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1.  SCOPE 

This report describes the conceptual structure and mechanism design of the SALT PFIS instrument, 
with ROM resource estimates, power budget estimates and mass budget estimates.  The design 
includes the visible beam plus the future NIR beam, to ensure that the construction of the visible 
beam does not close out options for the NIR beam. 
 
 

2. INTRODUCTION 

The SALT PFIS instrument begins at the focal plane where the slit mask is located. After passing 
through the optional waveplates the beam is collimated. The beam splits after the first fold-mirror 
into Visible and Near Infrared (NIR) channels and is captured in two CCD cameras. After splitting, 
each of these beams has five mechanisms that are identical.  Each camera can articulate from 00-900 
and two of the five mechanisms in each of the beams articulate with the camera.  

A truss structure to support all the mechanisms and the optics was designed with stringent 
deflection requirements. Camera tubes support the beam optics (visible and near IR), the 
mechanisms and the CCD camera. 

All mechanisms are designed to be operated independently or synchronously with other 
mechanisms using the control system consisting of a central processor and data logging system.  
 
Following is a brief introduction for the instrument followed by detail description with ROM 
resource estimates in the subsequent sections. 
 

A selected slit mask is inserted in the focal plane before the field lens group. The slit mask 
mechanism accesses the desired slit mask from 50 slit-masks and inserts it into the focal plane 
housing with high accuracy and repeatability. 
 

The wave plate mechanism is next in the beam. A slide inserts either the wave plates or a non-
polarized optical flat of equal thickness to the plates into the optical path. Two of the wave plates are 
permanently stacked on each other and may be independently rotated.  
 

Following the main collimating optics, the fold mirror mechanism allows the selection of a 
mirror � for visible only, dichroic � for simultaneous visible and NIR, or an open position � for NIR 
only. A linear slide with screw drive based selects the mirror and the dichroic..  This mechanism 
would be part of a NIR beam upgrade; for the current visible beam instrument, it would be replaced 
by a fixed flat mirror. 
 
After the fold mirror, for the visible beam and the NIR beam, the complement of subsequent 
mechanisms is identical with the exception of the shutter mechanism, which is located only in the 
visible beam.  
 

The final element of the collimator is on a focus mechanism, which is a simple linear motion 
stage with a travel of 3 mm.   
 

The shutter mechanism is a modified commercial Prontor shutter. 
 

The etalon insertion mechanism consists of a linear motion slide and pneumatic insertion system, 
with a travel of 260mm supporting the heavy etalons. The etalons weigh 17 kg each.  Twin identical 
mechanisms support the etalons for each beam. The etalons can be selected alternately or 



     7

simultaneously. They retract out of the beam to allow rotation of the camera assembly when the 
camera articulates. 
 

The grating selector mechanism allows selection of one of the five gratings and also for precision 
rotation of the grating about the vertical axis at its front surface. The rotary stage of the mechanism 
is mounted on the camera tube and rotates with the camera assembly, while the magazine remains 
stationary and is mounted on the instrument truss structure above the collimated beam.  
 

The next mechanism inserts or withdraws a polarizing prism in the beam.  This mechanism is 
attached to the camera assembly and rotates with it. 
 

The last mechanism before the CCD camera is the filter selector mechanism. One of fifteen 
filters may be selected and inserted in the beam. The concept is similar to the slit mask mechanism 
except that this mechanism rotates with the camera.  

 
An articulation mechanism rotates the camera assembly. The unarticulated 00 position is shown 

in Figure 2 and the 900 articulated position (for both beams) is shown in Figure 3. 
 
Concluding sections and appendices discuss the performance characeristics, the mass budget 
estimates and the resource estimates including a break down for each mechanism. 

Figure 1: Mechanism Layout with both Visible & Near IR 
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Figure 2: Camera Tube & Grating unarticulated 00 and Etalons are in the beam  

 
 

Figure 3: Camera & grating articulated 900, and Etalons are retracted out of the beam 
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3. SLIT MASK MECHANISM 

 
PERFORMANCE PARAMETERS 

Slit masks may be interchanged in 50 sec. 50 slit masks are contained in a manually 
removable magazine. 
Dimensions of the Slit mask: 125 mm square x 5mm thick. 
Location & envelope available: Focal plane. Should not protrude below the focal plane. 
 
 
DESIGN CONCEPT  

The stationary magazine houses the slit masks stacked vertically. A carrier moves on a 
linear slide driven by a motor and screw nut assembly.  

A stepper motor and a rack mounted on the carrier perform the retraction and insertion 
functions. A tooth located on the rack engages in the groove of each slit mask to insert or 
retract the slit masks. The slit mask remains engaged to the rack through loading into the 
carrier from the magazine, insertion and retraction in the focal plane, and transporting back 
into the magazine. This makes the insertion mechanism simple and a single actuator is 
adequate to operate the insertion/retraction functions. (See Figure 4).  The slit mask 
mechanism operates with two stepper motors, which makes for simple control.  
 
