camera for autoguiding.

12.2 Adjustments:

No adjustments are provided for the SAS carriage itself. All alignment of
the SAS is controlled by adjustment of the upper and lower stage mounts. By
translating the upper and lower mounts, left/right, up/down, rotation, and focus
can be accomplished (see Drawings H6759 and H6760) . The travel limit switches
can be adjusted by loosening the mounting screws and sliding the switches in the
slots. The belt tension for the carriage can be adjusted by loosening or tightening
the idler pulley adjusting screw. An autocollimator mounted in the front of the
slit area is used to align the SAS with the slit on the optical axis, and to adjust
the reflected beam to the TV camera. The TV camera, once operational, can be
used to verify that the Slit and SAS are both properly aimed.
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Chapter 13
FILTERWHEELS

13.1 General Description:

Two 12 position filterwheels provide a wide range of filter options for the
spectrograph. Each filterwheel has 12 numbered locations for mounting a HIRES-
standard filter holder, which can accommodate a 2" round or 2” square filter, up
to 3/8” thick. The number 1 position has an extended opening which allows a 1”
x 47 light beam to pass thru unfiltered if desired (see dig H1104). The wheels
themselves are interchangeable, so that an observer can have a “persona ” set of
filters optimized for a given task (see dig H1115). A worm gear drive rotates the
filterwheels and precludes the need for a brake to hold position with power off.
An optical interrupter provides the fiducial location. A shaft encoder mounted to
the motor provides a theoretical resolution of 10.3 arc-seconds (see dig H1114).

13.2 Adjustments:

The worm gear mesh can be adjusted by pivoting the worm gear carrier
(see dig H1110) around its mounting shoulder screw. No other adjustments are
provided on the filter stage.

The filterwheel assemblies can be aligned left/right, up/down, and focused
by adjusting the slit and filterwheel support beam (see Drawings H6758 and
H6760). Note that this will also affect the alignment of the slit. The filters
are generally oversized for a given aperture, and typically should not require
adjustment after initial collimation.
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Chapter 14
SHUTTER

14.1 General Description:

A Melles Griot / Tlex (p/n 04 IES 005) 2.5” aperture shutter conirols the
exposure time for the spectrograph. The shutter is mounted to the back of the
second instrument filterwheel, and defines the rear light boundary of the slit
area (see dig H1203). The shutter is controlled by the CCD detector controller
mounted above the dewar. The shutter was modified at the Lick Instrument Lab to
use a reed switch rather than the stock limit switch, in order to improve reliability,

14.2 Adjustments:

The shutter is hard-mounted to the filterwheel via a threaded ring and has no
adjustments. With the shutter removed there is a 3.2” diameter clearance hole.
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Chapter 15
TV AUTOGUIDER

15.1 General Description:

The TV guider stage is composed of a high quality commercial CCD camera
system, a commercial camera lens, and two filterwheels, all mounted together in
a compact package. There are two motorized drives for the lens, one for focus
and the another for aperture adjustment. Between the CCD camera head and the
lens are a pair of 8 position filterwheels for color and brightness control. Due
to the variety of features and adjustments to be covered, the CCD camera and
the motor driven functions will be discussed individually in the following order:
CCD camera system, lens drives, and filterwheels, Finally, the entire stage and
its adjustment as a unit will be described.

15.2 CCD Camera System Description:

The TV guider uses a Photometrics 200 series CCD camera system for direct
and offset guiding from the slit and/or decker. This system includes a CH250
liquid cooled camera head with a Thomson TH7883 frame transfer CCD, a
CE200 camera electronics unit individually tuned for the CCD, a special order
10’ cable from the camera head to the electronics box and a LC200 liquid
recirculator for cooling the CCD. The camera electronics unit and the liquid
recirculator are mounted in a thermal enclosure mounted inside of ITIRES but
outside of the slit area (see Drawing H1401). The TV thermal enclosure is
in turn cooled by the instrument cooling system (see Cooling System Drawing
H1406). The last item required in the TV system is the CC200, a controller unit
which is provided by the telescope.

15.3 CCD Camera Adjustments:

The only mechanical adjustments for the camera head are by way of the
slotted mounting screws which allow some travel in the up/down and focus
directions (see Drawing H8105).
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15.4 Lens Focus Drive Description:

The TV guider system uses a Canon 200mm focal length, £/1.8 lens fo image
the slit onto the camera detector. The plate scale at the slit is 1.379 arc-sec/mm,
and 0.26 arc-sec/mm at the TV CCD. The Thomson CCD has a 23;:m pixel size,
giving a detector scale of 0.156 arc-sec/pixel (see Drawing P1003).

The lens focus is driven by a timing belt gear reduction attached to a 60:1
worm gear speed reducer, which is in turn driven by the standard DC servo motor,
An optical interrupter provides the fiducial location, and travel is protected by
software and hardware limit switches, as well as by a clutch between the worm
gearbox and the lens gear. A large split clamp attached to the focus ring of the
lens carries the drive gear, limit switch triggers and the optical interrupter blade
(see Drawings H8105 and H8119).

15.5 Lens Focus Drive Adjustments:

There are several adjustments for the focus drive which will be discussed in
the following order: fiducial, limits, belt tension and clutch,

1) Fiducial:

The blade attached to the clamp ring is adjusted by loosening the clamp ring
and rotating the blade until its edge is in the center of the optical switch at the
middle of the lens focus travel. This will place the lens focus at its nominal
position on power—up.

2) Limits:

The limit switch mounts have oversized holes for attaching the switches, as
well as slotted holes for attaching to the mounting plate. By loosening all the
mounting screws for the switch, it can be translated and rotated as required to
trip sometime before the mechanical stop in the lens is reached. The software
limit switch should be adjusted to trip before the mechanical limit switch cuts
power to the moftor.

3) Belt Tension:

The belt tension is adjusted by loosening the screws which mount the motor
and gearbox assembly to the baseplate.

4) Clutch:
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The clutch is adjusted by loosening the locknut on the clutch and tightening
or loosening the adjusting nut as required. The intent of the clutch is to prevent
the motor from overdriving the lens in the case of both limit switches failing.

15.6 Lens Aperture Drive Description:

The Canon lens aperture setting is driven by a bell-crank linkage attached to
a 60:1 worm gear speed reducer, and powered by a DC servo motor. An optical
interrupter defines the fiducial location. Because the bell-crank rotates freely
without any mechanical stop no limit switches are required. One half revolution
of the bell crank drives the aperture ring through it full range of travel. A split
clamp attached to the aperture ring carries the bell crank link and the fiducial
blade (see Drawings H8105 and H8119).

15.7 Lens Aperture Adjustments:

The stroke of the diive wheel is fixed by the radius to the link end. The
stroke at the aperture ring can be adjusted by moving the motor-gearbox assembly
on its slotted mounting screws, and by varying the position split clamp on the
aperture ring.

15.8 TV Filterwheel Description:

Two 8 position filterwheels provide a variety of filier options for the TV
guider camera. Each filterwheel has 8 locations for mounting a HIRES-standard
filter holder, which can accommodate 2 diameter or 2”x 2” square filters up to
3/8” thick (see Drawing H8326). The wheels themselves are readily removed and
are interchangeable, so that an observer can have a “personal” set of guiding filters
optimized for a given task (see Drawing H8325). A worm gear drive, identical
to the instrument filterwheel drive, rotates the filterwheels. An optical interrupter
indicates the fiducial position and the motor encoder provides a theoretical
resolution of 10.8 arc-sec. The filterwheels are removed by withdrawing the
center mounting pin, rotating the filterwheel assembly out of the guider assembly,
depressing the button in the wheel hub, and pulling off the wheel.
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15.9 TV Filterwheel Adjustments:

The worm gear mesh can be adjusted by pivoting the worm gear carrier (see
Drawing H1110) around its mounting shoulder screw. The filterwheel asserblies
can be adjusted left/right using the slotted mounting blocks.

15.10 TV Autoguider Stage Description:

The camera head, lens, and filterwheels are mounted together on the
Autoguider stage (see Drawing H8001). The upper and lower pin mounts for the
stage provide support and allow the stage to be manually rotated up into a stowed
position (see Drawing H8002). By removing all four pins, and disconnecting
the electrical and cooling connections, the stage may be removed from the slit
area as a unit.

15.11 TV Guider Stage Adjustments:

The four main components of the TV guider; the camera head, lens and
filterwheels; may be adjusted relative to each other using the slotted mountings for
each part, The camera head mount has slots for adjusting up/down, left/right, and
focus. In order to collimate the stage with the reflected slit optical axis, its mounts
can be translated to provide left/right, up/down, focus and rotation of the stage.
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Chapter 16
COMPARISON SOURCE SYSTEM

16.1 General Description:

The Comparison Source System provides a variety of light sources for
calibration of the spectrograph. The initial complement of light sources includes
two Thorium-Argon hollow cathode lamps, a diode laser, a 3450°K color
temperature quartz lamp and a Deuterium lamp. The latter two Jamps are
mounted in two 8" Labsphere integrating spheres. Wiring is installed to support
up to eight sources (low voltage and current). The motion stage is mounted in a
cooled thermal enclosure to prevent thermally induced turbulence above the slit
area, The four main parts of the system are the light source motion stage, the
thermal enclosure and cooler, the filterwheel and the projection optics.

