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Outline

• Component list and mass estimate

• Latest thinking on mechanisms
– L2 actuation
– Filter changer
– Shutter
– Image-stabilization actuators

• Front-end optic assembly (L1 & L2)

• Focal plane build/assembly strategy

• Priorities for FY06



3
Layton Hale, 10/17/05

The component list contains estimates of mass and cg 
location for parts and computes totals for assemblies

Total mass = 3600 ± 400 kg, Zcg w.r.t. FP = -360 ± 70 mm
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Latest thinking on mechanisms

• L2 actuation may no longer be required for Lynn Seppala’s design

• Filter changer
– Use straight and curved track sections 
– Proposed method to change the filter complement

• Shutter
– Two-sheet shutter

• Image-stabilization actuators
– Consider variable-reluctance motors with mass counterbalance
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Prefer a track-based filter changer over linkages to maneuver 
the filter through the confines of the camera 

Standard 
bearing 
components 
from Bishop-
Wisecarver
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It’s straightforward to piece together straight and curved 
tracks that a carriage can follow
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Filters are 30 mm larger and further from L3 to provide needed 
space

Filter
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Two-sheet shutter allows a much shorter exposure time and 
simplifies several aspects of the design

Position

Time

exposure
time

time-stamp variation
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Reasons to favor two independent sheets: 

• Less total travel of sheets

• Edge stiffener doesn’t have to roll up

• Simpler more robust sheets (avoid large rectangular aperture)

• May facilitate removal from the camera body

The main challenge is in rolling up each sheet but I have 
several ideas to try. Some are very simple and some will 
work. Hopefully one very simple idea will work well.
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Moving the focal plane array for image stabilization raises 
concerns about disturbance forces on the camera and top end

• The actuators can be designed with mass counterbalance to largely 
eliminate disturbance forces

• Doing so obviously removes the gravity load on the actuators, 
making electromagnetic actuators more feasible

• Using a lever, the counterbalance mass may be reduced by the 
lever ratio, however the kinetic energy goes up by the same ratio

• The main mass of the actuator would be used for counterbalance 

• The motion at the actuator is still relatively small so consider
variable reluctance for greater power density

Rick Montesanti at LLNL recently developed a fast-tool servo 
with 10 kHz bandwidth using a variable-reluctance motor
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Finite element model of front-end optic assembly. Total mass 
is 650 kg using 10 Ga (.135”) steel walls and 1/2” steel flanges

L2 has 6 radial-
motion flexures

L1 has 18 radial-
motion flexures

6 adjustable 
attachments to 
camera body

3 beams 
spread load 
to 6 plcs on 
housing



13
Layton Hale, 10/17/05

First four suspension modes on the kinematic support

Mode 1 
89 Hz

Mode 2 
89 Hz

Mode 3 
110 Hz

Mode 4 
110 Hz
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Contour plot showing Z displacement of L1 under 1g Z load 
(values appear on next slide)

2 μm per 
fringe
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Center-to-edge displacement is 13.3 μm. Three-fold edge displ. 
is 1.7 μm max, 18-fold edge displ. is 0.63 μm max.
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Contour plots showing Z displ. of L1 under 1g X & Y loads

2 μm per 
fringe

1 g load

1 g load
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Contour plot showing Z displacement of L2 under 1g Z load 
(values appear on next slide)

2 μm per 
fringe
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Center-to-edge displacement is 5.4 μm. Six-fold edge 
displacement is 0.65 μm.
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Contour plots showing Z displ. of L2 under 1g X & Y loads

2 μm per 
fringe

1 g load

1 g load
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A focal plane build/assembly strategy aimed toward 
minimizing the likelihood and effort of repair

• Goal # 1: Replace the defective raft(s) without disturbing the 
others, especially their cables 

– This implies that everything related to a raft lies in the shadow of the 
raft, including electronics, cables, feedthrus

– The only access to any raft is through its port in the rear bulkhead of 
the cryostat

– A raft is handled from the rear even though L3 must be removed 

• Goal # 2: All rafts are interchangeable, including spares, so they 
install without further adjustment

– This may be accomplished with a repeatable mounting, e.g., a three-vee
kinematic coupling with submicron repeatability

– All rafts are set up and inspected in the same measuring machine
relative to its kinematic coupling

• Goal # 3: The integrating structure is passive except for things 
accessible after removing L3
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All the precision is built into the integrating structure and rafts 
in advance to enable snap-together assembly 

• The integrating structure is measured cold and under load to 
determine how to correct its shape 

• Verify with a master raft that every location on the integrating
structure is correct within the necessary tolerance

• Make all rafts match the master raft within the necessary tolerance

• Assemble and test to verify the process

• Would likely test the whole array after replacing any raft
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Layout of rear bulkhead on cryostat

24x  M8

R 18

5.5

126sq. pitch

100 sq. hole 120 sq. flange

Ø 940 ID

Ø 980 BC

Ø 1000 OD

6

4.5
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40 mm thickness gives reasonable results for vacuum load

Max. displ. = 0.86 mm (0.034”) Max. stress = 61 MPa (8.8 ksi)
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Priorities for FY06

• Structural model of the camera body, rotator and hexapod
– Will use to refine the mass estimate
– Will enable a simplified model for the telescope team

• Focal plane assembly

• Support project activities e.g., WBS and proposal