The focal plane structure (invar) accurately positions the slit mask in the focal plane. It also 
accommodates the first lens group of the optics. This structure is interfaced with the next 
mechanism (wave plate mechanism) which in turn interfaces with the collimator structure 
(see Figure 1). All other components (magazine, carrier etc.) are supported by the focal plane 
structure, which acts as the main support structure for the mechanism.  

 
Figure 4: Slit masks insert and retract mechanism 
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A lightweight sheet metal enclosure encloses the mechanism and protects the optics and 

the mechanisms from contamination.  
 
 
 
 

 

Figure 5: Slit mask assembly 
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4. WAVE PLATE MECHANISM 

 
PERFORMANCE PARAMETERS 

Two wave plates, ½ wave and ¼ wave, may be inserted/retracted in the beam. Both ½ and 
¼ wave plates are permanently stacked. Both are in the beam or are replaced by fused silica 
plate. While inserted the stacked wave plates may be rotated. Maximum insertion time is 10 
sec and rotation time is 6 sec. This mechanism is located above the slit mask assembly after 
the Field lens group.  
Dimensions of the wave plate: φ 105 mm x 10 mm thick. 
Envelope available: 56mm ht.  
 

DESIGN CONCEPT 

A linear slide actuated by a pneumatic cylinder operates the slide as the stacked wave 
plates or fused silica plate is inserted in or out of the beam. Both wave plates and the silica 
plate are mounted on the same linear slide.  

Two wave plates are mounted in permanently stacked configuration on the same slide. 
Each wave plate is capable of rotating independently. A rotational stage rotates each wave 
plate in the desired position. Each wave plate will be mounted in a housing with an external 
spur gear, which mates and is driven by a pinion gear on the driving motor. This housing is 
suspended on a set of slim section �Kaydon� ball bearings.  

This configuration was chosen because of its compactness and simple insertion i.e. 
intermediate stops are eliminated, so that a pneumatic cylinder may be used. Figure 6 and 
Figure 7 show the two wave plates and the silica plate on the same slide.  

 
This mechanism will be mounted at the bottom flange of the collimator tube in the 

instrument structure. The mounting arrangement of the mechanism is done by projections 
from the base plate in a flange pattern.  
 
Rotational motors protrude out of the max allowable height, but are located in such a way 
that they avoid any interference with the surrounding objects during linear travel of the slide. 
Two thin section �Kaydon� bearings are used to suspend the wave plates. The wave plate 
housing has an external spur gear cut on it, which mates with the motor pinion.  
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Figure 6: Wave plate assembly 

Figure 7: Cross section of the wave plate assembly 
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5. MIRROR MECHANISM 

PERFORMANCE PARAMETERS 

A mirror or a dichroic may be inserted in the beam in 3 modes, both out or either one in the 
beam. Maximum insertion time is 10 sec. It is located at the first beam fold for the visible 
beam camera.  
Dimensions: 270x190x10mm3 
Tilting of the mirror and rotation of the entire assembly (about z-axis) is provided for fine 
adjustment of the direction of the visible beam.  
 

DESIGN CONCEPT 

Two linear slides actuated independently operate each of the mirrors. Both linear slides 
ride on common rails. Motorized screw drives actuate each of the mirrors.  Each mirror is 
located adjacent to the beam and is inserted in the beam separately and independently. Thus 
we achieve three modes of operation for this mechanism viz. both out or either one in the 
beam.  

Each mirror is mounted in a holder, the holder is pivoted on a trunion for tilting of the 
mirror. The tilt angle control is provided by a simple screw arrangement.  
Rotation about the z-axis is provided by a pivot and screw mechanism. 
 

 
Figure 8: Mirror Mechanism 
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6. FOCUS MECHANISM 

 
PERFORMANCE PARAMETERS 

Located after the fold mirror mechanism for each beam, each focus lens has a linear travel of 
3mm with an accuracy requirement of 25 µm. Maximum time for positioning is 20 sec.  
Diameter of the focus lens: φ 172 mm x 43 mm thick. (Approx.) 
Envelope requirements: For the visible beam, the focus lens is placed after the fold mirror. 
This is followed by the shutter assembly and the etalon/ grating assembly. The challenge is 
to squeeze focus mechanism and shutter assembly in a small space.  
For the Infrared beam, the focus lens is located between the fold mirror selector mechanism 
and the fixed folding flat for the infrared beam. The volume available for both focus 
mechanisms is minimal.  
 
DESIGN CONCEPT 

A commercially off the shelf (COTS) linear slide common for both the beams has been 
identified. The commercial slide can provide the required accuracy and resolution and would 
be more economical than engineering a new slide.  
 

 
Figure 9: Focus mechanism 
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The slide selected after trading with different brands was Aerotech positioning stage � 
ATS0300 Series, manufactured by Aerotech, Inc., in USA.  
Resolution: 0.1 µm @ 4000 steps/rev motor resolution. 
Accuracy: 2.5 µm / 25 mm travel.  
The overall dimensions of the slide fits in 240 x 127x 40 mm. 
 
