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The Prime Focus Imaging Spectrograph (PFIS) for the Southern African Large Telescope (SALT) is a 
versatile imaging spectrograph with grating, Fabry-Perot, and polarimetric modes. It will be located at the 
prime focus of SALT riding on the tracker, a remote location. The desire to have a wide range of observing 
modes available for the SALT queue requires PFIS to carry a large complement of optical elements within 
a fairly stringent weight budget, resulting in a challenging instrumental project. The CDR Committee was 
impressed by the effort that went into this review and by the level of commitment, and compliments the 
PFIS team on the progress they have made since the PDR. We recommend that the project move forward to 
the construction phase. We do feel, however, that the current state of the project falls somewhat short of 
what we would consider full CDR readiness. We would have liked to have seen a more complete drawing 
package for one or more of the complex mechanisms: the first set of redline prints for the waveplate 
assembly were useful to see, but this is a very simple assembly compared to the slit unit or grating 
mechanism.  Some prototyping would have given confidence that the aggressive development schedule 
could be met. The team now faces an essentially standing-start with only 18 months to go until delivery. As 
a result, we are fairly certain that the project will face a schedule slip which results in a budget over-run. 
 
We do have a number of important concerns about the schedule and funding for the project, together with 
many detailed comments on the design. We will address the former, first. The detailed comments follow in 
the appendix, and are meant to be a compendium of all the issues that occurred to us. As such, some may 
have been answered during the review, but we wanted to capture them all. 
 
I. Schedule 
 
We are primarily concerned that the schedule is constructed for a best-case scenario, practically 
guaranteeing slips which will result in a cost over-run. Real world experience guarantees that parts of the 
project will not be completed on this schedule, and the resulting cost of manpower and potential rework of 
components will come straight out of the dwindling budget contingency.   
 
The optics delivery schedule is unrealistic, even though it is based on quoted delivery times. It also contains 
no schedule reserve, in case of breakage of an element. Our experience suggests that, while Coastal has met 
rapid delivery schedules before, relying on what seems to be an aggressive delivery time quotation is risky. 
Optics are often delivered late, and we worry that an aggressive schedule will increase the risk of breakage 
of one of the CaF2 elements. The team can parallel the optics manufacturing by sending component sets to 
different vendors. This may be the only way to stay on an aggressive schedule. In the event of breakage 
(which with 12 elements is a distinct possibility), there is a very significant schedule hit that would have 
repercussions for the rest of the project.  We strongly suggest evaluating the cost of a spare CaF2 blank or 
two, and balancing this extra cost against the cost of a schedule slip equal to the delivery time of new 
blanks. It is not cost-effective to buy the full set of blanks, but a couple can be identified from which any 
broken CaF2 lens could be generated in the event of breakage. If unused, such blanks can probably be sold 
at the end of the project.  In any case, realistic schedule contingency needs to be built into each step of the 
optics procurement, testing, assembly and alignment process to ensure against what we see as in inevitable 
schedule slip in this area. 
 
The mechanical systems design-build-test schedule is also worrying. The start dates are staggered on an 
aggressive schedule with only one critical team member responsible for all of it. Even worse, the 
assembly/testing of these units all pile up in a short space of time. It is inevitable that one or more of these 
complex units will encounter problems and require rework. If a realistic contingency is built into the 
development cycle for each (say 20%), then there will be enough time to recover when one of the units 
requires significant extra effort. The team has not built mechanisms of this complexity before, so they must 
be realistic about potential design problems that may not surface until the units are under test. We do not 
see specific design problems with these assemblies, rather we are concerned that the team does not have 
direct experience in designing such units.  This lack of experience is reflected in the aggressive schedule 
for their production that does not allow for problems turning up. We recommend that they work intensively 



on one of these units (perhaps the slit mask changer/inserter) first, taking it from design to testing, in order 
to give adequate time for rework if needed. In the meantime machining of the other units can start, but we 
are worried that the parallel plan for these assemblies will not only tax the team�s resources, but holds the 
potential of similar problems turning up in each unit that then each have to be fixed, separately. 
 
