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ABSTRACT   

The Robert Stobie Spectrograph Near Infrared (RSS/NIR) upgrade for the Southern African Large Telescope (SALT) 
extends the capabilities of the visible arm of RSS into the NIR. The RSS/NIR instrument is at the prime focus of SALT. 
It is a versatile spectrograph with broadband imaging, spectropolarimetric, and Fabry-Perot imaging capabilities. The 
multiple modes and prime focus location introduce interesting engineering considerations. The spectrograph has an 
ambient temperature collimator, cooled (-40ºC) dispersers and camera and a cryogenic detector. Many of the 
mechanisms are required to operate within the cooled and cryogenic environments. The RSS/ NIR upgrade includes the 
following mechanisms; an active flexure compensating fold mirror, a filter exchange mechanism, a Volume Phase 
Holographic VPH grating exchange and rotation mechanism, an etalon inserter, a beam splitter inserter, an articulating 
camera, internal camera focus and a cutoff filter exchange wheel. This paper gives an overview of the mechanical design 
and focuses on some of the unique testing and prototyping tasks. 
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1. INTRODUCTION  

The Robert Stobie Visible Spectrograph (RSS-VIS) is the first-generation, multi-purpose spectrograph on SALT. It is 
mounted at the primary focus and takes advantage of direct access to the nominal 8’ field of view1. The Near InfraRed 
Robert Stobie Spectrograph (RSS-NIR) is a near infrared arm built on the original instrument to extend its capabilities 
into the near infrared2,3. RSS-NIR is designed with a large range of capabilities including medium band imaging, Fabry- 
Perot narrow-band imaging, long-slit and multi-slit grating spectroscopy and polarimetry. The versatility of RSS results 
in a complicated mechanical design. RSS-NIR has a cooled (-40C) disperser area and camera. The multiple mode 
changes require a large number of mechanisms and the inaccessibility of RSS’s prime focus location and cooled 
mechanisms require large magazines to reduce the frequency of change-outs. In addition the instrument needs to 
withstand gravity loading in flexure due mostly to rho-rotation at the 37º inclination of the telescope. 

1.1 Instrument layout 

The RSS-NIR upgrade had been planned in the original design of RSS-VIS4,5,6. The Invar space frame was designed to 
support both arms. For the upgrade, the fold mirror in NIR-VIS is replaced with a dichroic beam splitter. The beam 
splitter is positioned ahead of the final pair of achromats of the collimator allowing of a new pair of achromats (the 
collimator doublet) for the NIR arm that is optimized for its bandpass. This doublet forms the window of the NIR pre-
dewar. The pre-dewar is cooled to -40ºC. This collimated beam feeds the cooled disperser suit, articulated camera and 
detector. The disperser suit consists of five Volume Phase Holographic (VPH) Gratings and a Fabry Perot Etalon. 
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Figure 1. Cut view of RSS-NIR showing the optical path and major components 

2. OVERVIEW 

2.1 Structure  

The RSS support structure consists of an open-truss welded invar structure. A welded truss frame was chosen to 
maximize stiffness; Invar 36 was chosen due to its low thermal expansion properties, which effectively negates the effect 
of the thermal expansion of the structure. Square thin walled invar tubes were chosen as they are readily available from 
the wave-guide industry. Using 1mm wall tubes resulted in a stiff, lightweight space frame.  

The NIR Upgrade adds two major sections of structure to the existing RSS frame:  

The optical tower assembly is an invar bolted structure which bolts to the top of the collimator barrel. It comprises of 
two sections, separated by a G10 flange at the pre-dewar interface. It provides the support for the dichroic beamsplitter, 
visible doublet, NIR doublet, fold mirror, filter holder, and grating rotation stage.  It is fixed at its base to the existing 
flanged mounting face of the collimator support structure. This tubular structure has been designed to have high 
stiffness, relatively low mass, and fit within existing physical constraints. The optical tower is required to be very stiff 
due to the sensitivity of image motion to motion of the dichroic, fold mirror and grating which are supported off the 
optics tower. 