16.2 Motion Stage Description:

The light source motion stage carries and positions the various lamps which
are used for aligning or calibrating the spectrograph (see Drawing H1620). The
carriage nominally has 6 positions, each providing 6 square inches for mounting
a source. The moving stage is a 8" x 36” long platform with a mounting hole
pattern for mounting any number and size of sources as required (see Drawing
H1618). The stage has 34” of travel, which is more than sufficient to bring any
of the mounting locations on to the optical axis of the slit area. The carriage
is driven by the same arrangement designed for the decker, using a timing belt
to position the stage, and servo motor and worm gear speed reducer to drive
the belt. A pair of negator springs preload the stage to eliminate backlash. An
optical interrupter defines the fiducial location and software and mechanical limit
switches protect the range of travel. The theoretical resolution of the stage is
the same as the decker, about 0.8 microns at the stage. The actual resolution
has been measured mechanically to be better than 0.0005”. Drawing H1622
gives encoder resolution,
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16.3 Motion Stage Adjustments:

The main adjustment for the motion stage is the drive belt tension, which
is accomplished by loosening or tightening the idler pulley screw. The limit
switches can be adjusted by loosening the screws and sliding the switches in the
mounting slots, but will require that the stage be removed from the enclosure.
The entire assembly has four pin joint supports for left/right, up/down, focus,
and rotation adjustments, By translating the mounting points in their slots, the
full range of adjustments can be made. For collimation and alignment, the
mounts are designed to be adjusted while the stage is installed in its housing
(see Drawing H1688).

16.4 Thermal Enclosure Description:

The comparison sources operate inside of a sealed enclosure in order to
avoid thermal convection currents which could disrupt the seeing in the slit area.
The enclosure construction consists of a sandwich of extruded fiberglass ribs,
polyethylene foam insulation, and aluminum or CPVC skins. The CPVC skins
are used internally in locations where the aluminum would create a thermal
short to the main instrument enclosure (see dig H1680). The panels and ribs are
epoxied and riveted together to form a light, rigid unit. The top and end panels
are latched and/or hinged to allow for removal when servicing the calibration
lamps. A small heat exchanger and two muffin fans are instalied in the top of the
enclosure directly above the optical axis. Coolant flows continuously through the
system, while a sensor cycles the fans as required to maintain the temperature
at the same level as the main housing,

16.5 Thermal Enclosure Adjustments:

Once the motion stage has been aligned, the housing can be realigned with
the stage to avoid any interference. Care should be taken to insure that the lamps
will always have clearance throughout their travel. This is especially important
for the hollow cathodes, which move in a trough on the inside of the housing.
Four slotted stainless steel supports carry the weight of the housing and locate
it relative to the motion stage. The housing may be moved by loosening the
mounting screws and sliding the unit to the desired position. The weight of the
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housing must be supported while the mounts are being adjusted. The latches for
the top and end covers can be adjusted for tightness by turning the threaded catch
in or out as required. The hinges are made of delrin and cannot be adjusted. The
lamps can be replaced by either removing an end or top panel for access. Poron
foam is used as a gasket material to seal the panels. (Boyd Corp., Ceres, CA)

16.6 Filterwheel Description:

The comparison source system is equipped with a filterwheel for controlling
source bandpass or brightness. The filterwheel and drive assembly are virtually
identical to the main instrument filterwheels, except for their mountings (see
“Filterwheels” and Drawings H1701 & H1706).

16.7 Filterwhee! Adjustments:

The filterwheel locates a filter between the doublet and the aperture stop
of the comparison source optical system. Adjustments are provided to insure
adequate clearance between the filters and the optics (see Drawing H1706). Slots
in the filterwheel mounts allow for up/down, left/right, and focus adjustments.

16.8 Comparison Source Optics Description:

The design of the comparison source optics attempts to mimic the exit pupil
of the telescope, in order {o more accurately calibrate the spectrograph. The
optical system consists of a 2 doublet, a filter, a fixed aperture stop, a 6” triplet,
and a 6” folding flat (see Drawings H1655 and H1692). The comparison source
apertures tend to be small compared to the slit width, so the projection optics
also provide a 2:1 magnification at the slit. If the entire 4” width of the slit
requires illumination, the source can be scanned across the slit using the motion
stage. The folding flat reflects the comparison source beam into the spectrograph
and stows to one side when not in use. A pupil plate is located between the
2 doublet and the 6” triplet in order to create a circular image with a central
obstruction which simulates the telescope and the secondary mirror baffle.
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16.9 Comparison Source Optics Adjustments:

There are three main assemblies for the comparison source optics, including
the 2” doublet, the 6” triplet, and the 67 flat. The doublet and the triplet both
have slotted mounts and tilt adjustments to accommodate up/down, left/right,
focus, and rotation (see Drawings H1812 and H1816). The 6” folding flat is
mounted in a commercial mirror mount made by Janos (model no. 2017-0003).
The mount has two rotational adjustments and a slotted support for focus. Left
and right adjustment is controlled by hard stops on the air powered stage that
moves the flat in and out of the optical path, Vertical adjustment is accomplished
by raising or lowering the folding flat stage (see Drawing H1814).
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Chapter 17
IODINE CELL STAGE

17.1 General Description:

The iodine cell stage is an air-powered translation stage mounted to the slit
accessory server. The iodine cell can be used to impress a field of iodine spectra
on top of an object of interest. The iodine cell stage consists of the iodine cell,
a mount to attach the cell to a linear bearing, and an air cylinder to extend or
retract the cell in and out of the optical path (see Drawing H1955). Electrical
connections to the cell include a 120VAC strip heater, two temperature sensors
and limit switches to report the location of the stage to the instrument computer.
Travel of the stage is limited by hard stops attached to the linear bearing support.
Limit switches attached to the air cylinder indicate the position of the stage.
The cell is mounted on a simple platform which could be used to support other
accessories if required in the future,

Note that the iodine cell is designed to operate at 122° F, approximately 90°
F warmer than the surroundings. No provisions other than insulation have been
made to prevent thermal gradients and air motion in the slit area due to heat
dissipation by the cell. It remains to be seen if his will be a problem.

17.2 Adjustments:

The stage mounting platform has mounting slots for adjusting focus of the
cell. Travel of the stage can be adjusted by moving the stops in their mounting
slots. No other adjustments are provided because the stage is designed to be
coaxial with the slit accessory server. If the SAS is properly collimated, the
jodine cell should be as well.
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Chapter 18
SLIT AREA COLLIMATION

The purpose of this section is to describe the order and procedure of
collimating the slit area stages. Detailed notes about the collimation procedure
can be found throughout Vogt’s test/integration lab notes. The procedure begins
after the establishment of the instrument optical axis, using alignment telescopes
located in the front of the slit area and behind the 17” collimating mirror stage.
Once this axis has been set, the stages can be collimated successively in the
order listed here.

1) Siit and Filterwheels:

The slit and instrument filterwheels are mounted together on a beam attached
to the slit area structure (see Drawings H6758 and H6760). The slit and
filterwheels should be adjusted to be at the same height and left/right location
relative to each other on the supporting beam. The whole assembly can then
be adjusted on to the optical axis by sliding the support beam in the mounting
bracket slots. Finally, the slit should be individually collimated for tip, tilt and
rotation, taking care not to translate the slit off of the optical axis.

2) Slit Accessory Server (Decker).

The decker should be adjusted to place the back side of the decker plates as
close as possible to the slit jaws (about 0.060”) to minimize reflection pathlength
differences for offset guiding. The decker is supported by upper and lower
mounts which provide for up/down, left/right, and two rotations (see Drawings
H6758, H6759 and H6760). The decker housing has a cut-out to accommodate
the slit housing, and the cut-out should be adjusted to center over the slit. Once
the slit and decker have been collimated, their alignment relative to each other
should be verified by viewing the slit and decker with the guide camera.

3) Guider TV and filterwheels:

The four main components of the guider system are the lens, the two
filterwheels, and the CCD camera head. The lens is attached to the main platform
(see Drawing H8105), and the lens height relative to the platform is fixed.
Consequently, the lens should be collimated first, by adjusting the four mountings
for the platform. Once the lens is collimated, the CCD camera head can be
adjusted in its mounting slots to be coaxial with the lens. The filterwheels are
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not adjustable individually, but are fixed on the platform at the same elevation as
the lens, so that if the lens is collimated, the filterwheels should be as well.

4) Comparison Source System:

The comparison source system consists of a motion stage, a thermal enclosure,
a filterwheel, and an optical projection system which doubles the size of image of
the source at the slit. All parts of the system have a range of adjustments which
will allow the various parts to be collimated relative to each other, as well as to
the spectrograph. However, the enclosure is probably the limiting component in
terms of travel adjustment and distance from the slit, so it will be most practical to
establish the optical axis based on the window in the enclosure. Once the optical
axis is set, the stage, lens groups and filterwheel should be aligned in that order.

5) Comparison Source Housing:

The comparison source stage is mounted in an insulated enclosure to prevent
thermal air disturbances in the slit area. The enclosure has adjustments to allow
it to be moved relative to the stage during collimation. The housing mounting
brackets have slots for fore/aft and up/down adjustment (see Drawing H1688).