Every part of the instrument needs to be identified, named and included in the schedule, even if it is 
considered a �small thing�. The small things such as fixturing can add up uncontrollably, and there will be 
lots of unexpected items to procure or manufacture.  Identifying everything that you know you will need is 
important. A particularly serious omission is the lack of a task entry for the design and build of the optical 
alignment/test fixturing. This is a crucial item for the success of the optical alignment and will be supplied 
to SALT as part of the deliverable package (they must be able to check/realign the optics if problems 
develop).  
 
Our main point here is that the schedule has been developed based on the most optimistic (success-
oriented) scenario. Real-world experience shows that even experienced instrument teams encounter 
significant unforeseen problems that require rework. This leads those of us with experience to err on the 
pessimistic side and build schedule contingency into the process. Without such foresight, schedule slips 
become inevitable with the accompanying budget increase, an increase that the PFIS project has no way of 
covering with the current budget constraints. 
 
II. Budget 
 
At this point in the project, 6% remaining budget contingency (with 65% of the allotted contingency 
already allocated) is too small to have confidence that PFIS can be completed within budget. Budget 
contingency should be for the aspects of the project that have unforeseen schedule or cost over-runs. In a 
project like this it is inevitable that such items arise and it is unreasonable to expect the PFIS team to bear 
all the risk in this case. A university project like this cannot be treated as a fixed bid commercial contract: 
they are not charging SALT a profit margin which includes unforeseen budget items, that we know will be  
there. We recommend that the SALT project release the rest of the budget contingency to the project and 
discuss with the University of Wisconsin a contingency plan to deal with a budget over-run. We are 
confident that there will be a need for more funds, and the source of those funds must be identified early to 
prevent a crisis of schedule in the late stages of the project. Schedule effects budget and budget effects 
schedule. This reality is best faced early.  We have a specific suggestion: Wisconsin has made contributions 
to SALT both in the PFIS project and in a monetary payment. If no further funds can be identified for PFIS 
(as we have been led to believe), then part of the direct monetary payment to SALT could be applied as 
contingency to PFIS. If the project has a cost over-run, then the result is a reduced share of observing time 
for Wisconsin, but PFIS can be completed. We don�t know if this is feasible within the SALT budget, but 
urge that this issue be considered, soon. 
 
An important aspect of the project that we did not see reflected in the budget is the matter of spares. Often, 
by the time a major instrument is delivered, some components are already obsolete. This is particularly true 
of control components. In the interests of long-term reliability of the instrument, and in light of the remote 
location of SALT (in relation to suppliers in the US), it is crucial that adequate spares be provided with the 
instrument. It is a false cost-saving measure to skimp on spares when the loss of a key component could 
take the main instrument on SALT down for weeks. In fact, we think that it would be far preferable to 
replicate each of the more complex mechanisms (slit unit, grating unit, and filter unit) and be able to swap 
in a complete unit in case of failure. Such a swap could most likely be achieved during daytime with no 
loss of observing time. The malfunctioning unit could then be repaired off-line. We include this discussion 
under the budget heading, because there is insufficient funding for the PFIS project to provide such spares, 
and we feel the SALT project should provide additional funds for critical spares. It is relatively inexpensive 
and quick to replicate entire complex assemblies once the engineering work is done.  Procuring duplicates 
before the PFIS team disperses would be money well-spent by the SALT project. 
 
We are pleased to see sufficient travel funds budgeted. Many trips to vendors will be necessary to keep the 
pressure on, to maintain schedule.  
 