The lens holder will be directly mounted on the slide.  
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7. ETALON MECHANISM 

 
PERFORMANCE PARAMETERS 

Two etalons inserted in each beam (IR and visible) in two positions, both out, either in, or 
both in the beam. They are inserted when the camera articulation is in home position. Each 
etalon weighs 17kg (approx.). Maximum insertion time is 20 sec. The etalons are located 
before and after the grating position. (At the center of articulation of the camera assembly.) 
Dimensions of  an Etalon: φ 250 mm x 150 mm long. 
Space available: The length of each Etalon is the space available in the beam.   
 
DESIGN CONCEPT  

An independent linear slide  actuates each etalon. Pneumatic actuators will operate the slide. 
A two-position linear slide, either in or out of the beam will position the etalons. 

Etalons are mounted in a holder and are fastened at the two flanges on the sides. Linear 
bearings with re-circulating balls are used in the linear slide to achieve compactness in the 
design. A linear pneumatic cylinder actuates the slide. The etalons over-hangs from the slide 
plate; this is done to accommodate and provide space for the next mechanism, the VPH 
grating assembly.  

Actuation is achieved by pneumatic cylinder since only in or out position is desired 
and this makes the mechanism power efficient. The cylinder positions the etalons and holds 
it in the desired location against hard stops.  

 

Figure 10: Etalon Assembly 
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8. VPH GRATING MECHANISM 

 
PERFORMANCE PARAMETERS 

One of five gratings is to be selected, inserted in the beam and rotated to the proper angle 
for the selected camera articulation. The grating is located at the midpoint between the two 
etalons in each beam. Maximum select/insert/rotate time is 30 sec. The rotational accuracy 
of the mechanism should be better than 20-arc sec. The linear position is also critical.  
DIMENSIONS OF THE WAVE PLATE: 170 x 220 x 10 thick. 
ENVELOPE AVAILABLE: Insertion in beam � space between the two etalons. As the etalons 
move back, space for rotation will be available. The rotary stage is located in the space below 
the etalon holders provided by the overhang from the etalon support slides.  
 
DESIGN CONCEPT 

The design consists of a magazine housing five gratings, which moves in a linear fashion on 
a slide. The magazine will position in front of the actuator that will insert the grating in the 
beam. The same actuator will pull out the grating from the beam and insert it in the 
magazine.   
 
The design concept is seen in Error! Reference source not found.. The magazine is 
mounted on a linear slide and houses all the gratings. A motorized screw drive provides 
motion to the magazine. A pneumatic cylinder mounted on the base plate pushes the 
selected grating into the grating housing slot.  The grating frames have trunions on each side, 
which match with the �V� grove provided in the grating housing for precise positioning. A 
manually operated spring-loaded set screw ensures the angular positioning of the grating. 
The pneumatic cylinder keeps the grating against the �V� grove during the entire time of its 
insertion.  
The figure shows the magazine assembly supported on the camera structure.  This is 
incorrect.  It will actually be supported by three legs, which mount to the fixed structure on 
either side of the etalons. 
The grating housing is mounted on a precision rotary stage. Rotary tables suitable for this 
application is available from Aerotech, Inc and Newport. 

ROTARY TABLE SPECIFICATIONS: 

Aerotech Table Newport Table 
Model: ART50 Model: PM500-360 
Travel: 360o Travel: 360o 
Resolution: 1 arc sec @ 7200 steps/rev 
motor resolution 

Resolution: 0.00030 with DC motor and 
encoder 

Accuracy: 0.06o  Accuracy: 0.006o  
Cost : $ 10,260 Cost : $13,894 
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Figure 11: VPH grating assembly  
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9. POLARIZER MECHANISM 

 
PERFORMANCE PARAMETERS 

Insert a polarizing prism in front of the camera in 10 sec.  
Dimensions of  the polarizer : φ 175 mm x 15 mm thick. 
Envelope available: 22mm along the beam. 
 
DESIGN CONCEPT 

This design rotates the polarizer in and out of the beam. The polarizer is held in a frame, 
which is suspended on a pair of deep grove ball bearings. The frame is drive by stepper 
motor with worm and worm wheel arrangement. A worm gear integral with the polarizer 
frame is drive by a worm suspended on a pair of angular contact ball bearings. The worm is 
coupled to the motor. 
An alternate design using a pneumatic linear slide is also being considered. 
Assembly is mounted on the camera tube and rotates with the camera assembly as it 
articulates in each of the beams.  
 

 
Figure 12: Polarizer assembly 
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10. FILTER MECHANISM 

 
PERFORMANCE PARAMETERS 

One of fifteen filters is to be inserted in the beam. Maximum insertion time is 20 sec. The 
filter is to be placed in the camera just before the detector.  
Dimensions of  the filter : 80 x 120 x 8mm thick. 
Envelope available: 27 mm in the beam.  
 

DESIGN CONCEPT 

This design is based on the similar concept as the slitmask mechanism.  
 