6) Comparison Source Stage:

The comparison source stage is mounted on a steel weldment attached to
the slit area frame (see Drawings H1688 and H1692). The four degrees of
freedom to be adjusted are focus and the three rotations (tip and tilt relative
to the optical axis, and rotation around the direction of travel,) The left/right
alignment is controlled by motion of the stage, and the height of the sources
is adjusted at the individual source on the stage. All of the stage adjustments
are accomplished by sliding mounting brackets in their slots, which are found
in the following locations:

1. slots in the individual source mountings on the stage;

2. up/down slots in the pivot brackets attached to the bottom of the stage;

3. forefaft slots and set-screws in the brackets attaching the stage to the support
weldment;

4. fore/aft slots in the support weldment flanges where they attach to the slit
area structure;

7) Comparison Source Optics

The comparison source stage (CSS) optical system has a 6” diameter folding
flat, a 6” triplet, a 2” aperture stop and a 2” doublet. The optical system is
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defined to be in the plane of the instrument optical path and plumb to the
slit area. This plane is established by hanging a plumb bob through the slit
area such that the plumb line is visible at the slit and at the window into the
comparison source stage housing. Using the plumb line for a vertical reference,
and alignment telescopes for the instrument optical axis, the CSS folding flat,
triplet, and doublet can be collimated in that order.

1. Folding Flat: The flat height adjustment is by way of the slots in the
supporting beam brackets. The slots can also be used to adjust the angle of
beam tilt (see Drawing H1814),

2. Triplet: The triplet has adjustments for focus, left/right, up/down, and two
rotations. The adjustments are either by screws in slots or by set-screw
(see Drawing H1816).

3. Doublet: The doublet has adjustments for focus, left/right, up/down, and
two rotations. The adjustments are either by screws in slots or by set-screw
(see Drawing H1812).

8) Comparison Source Filterwheel:

The comparison source system has a 12 position fillerwheel which places
a filter between the aperture stop and the doublet in the projection optics. The
filterwheel and mounting brackets have slotted adjustments for focus, up/down,
and left/right (see Drawing H1706). Additional adjustments are by slots in the
filterwheel support beam and mounting brackets.

9) Iodine Cell Stage:

The iodine cell is mounted on an air-driven linear bearing which allows the
cell to be quickly inserted or removed from the optical path. The iodine cell
is essentially a pair of windows with iodine gas between them, with Himited
adjustments for collimation. The height of the cell is fixed by attachment of the
stage to the decker housing. The left/right position of the stage is set by adjusting
the travel limit brackets on the stage. The primary collimating adjustment is
focus, being the distance from the cell to the decker, and is set by sliding the
cell support in its slots (sec Drawing H1955). The tip and tilt of the cell relative
to the optical axis can be changed by adjusting and shimming the cell in the
supporting cradle.
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Chapter 19
INSTRUMENT COOLING SYSTEM

19.1 General Description:

A liquid cooling system is provided to reduce the buildup of heat in the
spectrograph, and avoid the resulting thermally induced air motion which could
degrade sceing in the instrument. Coolant at about 3°C below the ambient air
temperature is provided by “the telescope system” at a nominal flow rate of 2.6
gallon per minute (gpm) and 80 psi. The HIRES cooling system is designed
to remove all the heat generated in the instrument with the 1500 W of cooling
provided. A control panel for the cooling system is located near the large door
into HIRES and houses a flow meter and flow control valve, as well as gauges
for the inlet and outlet pressures.

The design of the cooling system faced a number of challenges. First, the
cooling provided by the telescope was provided over a very narrow temperature
difference (5°C), and a relatively low flow rate, both of which made heat removal
more difficult. The main variables to balance for an exchanger are the size and
the flow rates of the coolant and the air. In most cases in HIRES, the heat
exchangers were limited in size by packaging constraints. With the AT of the
coolant, the exchanger size, and the flow rate all fixed, the main choices left
were the coolers themselves and the air flow rates. A second consideration
was the cooling circuit through the instrument, and whether to make it a serial
or parallel system. Finally, the type and design of the coolers was considered
to maximize the efficiency of the system. There are four sources of heat, in
decreasing heat load; the electronics vault (600 W), the CCD TV electronics and
liquid recirculator (130 W), the CCD controller (100 W) and the Comparison
source stage (50 W). This adds up to 880 Watts. The CCD controller chassis is
mounted close to the CCD dewar and pre-amp. This thermally insulated box has
a cooler mounted inside. See Drawings H1462 and H1463 for details.

The final design of the HIRES cooling system uses a serial fluid circuit
and Hayden and LYTRON all-aluminum heat exchangers. The coolant flows
first through the comparison source enclosure, which has the smallest heat load
(50 W) and the tightest packaging constraints. Because of the size limit in
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this case, a small Hayden (Thinline TU10416G5-14JB2) cooler is used with a
custom plenum and two 12VDC muffin fans (see Drawing H1423). This choice
allows the smallest cooler to see the greatest initial temperature difference (ITD)
between the inlet coolant and the ambient air in the enclosure, for maximum
heat removal. The HIRES instrument computer reads two temperature sensors
in the enclosure and cycles the fans to maintain the temperature at the ambient
level. The coolant then flows to the CCD TV enclosure (130 W), where it
passes through a LYTRON (5221G10) cooler with integral fans (secc Drawing
H1406). This exchanger was chosen to fit the space constraints and to simplify
the mounting of the cooler, shrouding and fans. The temperature is controlled
in the same manner as in the Comparison source box. The HIRES electronics
enclosure (600 W) has plenty of room for large exchangers and consequently is
the last area cooled. In this case, two large LYTRON coolers (5321G10), with
two 9” fans each, operate with the smallest [T (see Drawing H1411). The long
coolant path and the high air flow rates allow the exchangers to remove the heat
given the worst ITD and the highest heat load in the system. The electronic
enclosure must be maintained at 5°C, rather than ambient, but the computer again
uses sensors to monitor the temperature and cycles the fans as required.

The design objectives for the rest of the cooling system were to minimize
danger to the instrument from coolant leaks and other failures, to simplify
assembly and maintenance, and to standardize on plumbing fittings.

Most of the coolant runs are through insulated copper tubing attached to the
outside of the instrument housing, which provides several benefits (see Drawing
H1450). First, in the event of a leak, the coolant is more likely to run down the
sides of the HIRES enclosure rather than onto optical surfaces or electronics.
Second, the coolant lines are more easily accessible for removal and reinstallation.
Finally, long straight runs of copper tubing are the most economical way to
move the coolant over the distances between the various thermal enclosures. In
locations where flexibility or disconnection are required, Goodyear “Gorilla” 3/4”
ID hose is used. This hose is inert to a variety of solvents, resistant to ozone
and remains flexible at low temperatures.

For shipment and re-assembly, there are several logical places to provide
quick disconnects in the plumbing circuit. The most obvious break is at the
instrument and electronics enclosures where hoses and Parker 60 Series quick
disconnects attach to a feedthru to the heat exchangers. Quick disconnects

46




ate also found at the comparison source, CCD controller box, and CCD TV
enclosures to simplify assembly and removal.

Unfortunately, a wide variety of brass and stainless steel plumbing fittings
were required to join the various parts of the cooling system. For brass parts,
pipe thread and SAE 45° flare fittings were used whenever possible, with a
bias towards the SAE standard. The LYTRON heat exchangers, fabricated with
37° flare ends, were the only exception. Stainless steel tubing and Swagelok
fittings were used inside the electronics enclosure because the heat exchangers
are hard-mounted to the roof of the housing. The control panel is plumbed with
brass fittings and bronze pipe, along with the flow valve, meter and pressure
gauges (see Drawing H1432).
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Chapter 20
DESIGN OF THE CAMERA
MIRROR SUPPORT

The design, analysis and testing of a large mirror mount are described. The
optic is a 44” diameter, f/ 0.75 gas-fusion structured mirror manufactured by
Hextek (Tucson, AZ). The mirror is the primary reflector for a split-corrector
camera system for the Keck Telescope High Resolution Echelle Spectrograph
(HIRES). The spectrograph is mounted on the Nasmyth platform of the telescope,
with the camera mirror optical axis downward-looking 10.3° below horizontal.
This paper describes the finite element analysis of the mirror, conceptual and
detail design of the mount, and interferometric testing of the mirror figure before
and after installation in the support. This design chapter was extracted from
Reference 3 by Bigelow.

20.1 Conceptual Design of the Support:

The Hextek mirror, at 44 inches in diameter, is the largest of its type ever
fabricated. The construction of the mirror is a two step process. First, the front
and rear face sheets, 0.47” thick Schott Tempax, are fusion bonded to a center
section of Tempax tubes. The sandwich of face sheets and tubes is heated to
molten temperature, the tubes are inflated at low pressure through holes in the
rear face. The face sheets and tubes fuse together. The second step involves
reheating the blank as it sits on a convex mold. When the glass softens, it slumps
to conform to the shape of the mold.

A variety of design considerations were evaluated for supporting the mirror.
The support system was simplified by the fact the mirror would be stationary,
and so would always have the same orientation to gravity. The positioning
requirements for the mirror were stringent, but once met, would not require
repositioning or focusing. The mirror would actually be one of two mirrors, each
with a coating optimized for red or blue wavelengths, so the support would need
to be as light-weight as possible and readily interchanged. The end result of the
two diffraction grating dispersions is that the beam through the camera system is
roughly rectangular. Consequently, only about 60% of the clear aperture of the
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mirror, centered with the long axis vertical with respect to the mirror, must meet
the optical specifications. The thermal environment for the mirror would be cold
but stable on the order of 4° F per day, with a median temperature of about 32°
F. The small daily temperature variation was especially favorable considering
the 2 to 3 hour time constant for the 25% weight density mirror. On Hextek’s
recommendation, it was decided to exercise the internal mounting boss option
(for $7000), which provided six 3-inch-square mounting bosses in the plane
of the center of gravity, located symmetrically around the mirror at the 0.7 R
locations. Hextek had previous experience providing both radial and axial support
of smaller mirrors through similar mounting bosses, using a six-link kinematic
connection to a sub-cell. The mirror was to be re-coated with its mounting
boss hardware intact, which required vacuum rated materials and components.
Extensive mirror mounting research and development work conducted by others
for the 36 Keck primary mirror segments was reviewed for possible adaptation to
the Hextek mirror. The Keck segment design uses 36 individual axial supports
bonded to the back of the segments, a torsional link for stiffness about the normat
axis, and a stainless steel diaphragm radial support bonded into a pocket in the
back of the segment and passing through its center of gravity.