III. Weight 
 
The weight budget was a major concern of the PDR Committee, a concern that has been subsequently 
borne out by the growth from 375 to 498 kg during the design process.  Fortunately, the SALT project has 
given the PFIS team relief by upping their allowed weight to 500 kg, but we do not have confidence that 
the total weight estimate of PFIS is fully accurate, and expect further growth in this area. The issue is not 
the estimates of the items already identified in the budget, but all the small things that have not been 
included. Our experience is that, while such items may seem incidental, they add up to a significant weight 
and will result in the instrument breaking its weight budget. 
 
There is rarely a hard cut-off in weight budgets (except for satellites). It is important that the PFIS team 
continue to keep a tight control on weight, designing light-weighting into assemblies wherever possible, but 
care must be taken not to compromise long-term reliability. We feel, for example, that using D-connectors 
instead of more robust mil-spec connectors will result in maintenance problems in the long-run, with only a 
relatively small weight savings. It would be a mistake to compromise the robustness of the instrument in 
order to conform exactly to a weight budget. Instead, we suggest that one of the etalons be reserved as a 
weight-saving measure, and only two be mounted at once, if  the 500 kg is indeed a hard weight limit 
(which we doubt). 
 
IV. Infrared Arm 
 
We share the PFIS project members excitement about the possibility of upgrading the instrument with a 
second, infrared arm. We commend the PFIS team for keeping this option open in the face of tight weight 
and budgetary constraints. We agree that the burden of producing a viable design concept for such an 
extension should not be placed on the PFIS team. But, we are very concerned that (without a proper design 
study) the unique parameters of the IR arm, and its impact on the design of the current PFIS instrument, 
will not be considered properly. This will make the future implementation of the IR arm difficult, and 
hence less likely to happen. If the IR arm is never built, PFIS will end up carrying ~80 kg of excess ballast 
in order to balance its center of gravity: weight that could be used for other instruments. We appreciate that 
the auxiliary port instrument could use this extra weight budget, but expect the space envelope at that port 
to be very restricted. We urge the SALT project to aggressively identify a team within their consortium (or 
potentially even outside), that will take on the IR arm preliminary design task as a matter of urgency. 
Without such an effort, we predict that the IR arm will not ever be realized, which would be a pity.  
 
In the absence of a PFIS-IR arm team, we suggest allowing a larger envelope around all components on the 
IR side so that cryostat assemblies can be fit in. It will be impossible to alter the PFIS framework once it is 
in service, so adding the IR arm may be precluded by something as mundane as Invar members too close to 
the optical axis. 
 
V. Mechanical 
 
We only have one significant problem with the mechanical design philosophy, which involves the interface 
to the Prime Focus Instrument Package (PFIP). We think that the adopted �semi-kinematic� concept with 
12 pads, two of which have pins (one constrained in 2-D, the other in 1-D), will not perform as the team 
envisions. Stiction will dominate the behavior of this interface, resulting in unpredictable (non-elastic) 
behavior of the loading on the PFIS frame. We suggest instead that the interface design aim for one of the 
two extreme cases: either properly kinematic or fully over-constrained on the 12 points. The former would 
guarantee that distortions of the PFIP frame as it is rotated will only impart solid-body tip/tilt to the PFIS 
frame, the latter would force PFIS and the PFIP frame to distort elastically in response to changes in 
temperature. We appreciate that PFIS derives significant stiffness in the z-direction from the PFIP frame, 
which makes the fully kinematic approach difficult to implement without stiffening up the PFIS structure. 
It does seem, however, that the analysis in hand points to the current structure being only marginally stiff 
enough to meet the flexure-during-track specification in the cross-dispersion direction, so stiffening is 
recommended in any case.  We are concerned that 1-pixel flexure during a track has the potential to make 
calibration difficult for some observations. 
 



The issue of fixturing was not adequately addressed. While having the Astronomy shop available to 
machine fixturing at no cost is great, we think the amount of fixturing has been seriously underestimated. In 
order to test each complex mechanism fixturing will have to be designed and built. An extreme case is the 
filter unit that assembles around the camera barrel. Sketching designs on paper can be effective, but it often 
doesn�t save time. If there is a draftsman available to deal with interfacing between the design engineer and 
the shop, then time can be saved, but someone has to develop the design sufficiently for the shop to execute 
it. Efficiency in the shop is not important as a direct cost, but it will impact schedule.   
 