The articulation structure provides a stiff structure for the camera to articulate around which is thermally isolated from 
the main structure. This structure is fabricated from light gauge steel tubes. The articulation structure is mounted on six 
G10 blocks which feed through the pre-dewar enclosure. The articulation structure is rigidly attached at the central hub 
and circumferential attached by blade flexures at its outer radius. These blade flexures at the interface between the steel 
structure and the G10 feed throughs at the other outer hubs provide the necessary compliance to accommodate the 
coefficient of thermal expansion (CTE) mismatch during pre-dewar cooldown. 

2.2 Optics Tower Assembly 

The optics tower assembly supports the Dichroic beam splitter in the lower section. The dichroic beam splitter, in its  
Invar mount cell, is mounted  into an adjustable kinematic mount. The interface is adjustable in tip, tilt and Z. This 
facilitates alignment of the reflected beam into the visible arm of RSS as well as enabling removal of the dichroic beam 
splitter for recoating or replacement with a mirror or clear window if the need should arise. The optics tower has been 
designed to incorporate the visible doublet to provide a well sealed environment around the dichroic beam splitter and 
pre-dewar window.  

The doublet is housed within the G10 interface flange of the tower structure and functions as the window between the 
ambient and the -40ºC pre-dewar environment. The first element of the doublet (fused quartz) is mounted in a G10 lens 
cell and the second (CaF2) in a circular spring flexure aluminum cell. The gap between these elements has been 
increased to ~4mm to decouple the CaF2 lens from the temperature gradient across the fused quarts window. The 
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material choices for these cells is still being investigated with the need for a rigid stable material being weighed against a 
need for a thermal barrier at the entrance to the predewar. The elements are adjustable while in place in all degrees of 
freedom (except rotation) relative to each other and as a group. 

  

Figure 2a. Cut view of Optics tower. b. Optics tower exterior view.  

The fold mirror, mounted on top of the optics tower directs the beam into the NIR instrument. The fold mirror is an 
elliptical mirror with a major diameter of 297mm and is 38mm thick. It has a basic conical mass relief on the back side. 
The mirror has an invar puck epoxy bonded to the center of the back side for mounting. An FEA analysis of the mirror 
shows deflection sag of less than 70nm.  

The fold mirror is mounted to an actuated stage to enable motion of the mirror. There are two nested stages. The first 
stage provides a small tip/tilt motion (2mrad tip/tilt and 200um piston) for flexure compensation. To achieve this, the 
mirror is directly mounted to a tip/tilt piezo stage. This stage is intended to enable approximately 1pixel (18um) image 
stability. The tip tilt stage is then mounted to a larger range of motion flexure dithering stage which allows the mirror to 
nod up and down. This enables the field to be moved up and down on the detector (perpendicular to dispersion). The 
single axis tip motion gives approximately 10mrad of tip allowing dithering of ~1.8mm or 100pixels at the focal plane. 
The flexure tip tilt stage is nested within the dither stage and the two systems operate independently. 

2.3 Collimated Space and Disperser Optics   

Extending from the optics tower along the optical path is the filter position. The filters are inserted into a set of V-rollers 
and latched in position. The bottom row of V-rollers is fixed and the top set is sprung in the vertical direction to firmly 
hold the filters in place (Fig 3).  Beyond the filter is the pupil mask which is adjustable in translation.   

The grating rotation stage receives the grating from the magazine and inserts it to the desired angle.  The grating is held 
in position using the same V-groove scheme as the filters. The grating can be rotated from zero to fifty degrees. The 
grating rotation stage is supported laterally both top and bottom by two plates.  The lower plate is the extension of the 
fold mirror structure base flange and the upper plate is fastened to top of the fold mirror structure.  Support in the z axis 
comes from below at the center hub of the camera articulation frame.  This support scheme guarantees more rigidity for 
the grating holder and subsequently less undesirable deflection than a single rotary stage can provide. Rotation of the 
grating around the optical axis is particularly undesirable and this mounting scheme is designed to maximize stiffness in 
that direction.  Precision instrument ball bearings top and bottom allows low friction rotation of the stage.  The complete 
stage with grating and holder in position is balanced about its rotation axis.  This helps to eliminate errors due to the 
effect of gravity at the various camera positions.  A linear electro-mechanical actuator is used to rotate the stage. 
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Figure 3a. Filter, Pupil Mask and Grating Rotator. b. Latch used to latch grating and filter in position. Latch is 
released by rotating the tip of the inserter push rod. c. The grating is held in place with v-rollers, the top row of v-
rollers is spring loaded. 