Figure 13: Filter Assembly 

A stationary magazine houses the filter and a carrier moving along the magazine selects and 
picks a filter and inserts it into the beam. It also retrieves it and travels linearly to insert the 
filter back in the magazine. It does not protrude beyond  the interface with the detector. 
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11.  SHUTTER MECHANISM 

PERFORMANCE PARAMETERS 

This is a commercially bought item from Prontor-Werk Alfred Gauthier GbmH, Germany. 
Following are the specifications based on the data supplied to Swales Aerospace. 
Aperture size: φ 150 mm.   To be modified to open to 162 mm 
Overall size: 360 x 360 x 12 mm3 
Actuator: To be replaced by a pneumatic cylinder  

 

   
Figure 14: Shutter Mechanism (Prontor) 

 
 
This mechanism is a bought item for Univ. of Wisconsin, and will be procured directly. 
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12. ARTICULATION MECHANISM 

Each camera (visible beam and near IR beam) articulates from 0-900 about the articulation 
bearing. The mass of the camera system is transferred at two interfaces, rollers on the curved I-beam 
and the central articulation bearings. This I-beam is an integral part of the main instrument structure. 
The central articulation bearings are supported by the main instrument structure as well.  

The rollers on a curved I-beam were chosen over commercial curved linear bearings to free a degree 
freedom in case of thermal expansion and contraction of the camera tube. The commercial curved 
linear bearings would over-constrain the articulation mechanism.  

The mechanism as shown in Figure 15 consists of a simple sector gear on an I-beam, and a pinion 
driven by an stepper motor. The motor is mounted on the camera legs and moves with the camera as 
it articulates. The roller has curved surfaces to compensate for thermal expansion or contraction, and 
any misalignments in the assembly. This roller rolls on top of the top flange of the I-beam. An 
additional pair of rollers at the bottom of the top flange are held against the flange with a flexure.  

It is planned to have a clamping feature once the camera is articulated in position. This will 
ensure rigidity of the mechanism in the articulated position. The curved I-beams have a 750-mm 
radius and form a 1300 arc. Two leg supports from the camera structure are mounted on two roller 
mechanisms that ride on the curved I-beam. 

 

Figure 15: Camera articulation mechanism 
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Figure 16: Camera Articulation Assembly 
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13. INSTRUMENT STRUCTURE 

INTRODUCTION 

The function of the instrument structure is to support all the mechanisms and their accessories 
without hampering the function and operation of the instrument. A truss structure was chosen 
against the enclosed tube type structures because wind loads are a concern. Stringent deflection and 
positioning requirements for the instrument led to the choice of the Invar for its good thermal 
properties. This was done at the cost of additional weight due to Invar�s density (8.05 g/cc), which is 
more than that of steel.  
DESIGN CONCEPT  

Designing a structure that is efficient and yet lightweight lead to use of straight thin section 
square box beams. Typically the size of the box beams used are 38.1 square x 1mm thick (henceforth 
referred to as SBB). Almost 90% of the structural members are welded and the other members are 
interfaced with a bolted interface. In some space deficient locations plate-truss welded structure I 
used. 

The instrument structure interfaces with the 2m Prime Focus Platform support ring.  Twelve 
equally spaced pads on the instrument structure are located at φ2000mm.  The bottom ring is 
comprised of 12 equal straight SBB beams welded end to end. The mount pads are located at the 
interface of each welded joint.  

The design of the structure is based on the location of the optics and mechanisms. Following are 
the basic structural items that are the starting points in the design of the structure:  

Collimator tube: This is an Invar tube with top and bottom flanges and stiffening ribs along its 
length for structural support.  The collimator main optics groups are housed in the collimator tube. 
This tube supports and interfaces with the slit mask mechanism via the invar field lens holder, at the 
bottom flange of the collimator tube. The collimator tube is held in place by four horizontal SBB 
from the bottom SBB ring of the instrument structure. These four SBB mount on slit mask invar 
lens holder (Figure 20).  

The wave-plate mechanism is located after the field lens and also mounts on the bottom flange 
of the collimator tube.  

The collimator tube protrudes to the base the mirror mechanism. Mirror mechanism mounts on 
the top flange of the collimator tube. SBB extensions from the top flange keep the mirror 
mechanism structurally supported. Two SBB from the bottom ring are welded onto the top flange of 
the collimator tube (Figure 18 & Figure 20).  

 

 

Camera support I-beams (both Visible and near IR beam): The cameras for the two beams 
articulate a maximum of 900. Two legs from the camera tube transfer the loads to the I-beams with 
rollers that roll on the curved I-beams. The included angle of the sector of the curved I-beams is 
1300. These I-beams are welded to five thin straight SBB. These SBB are welded end to end (Figure 
18).  

The bottom ring and the SBB supporting the curved I-beams are connected by a web of vertical 
criss-crossed SBB at the welded interfaces. This continues all along the bottom ring for both the 
curved I-beams. The I-beams are on different elevations as defined by the optical prescription. The 
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ends of the two I-beams are also connected to each other and to the bottom ring to form a rigid 
structure (Figure 19). 