The test wedge for holding the instrument at 37 degrees should include a simple rotator and preferably a 
rotation drive. This will allow the instrument to be fully tested for flexure characteristics before it is sent to 
South Africa, let alone mounted on the SALT tracker.  
 
VI. Personnel 
 
We feel that the team should seriously consider hiring a draftsman for the next stage of the project. We see 
potential for the drafting contract to spiral in cost when the inevitable modifications and rework details are 
added.  Looking at the drawing package for the relatively simple waveplate mechanism, we see a lot of 
details that are not yet correctly toleranced and other aspects requiring red-lining. We are stunned that the 
estimate for producing the full set of drawings is only 3 weeks. This amount of effort will not produce a 
final set of drawings, requiring significant extra time from PFIS project personnel, and we are very 
concerned about maintaining the integrity of the drawing package as changes are made. Such work-back 
through the drawing package and version control is not included in the cost estimate for the drafting. PFIS 
likely to generate at least a 1000 sheets of drawings, which will require updating for as-built conditions, 
revisions, revision control, etc.  An external drafting service unlikely to be sufficient. There is easily 
enough work to keep a draftsman occupied fully for a year, first producing the drawing package and then 
maintaining it. If the right person is found, they can also assist with assembly and testing. 
 
We are concerned that there will not be a proper drawing package for the structure. This lack will 
particularly impact the future IR arm which will need exact information about the location of mounting 
points etc., during its design. The availability of a draftsman will make it possible to catch the many loose 
ends that seem inevitable with the current philosophy of the engineering design/drawing development. 
 
 
VII. Summary 
 
We were impressed by the presentations, by the design of PFIS, and by the enthusiasm and commitment of 
the team. They are doing excellent work, and we recommend that the project move ahead as quickly as 
possible. As we discussed above, we are very concerned that the project does not have sufficient funds and 
is on an unrealistically short schedule. They do not have sufficient financial contingency for this stage in 
the project, and they do not have enough resources (human and fiscal) to complete the project in 18 
months. We recommend three courses of action. First, the PFIS team, the University of Wisconsin, and the 
SALT project should discuss the issue of cost over-run beyond the currently allocated contingency (which 
will be used up, for certain).  This discussion should identify a mechanism to provide the project with 
sufficient extra contingency for completion, either by finding more funds or by de-scope.  Unfortunately, 
the very expensive etalons (which could have been held back as contingency) have all been ordered. This 
point is especially critical as the University does not have funds or personnel to backstop the project when 
it over-runs.  Second, the project should hire a drafter and another mechanical engineer, probably for a 
year. This will require additional funding. Third, the schedule must be made more realistic by including 
sufficient contingency at each step, for each component, and by including all items that the team is 
responsible for. The current �success-based� schedule is unrealistic. We expect that the project will take 
another 12 months over the current estimate, with the current manpower.  
 
Our final concern is over the mass estimate and the IR arm. The mass will grow further, though this may 
not have repercussions to the optical arm of PFIS.  As the engineering progresses, every opportunity should 
be taken to lightweight components as contingency against the parts that have not been included in the 
weight estimate.  The IR arm needs a separate project to produce a concept design, otherwise it will 



probably not be realized.  The team has done a commendable job in keeping the upgrade path available, 
and it is disappointing that an IR arm PI and team has not been identified from within the consortium. The 
need for a realistic design is now so critical that it may be prudent to abandon the upgrade path.  The 
scientists within the SALT consortium should be asked, by the SALT Project Scientist, about the desire for 
the IR upgrade path, as a matter of urgency. If the matter is allowed to float longer, then the IR upgrade 
path may be eliminated by something as mundane as PFIS frame members too close to the optical axis.  It 
is unlikely that the IR arm as currently envisioned by the team can be built: weight and space concerns 
exclude it. However, we see strong potential for a capable IR arm with more limited modes, and we 
encourage the SALT Consortium to keep it alive if possible by identifying a team and starting a design 
process. Short of this, it may be best to abandon the upgrade. 
 
