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Mechanical Configuration Introduction

SJPL

Opto-mechanical instrument designs begin with basic inputs:
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1.
2.

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 optical
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 JPL

TPF-C Minimum Mission Mechanical Design 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

! | ‘Pl \'  Terrestrial Planet Finder Mission

4. Volumetric Considerations
- Launch vehicle shroud volume

A NASA - Secondary component sizes (Solar array, propulsion tank, reaction wheel, etc.)
Origins
Mission
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Early Trades That Impacted Overall Configuration Jpl_
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1. Behind primary mirror

-Deployment includes telescope baffle

-Movements - spacecraft reaction wheels
-Helps keep primary mirror near RT &
secondary support relatively warm
-Stiffer sunshield (higher frequencies)

-Better CG placement in stowed and flight
configurations

-No direct view of v-grooves

-Support structure for v-grooves can be
decoupled from instrument

-Can only be 90 degree or greater to light
sources, may restrict FOV

-Solar pressure is unbalanced
-Deployment complicated

-Poor load path to booster payload interface

-Takes up volume behind primary

Note: White colored fields indicate what is in the current configuration
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Trades That Impacted Overall Configuration JPL

-Requires clam-shell separation mechanism

-Allows spac for -g ove
components
-CG centered in booster fairing

ploy

A NASA
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3. Support Cylinder -Allows space for v-groove deploy q clam-shell separation mechanism
components
-Eliminates need for large footprint on -Many complicated interfaces on spacecraft
spacecraft and many separables

-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 primary
load path

Note: White colored fields indicate what is in the current configuration
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Trades That Impacted Secondary Mirror Deployment J PL

1. Single compound axis fold

-Single acutation

-Poor primary to secondary tower placement
-Limits length of telescope without adding a
second pivot

-Difficult to carry load to booster payload
interface

2. Double compound axis fold

-Faworable primary to secondary tower
placement
-Allows for growth in telescope length

-Two axis rotation

-Difficult motion

3. Single axis fold

A NASA
Origins
Mission

PI \'  Terrestrial Planet Finder Mission

-Simple, single acutation

-Pushes stowed CG higher in fairing

-Limits length of telescope without adding a
second pivot

-Offset CG in stowed and flight configuration
-Limits base size of tower

-Skewed tower to clear light path
-Increases size of wgroove shield

4. Double axis fold

-Simple motion - rotation axes are
-Faworable position of secondary tower
to primary

-Allows for growth in telescope length
-Better CG placement in stowed
configuration

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

-Sewere limitions on base size of tower
-Increases size of v-groove shield

5. Triple axis fold

-Allows for growth in telescope length
-Better CG placment in stowed and flight
configurations

-Three axis rotation
-Limits base size of tower
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Deployed Solar Array
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-thruster clusters (2)

-fuel tanks (2)
-high gain antenna (2)

-sun shade
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Minimum Mission Configuration JpL

12.5m 10.35m 14m

3.35m

! I ‘Pl \ Terrestrial Planet Finder Mission

Solar Arrays

Solar Sail

A NASA

Origins V-groove thermal shade
Mission HGA
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Minimum Mission Configuration Jpl_

Secondary Mirror

A NASA
Origins
Mission

PI ' Terrestrial Planet Finder Mission

Primary Mirror Primary Mirror support structure

Secondary Mirror Surface

Primary Mirror
Surface

Back end
coronagraph
" optics

Optical Prescription Reference

TPF Coronagraph Systems
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Minimum Mission Configuration JPL

Secondary mirror

Secondary mirror surface

10m

Pl \' Terrestrial Planet Finder Mission
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Primary mirror
surface
Y
Back end
coronagraph
optics
Tertiary mirror
surface
Optical Bench Optical Prescription Reference

Primary Mirror
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Telescope and Secondary Mirror Assemblies

SJPL
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Secondary Mirror Assembly

Secondary Bracket

Thermal
Enclosure
(transparent)