Camera articulation axis: Located in the plane of the curved I-beams are a pair of angular 
contact bearings on which the each camera is supported and articulates. A bearing housing 
structurally interfaces horizontally with five converging SBB from the I-beams. The bottom ring is 
also connected to the bearing housing by a several SBB. Finally, the bearing housing interfaces with 
collimator tube with SBB, which connect to both top and bottom flange to form a structural loop 
(Figure 18). 

The etalon mechanisms are supported by SBB structure, which interfaces with the bearing 
articulation housing on one end and are supported by SBB that mate with the bottom ring (Figure 
18).  

A �top-hat� structure above the collimator tube supports the shutter mechanism, IR focus 
mechanism and the fold mirror for the IR beam. This welded structure mainly uses ribs, which are 
welded together to form several triangles. The design is driven by the placement of the mechanisms 
on this structure. The load from the entire top-hat structure is transferred to top flange of the 
collimator tube.  

 
FABRICATION AND ASSEMBLY 

In view of the stringent requirement for stability of the position of the optical elements during an 
observation, and the temperature variation to be expected, it is clear that the structure must utilize a 
material with an extremely low coefficient of thermal expansion. Two alternatives were considered. 
        The first would utilize carbon fiber composite construction. Given careful design and 
fabrication, this approach can result in a very thermally stable, stiff, lightweight structure. However, 
the design and fabrication cost would be prohibitive. 
         The second approach is a welded invar truss structure. Invar 36 (64%Fe, 36%Ni) material has a 
very low (1.26 m/m/ deg Celsius) and nearly isotropic coefficient of thermal expansion. It is readily 
welded, has good dimensional stability, and satisfactory strength. Invar is somewhat, but not 
prohibitively, difficult to machine, is relatively expensive, and not readily available in structural 
shapes. A significant weight penalty accrues from the high density of the material (8.05 g / cc). It is 
estimated that the weight saving of the composite approach would be in the range of 50 to 70 
kilograms. 
            It is estimated that both the design and fabrication costs of the composite approach would be 
more than twice of the welded invar structure. Accordingly, the invar structure has been selected.  
             

The truss structure is comprised mainly of square box section tubes of 38x38x1mm thick wall. 
Fortunately a source for this shape in invar is available at modest cost (A.T.Wall, Inc., a wave guide 
manufacturer). The truss structure is welded to form a one-piece assembly except for the bottom 
struts, which are bolted and pinned to allow access for installation of the wave plate and slit mask 
mechanisms. After welding the structure is furnace annealed for stress relief and maximum stability. 
Precision surfaces are then machined, including the 12 pads at the base (the interface with the 
tracker) and the various mechanism mounting points. Exposed surfaces are painted flat grey for stray 
light absorption and corrosion protection. 

 
LIFTING AND HANDLING 

An aerial lifting system would lift the instrument. This would be done at four eyebolt lifting 
points located on the instrument structure, possibly the ends of the curved I-beams.. A typical lifting 
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assembly is seen in picture. Four ropes lift the instrument, which in turn are held by six beams in a 
square structure with crossed diagonal beam fashion. This structure is held by four ropes, which 
converge into the hook of the lifting equipment. 

 
 

 
Figure 17: SALT PFIS Instrument with structure 
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Figure 18: SALT Instrument Structure 

 

Figure 19: SALT Instrument Structure (bottom view) 
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Figure 20: Instrument structure-showing details of collimator tube  

Figure 21: Lifting and handling equipment 
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14. CONTROL SYSTEM 

ELECTRICAL CONTROL 

The 2-beam instrument has 17 mechanisms, using 18 stepper motors and 8 pneumatic cylinders. The 
1-beam instrument has 9 mechanisms, 11 steppers, and 5 pneumatic cylinders. National Instruments 
has an off-the-shelf control solution that includes both software (LabVIEW) and hardware (PCI data 
acquisition and motion control cards).  

The control room is about 30 m from the PFIS. A PC in the control room will run the LabVIEW 
software, and will be connected to a PCI chassis mounted on the base of the instrument structure by 
a pair of National Instruments MXI-3 fiber optic backplane extender cards. The PCI chassis will 
contain all the motion control and sensor electronics, and will be interfaced to the motor power 
drivers in the structure. 

The MXI-3 connection has very high bandwidth, and can extend for up to 200 m. 

 

PNEUMATIC CONTROL 

Pneumatic cylinders have the feature of actuating and holding a mechanism without dissipating heat. 

A basic pneumatic control consists of an air compressor for the air supply, direction and control 
valves to determine the direction of operation of the cylinders, and flow control valves to control the 
speed of the cylinder.  

Performance parameters are discussed in Appendix A below. 

 
 
 
 
 
 
 

APPENDIX A � MECHANISM PERFORMANCE IN A NUTSHELL 
Tabulated SALT PFIS mechanism performance data are estimated based on the following 
assumptions: 

Electrically driven mechanism: Stepper motor driven with 300 step angle operating at 100-
200Hz. Power is required only while operating for the duration (seconds) listed.  