After much consideration and debate, it was decided to use a hybrid of the
Keck and Hextek approaches, using the mid-plane mounting bosses for the axial
support, a torsional link and a diaphragm bonded to the back of the mirror for
the radial support. The six axial supports would be reduced to three mounting
points on three whiffletree balance beams. The diaphragm would be designed
such that it was very stiff in the radial (in plane) direction and very compliant in
the axial direction where it would be in conflict with the axial supports.

Several concepts dictated this choice. First, for collimation and initial focus
the mirror support would have to be readily adjustable. The proposed Hextek
design would have required a sub-cell for kinematic support of the mirror, and
a second cell for carrying and adjusting the mitror by way of the sub-cell. This
duplication would be more complicated (and expensive) than a single support
cell. The six-link kinematic support uses three pairs of crossed links to constrain
the mirror, and these links would be long and relatively more complicated in
order to reach into the submerged mounting bosses. In order to reach the sub-cell
in the required locations and at the proper angles, the forces in the links would
be much larger than required to simply support the mirror at the six locations.
The first benefit of the hybrid support was that the kinematic support and the
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axial tilt adjustability would be combined in a single cell. The radial support
minimized the forces input through the mounting bosses, allowed for differential
thermal expansion between the radial and axial supports, and simplified the
assembly and adjustment of the cell. Separating and isolating the radial and axial
supports reduced the danger that the imperfectly realized kinematic supports
would excessively strain the optic.

20.2 Finite Element Analysis of the Mirror:

The objective of the analysis was to determine whether or not the proposed
support system would acceptably carry the mirror while maintaining its figure to
a M2 specification. It was clear from the outset that the radial support, attached
several inches away form the CG plane, would add a bending moment into the
mirror, which would be counter-acted by the axial supports. The FEA would
allow the testing of a variety of connection schemes and would provide insight
into the deflections and siresses as a function of the number and location of
the radial support points.

Hextek provided a 2-D AutoCAD file containing the mirror’s exterior
geometry and interior tube structure. A 1/ 12TH symmetric section of this file was
translated into ANSYS, using the ANSYS/AutoCAD DXF file translator. Inside
the solid modeling preprocessor of ANSYS, the “pie-slice” of tube and facesheet
detail was projected onto a spherical surface of areas at the correct radius of
curvature, and then spherically offset to create the rear surface of the mirror.
Given the front and rear areas of the mirror and the correct tube mesh from the
translator, the tube wall areas were created by connecting the corresponding front
and rear surface edges. Once the 1/12 section was complete, it was reflected
three times to create an accurate half-geometry model. The mounting boss arcas
were added to the model after the main structure was finished. With solid model
plane areas now in place for all the plate geometry of the mirror, 4 node, 3-D
plate bending (no shear deformation) elements with the correct material constants
and thicknesses were assigned to each area. In order to model the effects of the
axial support whiffletrees, 3-D beam elements were defined to connect one pair
of support points, while the third remained a simple constraint (see figure 1 in
the Appendix). The beam elements were defined by the material constants to be
very stiff, so that deformation of the whiffletree would be negligible compared
to the displacements of the mirror. The finished model contained 1345 nodes,
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2106 elements, and 7959 degrees of freedom (see figure 2 in the Appendix). The
weight of the various support components was neglected in the analyses.

A total of about twenty configurations were run with ANSYS several of
which were used to defermine the sensitivity of the model to parameters such
as the modulus of elasticity and plate element thicknesses. The final version
of the model showed 0.8) deformation across the whole front surface, and
about 0.5\ across the required aperture (see figure 3 in the Appendix). This
residual deformation was primarily astigmatic, and judged to be acceptable for
the requirements of the camera system. The analyses also indicated that the
mirror was relatively insensitive to small variations in material constants, face
sheet and cell wall thicknesses, and small foads such as the weight of the torsional
link. The satisfactory results from the FEA gave us the confidence to continue
on the detail design of the mirror support.

20.3 Detall Design of the Mountings:

The conceptual design of the mirror support specified a kinematic arrangement
of three mutually exclusive constraints for the radial, axial and torsional degrees
of freedom. The detail design process was then simply a matter of approximating
the idealized supports with reliable hardware that could be easily manufactured
and assembled. Stainless steel blade flexures were used in situations where small
translations, high stiffness and zero backlash were desired. Simple pin joints
with stainless steel pins in aluminum bores were used where stiff, small angle
pivots were required. Commercial (THK) spherical ball-joints were used for
one-degree-of-freedom constraints. The design features of the radial, axial and
torsional supports will be discussed in that order.

20.3.1 Radial Support:

Keck Observatory Technical Note 142'1 derives several useful formulae for
designing diaphragms for radial supports. The design of the Keck segment radial
support has several well considered features which were adapted for the support
of the Hextek mirror. The primary requirement of the diaphragm is that it safely
carry the radial loads of the mirror under static (installed), as well as dynamic
(transport and installation) loadings. It was anticipated that the mirror might see
loads duaring handling perhaps as high as 6 G’s. It was also required that the
diaphragm be sufficiently compliant in its axial direction that it not adversely
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affect the figure of the mirror by over-constraining the six axial supports. Keck
Observatory Technical Note 18912 documents the testing of a 8” diameter, 0.010”
thick stainless steel diaphragm and found the smail displacement radial and
axial spring rates to be 200,000 lbs/in and 894 Ibs/in respectively, for a stiffness
ratio of 224:1, The results of the finite clement analyses had indicated that a
diaphragm of the same diameter and thickness as the Keck diaphragm would
provide the necessary radial stiffness and axial compliance, even though the
Hextek mirror is only 1/6 the weight of a Keck segment (180 lbs vs. 1200
1bs). The in-plane bending stiffness of the diaphragm was found to be the most
important consideration because excessive stiffness would overconstrain the axial
supports. Testing verified that the diaphragm was compliant enough to avoid
deforming the mirror through a range of axial adjustments.

There is a significant difference in the coefficient of thermal expansion for
Tempax (borosilicate, 1.8 ppm/°F) and 304 stainless steel (9.6 ppm/°F). For a
given temperature change, the diaphragm and its supporting ring would expand
or contract 5—6 times as much as the mirror, This difference would lead to an
axial strain in the mirror if it were not compensated. The Keck approach was to
mount the diaphragm in a pocket at the center of gravity of the segment, with
a ring of axial flex springs which would deflect to allow for the temperature
induced size variations. The flex springs for the Hextek mirror were designed
such that a 40°F change in temperature will create a force of 2-3 ounces at each
of the six mounting points. The Keck design was modified for the camera mirror
by attaching the flex springs to Pyrex blocks epoxied to the back of the Hextek
mirror (see Drawing H5530). A fixture was built to test the radial support system,
using a Pyrex plate to substitute for the mirror (see Drawing H5514). This set-up
was used to test the mounting blocks and diaphragm assembly under varying
temperatures and loads. The assembly was tested to failure in the case of the
mounting blocks, two of which showed small fractures at the bond-line at about
1200 Ibs, more that six times the weight of mirror. This failure was disappointing,
but reassuring in several ways. First, the fractures were in the mounting blocks,
which could conceivably be removed and replaced. Second, there was no
apparent damage to the mirror. Finally, the failures were in no way catastrophic,
and the support continued to carry the load after the fractures appeared.

20.3.2 Axial Support:

Hextek provided six bosses evenly spaced around the mirror approximately
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two inches inside the back surface, which were to be used for the axial support
connecting points, The bosses were 0.47” thick and roughly 3” square, with a
3/4” diameter hole bored through the center of the boss. These holes and the
clearance holes in the back sheet, were bored out in the Lick Optical Lab to
1.25” and 2" respectively. Several pieces of 0.47” thick Tempax were provided
by Hextek for axial support testing. The first connection design used 2 stainless
steel flanges to clamp to the mounting boss. The flanges indexed looscly on the
hole, to axially locate the supporting link, Unfortunately, when the two flanges
were clamped together, the indexing ridge managed to jam in the hole, and neatly
cleaved the test mounting boss in half during tightening. An identical clamp made
of Delrin was also able to fracture the mounting boss. With these enlightening
experiences fresh in mind, all components expected to contact the glass were
redesigned using plastic; Delrin in the case of the axial supports, and CPVC in the
case of the radial support block clamps. Additionally, the clamps were redesigned
to assure that only compressive stress could be generated in the mounting boss.
Drawing H5537 shows the final design of the Delrin 3—point contacting mouns.
The Delrin mounting flanges accommodate variations in the thickness of the
mounting bosses, and the Delrin contact points are compliant enough to provide
low contact stresses and avoid introducing moment loads into the mounting
boss. Drawing H5536 shows the remainder of the axial support, showing the
THK spherical ball-joints, links and whiffletree balance beams. The threaded
connection between the spider and the balance beam allows for collimation.