Deployed
secondary
tower Primary Actuated
mirror (6m x Acquisition hexapod
3.5m) Camera*
Cross Secondary
section of Mirror
deployed V- Thermal
gl;):r\;e \ Isolator
Hexapod support
V-groove Deployed (minimize thermal
deployment HGA conduction path)
boom Primary mirror *Other location option is at telescope focal plane
thermal
Spacecraft enclosure
equipment (coronagraph
ANASA :lajzzlort sensor and A
Origins Deployed §p§ctrograp
rigt eploye inside)
Mission solar array
TPF Coronagraph Systems 28 Apr 2004 pg 12




Secondary Tower Hinge and Latching Mechanism p
Concept J L

Beam joint
fitting

Ball plunger

Motor cover

Motor Plunger spring

support
structure

Bali plunger
housing

Terrestrial Planet Finder Mission

Hinge Ball plunger with

integrated threaded hole

into beam

joint fitting Latch
integrated Motor/Ball plunger
into beam interface plate
fitting

Threaded shaft

Gearbox

Motor
N
o
E Cross-Section View Exploded View
A NASA
Origins Note: Latching concept based on an NGST heritage concept
Mission
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* Lower tower support needed to
stiffen tower

 Will not stow in shroud as part of
tower - must deploy into place

/

Terrestrial Planet Finder Mission

1PF

* Tower support beam part of 4 bar
linkage mechanism — deploys when
tower deploys

1.1m

Tower

support

beam will

lock in

circular area

to beam V

fitting Tower .

deployment Hinge
Mechanism link motors integrated

into beam
joint fitting

Tower support beam

Latch mechanism

Pivot joints (will be integrated into

focked out) beam joint fitting
A NASA Pivot bracket supports fold mirro
Origins and provides hard stops for tower
Mission and tower support beam Thermal isolator
TPF Coronagraph Systems 28 Apr2004 pgl4




Components Behind Primary Mirror Jpl_

Secondary tower pivot bracket is
thermally isolated

Thermal enclosure support
bipods to AMS (3 pl)

R — =

AMS optimized
for loads

Thermal enclosure
keeps primary mirror
and components behind

Thermal
isolators
between

Pl \'  Terrestrial Planet Finder Mission

g primary warm S/C and
AMS (3 pl)
Primary
mirror
support
bipods
Optical bench houses
' preliminary optical
’ prescription. Attached
Launch support to AMS with bipods (not
interfaces (4 pl) visible)
thermally isolated
ANASA to AMS Note: Primary mirror not shown
Origins
Mission
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SJPL

Components Behind Primary Mirror

Primary Mirror

Optical Bench

View A-A

(Primary mirror not shown)

S/C thermal
isolators

Terrestrial Planet Finder Mission

Dynamic
isolation

* Optical bench location is ideal from an
integration and test point of view as well as
helping balance the CG of the system

1PF

A NASA
Origins
Mission
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Optical Prescription

Final imaging
mirror

Fold mirror

! I ‘Pl \'  Terrestrial Planet Finder Mission
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Mission

Optical bench
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Optical Prescription

Optical bench —
conforms to optical
prescription

Final imaging
mirror

! I ‘PI \'  Terrestrial Planet Finder Mission
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Spectrograph
location
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Spacecraft Component Configuration JFPL

Active dynamic isolation
interface (3 pl)

Reaction
wheels (6)

Spacecraft bus

! l ‘PI \'  Terrestrial Planet Finder Mission

Spacecraft
equipment
(léep:)oyed HGA support panel
p

Thruster
cluster
2pl)

A NASA

Origins Deployed v-groove

Mission platform Propulsion Deployed

tank (2 pl) solar array
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SPL

Solar Array and Solar Sail Configuration

® Solar Array and Solar Sail are sized and positioned to balance out the solar torque in the
deployed configuration.
* Solar Array

~  Total Area = 12m?2

—  Panel Area =2m x 1.5m = 3m?2
¢ Solar Sail

— Width=48m

—  Deployment length = 14m

A NASA
Origins
Mission

’ I ‘Pl \ Terrestrial Planet Finder Mission

® 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

TPF Coronagraph Systems 28 Apr 2004 pg20




SJPLU

Sequence For Stowing In Launch Shroud

Clamshell support cylinder separates after
launch and releases spacecraft

! I ‘Pl \ Terrestrial Planet Finder Mission

A NASA

Origins Bipods support flight system to cylinder
Mission

TPF Coronagraph Systems 28 Apr 2004 pg21




Stowed Mechanical Configuration

SPL

Stowed Configuration in Delta IV-H (19.8m gov’t standard)
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A NASA _ Y closed on both ends to control
Origins contamination on primary
Mission y mirror
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Mission Deployment Sequence Stage 1