Pneumatically driven mechanism: Filtered and lubricated compressed air 90 psi avg. Power 
0.55W and 20 ms duration pulse. All valves are pulse actuated, long duration position is held by 
positive air pressure. 
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Mechanism Operat ion Actuator Encoder Travel Pow er (W) Time (s) # Ops/ Obs Energy (J)
Slit  Mask In / Out St epper Posit ion 200 m m 12 20 1 240

Index
Lim it s

Slit  Mask Select St epper Posit ion 350 m m 12 30 1 360
Index
Lim it s
Bar  Code

Wave Plat e In / Out Pneum at i Lim it s 170 m m 0.55 15 2 16.5
Wave Plat e Rot at e 1 St epper Angle 90 deg 12 6 32 2304

Index
Wave Plat e Rot at e 2 St epper Angle 90 deg 12 6 32 2304

Index
Shut t er Open/ Clos Pneum at i Lim it s 0.55 1 2 1.1
Focus Linear St epper Posit ion 3 m m 15 1 1 15

Lim it s
Index

Et alon 1 In / Out Pneum at i Lim it s 300 m m 0.55 50 4 110
Et alon 2 In / Out Pneum at i Lim it s 300 m m 0.55 50 4 110
Grat ing Select St epper Posit ion 92 m m 12 12 1 144

Index
Lim it s

Grat ing In / Out Pneum at i Lim it s 265 m m 0.55 10 2 11
Grat ing Rot at e St epper Angle 45 deg 12 3 2 72

Index
Lim it s

Beam  Split t eIn / Out St epper Angle 75 deg 12 3 2 72
Index
Lim it s

Filt er Select St epper Posit ion 154 m m 12 18 1 216
Index
Lim it s

Filt er In / Out St epper Posit ion 270 m m 12 25 2 600
Index
Lim it s

Art icu lat ion Rot at e St epper Angle 90 deg 12 70 1 840
Index
Lim it s

St eppers 11 7415.6
Pneum at ic 4 3600
Incr . Encod 11 2.1
Index Mark 11
Lim it s 26

Tot al Energy (J)
Typ. Obs. (s)
Avg. Pw r . (w )

 



     31

 

APPENDIX B- MASS BUDGET ESTIMATE 

 
 
As seen in the above spreadsheet, the mass of the entire instrument is 477.54 kg. Efforts to reduce 
masses of the mechanisms have been done. Following are the areas where masses can be reduced:  
1. Instrument Structure: Improving the efficiency of the structure.  

2. Lens holder (Collimated beam): This conceptual design is based on not very recent optical 
design. With the changes of the new optics, mass of the lens holder may be reduced.  

3. Mirror Mechanism: Structural analysis of the various components would lead to efficient Low 
Mass components.  

4. Camera tube: Structural analysis would lead to mass efficient structure. 

Optics
Mechanism/ 

Structure Total X mm  Y mm Z mm
Main Structure 0 137.49 137.490 -27.027 6.8 436.26 Invar Tubes & bars
Power Supply Box 4.9 4.900 682.15 -485 130.45 6 Slots for electronics
COLLIMATED BEAM
Slitmask mechanism (50 mask) 6 13.06 19.060 12.94 -213.8 123.16 Invar & Composite
Field Lens 1.99 0 1.990 0 0 5.03 Fused silica &Caf2
Waveplate mechanism 0.797 3.223 4.020 102.94 3.81 96.38
Collimated lens main group 9.67 0 9.670 0 0 286.7 Fused silica &Caf2
Lens holder (Collimated beam) 0 3.31 3.310 2.58 0.904 180.76 Al
Mirror Mechanism 2.462 9.63 12.092 3.32 -0.8059 647.05 Silica
Subtotal 50.142
VISIBLE BEAM
Focus Mechanism 3.52 2.93 6.450 -150 1.24 696.8
Shutter 0 1 1.000 -194.5 -16.3 779.08
Etalon Mechanism 1 17 3.86 20.860 -358.07 33.83 726.51
VPH Grating mechanism 10.45 8.77 19.220 -467.35 561.71 701.26 5 Silica grating, includes structure mass (3.54)
Etalon Mechanism 2 17 3.86 20.860 -555.55 33.83 726.51
Polarizer Mechanism 0.975 1.57 2.545 -658 78.5 708.5
Camera Tube 27.6 17.94 45.540 -921.22 0.51 714.41 Invar tube
Filter Mechanism (15 mask) 3 3.815 6.815 -1140.27 -16.3 959.11
CCD Camera 0 12 12.000 -1344.41 0 743.78 With Leach crtl box 5kg
Articulation mechanism 0 1.28 1.280
Subtotal 136.570
IR BEAM 
Focus Mechanism 3.52 2.54 6.060 -16.92 0.86 890.18
Mirror 1.14 0 1.140 3.53 0 1035.6
Etalon Mechanism 1 17 3.86 20.860 174.07 -33.33 1013.51
VPH Grating mechanism 10.45 8.77 19.220 254.76 -561.71 988.33 5 Silica grating, includes structure mass (3.54)
Etalon Mechanism 2 17 3.86 20.860 371.57 -33.33 1013.51
Polarizer Mechanism 0.975 1.57 2.545 482.06 -78.86 996.31
Camera Tube 27.6 17.94 45.540 749.37 -0.48 1002.93 Invar tube
Filter Mechanism (15 mask) 3 3.815 6.815 956.27 -16.3 1246.18
CCD Camera 0 12 12.000 1160.4 0 1030.85 With Leach ctrl box 5kg
Articulation mechanism 0 1.28 1.280
Subtotal 136.320
Wiring Harness & pn. tubing 4.755 4.755
Trim Mass 93.600 989.38 2.15 188.1