20.3.3 Torsional Support:

The torsional support is largely redundant but insures that under all conditions,
the radial support is not subjected to large torque loads. The weight of the torsion
link was a concern initially, but was not found to cause a problem. The weight of
the torque link could be counterweighted or supported independently if necessary.
Drawing H5539 shows the torque link and its connections to the supporting cell
and the mirror. The Pyrex mounting block is identical to the radial support
blocks. Note: as of May 1993, this support element has been eliminated. The
glass block is still glued to the back of the mirror.

20.4 Mirror Testing:

The mirror was tested in two different positions in order to confirm the finite
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element modeling and to insure that the figure as polished was still acceptable
once installed on the mount., Zenith and 10° below horizontal tests were
performed on a large vibration isolation stand which was designed for testing
the Keck secondary mirror (see Drawings H5824 and H5825). After several
inconclusive tests it was determined that the only good time to test the mirror
was early in the morning, before small temperature variations (1°F/hr) in the
test tunnel began to change the mirror’s figure. The Hextek blank is believed to
thermalize in 2 to 3 hours and is unstable under even small temperature changes.

20.4.1 Mirror Figure Tests

The initial tests were performed on the mirror without its supporting cell,
mounted instead on a layer of foam which closely matched the back radius of
curvature. All mirror figure tests were conducted in the zenith-looking position.
Interferograms were taken after a 12 to 18 hour soak in the test tunnel at 67° F.
The mirror was then rotated 90°, allowed to soak again and more interferograms
taken. The figures found in the samples are very consistent, with amplitudes
ranging from 1 to 1.5), mostly astigmatic. The amplitude of the astigmatism
varied slightly with rotation of the part, suggesting that the foam suppost might not
be as neutral as we thought, but the topography of the figure was very consistent.

20.4.2 Mirror/Cell Figure Tests

After the horizontal testing was completed the mirror was installed in its
supporting cell, mounted onto the camera sub-structure and tested again. The
finite element analyses had indicated that the predominant aberrations induced
by the cell would be astigmatism and coma, with a vertical axis of symmetry.
The interferogram and fringe analysis data (WYCO WISP®) shows the predicted
astigmatism and coma, with amplitudes roughly three times the expected values.
It is not entirely clear how much of the amplitude discrepancy is due to testing
and data analysis uncertainty or the FEA model predictions. The 1.28) P-V and
0.25) RMS values exceed the initial )/2 P-V specification but were judged to be
acceptable based on analysis of the worst slope errors. The worst-case siope error
of 4.4 micro-radians was found to cause a 6.7pm deviation at the focal plane. The
optical design of the camera system (i.e. perfect optics) predicted a 12.6pm RMS
image diameter. The actual degraded image diameter can be estimated by adding
the predicted image size and worst case ray deviation in quadrature, which yields
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a 13.9um RMS image size. This was considered to be a negligible degradation
of the ideal image and consequently an acceptable figure for the camera mirror.

20.5 Conclusions:

A stationary support was designed to carry a very large and fragile gas-
fusion structured mirror. Finite element analysis was successfully used to
analyze deformation of the mirror under a variety of conditions and orjentations.
Extensive testing of the mitror confirmed the results of the analyses and although
the amplitudes of the deflections were greater than expected, it was not entirely
clear how much of the difference was due to the models, the final figure on
the mirror, testing conditions or unexpected effects from the cell. In terms of
topography, the finite element model did an exceptional job of predicting the
flexural behavior of a large and complicated structured mirror. Finally, optical
testing and slope error analysis confirmed the acceptability of the mirror, its
figure, and the hybrid kinematic mounting.

Thanks to Mark Rodamaker of MCR Associates, Sunnyvale, California
for help with the creation of the ANSYS® FEA model and to Robert Parks
and Richard Whortley of Hextek Corporation, Tucson, Arizona for assistance
concerning the handling, figuring and support of the mirror.
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and assemble. A previous paper discussed the initial finite element analyses of
the lenses, and a more complicated plan of attack for static figure correction'®.
The earlier work was completed without a good understanding of the required
clear apertures, and consequently did not take advantage of the areas on the lenses
which were outside the required aperture. In fact, the echelle and cross-dispersed
beam is roughly rectangular, with the long axis rotated about 8° from vertical.
The clear aperture only uses about 60% of the total aperture of the lenses. Once
the beam shape was known, it was clear that the forces could be applied closer
to the center of the lenses and that two force points would be sufficient. With
a conceptual layout of the support and constraining points, a second round of
finite element analysis was undertaken to determine the optimum locations and

values for the reforming forces.

21.2 Finite Element Analyses of the Lenses:

The initial finite element analyses for the lenses were described in the previous
paper. The same general input routine was used again, with an added subroutine
for applying the reforming forces, The ANSYS® finite element models typically
used about 1450 nodes, 1050 3-D solid elements, and 4200 degrees of freedom.
More than thirty trials were completed for each lens, manually varying the force
or location with each run. Given enough computing power, this process could
be automated for a more complete optimization. Still, a variety of solutions
showing a M4 P-V optical path difference (OPD) were found, and the location
requiring the least force was used in each case (see ANSYS input files in the
Appendix). Figure 1 shows a typical finite element model of the meniscus lens
showing the defining points, symmetric boundary conditions and the locations
of the reforming forces. Figures 2 and 3 show the finite element predictions for
deformation of the meniscus lens before and after the application of the forces.
Figures 4 and 5 show the same plots for the biconvex lens. Note that although
the overall P-V deformations are more than A4, the clear apertures (bold lined)
are M4 P-V. It is important to note that the reforming forces induce stresses in
the fused silica lenses and consequently contribute birefringence effects to the
optical path length errors, However, because the stresses never exceeded 50
psi, well below the accepted 500 psi limit for birefringence!’, the OPD errors
were considered negligible.
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21.3 Detail Design of the Cells:

As mentioned before, a variety of considerations drove the design process
for the corrector cells. The corrector lenses would ultimately be anti-reflection
coated using a Sol-Gel process, developed and applied at Lawrence Livermore
National Lab for the Nova Laser Program. This coating was expected to be
stripped and reapplied occasionally, which required that the lenses be completely
and readily separable from their cells, and precluded “potting”, or elastomeric
mounting. The cells would be manufactured in the Lick Observatory Instrument
Labs, which required that conventional fabricating and testing processes be used.
Reducing cell weight would benefit assembly and handling. Corrosion resistant
materials and surface treatments would be used throughout. Detail design of
the radial supports, axial supports, force application assemblies and cells will
be discussed in that order.

21.3.1 Radial Supports

The justifications for the basic design of the radial supports is discussed in
the previous paper, To summarize, the radial support contacts are split twice in
the theta direction and twice again in the z-direction (see Detail A in Drawing
H5324). The balance beams operate in both directions in order to reduce the
bearing stresses in the optic. Two sets of two radial supports were selected to
reduce contact stress and minimized the deformation of the lenses. Stainless
steel flex pivots were designed to minimize the axial forces transferred to the
optic, while allowing minor focus adjustments without lifting the lens off of
the support. The flex pivots reduce (but do not eliminate) the risk of axially
overconstraining the lens. The Delrin contact pads are mounted to the second
flex pivot, to divide the Joad across the lens center of gravity, again reducing
stress and avoiding local deformation of the optic. A single threaded post at the
top of the cell constrains the lens in the cell during handling.

21.3.2 Axial Supports

The axial supports provide two functions in the corrector lens cells: First,
the axial constraints define the location of the optical surface and provide a way
to align the optical axis of the part. Second, the axial contacts provide a location
for the force points to react against. So in addition to locating the lens, the
axial constraints help to reform the figure. The design of the defining points and
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backside constraints are identical for both lens cells. The defining surface axial
contacts are composed of fine threaded stainless steel posts, with commercial
swivel-feet and Delrin caps to follow and protect the surface of the lens (see
Drawing H5328). The backside axial constraints are primarily “carthquake clips”,
to prevent the lens from falling out of its cell during handling. The backside
contacts are also threaded stainless steel shafts, with spherical Delrin tips (see
Drawing H5328). In the case of the meniscus, the forces applied to correct the
figure actually transfer the lower pair of axial loads to the back of the lens,

_ causing the backside (or “uphill”) constraints to become the defining points.

21.3.3 Force Application Assemblies

The force application assemblies (force points) provide a means for applying
an adjustable force on the optics. The force point consists of a stainless steel shaft,
a swivel-foot/Delrin cap, a threaded brass adjusting body, a spring, and a stainless
steel end cap (see Drawing H5328). The springs are standard commercial parts
that were calibrated for use in the force points. Although the forces applied to
the two lenses are different by a factor of two, the force points are identical
except for the stiffness of the springs. The length and spring constants for the
springs were selected so that both would require about 0.5” of compression to
apply the desired force (11.5 Ibs for the meniscus, 6.0 Ibs. for the biconvex
lens). The springs can be compressed from each end, either by tightening the
end cap, or by tightening the brass adjusting body. The two adjustments allow
for very fine tuning of the force applied and allow the force point to compensate
for axial adjustments of the lens.

