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Titan & Enceladus Mission Study (NASA Funded)

Overview

• SMD-Planetary Science Division requested 3-month concept studies be done to look
at Titan and Enceladus missions:

– Determine the feasibility of conducting missions to Titan and Enceladus within a $1B cost
cap $FY’06 (excluding technology costs)

– Assume as much existing technology as possible

• NASA established science teams drawn from the outer planet community, namely
Outer Planet Assessment Group (OPAG) to:

– Establish prioritized science objectives and measurement requirements
– Identify straw man payloads
– Work with mission designers to define candidate mission architectures
– Support mission cost assessment

• Missions are required to leverage from and achieve accomplishments well beyond
what Cassini can do in its extended mission, i.e.

– Build upon scientific accomplishments of the Cassini-Huygens mission
– Fly more capable and/or different instruments
– Accomplish new measurement and/or better coverage

• Study targets launch dates between 2015 and 2018
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Titan & Enceladus Mission Study (NASA Funded)

Team

• Titan Science
– Ralph Lorenz (lead), APL
– Elizabeth Turtle, APL
– Frank Crary, SwRI
– Hunter Waite, SwRI
– Eric Wilson, JPL
– Rosalie Lopes, JPL

• Enceladus Science
– John Spencer (lead), SwRI
– Andy Ingersoll, Caltech
– Amy Simon-Miller, GSFC
– Bill McKinnon, WUStL
– Chris McKay, ARC
– Rich Terrile, JPL

• Mission Architecture, System Engineering, Costing
– Kim Reh - Study Leadership, JPL
– Ed Jorgensen, JPL/Andrew Dantzler, APL - Cost engineering, input and analysis
– Tom Spilker - Mission Architectecture, JPL
– John Elliott - Project/Flight System Engineering, JPL
– Theresa.D.Kowalkowski, JPL/TBD, APL - Mission Design/Engineering
– Navid Dehghani - MOS, GDS, DSN utilization, JPL
– Norm Beck – LV services, KSC

•     Expert Review/Advisory Group
–    Gentry Lee, JPL
–    Duncan MacPherson, JPL
–    Glen Fountain, APL
–    John Niehoff, SAIC
–    Bob Pappalardo, JPL
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Titan & Enceladus Mission Study (NASA Funded)

Approach

• Science Requirements and Payload

• Candidate Missions and Scenarios

• Mission and System Parameters

• Cost Assessment (Outer Planet mission model)

• Science Value Characterization vs Investment

• Risks

Guided by Cassini science, previous studies and experience with

cost-capped outer solar system missions - New Horizons-Pluto, Juno
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ID Task Na me

1 E x pe rt  Gr o u p I nt er actio ns

6 Tita n Team Meetings

16 En ce ladus T ea m  Me et i n gs

26 Ki ck of f

27 Modi fied Cost Model

28 Ma trix of C and idate Mission Architect u r e s

29 Preliminary C ost Allocations by WB S

30 Science Objec tives and Measurement s  b y  Mi s si on

31 Scie nce Trace Matrix for each  missi on

32 Instruments f or each mission

33 Sci ence Scenario and Data Vol ume pr of i l e

34 Miss ion Trajectories

35 Conce p tual  Des ig n  o f Mission E l ements

36 Param etr i c co s t mo del  in puts f or each mi ssio n

37 Estimat ed  co s t s and cost  dr ivers for  e ac h  missio n

38 Risk A s sess men t f or ea ch m ission

39 Sci enc e Valu e As s e ssm e nt  for each mission

40 Final  Re p o rt

41 Prepa r e .p pt  Su m m ary P r e se n tatio n

42 Br ief  F i n a l Repor t to  HQ

43 Pre par e  s um m ar y  r ep o rt

44 De liv er Final  Report t o  H Q

45 OPAG Presentation

46 End o f  Task
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Titan & Enceladus Mission Study (NASA Funded)

Schedule

• End date is March 15, 2007

• Report results to OPAG after 1st of the year

• Final Report due to HQ NLT December 31, 2006

We are here
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Titan & Enceladus Mission Study (NASA Funded)

Products

• Preliminary report to NASA HQ (.ppt presentation)
– To be presented to NASA HQ in time to support subsequent

presentation at *OPAG Meeting in 2007

• Narrative final report due NLT December 31, 2006
– Includes cost breakdown by mission element, assessment of

cost data fidelity, evaluation by the science teams of the value
and acceptability of final mission concepts, and (if desired by
JPL) response to findings from the external review

