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1  Scope

This document describes the mechanical design rationale and summarizes the results of
the Preliminary Design for the SALT PFIS instrument.

2 Requirements

2.1  Interface

The PFIS will mount to the Prime Focus Platform interface ring, which in the ICD is to be
1.5 - 2m in diameter.  The ring is mounted to the instrument rotator ("D-stage"), which has
a total travel of 240°.  The rotation stage is mounted to the hexapod and the track X-Y
stage, which together provide celestial access to a 6° radius cone centered on the 37°
SALT zenith distance.  The ICD provides PFIS a 1.5m tall by 3m diameter cylindrical
envelope extending up from the focal plane.  The total weight for both visible and IR
beams is to be less than 375 kg and the center of gravity is to be within a 10 cm cube
centered on the optic axis 65 cm beyond the focal plane.

2.2  Design Goals and Methodology

The following goals guide the PFIS mechanical design

� The structure will be able to carry a NIR beam with mass properties equivalent to the
visible beam

� Image motion at the detector due to flexure and thermal effects is to be less than 0.1
arcsec/ hour parallel to the dispersion, and less than 0.15 arcsec/ hour perpendicular to the
dispersion during an observation.  0.1 arcsec corresponds to 12 microns, or one-third the
camera resolution in the dispersion direction.

� Regular access is to be limited to no more than once/ week.

� Configuration of the instrument is to require no more than 5 minutes.

2.3  Structure

The structure is a welded open truss of hollow, square cross-section Invar struts.  The
open truss provides for the highest possible stiffness/ weight, and minimizes flexure due
to wind loading.  The Invar minimizes thermal changes.  A vendor of the Invar struts has
been identified.  An early trade study identified the infeasibility of a three-point kinematic
mount to the interface ring using Invar struts - the weight would be far above the goal of
375 kg.  The use of composite in the truss was judged to be unaffordable, due to the
complex geometry.  The solution is to use a non-kinematic, 12-point mount to the
interface ring, and to specify a high ring stiffness that will likely require use of a
composite ring, which is a much easier geometry for composite materials.

For the purpose of designing a structure that would accommodate the future NIR beam,
this beam was modeled as being identical to the visible beam.  A three-position dichroic
mirror slide was designed for the two beam operation so that the structure would be
compatible with its addition when the NIR beam is implemented.  For the visible-beam
only instrument to be delivered by the current project, the mirror slide mechanism is
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Figure 1.  Image motion (in microns) as a function of
rotation for track positions

replaced by a fixed  fold mirror, the NIR optics and mechanisms are deleted, and a fixed
ballast weight is added to bring the center of gravity of the instrument close to the optic
axis.

The camera articulation uses a curved I-beam support and a large bearing at the
articulation axis.  The axis is parallel to the collimator optic axis; this provides a support
truss that evenly supports the articulation rail.  The articulation range is 90°. The camera
will be clamped in place for an observation.

2.4  Optical component mechanisms

General requirements for mechanisms include

� high reliability, due to poor access

� low power, to minimize thermal disturbances to the telescope beam

� high commonality, and commercial assemblies if possible

� pneumatics will be baselined for in-out slides. 

� jukebox magazines are baselined for items that must be accessed (slitmasks, gratings,
filters)

3 Flexure results

The results of the Finite Element Analysis were post-processed to model the actual image
motion at the detector during realistic track trajectories.  The motion of the following
nodes was used in this analysis:

� Telescope focal plane optic axis (reference node).

� Field lens

� Collimator main group.  The negative singlet
though the triplet were modeled as a group

� Fold Mirror

� Collimator doublet (focus element)

� Camera group 1 (doublet and first triplet)

� Camera group 2 (triplets 2 and 3)

� Detector

All motions were referenced to the focal plane
optic axis, since the telescope guider removes
the effects of flexure there.  The ZEMAX
optical CAD program was used to  calculate
the sensitivity of image motion at the detector
to motions in all six degrees of freedom for
each optical node.  The net image motion for
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Figure 2.  Worst-case image motion/hr for SALT tracks

each FEA run is calculated by matrix multiplication of the node motion with the optical
sensitivity matrix. Image motions perpendicular and parallel to the direction of dispersion
were tracked separately.  FEA results were calculated for a three-dimensional grid of
instrument orientations: optic axis at 37 degrees elevation (telescope center position) and a
cone of radius 6 degrees around the center (extreme track).  For each track position the
instrument was permitted to rotate a full 360° about the optic axis (angle N).  Two models
were evaluated, a truss-only model in which the optics and mechanism masses were
attached to the truss with infinitely stiff connections, and a first-cut full-up model with the
attachment structures was also modeled.  Figure 1 illustrates the  image motion for the
truss-only model as a function of rotation N, for tracker position fixed at the center and at
four extremes of the track cone.  It is seen that instrument rotation is the largest flexure
effect (25 : peak-to-peak over ±180° rotation), and track position is roughly 3 times less
important.  The flexure is comparable in the dispersion and cross-dispersion direction. 
The motion in the dispersion direction may be minimized by choosing a favorable rotation
angle

To examine the predicted image motion
for the visible beam over a realistic
track, the track vector at the entry and
exit from a ±6 degree track at each of 6
declinations from +5°  through -70° was
calculated, and the amount of field
rotation during the track )N was
calculated.  A worst case image motion
for each declination was then found
among all possible N(in), N(out) pairs. 
Figure 2 presents the worst case visible-
beam image motion, for three
configurations: truss only with camera at
home position (0° articulation) and the
first cut full-up structure of the as-
delivered instrument (visible beam
only), with camera at home and 90°
articulation. The function is double
valued because the track geometry is
different for the rising and the setting
tracks through the SALT availability
annulus.  We see that the worst case image motion is well within the specification for the
truss-only model, and for both camera configurations for the full structure perpendicular
to the dispersion.  The worst case motion parallel to the dispersion is out of specification
for many tracks for the full structure.  We believe that this is due to a currently inadequate
structure coupling the camera structure to the bearing, which is easily remedied.