We look forward to hearing about the progress of PFIS as the team moves into the fabrication stage. In the 
next several sections of the Appendix we will list the many small things that we noted while reading the 
CDR materials. They are not assembled in priority order. 
 
VIII. Appendix � Miscellaneous notes and details 
 
A1. Miscellaneous: Optical Details 
 
• We were concerned about transient thermal effects as the system is unlikely to be isothermal, ever. An 

analysis to test for the effects of an axial temperature gradient should be done: a simple initial 
approach would be to impose 1.5 Celsius temperature differences between elements and see if the 
image specifications are still met. If that analysis suggests no, then approaches such as purging the lens 
assemblies with ambient temperature clean/dry air should be considered, and modeled. 

• The ghost analysis looks preliminary - are 2 bounces sufficient? 
 Where does zeroth order from gratings go?  Needs a light dump or baffle. 
 Ghost analysis reflectivities are low - not consistent with extremes/averages of coating curves. 
 Ghosting intensity changes as a function of wavelength - does this matter? 
• There are no baffles shown anywhere in the system.  What about field and aperture stops? 

Remember that the ray bundle from the calibration system will not exactly match that from the 
sky, so internal baffles are necessary 
The problem of making the system completely light tight for daytime calibrations must be looked 
at, carefully. 

• The refocus range seems small (200 µm in optics doc).  It can be larger, and should probably be so. 
 Is it sufficient to double or triple the image size?  
 Sufficient for temperature range, a focus run, and filter thickness variations? 
• What is required index homogeneity for optical materials?  for wave-plates?  beam-splitters? 
• What are the consequences of requiring annealed blanks for the CaF2 and NaCl?   
 Is this done before or after generation?   
 Who generates the crystal blanks?  Lens fab or crystal provider?   
 And, who carries the risk for failure in generation (peak danger period)?  

If you are providing the blanks then you probably bear the risk, so this must be factored into 
budget and schedule 

• Incidence angles in camera and collimator  
 How do the AR coatings perform as a function of incidence angle?   
 What are the variations in throughput, and how were they determined? 
 Are the variations acceptable for photometry, polarimetry, etc? 
• What is the cost trade-off for pinching the collimator beam for the wave plates?   

        How do the costs of larger wave-plates compare with the costs of the collimator optics? 
• Collimator element drawings - why are edge dimensions given to microns?   
 How will these be measured, given the presence of bevels?   
 What is the tolerance on edge dimensions (not given)? 
 Why tolerance on contact surfaces if using coupling oil? 
• Camera elements - aspheric -  



What are the tolerances on the aspheric coefficients as a function of scale length?  These are 
important for fabrication.   

 Slope tolerance vs distance and/or structure function more appropriate.   
 Is global tilt of the asphere more sensitive than the spheres?  It should be. 
• VPH Gratings: 

VPH gratings are currently designed for 0.1 delta-n.  Caution must be used to ensure that gratings 
fabricated with this high of delta-n won't suffer significant levels of scattered light.  They should run 
models with delta-n values of 0.07 to see if the bandwidth is still adequate for their needs.  Discussions 
with vendors ought to be made regarding this.  The scattered light is typically due to a tearing of the 
fringe structure when the modulation is pushed to this level. 