SPL

Launch

A NASA
Origins
Mission

! I ‘PI \' Terrestrial Planet Finder Mission

Fairing
separation

Second
stage
separation

Support
cylinder
separation

TPF Coronagraph Systems
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Mission Deployment Sequence Stage 2

JPL

Solar
Array
deploy

! I ‘PI \' Terrestrial Planet Finder Mission
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HGA
deploy

Tower
deploy

V-groove
panel
deploy

Solar
Sail
Deploy

V-
groove
deploy

TPF Coronagraph Systems
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Summary JPL
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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

Future work

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

TPF Coronagraph Systems 28 Apr 2004 pg25
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Excerpt from “Development of the Terrestrial Planet Finder Coronagraph Membrane V-Groove Sunshield,” AIAA 2004-1731,
45th AIAA/JASME/ ASCE/AHS/ASC Structures, Structural Dynamics, and Materials Conference, Palm Springs, California, April
2004, p1-6.

Development of the Terrestrial Planet Finder Coronagraph

Membrane V-Groove Sunshield L Arch of the aemnbrane V-g
Wﬁﬂwdc\dmuofmwdxadspmgmm haologics, lwge by hickls ane ging
and grining more and mare aticntions™
This study dcvcloped 8 cacoon fpe V~
groove

Houfer Fmg Timothy Y Ho Ubaldon;m Wiltiam C U(kbou‘
Androw Kissit, Gregory W Gunshmg Chen”

Jet Propulsion 1. nembsancs as shown w figme 3 The
Califoraics Institure of Technology diameser of the most inncr Vegroove is 6 3
800 Ock Grove Drive maters sod the functional beight of all V-

Pasadena, Colifornia 91 1198099 grooves is 1.5 meters. The thickness of dhe
membrane is |-mil.  Major components
inclnde: 1) membranes 1o sene a8 the

An innevative architecture for 8 V-groave messbrane sunshicld, which serves as both & sunshictd, 2) catenary systoms that streich
thermal shicld and » light baffic. kas been developed for the Terresteial Planet Finder the

Coromagesph. Amﬁ-m:rvdnpnﬂymlummmm-cm“‘w

Terrestrial Planet Finder Mission

design parameters aad (o verify the cxit of the booms tech A ¥ .

devkymuudyiuhanumpw -\therm.laalymhmbee-umdwtumtfy MMIN 2“, m"f

the thermal p i Ad i -ulynanhc by V-groove Sinsg boads to be k “wh::xm

-nhddh--luhauwfome‘tonldm:u‘ i G tly. the Figute 4 is the schematic of the cocoon ty

fensibikity of this archi has been e el
V-groove membranc sunshicld.

these  components, e

dephrysble booms are the moat cnitical

L Introdacticn stuctural componcots. They we ooy

The Terrestrinl Planct Finder (TPF) mission (around 13 cters) and ot be lightutight.  gigure . Deployed Configuration of Co aph, V-Greove

will siudy many aspecis of plancts oulside our
sofar  sysiem:  from  their  formation  and
development in digks of dust snd ges around
newly forming stars 4o the presence and foatures
of those plancts orbiting the nearest stas; from
the mambers at various sizcs aad places fo their
sutability as an abode foe life'. The Tervestrial
Phnc( Finder Comnngn;i- is a potential
wndor d ot Jet Py

Labumfor!h-smm l-nguresl'ode
the TPF Coronagraph m both packaged and
deploved configurations

To control the coronagraph’s thermal
cavironment, 4 acvel V-groove sunshicld, which
seeves as both a thermal shield and as a light
baffle, has been developod by this sidy. This
paper will discuss the archisocture, prehminasn:
design analysis. packaging sed deployment,
lhermnludwamdﬂwd\nm analysis of
the mentbrane V-groove sunshicid.

