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Titan: A complex world of high priority

« Cassini-Huygens has found lakes, seas, rivers,
clouds, rain, and in the exten ission strong
evidence for a dynamic cha
and interior ocean

Titan is the only world be
climate/hygrology cycle:

(hydrology)

Titan’s wealth of orga
sources of free energy:
exploring chemistry tha
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JPL

Studies have identified key elements
needed to address smence questlons

 NASA mission studies focused on science
— Various studies in the 1990s
— 2002 Aerocapture Systems Analysis Study |

— 2004 Titan Organic Exploration Study (TOES)
under NASA'’s Vision Missions Program

— 2006 Titan Prebiotic Explorer (TiPEXx) study
— 2007 “Billion Dollar Box” study

« Technology development to retire risk
— Focused on balloon and in situ elements

« 2007 APL-led Titan Explorer study confirmed the ‘
Orbiter, Lander and Balloon as key elements for a v

flagship mission to Titan ===>  basis for
2008 NASA-ESA joint OPFM studies
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JPL
2008 NASA-ESA studies focused on joint

mission to Titan and Enceladus

Following from NASA’s 2007 Titan Explorer study and ESA’s
TandEM study, NASA and ESA (with CNES participation) initiated a
joint mission study

The 2008 concept was shaped by results from previous NASA and
ESA studies and driven by NASA ground rules

Key driving NASA ground rules

— Level 1 science requirements include Titan, Saturn s ..,
Enceladus

— NASA provides orbiter and ESA provides in situ elen

— Must achieve Titan orbit without using aerocapture
— Must achieve best balance of science, cost, and risk

The Titan Saturn System:Mission(1.2SM)emerged



2008 TSSM Overview
Enceladus and Saturn system
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elements and also
provide command
data relay
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Baseline mission elements

A hot-air balloon
(Titan
montgolfiere)
Dedicated Titan orbiter would float at 10
would deliver in situ km above the

," surface around
and the equator with

altitude control

A short-lived
Probe/Lander with
liquid surface package
would land in northern

Artist Concept
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Baseline orbiter overview

Design leaned heavily on
heritage and lessons learned

Articula
from Cassini, MRO and Dawn HeA
Orbiter dry mass 1613 kg
including 33% margin Avionics
— 165 kg allocated to orbiter 45N RCS orieeere
instruments (16) ™ Radiator

Shade

— In situ mass allocation 833 kg
» 600 kg for montgolfiere
* 190 kg for lander
* 43 kg for support equipment
(spin-eject device)
SEP stage built around launch "
vehicle adapter leverages current

development programs
— NEXT ion thrusters Arrays (twe ) "
— Orion-derived solar arrays

Oxidizer
_— Pressurant
Tank

ESA

Oxidizer Tank

0 N HiPAT engine
ed in SEP stage)
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Baseline lander overview

« System and Mission design built upon
Huygens heritage

« Landed mass 85 kg, including 23 kg
instrumentation

« Target: Kraken Mare (72°N)—floating
capability
« Battery powered

 Lifetime: 6 hours descent and
3 hours on surface

« Delivery on 2nd Titan flyby—orbiter in
close vicinity

Instruments

Mortar & drogue
parachnte

Separation

svstem

Mamn parachute

Platform

Separation

Front shell Svstem
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Baseline montgolfiere overview

« Balloon envelope: 10.5 m diameter (~130
kg); heating by single MMRTG

« Gondola: 144 kg, incl. 21.5 kg
instrumentation

« Power and buoyancy generation by
MMRTG (100 W, ~1700W, at Titan)

« Floating altitude 10 km; only altitude
control

* Prime mission 6 months
(+6 months extended)

Titan cirgumnavigation
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Path forward from 2008 Studies

« The TSSM science panels and review boards confirmed that in situ
elements are needed for a highly capable flagship mission to Titan

 NASA TMC panel and ESA review board identified risks needing further
attention

NASA STMC E
Review Findings

— Orbiter and lake lander risks can be mitigated in formulation

mitigation:

AN AN

&

* Integration of the NASA provided MMRTG

— Additional areas of risk reduction identified by the TSSM team include
development of in situ instrument systems for the cryogenic environm
and high performance orbiter remote sensing instruments

« Sampling systems and chemical analyzers (1-600 Da mass spec.)