 
A2. Miscellaneous: Opto-mechanical Design Details 
 
• Index matching oil - sensitivity to actual index?   
 dn/dT for oil - significant? 
 Material compatibilities - Syl 184 absorbs oil, inhibits cure 
 RTV material properties changes with oil absorption.  ~10% in linear dimensions.   
 What about viton-oil interaction?   
 Test all materials for mutual compatibility! 
• Oil coupled cells - how is oil added, air bled out? 
• Sylgard 184 - shrinkage with cure -  
 How does it affect mounting stresses?   
 What are implications for depth of bond lines?  Multiple pours? 
 Cure time rises with lower temperatures - 50F will take days to cure. 
 How are lenses held in place radially during RTV curing? 
• "Engineered bond sizes" -  
 What are bond dimensions?    
 How were the bond dimensions determined?   
 RTV mechanical and thermal behavior vary with constraints. 
 Analytic calculations of deflection and thermal stress (Yoder) are not correct! 
 How were deflections and stresses determined for PFIS design?  Need FEA. 
 Finite element models required for accurate element tilt predictions. 
• Passive thermal compensators - non-kinematic.   
 Thermal gradients in spacers can distort cells, then lenses.   
 Delrin is a bad conductor - thermal gradients in spacers also result in tilts of 
 elements, in excess of allowed amounts. 
• Active thermal management - again, delrin is a bad conductor.   
 Can delrin be heated in an isothermal way? 
 Has this approach be successfully tested or demonstrated? 
• Focus motor - PI M230.10 - what controller is used?   
 Stepper or DC servo?   
 IMACS experience - reliable performance dependent on model of PI controller! 
 Included mass and cost of controller in budgets? 
• Element stresses -  
 Tension in optical crystals is not good - much weaker in tension than compression.   
 Can elastomeric bonds be designed to stay in compression regardless of temperature? 
• Element deflections - don't add in quadrature!   
 Gravity deflections correlated with gravity. 
 Hydrostatic tilts also correlated with gravity, and add linearly. 
• Thermal behavior -  
 What are realistic dT/dt at telescope environment?   
 Time constants very greatly - making athermalization difficult or impossible  
 Optical systems will not be isothermal.  Conduction and convection heat transfer in Delrin is slow.   
 Thermal gradients can tilt optics - 76 microns for 4 Celsius!   
 Convection outside barrels is efficient, but not inside.   



 Conduction in alum. is good, but bad in delrin.   
Time constants vary by factors of 1000.  Insulate barrels? 

• Lens time constants �  
Lenses will athermalize very slowly!  
Insulated by RTV mounts, gradients will be radial direction (defocus, spherical aber.), plus some 
stratification with Z.   

 Lens and mount materials and volumes will equilibrate on very different time scales.   
 Variation in optical temperatures is not a stress problem, but an optical one!   

What happens for axial temperature gradients in barrels (front elements change temp, inside 
elements lag)?   

• Alignment (1)  
 Do delrin "seats" define radial and axial position?   
 JAS document: 
 (c) Does centered radially equal centered axially for lenses? 
 (e) How is the RTV sealed in the cavity?  RTV is liquid when cast.   
 What happens if tilt is removed but radially lens is decentered?   
 Is RTV bond design sensitive to asymmetry?   
 How is axial spacing checked?  Maintained during casting?  
• Alignment (2) 
 Can measurements of tilts on sol-gel be made with a 0.5% reflection? Has this been tested? 

(d) Using alignment telescope looking through multiple elements is tricky, should be ray-traced to 
understand mag-demag of effects.   

• Shop tests - are collimated beam tests on-axis only?   
        How is collimator tilt controlled? 

 Can the collimator aimed to investigate performance over field? 
• Open issues - how are material compatibilities known to be OK?  Test! 
• figure (8) - What are time units?  What lens?  Inside or outside of barrel?   
• If barrel is purged and sealed, what happens with atmospheric pressure change?   
 
A3. Miscellaneous: Mechanical Details 
 
• The specification for insertion repeatability of the slits/masks is missing from the CDR documentation. 

It should be around 0.1 of the smallest resolution element. The unit looks capable of achieving this, but 
during testing this specification must be evaluated. 