21.3.4 Lens Cells

The cells house the lenses and provide a base for attaching the defining and
forcing hardware, The housing is composed of two stiffened face plates which
are screwed to a ring weldment. This construction is relatively light weight
and allows the cell to be dismantled for installing or removing the lens. The
remainder of the cell includes a door for dust protection and a hoisting ring
for handling. Drawings H5324 and H5349 show the complete lens and cell
assemblies. For reference, the corrector lenses both weigh about 120 1bs,, and
the meniscus and biconvex cells weigh 130 Ibs. and 110 Ibs. respectively.
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21.4 Lens Testing:

The preliminary optical specification for the corrector lenses was to achieve
a P-V OPD of M4 over the specified clear apertures. This is probably the easiest
value to work towards during finite element analysis as well as for figuring in
the Optical Lab. However, later analysis of the optical system indicated that
local slope errors were much more important than the overall P-V figure on
a given surface.

21.4.1 Biconvex Lens Testing

Due to convex surfaces and long radii of curvature, it was not practical
to perform interferometric testing on the biconvex lens. Instead, all testing of
the biconvex lens was completed using 10” diameter test plates. Although the
test plates cannot qualify the peak-to-valley specification for the full aperture,
they do give an excellent representation of local slope errors. Based on test
plate measurements, the biconvex lens was found to be better than A/4 over any
given 10” aperture. The following section will focus entirely on the testing of
the concave surface of the meniscus lens, which was the only surface readily
tested with the interferometer.

21.4.2 Meniscus Lens Testing

The meniscus lens was tested in two different positions to confirm the
results of the finite element analysis and to verify that the figure as polished
was still acceptable after installation and figure-correction in the cell. In each
case, interferograms were taken and the Wyco WISP® program was used for
fringe analysis. Zenith-pointing testing was conducted with the lens mounted
on a foam-lined support which was in turn carried on a large vibration isolation
structure (see Drawing H5811). Interferograms were taken for several rotations
of the lens relative to the foam support. The figures were consistent at about
1.5X P-V, mostly astigmatism, and 0.25A RMS.

The next set of tests were run in the final, tilted orientation. The lens cell and
interferometer were assembled on a Newport Research Series vibration isolation
table down-looking (see Drawing H5826). The first set of tests was to establish
the deformed figure without any correcting forces applied. The finite element
model predicted about 2 waves of deformation across the full aperture (Figure
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2). The measured figure was a little more than 4 waves P-V (Figures 9 and 11),
roughly twice the expected amount.

The next set of tests involved applying the correcting forces and taking
more interferograms. One of the goals at this stage was to determine if the
predicted correcting forces were in fact the optimum. Tests were run at 1 1b.
intervals above and below the predicted optimum of 11.5 Ibs. The sign of the
deformation was seen to reverse between 10.5 Ibs. and 12.5 Ibs., suggesting that
11.5 Ibs. really was the best value. By applying the optimum 11.5 Ib. force
at each location, the overall figure improved from 4.34 waves to 1.47 waves, a
reduction of almost 3 waves of astigmatism (See Figure 14). The 1.47X P-V
was sfill much worse than the 0.3) P-V (see Figure 3) prediction from the
finite element model, but nevertheless was a dramatic improvement realized by
a rather simple mechanical correction. The FEA predictions and interferograms
do agree on the topography of the deformed (astigmatic) shape, but the FEA
model underestimates the amplitude of the deformation by almost 5 times. Finite
element models are typically reliable to 10-20%, not 500%, so there is clearly a
problem. Possible contributors include errors in the FEA model, the figure on the
lens, errors in the location or assembly of the lens in its cell or other testing error.

The last interferogram shows the figure over the required clear aperture
(Figure 17). For this area, the P-V OPD is 0.68) and 0.10 RMS. Again, the
P-V number is worse than predicted, but the RMS value is actually quite good.
The fringe analysis program indicated that the worst slope error was 2.13/14.15”
(14.15” is the pupil radius) for a maximum slope of 3.7x10° radians. The slope
error can then be multiplied by the focal length of the lens to determine the
worst case typical ray deviation at the focal plane. In this case, the maximum
deviation was 1.4um and the RMS image diameter was 1.2pm. The diffraction
limited image diameter was 1.64um suggesting that the concave surface was
essentially diffraction limited. This conclusion was also indicated by the 0.66
Strehl ratio calculated by WISP (Figure 18).

21.5 Conclusions:

Two novel figure-correcting lens cells were analyzed, designed and tested.
Finite element models were successfully used to predict the optimum forces and
locations for applying corrections to the lenses. Although the FEA predictions
seriously underestimated the amplitude of the deformations, the models closely
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matched the measured topography of the figures. This result suggests that there
is room for improvement in the modeling process, although it is not entirely clear
whether the disagreement lies in the FEA, the design or assembly of the cell, or
the testing methods. Although much work remains to be done in improving the
accuracy of the figure correcting cell, the concept has been tested and proven
able to remove as much as 3 waves of elastic deformation.

21.6 Lens Installation and Removal

The lenses are shown in Drawings H5384 and H5385. The removal tool
is detailed in Drawing H5363. The lens carrying frames are used during the

installation and removal procedures. They are shown in Drawings H5247 and
H5254.

21.7 Lens Cell Covers and Doors

Drawing H5376 shows the bi-folding door for the first lens cell. This door
replaced the original sliding door which did not provide an adequate seal. The
door is air-operated, The air logic diagram is shown in H5375 and the air control
station for both lenses and the camera mirror is shown in Drawing H5380.
Drawing H5342 shows the meniscus lens cell air-operated door.

Between the two lens cells is a 67 gap. Instead of building doors for these
interior cell faces, a flexible cover has been installed around the cells in this gap.
It is held on using Velcro strips glued to the cells and cell mounting base structure.

21.8 Lens Lifting Slings

Bigelow® describes the Sol-Gel coating procedure at Lawrence Livermore
National Lab. Drawings H5266 and H5267 show the lens lifting slings assembled
with the lenses.
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Appendix B List of Drawings — Design

HO0000 Family Tree, Entire

HO001 General Design Tree

HO010 General Telescope Assembly
HO102 Final Optical Layout

HO0148 Super-Duper Camera Layout
HO0200 Control Functions, Schematic
Un-named schematic
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Appendix C List of Drawings — Collimators

© N =

9

H2005 Locating Tree

H2000 Collimator Assembly

H2206 Spring Pad Assembly

H2209 Support Detail (and Temperature Compensator)
H2401 Transfer Mechanism (Shuttle)

H2415 Shuttle Pneumatic Diagram

H2460 Stage Locks

H2600 Rear View of Cell

H2610 Focus Drive Schematic

10. H2620 Drive Detail
11. H2623 Focus Drive Motor
12. H2660 Motor/Gearbox Assembly
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Appendix D List of Drawings
— Echelle Mosaic

e R S

H3005 Locating Tree

H3040 Glue Procedure and Test Assembly
H3061 Mosaic Test Setup

H3100 Mosaic Assembly on Subplate

H3200 Echelle Drive Assembly and Schematic
H3240 Echelle Pivot Assembly

H3244 Alignment Mirror — BEchelle Pivot
H3300 Subplate Support, Column

H3340 Subplate Support, Lateral Support

- H3345 Lateral Support Detail

- H3425 Echelle Grating Blaze Detail

. H3454 Echelle Grating and Side Pad Assembly
. H3470 Subplate

- H3500 Grating Back Support Assembly

H3510 Grating Side Support, Type 1

. H3511 Side Support Detail, Flex Rod

. H3520 Side Support, Type 2

- H3600 Echelle Cell Assembly

. H3603 Testing, Interferometer Layout

. H3700 Cover Assembly

. H3703 Air Control Panel

. H3801 Subplate Finite Element Analysis Results
. H7300 Encoder Assembly and Drive

. H7330 Limits, Drive
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Appendix E List of Drawings —
Cross-Disperser Mosaic

PR W -

B et bt b et ek el jmed e e = AD

H4005 Locating Tree

H4000 Cross Disperser Assembly and Cell
H4026 Optical Detail and Blaze

H4210 Alignment Fixture for Turntable Mounting
H4251 Encoder Assembly

H4264 Worm Drive Assembly

H4281 Drive Assembly and Schematic

H4300 Subplate Column Support Assembly
H4421 Alignment Nofes

H4424 Alignment Notes

. H4450 Grating Detail

. H4454 Grating and Side Pads

. H4470 Subplate

. H4511 Turntable Preload

. H4530 Turntable Drive Limits

. H4534 Turntable Brake Assembly

. H4740 Cell Carrier Assembly

. H4750 Cell Doors Pneumatic Diagram
. H4751 Pneumatic Details

. H4802 Subplate Finite Analysis Results
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Appendix F List of Drawings — CCD Dewar

N e

et ek e ek et e et

H7005 Locating Tree

7130 CCD Dewar and Suppott Frame
H7131 CCD Dewar Inner Can and Support
H7161 CCD Cooling Detail

H7180 CCD Dewar Window (Field Flattener)
H7187 CCD Socket Alignment Tool Assembly
H7192 CCD and X-Y Stage Assembly

H7209 Dewar Support Frame Assembly
H7250 Dewar and Stage Assembly

. H7260 Dewar With CCD and Echelle Format Layout
. H7312 CCD Focus Drive Sub-Assembly

. H7350 CCD Drive Schematic

. H7500 CCD Electronics (Pre-Amp) Housing

. H7600 Liquid Nitrogen Fill System

. H7601 Liquid Nitrogen Level Sensor

H7800 Dewar Lifter and Cart

. H7815 Dewar Cart Assembly
. BL-1027-2S Ion Pump Modification
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Appendix G List of Drawings
— Housing & Structure