Hi res. IR Imager/Spec. (<50m/pixel) and Mass Spec. (M/AM <10° for masses up to
10,000 Da)

To advance readiness of the montgolfiere, NASA and CNES are discussing
a@9joint risk reduction effort directed at a Titarraerobot
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Balloon deployment and inflation

Montgolfiere entry
and initial
deployment is
similar to Huygens
parachute
deployment

— Complicated by

deployment of
MMRTG

Inflation of balloon
and establishment
of buoyancy will
require validation
and demonstration
of flight
configuration

— 2008 testing has

shown positive

9/21/2009 resu ItS

Entry Interface

s

Alt=1270 km
V =6.3 km/s
FPA = -590
t=0s

N4
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Montgolfiere

brogue Ghut Entry Profile
Deploym:
Main Chute
Deployment
- 0
Alt= 135km

V =Mach 1.8
t= 2785 ?

Alt= 135km

Montgolfiere
Operations

Montgolfiére Deployment
? and Fillin g
A4

V= Mach 1.8
(= 22 Alt= 131 km
V= 110mis
t= 3125
Alt = 40 km

V=6.5m/s
t=14hrs

Successful
aerial
deployment and
inflation test on
4.5 m balloon
(300-400 meter
altitude)
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Balloon packaging and thermal

management

» Packaging within the limited space
available in the aeroshell is a
challenge that will continue to be
addressed as the montgolfiere
design is further developed

- Heat rejection from the MMRTG
during cruise must be robust to the
requirements of a potentially long
cruise duration

— This issue is currently being addressed
by MSL, which shares the same heat
{_ejection challenge over shorter period of

Ime

« Design for insertion of the MMRTG
at the launch site will also be a focus

— Also addressed by MSL

— 2008 montgolfiere design not optimized

MSL Cruise Configuratio

Cruise
Radiator
Panels
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Montgolfiere performance modeling and testing

Indoor propane-heated

- Additional montgolfiere performance montgolfirs ballown
modeling and testing are necessary to Averag
understand margins needed to ensure
desired performance given expected
environmental uncertainties

— Would build on significant body of development

alre@igym%%%go an montgolfiere balloon thermodynamics
(left), cryogenic testing of 1 m diameter balloon by by Julian Nott
(lower right) and comparison of buoyancy vs heat transfer data

(below) .,

- 0"
()
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evelopment of autonomous operation capabilities

« Autonomous operation capability has potential to
greatly expand science value
« Approach is to build on currently ongoing aerobot
autonomy flight experiments
— Powered blimp testbed flown in the Mojave desert

— Integrated sensor, actuator and software system for
autonomous flight controls and vision-based
navigation

— Demonstrated autonomous waypoint navigation and
trajectory following for repeated 30 minute flights

fliel de _ .

Real-time operator control interface Example of repeated “racetrack” trajectories
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.Development of surface sampling capabllmes

 Addition of surface sampling capablllty on the aerobot
could significantly increase science return

 Aerobot surface sample acquisition experiments have
recently been performed with a tethered “harpoon” device

— Proof-of-concept experiments using the JPL powered blimp
testbed

— The “harpoon” was an aluminum tube-like structure that falls
by gravity and embeds itself in the surface

— The harpoon is retrieved by winching on the tether

— A total of 8 acquisition flights so far, small (10s of grams)
amounts of surface dirt acquired each time

— Drop altitudes ranged from 15 to 70 m, ground relative speeds Harpoon and tether assembly
up to 5 m/s

Pre-flight preparations At the drop altitude Close-up view of impact site
9/21/2009 For discussion and planning purposes only 15
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'roposed plan for moving forward involves a
two-step risk reduction approach