Next along the optical path is the Etalon. The etalon in inserted into the beam on linear rail tracks and held in position 
with its insertion actuator. The alignment of the Etalon can be adjusted in tip and tilt in-situ. 

Attached to the front of the camera is the polarmetric beam splitter. It is inserted into the beam using a pneumatic 
actuator. The beam splitter is attached to the camera and rotates with it when the camera articulates.  

 

Figure 4. Optics Storage Assembly (OSA) which holds the Filters, Gratings and Etalon and inserts them into 
position as required. 
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The Filters, Gratings and Etalon are swapped in and out as 
required using the Optics Storage Assembly (OSA). The 
OSA provides a staging area for the optics not in use and 
then selects and inserts the desired optic from the 
magazines. The OSA consists of 2 filter magazines, a 
grating magazine and the Etalon. The stored optics are on a 
large stage which positions them as required in front of the 
inserter actuator. Once the stage is in position, the inserter 
extends to engage the optic. The actuator it is then rotated 
using a secondary actuator which unlatches the optic from 
the magazine and is inserted into the beam. Once in the 
beam, the optic is latched in place and the inserter actuator 
is retracted. Another optic can then be inserted into a 
different position.  

There are two filter magazines to enable replacing filters 
without opening the entire pre-dewar.  The pre-dewar has 
an airlock chamber into which a 3-filter magazine travels 
and can then be sealed off. The airlock chamber is then 
warmed and the magazine removed. Provision has been 
made to insert a filter into the grating position temporarily 
in order to facilitate sorting the filters so that the desired 
filters can be placed in the removable magazine.  

2.4 Camera, Camera Focus and Camera Articulation 

The camera is made up of 7 elements ranging in size from 
68mm to 225mm. Elements 1 through 5 reside in the 
camera barrel with elements 4 and 5 being mounted in the 
focus mechanism within the barrel (See fig. 6). Element 6 is 
the dewar window and element 7 is within the dewar. A 
basic analysis of the individual element mounting and 
alignment tolerances was done using ZEMAX. The 
tolerance analysis shows the first three elements in the 
camera to have the tightest tolerance, on the order of 25µm 
decenter and 0.025degrees in tip tilt. The other tolerances 
range between 50µm decenter and 0.05degrees in tip tilt and 
100µm decenter and 0.1degrees in tip tilt. These tolerances 
are on the tight edge of what can be achieved with standard 
machining and alignment practices and special attention 
will be given to the mounting and alignment methods.  

The lenses will be mounted into bezel cells on a rotary 
table. The bezels will have a precisely machined tangential 
shoulder which is concentric with the outside of the bezel. 
The empty bezel will be placed on the rotary table and centered. The lens will then be lowered into the cell and the axial 
runout of the back surface will be measured optically and small adjustments made to align the lens within the cell. Once 
the lens is aligned, the lens will be bonded into the cell. Where lenses have matched radius and close spacing, the lenses 
will be built up in series with polyester shims between the elements in place of the shoulder on the second bezel. The 
camera barrel lens stack will have axial spacer shims between cells to enable final adjustment of the lens spacings. 

Focus adjustment of the camera is achieved by axial movement of elements 4 and 5 as a group. The group has a range of 
travel of ±1.5mm. Elements 4 and 5 are mounted between two diaphragm flexures and driven by a linear actuator 
through a spring loaded lever.  

 

 

 

 

Figure 5. OSA and Camera in various 
configurations.      a. Fabry-Perot Imaging. b. 
Camera articulated 50º. c. Camera  articulated 100º . 
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Figure 6. a. Camera Barrel. b. Focus Mechanism, Camera elements 4 and 5 are mounted in a diaphragm flexure. 

The camera is mounted to the articulation mechanism using a ball in a cone at the front and two blade flexures at the 
dewar end. The dewar is flange mounted to the camera. The flange is a spacer which allows for any final adjustment of 
camera dewar misalignments. It also allows rotational adjustment to align the detector rows with the spectral lines and 
the articulation plane. 