Figure 1. Stowed Comfiguration ins Detta 1V-H Firing

Each boom st be packaged within a 0.3
meter diameter and 0.7-mewer tall envelope
o xcommodate the syviom package o

shown in Ggure | Tommmm:rhehendmgmamemm
& boom by the ioning (orce,

haring cable is crmployed by this

Figure 3. A V.Groove Suushicld System

" Senshield, and Selsr Panct

Fignre 4. Schematic of the V-Groove Sunshield
System

’Mcmbcrnl‘" h E Seaff, Mech 1 Systems £l ng and R h Division, Senior Member AIAA.
. SeafT. Mochanical Sae 6 . R s Divisi
. A”:‘“"“"'P e Systems g and Division WL Preiimisary design asalysis
’Lmdlm&mmw:a&wSuﬂ ObsmnbanalS\ﬂm’Dnum Afier the archi s devels i design amalysis was conducted 1o &
*Mmof' heical Stafl, \ I Systems Engi b Division. of the caicaary nmmm—dmd%mmw«mdmw%m
“ Member of Tochnical Stafl, Mech 1 Syatems E: and" b Division. Senior Member AIAA W‘Mmsd:bomunmmdmnm Mnmmdmuan;hmmmmm
A NASA * Masager, Scicnce and Toch ‘  Devek t S . ATAA Member of this architecture. 18 different boom technologics were the of boom technol
Origins
. . 2
Mission ! American lnsttn of A and A

Instie of A ics and A
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that can dac this arch Ref 410 9 are some boom chaolagics that have been published in
This study used 1-mil (2.54x10™ metor) thick aluminizod Kapton as the t matenal. The bea

tensioning siress is assumcd 60 be 3-psi (20689 N/m®). Every Vogroove is composed of 8 flat membranc scctions.
The botiom scparation between two Isyers of membrane is grven as 2 inches (3.08 cm) and the angle between two
sdjacent tayers of membranc is 3 dogrees. The most inner layer is a 6.5-meter diametor and 11 3-meter (ccluding
the catenacy arca) tall cviinder.

The preliminary design analysis started from the caenary analysis. A caienary is & eable thal is connected to the
cdge of a pisce of membeane, The fition of the catenary is o cvealy apply tensioming stress to 8 picce of
membranc to stresch & Figure S is an example of a picce
of membeanc that is tensioned by a caknary. Figure 6 is
the curvaiwre of a catenary. In figwre 6. L is called the
span of the casenary, h is called the sag of the catenary, w
s the stress that the calonary applics W the membeane
Alter the span, sag. and membrane stress are determined,
the

force along lhe catenacy cable can be caleolaed. '’
The cable forces of all six membranc are then used o

calculate the force transmitied 10 a boom. " ——
_Fimﬂsafiiwlhusbawshbuimsmd Figure 8, A piece of membrane that is tensioned

spacer bar by calenarics are all deteymined. By applying i.

force and moment balance with respect o the intersect i

poiat of the boom and the spaccr bar, both boom force e ‘T
. Mo g b ek o Py

developed 10 take targe axial buckling loads with very [ ll—] e

lismited bonding capabilitios. In onder 1o minimize the !

mnswmamhadmgwwmlh [ e— n
The varisbles of the preliminary design analysis are:

1. Sag of the catenary systom. Since the or rons of
diffecent loyers of membrane vary, il is required that
the projections of all sags on the vertical axis must be
at the same height  The dimension of the projections
of all sags on the vertical axis is nazcd as “sag of the
catcnary sysiem” .

2. Boom anghk. The boom angic is definod as the angle
between a boom and the vertical axia The minimum
boom angle is 16,18 deg, which is the angle of the
outmost Layer membeane.

3. Top offset. The top offiet is defincd as the distance
betwoen the eonter of the 1op end of de boom and
the anchoring cable. Top offsct 15 indicated as L in
Figute 7 The minimunt top affeet i 0.15 meter ¥

4 Bowom offset. The botiom offsct is defined as the L —
distance betwoen the conter of the bottom end of the Figure 7. Orientations of the boom,
boom and the anchoring cable. The minimum membeases, spacer bar, and anchoring cable
bottom offsct is 0.2 meter.