Step 2
Step 1 Comprehensive technical
Focused risk mitigation to answer risk retirement for chosen

architecture defining questions. = baseline to demonstrate
Transitio

Define baseline in situ approach n to Step TRL 5-6

.
Ready
for
. Project
k. Phase A

Two-step approach maintains alignment with ongoing Planetary
Science Decadal Survey while advancing readiness for potential
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Key Products from 2-Step plan
Step 1

Determination of balloon thermodynamic feasibility and quantification of
expected performance margins for alternative architectures

— Selection of baseline balloon material

— Preliminary flight balloon qualification plan

— Plans for Earth atmosphere Titan analog balloon experiments (TABEX)
Definition of baseline aerobot architecture

Step 2

Detailed concept definition
— Manufacturing feasibility proven with full scale prototypes
— Packaging and storage approach validated with life testing

— Deployment and inflation approach validated with simulation and
experiments

— Operational performance measured with long duration Titan analog
balloon experiments



NASA/JPL and CNES Collaboration plan is JPL
currently being discussed

2008 2009 [ 2010 [ 2011 [ 2012 [ 2013 [ 2014 [ 2015
Task Name Org. FY09 FY10 FY11 FY12 FY13 FY14 FY15
X ‘02‘03‘04 a1 ‘02 ‘QS ‘04 X ‘02‘03‘04 a1 ‘m‘aa‘m X ‘02‘03‘04 a1 ‘02 ‘03‘04 a1 ‘02‘03‘04
Titan Balloon Tech. Dev. Timeline
Balloon Thetmodynamics
CF D modeling, inifial testcases (separately funded in FY09) Caltech
CF D tool modifications for Titan application (separately funded in F Y09) CNES —
CF D modeling: parametric studies and cross-checking Caltech '
CF D modeling: parametric studies and cross-checking CNES I
Cryogenic sub-scale experiments JPL !
Synthesis ofvalidated thermodynamic models and baseline Titan design JPL,CNES Caltech ' _
Balloon Mechanics S
Developmentoflighter-weight polyester balloon material JPL '
Developmentofalternate balloon material and fabrication technique CNES I
Laboratory testing to characterize materials and fabricated seams WFF ! —_—
Balloon design (materials, shape, size, mechanical interfaces, etc.) JPLCNES WFF '
Scale prototype construction (incl. those for deployment & packaging CNES ‘ Small eale FulScale
Design and analysis of self-propelled Montgolfiere concept JPL '
Indoor fightexperiments of self-propelled Montgolfiere concept JPL I =
Deployment and Inflation !
Dev of simulation models for entry, descent, deploymentand infiation JPLCNES '
Deploymenttesting on the ground CNES ‘
Vertical wind tunnel testing CNES '
Sub-scale Earth atmosphere fighttesting JPL I Full Scale
Full-scale Earth atmosphere fighttestng JPL ! —_—
Validation of simulations with experimental data JPLCNES I
Packaging and Storage 1
Supportto system engr task: determination of packaging & storage reqts JPLCNES '
Preliminary experiments on packaging and storage concepts CNES 1
Long-term life testfor storage and packaging CNES ‘
Operations and Perffomance '
Trajectory simulations ofballoon flightat Titan JPL !
Cross-disciplinary weather workshop JPLCaltech ' =
Refinementofwind and other environmental models atTitan JPLCaltech ‘
Developmentofoperations procedures and scenarios JPLWFF !
Dev. ofautonomous capabiliies (fightcontrol, navigation, sampling) JPL I
Systems Engineering and Conceptual Design I ——
Developmentofcomplete balloon-in-entry-vehicle configuration JPL '
Thermal managementinside the aeroshell JPL 1
Analysis ofpackaging options, interfaces and RPS integration JPL ‘
Systems engineering and fracking ofresource requirements JPL '
Balloon System Flight Qualification ]
Developmentofthe qualification plan JPLCNES '
Large Scale Cryogenic Testing 1
Analysis oflarge scale cryogenic testing reqts. and implementation plan JPLCNES !
Implementlarge scale cryogenic testing plan JPL '
Titan Analog Balloon Experiments (TABEX) | e ———
Analysis, design and fightoperations planning JPLWFFCNES '
Balloon and payload fabrication CNESJPL 1 —_—
Pre-flight Iaborapry and ﬁgld testing JPL ' — |y -
TABEX Antarctic TestFlight JPLWFF ' —_— =_—
Management .
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Top level schedule