 
 

Figure 7. a. Articulation frame with ring gear and circular guides. b. Camera cradle  

The articulation mechanism rotates the camera and dewar around the grating rotation axis to set the camera at the correct 
angle to the grating. It has a maximum rotation angle of 100º at 0.5º increments. The camera cradle rides on two circular 
rail sections and is driven by a motor–gearbox on a large custom ring gear. Once at the required angle, a pneumatic 
detent locks the cradle in position and the motor can be turned off.  

2.5 Dewar 

The dewar mounts at the back end of the re-imaging camera. It houses a Teledyne Hawaii 2RG array, ASIC cold card, 
field flattener and filter wheel containing three low-pass filters. A Brooks Automation Cryotiger closed-cycle 
refrigeration system cools these components to cryogenic operating temperature.  Light enters the dewar through the 
sixth optical element of the camera, which serves as the dewar window.  The window mounts to the front face of the 
dewar vacuum vessel. This vessel provides thermal isolation and mechanical support for the cold internal components.  
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Figure 8. a. Detector dewar showing detector module and cryocooler.  b. Detector Module 

The cold optical assembly, shown in fig. 9, consists of the detector, field flattener, filter wheel assembly, and radiation 
shield.  It is supported inside the dewar off the back of the vessel shell by a G10 tube.  The G10 tube mechanically aligns 
the cold optical assembly relative to L6 and provides conductive thermal isolation to the ambient environment.   

The five-position filter wheel has positions for three filters, a stop, and an open position to allow the entire bandpass to 
be imaged.  The geared wheel is driven at its outer diameter by a Phytron stepper motor.  Position is controlled by the 
detent profile below the gear teeth.  In operation, the motor drives the wheel to the desired position, current is cut to the 
motor, and the detent bearing snaps into the wheel detent, accurately clocking the orientation of the wheel.  This mode of 
operation facilitates accurate repeatable positioning of the filters without the use of a hold current and the unwanted 
parasitic heat load.  A small magnet at each wheel location is sensed by a Hall effect sensor and provides verification 
that the filter is in the beam.  By flipping the polarity of one of the five magnets a unique “home” position can be 
distinguished. 

Figure 9. a. Cold optical assembly within the dewar. b. Filter wheel. c. Filter wheel detent, mounted on a flex 
pivot. 

The detector and L7 (field flattener) are packaged in a subassembly called the detector module. The front half of the 
module is simply the L7 cell.  The back half is the detector mount.  When bolted together the detector is naturally 
protected by the lens in front of it.   Packaging the L7 and detector in this way protects the detector and eases alignment 
of the detector to the rest of the optical system.  Since all adjustments are accessible from outside the module, once 
installed, the detector should not need to be handled. 

2.6 Pre-Dewar and Thermal System 

The majority of the RSS-NIR instrument resides in a pre-dewar enclosure which maintains an internal temperature of -
40ºC to reduce background IR. The pre-dewar enclosure performs a number of functions: It provides a thermal enclosure 
which minimizes heat transfer between the cooled inside and ambient outside of the box. It provides a light tight, dust 
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tight and moisture tight seal to the outside. It is required to be sturdy and self supporting under wind loading and to 
withstand handling. 

The pre-dewar enclosure is constructed in two sections, the pre-dewar base which is attached to the RSS structure and a 
removable pre-dewar top cover. The base is captured under the articulation frame and has penetration through which the 
G10 structural feed throughs are installed. These G10 structural feed throughs are the rigid structural attachment points 
of the instrument. The lower pre-dewar enclosure also contains the bulk head for all the electrical, air and cryogen feed 
throughs as well as the air-lock chamber. The pre-dewar top cover is removable and is attached to the base with cam 
clamps. The top cover has an integral false roof with ducting to improve the flow of cooled air within it.  

The primary material to be used in the construction of the pre-dewar is Divinycel H35, which is a thermoplastic 
sandwich core material that exhibits good mechanical characteristics and offers excellent thermal insulation properties 
and low water absorption. The Divinycell core will have carbon fiber skins aproximatly 0.6mm thick. The outer skin will 
be covered with patch heaters which heat the outer skin of the pre-dewar to within 2ºC of ambient so as not to degrade 
the telescope dome seeing. On top of the patch heaters is layer of insulation to improve uniformity of the skin heaters.  