– Will be made available to the public

• Briefings as requested
– If deemed necessary by NASA, the results of the study will

undergo independent external review.
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Titan & Enceladus Mission Study (NASA Funded)

Synopsis of Work To Date



08 Nov, 2006
OPAG Meeting,

PRE DECISIONAL
For Planning and Discussion Purposes Only

krr 9

Titan & Enceladus Mission Study (NASA Funded)

Status of Work To Date

• Completed
– DRAFT Science Objectives and Payload

– Mission Trade Space definition

– Quantification of JUNO and NH-Pluto Costs

– Outer Planet cost model familiarization

• In-Work
– Preliminary Science Trace Matrix, payload

parameters and Ops Scenario

– Trajectory assessment and definition

– Mission and system design quantification

– Cost model modifications
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Architectural Elements Identified
Building Blocks for Mission Concepts

Titan Ence ladus
1 SEP Stage 1 SEP Stage
2 Chem. Propulsion Stage 2 Chem. Propulsion Stage
3 Aeroshell 3 Aeroshell
4 Cruise Stage 4 Cruise Stage
5 Flyby S/C 5 Flyby S/C
6 Orbiter 6 Orbiter

7a Atmospheric Probe 10a Inert Impactor
7b Lander 10b Instrumented Impactor
7c Rover 10cHard Lander
8a Constant-altitude balloon 10dPenetrator
8b Vertically maneuverable balloon 10e Soft Lander
8c Airship 10fRover (hopper)
9 Sample Return 11 Orbi-lander

12 Nuclear power source 12 Nuclear power source
13 Solar/battery Power Source 13 Solar/battery Power Source

Mission Design Techniques
A Propulsive Capture
B Aerobraking
C Aerocapture
D Saturn Aerocapture at Titan
E Tidal Effects for orbit adjustment
F Saturn system gravity assist
G Jupiter Gravity Assist
H Inner Solar System Gravity Assist
I Cycler Orbits

Fly-by, Orbiting,

In Situ, Sample Return

Architectures
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Mission Architecture Trade Space Established
Many Candidates Considered

POINTS:
1) The green areas of the chart indicate

the potentially  least expensive options
of architecture space examined by the
team however one cannot yet conclude
that these mission candidates will fit
into a one billion dollar budget.

2) Because these candidates represent
the potentially least expensive
architectures, they warrant further
examination to determine if a viable
scientific mission could fit into a $1B
budget class.

3) A cost analysis of selected options is
planned as well as characterization of
science value versus investment.

Moon Orbiter Saturn Orbiter Single-Flyby S/C Cruise Stage

T:1 ,2 or 3C ,3,4 ,6,7 T:1 ,3,3D+5 or 5A ,7 T:1 ,3,5,7 T:1 ,3,4,7 

Enc: 1 ,2,3D ,6+10 or 11 Enc: 1 ,2,3D+5 or 5A,10, 10b Enc:1 ,2,3D,5,10, 10b Enc: 1 ,4,10

Aerobot
T:1,2 ,3,4 ,6,8 T:1 ,3,3D+5 or 5A ,8

T:1 ,3,5,8

T:1 ,3,4 ,8

Sample 

Return

T:1,3D+5 or 5A ,9

Enc:1 ,2,3D ,5,9

T:1,2,5,9

Enc: 1,2,5,9

T:1 ,2 or 3C,4 ,6 T:1 ,3D+5 or 5A T:1 ,5,3D
Enc: 1 ,2,3D ,6 Enc: 1,3D+5 or 5A Enc: 1,5,3D

Key

T: Titan mission

Enc: Enceladus mission

1,2, etc.: Architectural element as coded above

Bold entry:Element is necessary for all mission design options

Italic entry:Element is necessary for some but not all mission design options

Probably technically achievable, but likely a Strategic class mission

Candidate for further consideration

Not applicable

Subset for further consideration

      In-Space Elements

In
-S

it
u

 E
le

m
e
n

ts

none

Lander

Architectures build upon Cassini results and

enable more focused investigations of

Saturn’s icy moons.
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Candidate Missions Identified for Further Study
“Bounding” Cases
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Moon Orbiter