-14.47 17.07 448.98 Camera at home
79.338 -52.05 448.98 Camera rotated 90
-54.69 -18.34 675.55 Camera at home
-54.61 -11.66 672.55 With both camera rotated 90Total Instrument - Visible + IR

Total Instrument - Visible only

470.177

415.365Trim weights included

Comments

Center of gravity (wrt Focus)
Both Camera at homeItem

Mass kg
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APPENDIX C - RESOURCE ESTIMATION 

This chapter describes the ROM estimate of the resources necessary for final design and fabrication 
of the SALT PFIS Instrument. 
 

A total of nine mechanisms and instrument structure design are required for this instrument. 
Resource estimate for all items are been broken down into non-recurring labor hours estimate, other 
labor hours estimate and estimates of each part of the design including the bought items and 
manufactured items. Manufactured items have been listed by the hours required to manufacture it. 
All manufactured and procured parts do not include the G & A fee. Resource estimation report has 
been compiled with the current conceptual design.  
Following is the Table with break down for each mechanism: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Resource Estimation (Slitmask Assembly)

Non Recurring (Design) Labour - Hours
Management 20
Mechanical Engineer 400
Designer 400
Stress Analyst 24
Checker 40

Procurement, Manufacturing, Assembly & Test
Labour - Hours

Mechanical Engineer 60
Manufacturing Engineer 40
Technician 80
Test 80

Procured Parts Matl. Cost ($) Mfg Hours Comments
Slit mask Holder (invar) 400 75
Screw Drive 600 - SKF
Insertion Motor + Elevator Motor 3000 -
Rack and Pinion 5000 -
Structure (Aluminum) 100 65
Magazine 100 50
Elevator 50 50
Linear Bearings 800 - SKF
Position Sensors 3000 -

Quantity for Identical Mechanisms 1
Total (Procured and mfg Items) 13050.000 240.000
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Resource Estimation (Wave Plate Assembly)

Non Recurring (Design) Labour - Hours
Management 20
Mechanical Engineer 320
Designer 320
Stress Analyst 24
Checker 40

Procurement, Manufacturing, Assembly & Test
Labour- Hours

Mechanical Engineer 60
Manufacturing Engineer 40
Technician 80
Test 40

Procured Parts Matl. Cost ($) Mfg Hours Comments
Base Frame 300 75
Pneumatic Cylinder with accessories 700 -
Stepper Motors x 2 3000 -
Plate Frame x 2 75 60
Plate Gear x 2 75 45
Pinion x 2 2000 -
Bearing Cover x 2 100 55
Linear Bearings x 2 3000 -
Kaydon Bearings x 4 1400 - Kaydon
Position Sensors 3000 -

Quantity for Identical Mechanisms 1
Total (Procured and mfg Items) 13650.000 235.000

Resource Estimation (Mirror Mechanism)

Non Recurring (Design) Labour - Hours
Management 20
Mechanical Engineer 400
Designer 400
Stress Analyst 24
Checker 40

Procurement, Manufacturing, Assembly & Test
Labour- Hours

Mechanical Engineer 60
Manufacturing Engineer 40
Technician 80
Test 40

Procured Parts Matl. Cost ($) Mfg Hours Comments
Mirror Base 100 60
Slide Frame x 2 150 90
Mirror holder x 2 50 65
Linear Bearings x 8 800 - SKF
Linear slide rail x 2 800 - SKF
Motor x 2 2000 -
Screw drive x 2 1200 - SKF
Position Sensors 3000 -

Quantity for Identical Mechanisms 1
Total (Procured and mfg Items) 8100.000 215.000
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Cost Estimation (Focus Mechanism)

Non Recurring (Design) Labour - Hours
Management 4
Mechanical Engineer 100
Designer 80
Stress Analyst 16
Checker 4

Procurement, Manufacturing, Assembly & Test
Labour- Hours

Mechanical Engineer 20
Manufacturing Engineer 40
Technician 20
Test 20

Procured Parts  Matl. Cost ($) Mfg. Hours Comments
Lens holder 100 55
Linear Stage 3000 Aerotech
Miscellaneous 2000

Quantity for Identical Mechanisms 2
Total (Procured and mfg Items) 10200.000 110.000

Cost Estimation (Etalon Assembly)

Non Recurring (Design) Labour - Hours
Management 20
Mechanical Engineer 140
Designer 200
Stress Analyst 24
Checker 20

Procurement, Manufacturing, Assembly & Test
Labour- Hours

Mechanical Engineer 40
Manufacturing Engineer 40
Technician 40
Test 40

Procured Parts Matl. Cost ($) Mfg. Hours Comments
Linear Slide Rails 800 - SKF
Linear Bearings x 4 500 - SKF
Base plate 100 50
Pneumatic Cylinder with accessories 700 -
Slide Top plate 50 50
Position Sensors 3000 -
Etalon Holder 120 50