• The rotation mechanism on the grating stage does not look robust (its footprint is small, compared to 
the moment arm of the cantilevered load).  This may not be an issue, but should be checked. Consider 
lifetime of the rotation stage when it is loaded significantly. 

• Slit mask cutter: 
• Power requirement sounds low - degrades over time? 
• YAG laser (non solid-state)  requires regular servicing of flash lamps, and optical re-

alignment.    Is this tolerable for Sutherland? 
• Load capacity (1 Kg) sounds low - includes support tooling?  Limits other uses of machine. 
• Repeatability requirement sounds very high - why specified to +/- 1 micron? 

• Slit viewing optics - is there a mechanical design?  None shown. 
• Test equipment� do you have enough facilities?  
• Structure: 

• Why is Invar material required?  20C temp change over 1.8m for steel - 400 µm - seems 
negligible. 

• "Quasi-kinematic� interface to telescope very sensitive to friction in 12 mounting pads.  Seems 
like a bad idea!  Performance varies with time. Consider three crossed-roller bearing supports for 
kinematic mount, or totally over-constrain PFIS structure to telescope and accept elastic flexure 
result. 

• 1mm wall thickness tubes are very light.  Suggest designing struts such that any tube can support a 
person standing in the middle of the span. Fewer problems during assembly phase, less risk of 
damage during assembly. 



• Heat-treating - structure is so light that sagging and deformation will occur during heating.  
Structure must be supported for heat treatment. 

• Invar material properties very sensitive to heat-treat.  If zero expansion is really required, heat 
treat must be correct. 

• Instrument and structure should probably be enclosed in a dust-tight, light-tight enclosure.  Safety, 
cleanliness over time, thermal stability.  This adds to mass, cost, schedule. 

• Mechanisms: 
• "Hand-off� mechanisms are tricky!  Suggest prototyping all concepts on one mechanism before 

manufacturing all of them.  Design improvements can then be incorporated in all mechanisms. 
• Test fixtures will be required for hand-off mechanisms.  Design and fabrication of fixtures should 

be line items in budget and schedule. 
• Carts are often handy for assembling, testing, and temporary storage of mechanisms and 

subsystems .  Suggest locating 5-10 carts for assembly phase, or buying them (add to budget).  
Same for tool boxes and tool carts. 

• Grating tilt mechanism looks fragile.  Grating tilt very sensitive, so mechanism should be robust.  
Suggest FEA of active parts of tilt mechanism. 

• Consider designing grating mechanism to facilitate exchange of future gratings 
• Filter mechanisms - what is sensitivity to filter tilt during an exposure? 
• Slit mask mechanism - pre-load magnets collect metal filings, loose nuts, washers, etc. Can cause 

problems by attracting junk! 
• Camera articulation - detent mechanism looks fragile.  Can be made more robust? 
• Is plumbing included for exhaust air from air stages?  Exhaust air may be dirty, hazard to optics.  

Vent outside of instrument enclosure (not over primary mirror!) - mass, cost, schedule. Actually 
on HET LRS we find that simple filters from FESTO are adequate but must be external to the 
instrument. They should be inspected regularly for any contamination. There should be no 
contamination of the pneumatic system if the air is properly filtered and dried (to photographic 
quality). 

• No mention of plumbing or wiring routing on instrument.  Suggest including all electrical and 
plumbing parts in mechanical design - simplifies electro-mechanical assembly.   

• Use of D-connectors on instrument is risky.  Not robust enough for instrument application 
(especially at prime focus!). 

• Design utility wraps, cable chains for moving stages from beginning. Include design time and cost 
of wraps in budget and schedule. 

• Mass Budget: 
• If the center of gravity must be held within 50 mm, then what happens when the camera arm is 

swung through its full range? This could be a fundamental problem, particularly if the IR arm is 
also added into the equation.  Recommend urgent consideration of this issue, and clarification 
about the tightness of the CofG constraint. 