TITAN Orbiter +Lander

Titan Orbiter +Aerobot

Saturn Orbiter

Sat Orbiter + TITAN Lander

Sat Orbiter +TITAN Balloon

Sat Orbiter + TITAN SR

Single Fly -By S /C

FB S /C + Titan Lander

FB S /C + TITAN Aerobot

TITAN SR

Cruise Stage

TITAN Orbiter

Sat Orbiter Multiple TITAN Fly -bys

Sat Orbiter Multiple ENC Fly -bys

ENCELADUS SR

Single TITAN fly -by

TITAN Lander

TITAN Balloon

ENC  FB w / instrumented impactor

Titan and 

Enceladus 

Missions

Saturn Orbiter ;TITAN & ENC Cycler

multiple complex architectural elements – high cost

very high delta -v to reach surface , high cost

high risk , low science return

severe targeting , landing and com difficulty , high cost

multiple complex architectural elements – high cost

only a few seconds of unique data relative to fly -bys

ENCELADUS Orbiter very high science return , delta -v too costly even with Titan aerocapture 

into Saturn orbit

new instrumentation could provide science value beyond Cassini 

for Plume sampling

very high science return , single fly -by, however has long duration 

earth free return trajectory

instrumentation beyond Cassini (2 micron mapper , radar… ) 

however likely requires aerocapture technology due to high delta -v

mapping , upper atmosphere fly -throughs , however is science 

value beyond Cassini ?

multiple TITAN and ENCELADUS fly -bys , Plume sampling . 

However, is science value beyond Cassini ?

good science rtn w /RPS long life , single battery lander insufficient

low science return

multiple complex architectural elements – high cost

very high science return over long duration , uses direct entry 

aeroshell , relatively constant altitude – no surface sampling

ENCELADUS Lander

multiple complex architectural elements – high cost

ENC Orbiter + Lander

multiple complex architectural elements – high cost

Sat Orbiter + ENC SR

FB S /C + ENC Hard Lander

Single ENCELADUS  fly -by

multiple complex architectural elements – high cost

low science return

multiple complex architectural elements – high cost

very long duration , multiple complex architectural elements – high cost

very long duration , multiple complex architectural elements – high cost
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Titan & Enceladus Mission Study (NASA Funded)

Summary

• Titan and Enceladus concept studies were initiated to
determine the feasibility of conducting missions to Titan
and Enceladus within a $1B cost cap $FY’06

• Science requirements and mission architectures have
been established for further study and are undergoing
more detailed definition (following presentations)

• Costing is planned to be complete by end of November

• Study is planned to be complete by end of calendar year
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BACKUP
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Titan & Enceladus Mission Study (NASA Funded)

WBS Based Cost Model
Phase A/B Phase C/D Phase E Total 

($FY06M

Description

01 Project Management Wrap

02 Project System Engineering Wrap

03 Safety & Mission Assurance Wrap

04 Science Scaling Rule with Science Input

05 Payload System

Instrument Complement NICM

Lander Analogy

Microprobe Analogy

06 Spacecraft System

06.01 S/C Management Wrap

06.02 Spacecraft System Engineering Wrap

06.03 Spacecraft Product Assurance Wrap

06.04 Power SS By Analogy/PMCM/Team X

Radioisotope Power Source as 

applicable

06.05 C&DH SS By Analogy/PMCM/Team X

06.06 Telecom SS By Analogy/PMCM/Team X

06.07 Mechanical SS By Analogy/PMCM/Team X

Aeroshell Mechanical (e.g., 

Structures, TPS)

By Analogy/PMCM/Team X

06.08 Thermal SS By Analogy/PMCM/Team X

Aeroshell Thermal (e.g., Radiators) By Analogy/PMCM/Team X

06.09 Propulsion SS By Analogy/PMCM/Team X

06.10 GN&C SS By Analogy/PMCM/Team X

06.11 Harness By Analogy/PMCM/Team X

06.12 FSW By Analogy/PMCM/Team X

06.13 SC M&P By Analogy/PMCM/Team X

06.14 SC Testbeds By Analogy/PMCM/Team X

06.15 SC Other (SEP, Huygens Probe, 

Aerial Vehicle)

By Analogy/PMCM/Team X

07 Mission Operations System + 09 

Ground Data System

By Analogy/PMCM/Team X

08 Launch System + Launch Support LV cost provided by NASA

10 Project System Integration & Test By Analogy/PMCM/Team X

11 Education and Public Outreach Wrap

12 Mission Design By Analogy/PMCM/Team X

Reserves 30% Phase B/C/D, 15% Phase E

Total ($FY06M)

• All costs reported by
development phase and
$FY06M

– Will inflate and time phase by
fiscal year as needed

• All cost reported using JPL
WBS Version 4

• Scaling factors (wraps) based
upon recent proposals and JPL
historic cost

• The new NASA Instrument Cost
Model (NICM) will be used for
instruments

• Analogy cost data will be used
as a check on model estimates