NN E WD =

| I T s B e e e e i s

H6000 Locating Tree

HO010 General Telescope Assembly
PO010 General Layout

H0012 Elevation Axle Detail

H0102 Final Optical Layout

B0148 Super-Duper 3 Layout

H6100 Main Assembly Drawing

H6102 Nasmyth Deck and Leg Detail
H6120 Support Foot Detail (Ball-On-Flat})

. H6170 Optical Bench Assembly (Main Structure)
. H6174 Support Foot Detail (Ball-In-Groove)

H6177 Support Foot Detail (Ball-In-Cone)

. H6200 Main Support Framework

. H6220 Interferometer Mounting for Mosaic Testing
. H6222 Details of Testing

. H6400 Main Housing Assembly

H6410 3-D of Main Housing

. H6425 Electronics Vault Assembly

H6429 Hatch Assembly

. H6460 Light Trap Assembly
. H6461 Light Trap Details
. H6470 Housing and Freezer During Testing at UCSC
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Appendix H List of Drawings —
Shipping & Initial Alignment

H9000 Ruger Crane Assembly and Extended Boom
H9005 Ruger Crane, Position 1

H9006 Ruger Crane, Position 2

H3075 Echelle Mosaic Cart

H4075 Cross Disperser Cart

H6605 Main Frame Casters

H6936 Camera Mirror Moving Details
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Appendix | List of Drawings —
Re-Aluminizing and Re-Aligning

H2640 Collimator Focus, Dial Indicator Detail

H5420 Hextek (Camera Mirror) Aluminizing Fixture Assembly
H6500 Alignment Scenario

H6510 Alignment Telescope Fixture, Rear

H6530 Alignment Telescope Fixture, Front

H6560 Alignment Target, Echelle Pivot
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Appendix J List of Drawings
— Other Comments

1.




Appendix K List of Drawings — Slit Area

1. P1001 Slit Area Overview and Layout
2. H6711 Slit Area Structure Sub-Assembly
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Appendix L List of Drawings
— Slit Assembly

1. HI1324 Slit Assembly
2. HI1326 Slit Drive Schematic Information
3. HI1322 Slit Jaw / Spring Assembly
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Appendix M List of Drawings —
Slit Accessory Server

9.

PN R LN =

HI1359 Details

H1388 Decker Plate Blank

H1384 Decker Plate #A

H1389 Decker Plate #B

H1390 Decker Plate #C

H1391 Decker Plate #D

H1378 Slit Accessory Server Assembly

H1387 Slit Accessory Server Drive Schematic
H6758 Slit Area Stage Mountings — Assembly

10. H6759 Slit Area Stage Mountings — Details
11. H6760 Slit Area Stage Mountings ~— Details
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Appendix N List of Drawings — Filterwheels

H1104 12-Position Filterwheel Assembly
H1115 Filterwheel

H1114 Filterwheel Drive Schematic

H1110 Filterwheel Drive Motor Assembly
H6758 Slit Area Stage Mountings — Assembly
H6760 Slit Area Stage Mountings — Details

IS A S




POLIH o o

ASSY 133EMyALIA
FI0H ZL IIHMAILI

SIIH/ MO
Tind
F557_ TX¥ % ONH “GCLEH
ASSY IMHC WHOM gLk IH
ASSY THEHEM el L
v Y SErva —CCL Lk
i3 AlVid d0L ~SCLLH
[ W P FegRLiH |
FEINMTId HEMA -
‘ST X ¥/L W3OS ROTINOHS -
0L X =1/ b H1_B0S -
HIZY" X NS o) i el
SNISNOH Y =i e
0T X ONNTE—8 "SISHS W05 -
ST X DNNCr—~5 ISHE EIY -
P T F J=ECL N
EHE DONNZE~R - g -

*S2ION

AEELL IR ERER AN




TGLLLIE ooy

L3 -R-9% o

ASSY TIAHMYITLS — | T
FJI0H ZL TIIHMEILIE e O ek 5
SIHIH,/ O3
T4

D3y |

ASSY T1ddHMAELTS @

WO E70H Z1L TIERHAHALE | L

~DE1LH
VTN TR ~Zht
R4 e e
RITTY LTI (B Y r AN

rw
el
LSZI3S M3AaN, HLM ?
anH ATRNISSY




YyLLHH o

NOLLONGTY ¥v3ID ANV V1VQ
JI0H ZL “T3IHMEALT T =T

SAHIH/ %03

MIAIOH WOLSND v J¥IND3Y TIM SYELTS HIHTIHL
WIAMTIOH SIHL N L00F°0 LSVET LV 38 NYD SSINMOIHL ¥31714
AL IWYNDS L2 HO VIQ L,Z VY QI0H THM ONY ZT—LLLLH St ¥3ATI0H dALTES

TIAHMEILNES IHL GNY 9NH
HHL NIIML3A AVd 3384 A8 QALVNINOCG SI NOILMIOS3H TVNLOY

=

[T~y ]
i

J3¥9H3AC/SLD €€L H0
19/.£00°0 ¥O
£00D = ATN/.09C X NE ATY 0£/1N0 ASY | X 51D 000%/A3Y L X 1O L

(nay/zZL) Tt SNOLWLISOd 37l
L0g NOULONAIY AY3D
AN/ SLO 000F HIAOINT HOLOW

TIVOS Z/1 NMOHS "ASSY TIAHMHALTIS . INOLLMTIOSTY DNINOILISOd TVOLLIH¥CIHL




HOLLIH worn YR "TING_S¥ €54 J0vadn. o
Ao Wl ORNEN0D MIN (Y o
POSE Mana] TR i
ASSY ARG WHOM e oty v o
FJICH Z1 “133IHMELT T
S3YIH/ A3
/T
$—810—/CP0SH NIHSYM INRDS FTIATIIEE L
Tr=SrZMf OU3E 9
AW SRR OO, =1Ll WMHMMW ﬂm W
= T e GIGOY AYMATN HUM L—S(0Df ouza €
T VElow = S35 0009—SMH ONVYOVS—LITINGH T
¥ D0 Won0 —— \—£Z9ZH TIS "0001/USK VS
e i 293N HLM 31¥oNen
ST ET = ] = “ANIWNSTTY ONY AT1SN3SSY
T e N e MELIY 32vid NI avaD Nig (1)
T SIMSYN, NS 1 ¥ | Lt = SAL0N
SPE) HYTHOS 1 Z=TLLiH
| % Dan Wer Nid ONGdS 1 =
1SS A3 _BLIT ¥l - D.ONI 1

1SSV 3IA9T WEom )

2 ()

)

i

i

'

i

"
L"'*'_‘I:::l-__—i

£ [ z EE 8 L vt




85/8H o =
Wi BIE
AENISSY (ALRIYIO H04 Q3ACHIY
SLNNOW 20VIS V3V 1178 SLLLH ASSV ANOSS3TOV LNS) ﬁ /\
N B
SIUIH/ %23 I@ﬁ \ /
QALON
1S 1 TUROMHEIS WINY LNS LIS _( -
ASSY AMCESZIY LIS BITIH » .
ASGY. ACS YITLH ﬂﬂ_ |
ASSY | LIHA NS FWCH 2L ,Hou_mﬁ: |.H,F f. - lno_ i ‘ ”
~LELIH m“M
~CalaH ™~
|_cn...wx / | [lg ¥ \d.
ﬁw.... L] e T~
= 4 2 @) ~L @
e @5\@ E@ ﬁ da
CRLDH g
~FELSH L. B
2 = T
[1} -
P

-
1 (65£9H MG 33S) LN
i3 N .
. ¥ =~ < —~L /
7 - I "
! +

i _ + ™

+ /@

(#2¢LH ASSY INS)

) S3d 2
i (CLLH ASSY THMHEOE)

N,
£y

R

P
s

N
1

\,/..l\ / W ~-- A L () 9

(s5.8K MG 33S) {09L9H 2MQ 333)
S W & vza
{] -] O3




09L3H @ w2

e 838 sTd ||| — —
SIVLIQ f
SLNNOW 39V1S vauV 1ITS \ /
SIUIH/ 03 (§S£9H MO IONTELI)
TN g ™ 1

VA s i S i i i 0
== B : I
1% hai.,mhru* \ " @ @ \
SE L = | rootoooooooos H
“ _ "I _\ \ {438 L—98L3H)
I e _
|

l.rrr:
L
:ﬁH
o
il
]
L
_,,a,,
@

, \<O * WI Mrmwlm_mum_l_ﬂ%mmﬂwll . . m ¢) 5o 2
1 e S |
b [=]
4 Th ¥ |
E74Y L_i \ |
T L {434 £-95L9H)
I e
" -
| = |
|
I 3
|
| T
I ,
iq |
AR
I
I
by
|
R _
_ _ \ {438 BLEIH)
\ | e
I I
{12y 8:5(A w_ m
/ r/.ﬂ.!fl!f. (a3 FESIH)
~ _ I I ! e
~L _ [ L—




Appendix O List of Drawings — Shutter

1. H1203 Shutter and Filterwheel
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Appendix P List of Drawings
— TV Autoguider

1. H1401 TV Cooling Assembly

2. H1406 TV Cooling Installation Details

3. P1003 HIRES GUIDER FORMAT

4. H8105 Lens Drive Assembly

5. H8119 Lens Drive Schematic

6. H8326 8-Position Filterwheel Assembly
7. HB8325 Filterwheel

8. H1110 Filterwheel Drive Motor Assembly
9. HB8001 TV Guider Assembly

10. H8002 TV Guider Mount Assembly
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Appendix Q List of Drawings —
Comparison Source System

R Rl S

H1620 Comparison Source Stage Assembly
H1622 Stage Schematic

H1618 Comp.
H1688 Enclosure Assembly
H1701 Comp.
H1706 Comp.
H1655 Comp.
H1657 Comp.
. HI1812 Comp.
10. H1816 Comp.
11. H1814 Comp.