• Total mass will mostly increase as currently unknown or forgotten items are added. 
• Need masses for baffles, stops, enclosures, mounting brackets, plumbing and wiring 
       routing, etc. 
• Pneumatics controls looks light - includes power supplies, solenoid valves, plumbing fittings, etc?  

Are there filters and water separators for incoming air?  Dirty air can damage coatings on optics! 
• No shutter mass included for IR beam? 
• No detector controller mass for IR beam? 
• Need detailed break-out of all cable assemblies, numbers of connectors for each 

       cable segment, etc.  Mass adds up quickly! 
• Same for all air, liquid plumbing.  Part cost and mass add up quickly!   
• Thermal control of electronics enclosures - are heat exchangers, flow control valves, 

       fans, plumbing, insulation etc. included in 3 Kg mass values? 
 
A4. Miscellaneous: Budget Comments 
 



• 40% of contingency or �budget reserve� spent at CDR does not bode well for final cost.  Budget will 
expand � note cost history trend so far! 

• No discussion of spares � what will be provided and at what cost? 
• No discussion of attrition � some parts (power supplies, encoders, etc)  will fail during testing, 

integration, or prior to shipment.   
• No discussion of cost of rework � some designs will require minor or major revision.  Parts will be 

damaged during testing, and require replacement.  Cost is hard to estimate, but allocate some 
contingency 
or reserve.         

• Are materials and manpower costed including inflation?  Will add to cost over time. 
• Contingency money is for expenses that will occur, but that are impossible to predict.  Contingency 

should not be considered money that �might� be returned to the funding agency. 
• A de-scope plan should be in place if funding cannot expand to cover over-runs that will (always do) 

occur. 
• Difficult to estimate small fabrication expenses � who pays for hand tools, end mills, drills, taps, dies, 

thread inserts, work holding clamps, hoists, lifting gear, fastener supplies, fittings, etc.  These are real 
costs � are they in the budget? 

 
A5. Miscellaneous: Schedule Comments 
 
• Existing schedule is over-optimistic (they always are!).  $4.5M and 18 months from CDR to 

installation is extremely unlikely - this suggests a dollar burn-rate of $250,000 per month (materials 
and manpower). 

• MS Project assumes 8 hours of work per day, but people are not always that efficient.  Is this reflected 
in the schedule?   Note that many of us use MS Project to establish and name the tasks and to catch 
interdependencies or resource crunches that can effect schedule seriously. It is rare to be able to stay on 
a schedule constructed, especially when it is set up without adequate ongoing contingency on each 
task. 

• No detailed explanation of manpower or staffing for the project was presented, which makes it 
impossible to comment on the likelihood that staffing is consistent with workload and schedule.  But 
project appeared to be under-staffed, especially in mechanical engineering. 

• Drafting was described as being contracted out.  Suggest that a drafter be hired to complete mechanical 
drafting and maintain mechanical documentation until completion of project.  PFIS likely to generate 
at least a 1000 sheets of drawings, which will require updating for as-built conditions, revisions, 
revision control, etc.  External drafting service unlikely to be sufficient. 

• Schedule appeared to be organized in an excessively parallel fashion.  Suggest that the schedule and 
budget be organized by sub-system, and that all costs and effort be tracked on a sub-system basis.  For 
example, slit mask changer sub-system schedule should include mechanical design, electrical design, 
ordering, drafting, fabrication, metal finishing, mechanical assembly, electro-mechanical assembly, 
testing, integration, and re-work.  All but re-work are essentially serial, rather than parallel tasks. 

 
A6. Miscellaneous: Operating Philosophy 
 
• If many special calibrations are needed due to flexure or observing complexity, and the PIs have to 

bear the cost of those as telescope time, it not only impacts the PIs but in the end SALT pays due to the 
cumulative time lost to calibrations. They should think carefully about this point and discuss with the 
SALT team. 

 