A preliminary evaluation of the flexure of the future NIR beam was also made, using an
optical model which is identical to the visible beam.  With the addition of the NIR beam,
the truss-only model shows results similar to those shown in Figures 1 and 2.  With the
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full structure, the presence of the IR beam does not degrade the visible beam image
motion, but the NIR beam motion is at least twice that of the visible beam.  We believe
that this is due to inadequate structure supporting the NIR fold mirror, which is made
difficult by the presence of the dichroic mirror slide.  Even though this is a problem with a
beam to be added later,  this will be remedied in the structure design, to ensure that the
structure is compatible with the future beam.

4 Mass Properties

The table summarizes the mass properties of the current design:

Config-
uration

Mass (kg) X CG
(mm)

Y CG
(mm)

Z CG
(mm)

Comment

ICD <375 ±50 ±50 650 ±50

Visible
Only

415.4 -14.5 17.1 449.0 Camera home

79.3 -52.1 449.0 Camera at 90°

Visible +
NIR

470.2 -54.7 -18.3 675.6 Both Cameras home

-54.6 -11.7 672.6 Both Cameras 90°

The current design does not meet the current ICD mass properties requirements in several
areas:

�  The mass is high by 25 - 100 kg.  This is probably the most serious non-compliance.  In
the Mechanism and Structure Document we identify several possible weight savings,
amounting to probably less than 50 kg for the full structure.  While the instrument to be
delivered by this project is likely to be close to the existing weight limit,  two-beam
instrument as currently envisaged will be at least 75 kg heavy.

�  The X and Y cg are close to the requirements. The CG variation with camera
articulation is somewhat larger than previously estimated, due to the heavier camera.  This
would be difficult to reduce without use of an active counterbalance, which would
considerably add to the weight problem.  We look for a relief in the size of the CG box.

�  The Z CG is too close to the focal plane for the initial delivery (visible-only).  This is
probably not a problem, since the error is in the sense of decreasing loads on the interface
ring.

5 Mechanisms

A detailed conceptual design for each mechanism and its support structure is given in the
Mechanism and Structure Document.  The truss structure and mechanisms were designed
in parallel and then mated at the end, with no opportunity for a final iteration.  As a result,
the current full structure has a number of identified inconsistencies and inadequacies
which will be the subject of a "system design iteration" to be undertaken after PDR. 
These include:
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� Slitmask: The mechanism accommodates 50 5mm thick slitmasks.  If the slitviewing
optics proposal is accepted by the SALT Project, the mechanism will have to be modified
to take a mix of 5 mm carbon fiber slitmasks and 10mm tilted metal longslits.

� Waveplates:  The original specification for the waveplate rotation rate was 90°/ 2 sec,
and high-speed all-Stokes mode would benefit from even faster motion.  The current
design achieves 90°/ 6 sec, which must be improved.

� Fold mirror/ focus mechanism support structure (the "tophat").  This needs to be
redesigned to increase stiffness.

� Grating mechanism support.  The current design shows the grating mechanism supported
by the camera. This is responsible for much of the dispersion direction flexure, and the
support will be moved to the fixed structure, supported by three legs straddling the
etalons.

� Polarizer mechanism.  The polarizing prism is square, not round.  Also, we will
investigate using a pneumatically actuated slide to deploy the polarizing prism, to simplify
the mechanism and to free up room for the grating support structure.

� Camera support.  The strut connecting the back of the camera to the articulation bearing
needs to be strengthened to reduce the remaining flexure parallel to the dispersion.

� Filter mechanism.  We need to investigate increasing the magazine capacity beyond the
current 15.

6 Fabrication

A detailed "bottom up" estimate has been made of engineering and fabrication manpower,
and parts and materials costs for the mechanisms and structure.  This is a major cost to the
project.  These estimates are reflected in the schedule and cost estimates.

7 Risks

The following risks and possible mitigation for the structure and mechanisms are listed
below:

� Weight.  As described above, the two-beam version of the instrument is significantly
overweight.  If the Instrument Platform cannot be engineered to handle this extra load
some descoping will be required.  This could include:

- reducing the number of dispersors on the NIR side, eg etalons, gratings, or beamsplitter.

- reducing the collimated beam size.  We estimate that a reduction from 150 to 116 mm
would save considerable weight.  116 mm is the next smaller etalon diameter available
from Queensgate: these weigh 7 kg, compared to 17 kg for the 150mm etalons, saving 40
kg for the full component of 4 etalons.  In addition, the mass of the camera optics and
structure would decrease by roughly a factor of two, for another 40 kg.  The optics and
etalons would also be a good deal cheaper.  The downside is of course a major loss of
resolution, to 75% of its current value.


