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Mechanical Configuration Introduction 
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Opto-mechanical instrument designs begin with basic inputs: 

7. 

2. 

3. 

4. 

& +  
L /  

n u  

Optical Design - where are the mirrors placed and rays travel? 

Thermal Design - what kind of thermal design is needed to maintain proper 
alignment and shape of optics within tolerances? 

Structural Considerations - how does one design structure around the optica 
design to maintain proper alignment and shape of the optics within tolerances? 

Volumetric Constraints - how much space do the optics and support structure 
need? Can it all package into the allowable volumes? What deployments are 
needed? 
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Mechanical Configuration Requirements 
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TPF-C Minimum Mission Mechanical DesiQn Driving Requirements 

1, Optical Design 
- 6m x 3.5m primary mirror 
- 10m primary to secondary mirror separation 
- Back end coronagraph optical system 

2. Thermal Design 
- V-groove cocoon surrounding telescope 
- Isothermal enclosure around primary mirror, instrument and secondary mirror 

3. Structural Considerations 
- Tight optical alignment and stability tolerances will require stiff supporting 
structures, kinematic mirror mounting, metrology system, etc. 
- Minimize jitter and vibrations to optics from spacecraft 

4. Volumetric Considerations 
- Launch vehicle shroud volume 
- Secondary component sizes (Solar array, propulsion tank, reaction wheel, etc.) 
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Early Trades That Impacted Overall Configuration A p L  
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-Movements - spacecraft reaction wheels 
-Helps keep primary mirror near RT & 
secondary support relatively warm 
-Stiffer sunshield (higher frequencies) 

sources, may restrict FOV 
-Solar pressure is unbalanced 
-Deployment complicated 

stowed and flight 
configurations 
-No direct view of vgrooves 
-Support structure for v-grooves can be 
decoupled from instrument 

Poor load path to booster payload interface 

Takes up volume behind primary 

Note: White coloredfelds indicate what is in the current configuration 
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Trades That Impacted Overall Configuration A p L  
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components 
-CG centered in booster fairing 

I I 1 

components 
-Eliminates need for large footprint on 
spacecraft 
-Achieves higher stowed frequency 
-Provides better support access for 
components not close to booster interface 
-Lower launch stresses for Observatory 
structures using support cylinder as priman 
load path 

-Many complicated interfaces on spacecraft 
and many separables 

Note: White coloredJields indicate what is in the current conzguration 
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Trades That Impacted Secondary Mirror Deployment JPL 
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1. Single compound axis fold 

2. Double compound axis fold 

3. Single axis fold 

4. Double axis fold 

5. Triple axis fold 

Single acutation ]-Poor primary to secondary tower placement 
-Limits length of telescope without adding a 
second piwt 
-Difficult to carry load to booster payload 
interface 

-Two axis rotation 

-Difficult motion 

-Pushes stowed CG higher in fairing 
-Limits length of telescope without adding a 
second piwt 
-Offset CG in stowed and flight configuration 
-Limits base size of tower 
-Skewed tower to clear light path 
-Increases size of v-groox! shield 

-Pushes stowed CG higher in fairing 
-Offset CG in flight configuration 

-Seu?re limitions on base size of tower 
-Increases size of v-groow shield 

Fawrable primary to secondary tower 
)lacement 
Allows for growth in telescope length 

Simple, single acutation 

Simple motion - rotation axes are 
Fawrable position of secondary tower 
o primary 
Allows for growth in telescope length 
Better CG placement in stowed 
:onfiguration 

Allows for growth in telescope length 
.Better CG placment in stowed and flight -Limits base size of tower 
:onfigurations 

-Three axis rotation 

I 
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Configuration Schematic JPL 
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Deployed V-groove 
Thermal Shields (inner 
layer will act as baffle) 

2004 8 



Minimum Mission Configuration 
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3.35m H 

HGA V-groove thermal shade 

Solar Arrays Solar Sail 

X 

T7 u I 
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Minimum Mission Configuration 
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Secondary mirror 

A 

1 Om 

Optical Bench 

Primary Mirror 

Secondary mirror surface 

vy 
Z 

Tertiary 

Optical Prescription Reference 
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JlpL Secondary Tower Hinge and Latching Mechanism 
Concept 

into beam / 
joint fitting Latch 

integrated 
into beam 
fitting 

E-r 
A NASA 
Origins 
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Beam ioint 
fitting 

/ beam 

Cross-Section View 

Motor/Ball plunger 
interface plate 

Threaded shaft 

1- 

Exploded View 

Note: Latching concept based on an NGST heritage concept 
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Secondary Tower Lower Support Mechanism J ~ L  
* Lower tower support needed to 

Will not stow in shroud as part of 
stiff en tower 

tower - must deploy into place 
/ 

A NASA 
Origins 
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Tower support beam part of 4 bar 
linkage mechanism - deploys when 
tower deploys 

I l . l m  
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Components Behind Primary Mirror 
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to AMS Note: Primary mirror not shown 
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Optical Prescription 
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Spacecraft Component Configuration 
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Active dynamic isolation 
interface (3 pl) 

Spacecraft bus 

I 
Deployed HGA 
(2 PI) 

\ -  
Deployed 
solar array 

I Deployed v-groove 
platform Propulsion 

tank (3  nl\ 

Spacecraft 
equipment 
support panel 

Thruster 
cluster 
(2 PI) 

1 t- r' i  _-. ... 
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Solar Array and Solar Sail Configuration J ~ L .  
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Solar Array and Solar Sail are sized and positioned to balance out the solar torque in the 

Solar Array 
- Total Area = 12m2 - 

deployed configuration. 

Panel Area = 2m x 1.5m = 3m2 
Solar Sail 

Width = 4.8 m - 
- Deployment length = 14m 

4 actuators control pointing of 
solar arrays and solar sail 
Solar arrays and arms deploy 
using spring loaded hinges 
Solar sail deploys using canister 
boom 
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Stowed Mechanical Configuration 
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Stowed Configuration in Delta IV-H (19.8m gov’t standard) 

19.814m 

1 
4.57m (ID) 

1.448n 
dia 

I 
Top View 

16.484m 

12.192m 

Launch support cylinder - 
closed on both ends to control 
contamination on primary 
mirror 
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Mission Deployment Sequence Stage 1 
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support 
cylinder 
separation 
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Summary 
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Many early trades performed to find the best overall configuration 
Conceptual configuration for TPF-C minimum mission is solid 
- Top level structural and thermal issues have been addressed 
- Stows compactly in the Delta IV-H launch shroud 
- Major spacecraft components accounted for 
- Viable launch to observation configuration scenario 

- V-groove deployment system needs further development 
- Back end optics and optical bench require configuration concept based on 

optical prescription 
- Accommodation of ancillary science and spectrograph 
- Impacts of analysis (launch and operational) need to be evaluated and 

incorporated 
- Flowdown of I&T requirements need to be assessed and incorporated 
- Metrology system needs to be accommodated 

Future work 
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Excerpt from "Development of the Terrestrial Planet Finder Coronagraph Membrane V-Groove Sunshield," AlAA 2004-1 731 , 
45th AIMASME/ ASCE/AHS/ASC Structures, Structural Dynamics, and Materials Conference, Palm Springs, California, April 
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Development of the Terrestriml Planet Finder Coronagraph 
klembrdne V-G roove Sunshield 
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