The pre-dewar is cooled using a heat exchanger connected to a recirculating chiller, which is located in an insulated 
compartment under the primary mirror. To prevent condensation the coolant travels in vacuum insulated piping. The 
piping routes through the existing SALT cable wraps, which limits the size of the flex sections. Heat exchanger fans 
provide the primary cooling air circulation inside the pre-dewar, and are supplemented by additional fans where needed 
to maintain pre-dewar temperature uniformity. A heater located at the exchanger exit is used to maintain steady internal 
pre-dewar temperatures under varying environmental conditions. The pre-dewar is purged with dry air prior to cooling, 
and a continuous purge is applied to maintain positive pressure in the enclosure.  

3. CURRENT ACTIVITIES AND PROTOTYPING 

3.1 Grating Filter Insertion Prototype 

The need for a large full scale prototype that spanned all the engineering disciplines became apparent as the design 
progressed. The optics storage assembly is the most complicated mechanical assembly in terms of the number of 
actuators and motions required. It was decided to prototype some of these functions in the Grating Filter Insertion 
Prototype (GFIP). The GFIP would then be integrated with a control system using many elements of the full up control 
system and fully tested for durability and ability to operate reliably at varying gravity vectors and in a -40ºC 
environment. 
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Figure 10. a. Model of the GFIP showing inserter, magazine and grating rotator. b. Photo of the built up GFIP c. 
GFIP on varying gravity load test bench. d. Filter dummy in the grating rotator. e. Latch rotator actuator and 
encoder. 

The GFIP is designed to insert either a filter or grating into the grating rotation stage. It unlatches the optic from a mini 
magazine and inserts it into position. It then actuates the cam latch to latch the optic in the beam and retracts the 
actuator. The GFIP is connected to the control system but is currently being run at a very basic axis by axis level as the 
control system software is being developed. 

The GFIP has been run at a variety of gravity angles and has performed well in terms of reliability, speed, and accuracy. 
The next step will be to get it to operate under high level software control where we can perform multiple repetitive 
cycles at various gravity vectors. Once gravity testing in completed, the test bed will be moved to a large -40ºC freezer 
chamber at the University of Wisconsin Physical Sciences Lab where it can be tested in a similar way at low 
temperatures.  

3.2 Slit Cooling Prototype 

The requirement to cool the slitmask in the existing ambient instrument provides a unique set of engineering challenges 
that need to be considered. The space around the slitmask is very limited with a narrow ~15mm space in which to place 
the cooling system. The area around the slitmask is open to the ambient environment so condensation onto the slitmask 
and cooling system needs to be avoided. And the slitmask cannot be cooled in its magazine so it is required to be cooled 
quickly once inserted into the beam. The target for the slit cooling are to get the slit cooled to 15ºC below ambient in 5 
minutes. A slit cooling concept has been developed which uses a cold finger cooled by a thermo electric cooler (TEC) to 
contact the slitmask frame and cool it. This concept has been developed into a prototype which is currently being tested 
to investigate whether its performance has the potential to meet the slitcooling requirements. 

The prototype replicates the existing slitmask holding arrangement on the instrument in which the slitmask frame is held 
in position with 4 circular groove rollers, two fixed and two flexured. A sprung preload screw presses the mask in 
position mimicking the pneumatic actuator which inserts the slitmask. This also allows the force with which the mask is 
loaded to be measured. The hard-stop of the slitmask mechanism is replaced by the copper coldfinger which is mounted 
on flex pivots in two axes of rotation so that the coldfinger can self align with the slitmask when the mask is pressed into 
position. The self alignment allows the contact area between the slitmask and coldfinger to be maximized and provides a 
repeatable front stop position for the slitmask. The TEC is mounted to the coldfinger and sandwiched between a heat 
exchanger plate on its back of the TEC to remove the heat. The heat exchanger plate is connected to a recirculation 
chiller and is held at ambient temperature. The prototype is instrumented with multiple thermistors and the TEC is 
controlled closed loop. The ‘slitmask’ used in these test were made of aluminum shim stock and the thickness was sized 
to match the thermal properties of proposed high conductivity carbon fiber sheet that will be used in the final instrument.  