Source Stage Mounting Surface Layout

Source Stage Filterwheel Assembly

Source Stage Filterwheel Mounting

Source Optics (Epps 3940)

Source Optics Stop Layout

Source Optics 2" Lens Cell Mount

Source Optics 6” Lens Cell Mount

Source Optics 6” Flat Mirror Mount
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Appendix R List of Drawings
— lodine Cell Stage

1. HI1955 lodine Cell Server Assembly
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Appendix S List of Drawings —
Slit Area Collimation




Appendix T List of Drawings —
Instrument Cooling System

H1423 Comparison Source Stage Cooling Details
H1406 TV Cooling Details

HI1411 Vault Cooling Details

H1432 Cooling System Control Panel

H1450 Cooling System Installation

H1462 CCD Electronics Cooling

H1463 CCD Cooling Installation Details
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Appendix U List of Drawings
— Camera Mirror

i ANl b

H5000 Locating Tree

H5560 Camera Mirror Cell Assembly

H5530 Camera Mirror Cell, Radial Support Sub-Assembly
H5550 Door Assembly

H5380 Pneumatic Control Panel

H5514 Radial Support Load Testing

H5537 Axial Support Details

H5536 Axial Support Details

H5539 Torsional Link Assembly

. H5824 Horizontal Mirror Testing

. H5825 10° Mirror Testing (As Used in HIRES)

. Figure 1. Half Model Showing 3 Axial Supports
. Figure 2: Half Model — ANSYS Model

. Figure 3. Deflection Contours and Clear Aperture
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Appendix V List of Drawings
— Corrector Lenses

1. Figure 1: Finite Element Half Model Showing the Application of Radial
Forces

Figure 2: Finite Element Contour Plot

Figure 3: FEA Contour Plot Showing Clear Aperture of Lens
Figure 4: Finite Element Contour Plot

Figure 5: FEA Contour Plot Showing Clear Aperture of Lens
Figure 9: Interferometer Quiput, No Forces

Figure 11: WISP Output, No Forces

Figure 17: Interferometer Output, Optimum Support

9. Figure 18; WISP Output, Optimum Support

10. HO148 Super-Duper III Camera Layout

11, H5000 Locating Tree

12. H5266 Meniscus Lens Sling Assembly

13. H5267 Biconvex Lens Sling Assembly

14, H5324 Meniscus Cell Assembly

15. H5328 Axial Support Details

16. H5349 Bi-Convex Cell Assembly

17. H5363 Lens Installation/Removal Tool

18, H5370 Bi-Fold Door Sub-Assembly

19. H5375 Bi-Fold Door Air Logic

20. H5376 Bi-Fold Door Assembly

21. H5380 Air System Layout

22. H5384 Bi-Convex Lens Installation/Removal Procedure

23. H5385 Meniscus Lens Installation/Removal Procedure

24, H5811 Testing Meniscus Lens

25. H5826 Testing Meniscus Lens at 10°
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Appendix W HIRES Control Functions




August 1, 1991

HIRES Control Functions

prepared by Jack Osborne
see /ufjack/text/hires17.cf

1. ECHELLE MOSAIC

a.
b.
c.

——tn
.

g.

1 DC motor: 50 in-0z minimum, 1000 RPM.

Rotation limits: (2 primary, 2 secondary)

Encoder, linear, to measure 1 micron over 100 mm travel. This represents
0.32 arc-sec least count over about 9° total travel.

An air-operated brake will be required.

An air-operated cover will be used. (2 limits)

Dual fiducials using an interrupter in conjunction with stage encoder
index track.

'Brake off’ is a special priviledge requiring a password.

2. CROSS-DISPERSER (Uses a Heidenhain rotary incremental encoder with 3

arc-sec resolution: 10,800 lines with x40 logic = 432,000)

a.
b.

~o a0

1 DC motor: 50 in-0z min, 1000 RPM.

Encoder interface to Heidenhain electronics driver box is required.
Limits for about 30 degrees rotation. (2 primary and 2 secondary)
An air-operated, *user-optional™ brake will be required.

An air-operated cover will be used. (2 limits)

A dual fiducial system like “ECHELLE MOSAIC” above.

3. _CAMERA FOCUS (aka DEWAR FOCUS or DETECTOR FOCUS)

coo o

1 DC motor: 50 in-oz min, 1000 RPM.

Linear encoder: position to 5 microns with 140 mm travel.
Limits: 2 primary and 2 secondary.

Electric-operated fail-safe brakes will be required.

A dual fiducial system like “ECHELLE MOSAIC” above.




4. SHUTTER

a. Opening solenoid (spring return, so that shutter closes on power failure).
b. Magnetic reed switch sensing open condition.

5. DARK SLIDE
a. A slow-moving dark cover for the detector. Air cylinder, 2 limits.
6. _FILTERS (2 wheels of 12 positions right behind the slit)

a. 2 DC motors: 50 in-0z min, 1000 RPM.

b. No limits.

¢. Encode 12 positions each wheel using motor encoder.
d. A fiducial will be used for indexing each wheel.

7. TV Guiding
a. Focus: DC motor: 50 in-0z min, 1000 RPM.
b. Encode using motor encoder.
c. Limits: 2 primary and 2 secondary.
d. Two filter wheels of 8 positions each. See “FILTERS” above.
e
f.

. Aperture adjuster: DG motor and f-stop ring; 50 in-oz min, 1000 RPM.
Shutter (llex or equivalent)

8. _COMPARISON LIGHTS

6-position linear stage; 6" each, moves parallel to slit jaws.
1 DC motor: 50 in-oz min, 1000 RPM.

Limits: 2 primary and 2 secondary.

Motor encoder is used for each of 6 positions.

A mirror is positioned by an air cylinder. (2 limits)

9. DECKER SLIDE (aka SLIT ACCESSORY SERVER)

a. 4 positions, linear motion.

b. DC motor is 50 in-0z min., 1000 RPM.

c. Encoding is done by using motor encoder.
d. Limits: 2 primary and 2 secondary

10. SLIT

a. A bilateral slit will be used. (both sides move, keeping the center fixed)

b. DC motor: 50 in-0z min, 1000 RPM.

¢. Limits: 2 primary and 2 secondary.

d. Encoding will measure 0.001" (0.03 arc-sec on the sky), over 0.25" travel
(each jaw). (Use the motor encoder to do this.)

11. CAMERA MIRROR (44" diameter) will be stationary.
a. Air-operated cover. (2 limits)

poo o




12. _COLLIMATOR MIRRORS (17" diameter) Red and Blue.

2-position stage uses 2 air cylinders. Fither Red or Blue mirror is "in".
Limits: 2.

Air-operated clamp will be required.

Air-operated covers. (2 limits per cover = 4 limits total) Covers are
interlocked, in software, with stage limits so that a cover may be opened
only for the "in" position mirror.

e. User with special password may open mirror cover which is in "out" position.
f.  Focus will be required. (1” travel)

¢ DC motor: 50 in-0z min, 1000 RPM.

* Encoding is via the motor encoder.

* Limits: 2 primary and 2 secondary.

* Electric-operated fail-safe brakes will be required.

Qoo

13. _ACCESS PORT TO SEAL HIRES (Near the slit)
a. Air-operated hinged door. (2 limits)
14. FILTER WHEEL / COMPARISON LIGHTS

a. 1 DC motor: 50 in-0z min, 1000 RPM.
b. No limits.

¢. Encode 12 positions with motor encoder.
d. A fiducial will be used for indexing.

15. _LOCAL LOCKOUT

a. This feature prevents injury to a worker inside the instrument. Lockout status
will be visible at all control stations,

b. The lockout switch is located at the spectrograph and its status should
be obvious.

NOTES:

1. Dual fiducials: All moving stations have at least 1 fiducial (an optical interupter)
At power-up this indicates which side of center you are. Coarse center-locating
is done with this fiducial. A fine fiducial comes with the encoders on the three
stages which use separate encoders. Position information then comes from
the incremental encoder.

2. The "core" HIRES has no field rotator and so has no need for an X-Y stage
for the TV.

3. The TV zoom function will be by "pixel-binning".




4. The 6 comparison source positions could each have up to 3 separate lamps
(and iamp controllers). The stage will scan a single source along the slit or be
driven to one of 6 pre-selected positions.

5. Limits: Secondary (heavy duty) will be the Microswitch DTE6 enclosed styie.
All others will be the low current Microswitch BZ style (we usually call these
"logic" limits).

= modified or new items since last change.

See also drawing # H0200.E .

Distribution: HIRES file (Osborne)
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Appendix X Glossary

1. TPI is threads per inch, referring to screws and nuts. 5 TPI means that each
revolution advances the nut 1/5 inch or 0.20” per rev.

2. CCD is charge-coupled device referring to the main HIRES Super-Duper

Camera detector or the TV guider photo-sensitive detector

FEA is Finite Element Analysis. ANSYS is the software used.

OPD is Optical Path Difference.

5. Sol-gel is an anti-reflection lens coating..
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