Cy2009 | cv2o0t0 | cvz2011 | cy2012 | cCy2013 | CY2014 | CY2015
FY2009| FY2010 FY2011 | FY2012 FY 2013 FY2014 FY2015

. . . Q3|a4|at|az|a3]a4|al|a2|a3[a4tal[Q2]|a3|a4[al[@2|a3|[a4|al|@2[@3]a4|Ql|Q2] Q3] Q4

Titan Aerobot Risk Retirement Step 1: Establish Bassline Aerobot Approach
Plan Overview KeyDecisionPt
:Step 2 Comprehensive Technical Risk Retirement

: Risk Retirement Task Complete £

Balloon Thermodynamics Quantification of uncertaintiesand margns
, |
Balloon Mechanics Development of Iilghter weight baIIocl)n materials

Asessment of mohility options |

.Fdl sae prototype falrication
Deployment and Inflation EDI smuatjonards.kmale testmgto q,lantjfy margns
fFLII scale testing, rlnodel validation and performance prediction
Packaging and Storage Component and subscale testing to elvaluate alternate approadm
' Full scale life testing
Operations and Performance Trajectorlesmeet science needs :
Development of autonomouscamblmsand operational scenarios
Systems Engineering & Conceptual Design System design andI margn qjanufca'gon
Development of complete balloon and entry vehicle configuration
Preliminary Balloon System Qual. Plan Prelimir‘aryq.laliﬁ:cation plan
Large Scale Cryogenic Testing What isrequired fpr ful scle cryo tgstjng?
Titan Analog Balloon Experiments (TABEX) Plaming for analog kelloon flight explneriments

{Full scale Titan analog balloon fabrication and flight testing

Architectural defining questions are answered early, allowing
definition of baseline approach and comprehensive risk mitigation




JPL

How could the Decadal Survey help to
further Titan mission risk reduction efforts

* NASA Funding for proposed risk reduction activities might not be at the
level requested to address all aspects of the current plan

» A separately funded in-depth study of the montgolfiere mission architecture
could provide additional focus for planned technical risk reduction activities
— Study would be complementary to what has been done

— Further assess and identify montgolfiere architecture options that address major
risks identified by the TSSM review boards

— Determine system margins needed to provide a design that would be robust to
potentially dynamic and uncertain environments at Titan

— Further assess and identify montgolfiere operability options that increase science
return

* Results would inform the Satellites panel further on what is needed to
reduce challenges posed by Titan missions
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Summary

A number of studies have been performed by JPL, NASA and ESA over the
past decade assessing architecture options for a Titan exploration mission

— A common element of all of these studies has been the recommendation of an aerial
element for in-situ exploration

Balloon concepts for Titan have been the object of considerable technology
development activities

— Major questions have been answered, but significant additional testing and risk reduction
activities are needed to ensure mission readiness

A collaborative aerial vehicle risk reduction plan that responds directly to
NASA and ESA review board findings is being discussed between NASA
and CNES

— Plans are also being developed to address in situ and remote sensing instrument system
challenges

Elements key to reducing challenges posed by Titan missions are:

— Focused studies of Titan balloon options to concentrate on selection of architecture(s) that
best enable the achievement of highest priority decadal science

— Focused risk reduction efforts needed to mature a Titan balloon for flight readiness

+2ook-ocused risk reduction efforis o demonstrate readiness of in situ and remote sensing
instruments