The tests performed thus far have run the TEC at 80% of its maximum power during cooling while various mechanical 
parameters have been changed. A sample of the data from one test is shown in fig.11. Three of the tests are summarized 
here : 
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1) The slitmask frames currently in use on the 
visible instrument are made of aluminum. An 
aluminum frame was compared to a frame made 
of copper, the center of the slit was found to 
attain 4ºC cooler temperatures after 10 minutes in 
the copper than the aluminum 

2) The slitmasks with a 30N and 60N clamping 
force were tested. The 60N force showed 1ºC 
cooler temperatures after 10 minutes 

3) Gap filler materials were compared to bare 
interfaces at the cold finger to slitmask interface. 
The best gap fillers were 1-2 ºC warmer than a 
bare polished interface. Thermal grease did 
produce slightly better performance but would 
not be practical in the in-service instrument. 

These tests have improved our ability to model the system 
using Thermal FEA analysis. This is proving very useful as 
we investigate where to make improvements to optimize the 
design as well as with the design of the longslit frame. They 
have also proved so far that this is a viable design. 

 

 
 

 
 

Figure 12. a. Model of the slit cooling. b. Photo of the built up slitcooling test c. Sandwich of copper cold finger, 
TEC and heat exchanger. d. Pivot flexure mounted cold finger. e. Instrumented copper slitmask. 

The next set of tests will focus on understanding the condensation issues and what purge flow rates will be required to 
suppress the dew point around the slit. The effect of the high purge rates on convective warming on the slitmask will 
also be investigated. 

 

Figure 11. Slitcooling test data with a copper mask 
holder, bare polished interface and 30N force 
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3.3 Pre-Dewar Enclosure Development 

The design of the Pre-Dewar Cold Enclosure has been an area of investigation and development. Our initial plan, to have 
a vendor build a foam core box and then skin it by vacuum bagging, appeared to be a very expensive and possibly risky 
option. The main reason for the high cost of that route was the need to build very complex moulds to build the enclosure 
around. Our geometry is complex with many integral features such as the filter airlock, ducting and cable and structural 
feed-throughs.  

We then investigated getting large flat custom panels made in order to be able to fabricate the enclosure using standard 
tools and simple cabinet making techniques.  This involved changing the geometry, from the curved surfaces conducive 
to vacuum bagging, to simple square corners. By procuring flat panels we are able to specify the foam core to the exact 
thickness and density we require. We will also be able to optimize the inner and outer skins to be the optimum number of 
layers and weave to provide sufficient strength while minimizing weight. Using flat panels allows the panel 
manufacturer to make the composite panels in a panel press giving them better control of the curing pressure and 
temperature for a more uniform panel. We are also investigating the possibility of using high thermal conductivity 
carbon fiber in the outer skin to avoid the need for an aluminum layer under the skin heaters.  

A small prototype enclosure has been constructed to test the viability of constructing an enclosure from pre-made panels 
using woodshop tools. This enclosure was built in a couple of days using a table saw and router and a few jigs. The 
material used in this box are stock panels from Dragon Plate, they are 1” Divinycell H100 core with 3 layers of Carbon 
Fiber on each side. The material is easy to work with; it is very flat and square. We used 1” wide strips of 3/32” G10 as 
tenons which provided a snug fit with the 3/32” groove cut with the saw blade and router slot cutter. The Carbon fiber 
was cut back at the joints so as not to have a thermal short. The enclosure corners were finished using Dragon Plate 
extruded trim sections.  The face where the top and bottom halves of the enclosure meet are being finished with a 
fiberglass skin to reduce thermal conduction at the interface. The box will be sealed with silicone seals and secured using 
cam clamps.  

b. 

Figure 13. a. Dry fitting of the cut panels. b. Bottom section of the prototype enclosure after glue-up. 

4. STATUS 

We have presented the current status of the mechanical design. Progress ahs been made through 
prototyping of understanding the high risk areas and enabled a knowledgeable design of those 
subsystems. We are now moving towards a critical design review in fall of 2010 and then moving 
into full scale fabrication with the target of taking the instrument to SALT in South Africa for 
commissioning in 2012. 
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