5. Boom force. The boom foree is the force loaded on the boom in the muat direction of the boom.

6. Boom kagth The boom length is the fimction of the sag of the catenary system as well as the sagle of the
boom

T T |
¥

Sy o

Pcemern Hoknow s, Dot

3
American Insttute of Acronsatics and Astronautics

7. Requured boom beding siffeces. The assumptions made for snabyzing bending stiffacss wre: the boom failure
tvpe is Euler buckle, bottom of the boom is fixed, top of the boom s froe, and the safety factor is 4. The
required boom bending stiffness is calculated as:

El =up_'~1'“”' (D)
]

Where, L is the kength of the boom, P is the applicd booms force, o is the safety factor.
Figures 8 10 11 are some of the preliminaty design analysis results. Figure 8 shows the top offset 2y the function
of the botiom offsct while the sag of the calenary Systom is kepé at L meter. Figure 9 shows the boom force aad the

Sysi
Sogeim
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1/ " C i fergies 13 18 00
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D et

Figure 8. Top offset (sag equals (o I-meter)
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Figure 9. Boom force ax well as the required beading stiffness
(s2g equals to 1-meter)

4
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required bending stiffiwss {E1) as the function of the bottom offset while the sag of the catenary system is kept at |
meter.

Fignre 10 shows the wp offsct as the function of the bottom offsel while the sag of the catenary sysien is kept at
2imeter, Figure 11 shows the boom force as well as the required bending stifncss (ET) as the function of the bottom
offsct while the sag of the cateaany sysiem is kept at 2 meter.

™
tugeim

i ¥ [ [ i ’ 2
i (i gt

Figure (0. Top offset (sag equals to 2-meter)

ioel
Sz

Figure 11, Boom force as well as the required bending stiffness
{sag equals to 2-meter)

F an be obtxined from figuess 8 o H:

1 &Mhmﬁkmum-mdsnahgwmwuwwdxmbmb\lhccdenm The
force loaded ta the boom by the catenary via the spacer bar also becomes bigger. On the other hand, bigger sag
requircs donger boom.  In ordkr to minimize the required hoom bendiny Adiffacss. shorier boom length and
smaller boom force are preferred.

2. Smaller botiom offsct is desired for packaging.  Smaller bottom offsct results @ 2 smaller top offset and the
sysiem is mone compact. However, smaller bottom offsct is slso associated with undesinsble bigger boom force
as welt as bigeer boom bending stiffness

Instituie of A ics and A

3. Bigger boom angh remults o preforred smaller botton offsct 2s well s undesined booa foroc.

Juis concluded by this snalysis that multiple boom technologics ¢xist which can be developed to sccommodate
this srchisecture, The polential boom sechnology'. which can be further developed for this application, has also been
sdentifiod consemquentiy

V. Packaging and in-space depl

Figure 11 Both coronagraph and sunshicld are
packaged in the fairing of 2 Delta IV-H

Figure IJ. Coronagraph is deployed while
sunshield is stilf

Oncoﬂhc chdlenggnol'lhum is fo the

hi "ﬂnchln WV-H

faring, Tranmdme!ﬁxuhrmmadelommwsh

this 25 well a0 avoid sy possible conflict hotworn the

h and the hickd during the depl

PROCESE. Fignrc 12 shows both coronagraph and sunshicld,

which are packaged in the fuiring of 2 Delta IV-H. The

first step of the deployment rocess is the deployment of

the coronagraph as shown @ figure 13, The second step of

the deploymcnt process is the deplovment of the sunshickd
as shows in figure 2.

Another challenge of this sy is how to package a
membrne cylinder a5 & whole paoce without introducing
too mamy cecases afier # is deployod.  The deplovment Fi 1 oprrm

of the mbeane cylinder should not have amy pure 15, A partaly eplored paper

confliction with the deployed coromagraph. An origami

was invented by this stady and demonstraied in
figuees 14w 16,

Figure 14, A packaged paper cylinder

¥. Thermat analysis of the V-groove sunshield

A thermal analysis was coaducted o venly the thermal
performance of the sunshield. Figures 17-18 give results of
this analysis. 1t is concluded fom the resulis of this
analysis that (his suashicld cam control the thermal
environment of the coronagraph.

Figure 16. A fully deployed paper cylinder

6
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