Quantity for Identical Mechanisms 4
Total (Procured and mfg Items) 21080.000 600.000
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Cost Estimation (Grating Assembly)

Non Recurring (Design) Labour - Hours
Management 20
Mechanical Engineer 400
Designer 400
Stress Analyst 24
Checker 40

Procurement, Manufacturing, Assembly & Test
Labour- Hours

Mechanical Engineer 60
Manufacturing Engineer 40
Technician 80
Test 40

Procured Parts Matl. Cost ($) Mfg. Hrs Comments
Rotary Stage 13894 - Newport
Grating Holder 100 60
Grating Frame x 5 150 90
Magazine structure 100 60
Magazine 100 50
Linear Bearings 700 - SKF
Screw drive with motor 2000 - SKF
Carrier Fork Motor 2000
Worm & worm gear 1000
Pneumatic Cylinder with accessories 700 -
Miscellaneous 1000 -
Position Sensors 3000 -

Quantity for Identical Mechanisms 2
Total (Procured and mfg Items) 49488.000 520.000

Cost Estimation (Polarizer Assembly)

Non Recurring (Design) Labour - Hours
Management 10
Mechanical Engineer 130
Designer 200
Stress Analyst 24
Checker 10

Procurement, Manufacturing, Assembly & Test
Labour- Hours

Mechanical Engineer 40
Manufacturing Engineer 30
Technician 40
Test 20

Procured Parts Matl. Cost ($) Mfg. Hours Comments
Polarizer Frame 100 55
Ball Bearings x 4 1000 - SKF
Gears 1000 -
Motor 1000 -
Miscellaneous 500 -
Position Sensors 1000 -

Quantity for Identical Mechanisms 2
Total (Procured and mfg Items) 9200.000 110.000
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Cost Estimation (Filter Mechanism)

Non Recurring (Design) Labour - Hours
Management 20
Mechanical Engineer 400
Designer 400
Stress Analyst 24
Checker 40

Procurement, Manufacturing, Assembly & Test
Labour- Hours

Mechanical Engineer 20
Manufacturing Engineer 20
Technician 30
Test 10

Procured Parts Matl. Cost ($) Mfg. Hours Comments
Filter Holder (invar) 300 35
Screw Drive + Motor 1800 -
Insertion Motor 1500 -
Magazine 100 55
Carrier 50 50
Rack and pinion 3000 70
Linear bearings 1600 -
Miscellaneous 1000 -
Position Sensors 3000 -

Quantity for Identical Mechanisms 2
Total (Procured and mfg Items) 17300.000 420.000

Cost Estimation (Articulation Mechanism)

Non Recurring (Design) Labour - Hours
Management 20
Mechanical Engineer 120
Designer 120
Stress Analyst 15
Checker 20

Procurement, Manufacturing, Assembly & Test
Labour- Hours

Mechanical Engineer 40
Manufacturing Engineer 20
Technician 30
Test 10

Procured Parts Matl. Cost ($) Mfg. Hours Comments
Roller Housing 200 150
Motor 1500 -
Pinion gear 125 65
Roller Bearing x 8 3000 -
Fastners & Misc 1000 -
Position Sensors 3000 -

Quantity for Identical Mechanisms 2
Total (Procured and mfg Items) 17250.000 430.000
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Cost Estimation (Instrument Structure)

Procurement, Manufacturing, Assembly & Test
Labour- Hours

Mechanical Engineer 320
Manufacturing Engineer 320
Stress Analyst 200

Fabrication & Materials Matl. Cost ($) Mfg. Hours Comments
Welded fabrication - 500 Includes fixturing

Pinion and sector gear - 500
includes mouting pads, rail interface surfaces, 

bearing mount, and gear cutting
Cleaning and painting - 60
Heat treatment 1500 -
Bead blasting 800 -
Invar 36 sq. Rod, 1.5"sq x 0.04", 200 feet 10000 -
Invar 36 plate, 200 lb 3000 -
Miscellaneous (welding rod, paint etc.) 800 -

Total (Fabricated and mfg Items) 16100.000 1060.000

Cost Estimation - Controllers and drivers

Non Recurring (Design) Labour - Hours
Management 20
Software Engineer 400
Electrical Engineer 200
Checker 20

Procurement, Assembly & Test
Labour- Hours

Software Engineer 200
Electrical Engineer 100
Technician 30
Test 10

Software, controllers and drivers are quoted from National Instruments

Procured Items Cost ($) Specs
Labview Software 3495
Stepper Motors - 22 quantity
Pneumatic Cylinders - 8 quantity
Remote controller 5930
Universal Motion Interface x 7 2065 UMI - 7764
Power Drivers x 6 13170 MID- 7604
Stepper Controller Boards x 6 8970 PCI-7344
Remote Control Chassis MXI-3 4390
Cables 5245

Total 43265.000


