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NASA Creates Competed 
Missions in the 1990’s
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• NASA wanted to “darken the sky” with planetary 
spacecraft
– In response, decides to add Competed Missions to its 

portfolio of Assigned Missions
– For Competed Missions, Principal Investigators were 

required to submit proposals prior to Phase A

• Problem:
– NASA provided very little guidance for Pre-Phase A 

activities
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NASA had Minimal Guidance for 
Pre-Phase A Activities
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JPL Established a Formulation Office
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• JPL’s Response
– Establishes the “Strategic Planning & Project 

Formulation Office” in 2005
• Now called the “Innovation Foundry”

• The Innovation Foundry is composed of two 
“shops”
– Concept Shop
• Concept Innovation Methods (A-Team)
• Concept Design Methods (Team X)

– Proposal Shop
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Absent: A Common Language for Concepts

• How mature is your concept?

This 
or 

that?

Tita
n 
Orbi

t

Trades Comments
Launch vehicle Atlas V Delta IV-Heavy Ares V Ares V considered acceptable only for sample 

return concepts launched post 2020.

Cruise propulsion SEP + GAs Chemical + GAs Propulsive only Good performance from Chemical+Gravity 
Assists (GAs). SEP+GAs warrants further 
consideration, but new optimized trajectory 
search is needed.

Capture into Saturn system Titan aerocapture 
(aerogravity assist)

Propulsive capture Aerogravity assist saves mass and also saves at 
least several months in pumpdown .

Pump-down mission design Enceladus/Titan 
GAs only

Multiple moon GAs 
only

Multiple moon 
propulsively-
leveraged GAs

REP+GAs Other options found to be too high delta-V or 
flight time.

RPS type MMRTG ARPS (advanced 
Stirling)

ARPS specific power higher, efficiency much 
higher (less Pu needed).  Guidelines allowed 
ARPS as acceptable and available option for 
flagship studies.

Orbiter implementation Enceladus Orbiter Low-Energy 
Enceladus Multiple-
Flyby (Saturn 
Orbiter)

High-Energy 
Enceladus Multiple-
Flyby (Saturn 
Orbiter)

Lander/Probe implementation Fly-Through 
Probes and 
Impactors

Rough Landers Soft Landers Orbi-Landers Priority placed on having in-situ measurements 
from surface.

Number of landers None One Three (regional 
distribution)

Five (larger-scale 
distribution and/or 
redundancy)

Lander lifetime/duration Short-lived (~2 
weeks on primary 
battery or fuel cell)

Long-lived (~1 year 
on RPS)

Lander mobility type Stationary Locally mobile (~10 
km)

Regionally mobile 
(~100 km)

Globally mobile Considered propulsive "hopper" type concepts 
for soft landers.

Legend:

Acceptable and 
evaluated in this 
study
Acceptable but not 
evaluated in this 
study
Unacceptable

Alternatives and Selections
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Science Goals, Enceladus Mission Science Assessment - 0-10, 10 best

1.  What is the heat source, what drives the plume 10 6 7 4 5 5 2 1 3 6 1

2.  What is the plume production rate, and does it vary 8 8 9 8 9 9 7 3 8 7 3
3.  What are the effects of the plume  on the structure and 
composition of Enceladus? 5 8 9 6 7 7 4 3 5 8 2
4.  What are the  interaction effects of the plume on the 
Saturnian system 3 7 7 7 6 6 8 7 8 7 7

5.  Does the composition and/or existence of the plume give 
us clues to the origin and evolution of the solar system 7 7 7 6 7 7 7 5 7 7 3

6.  Does the plume source environment provide the 
conditions necessary (or sufficient) to sustain biotic or pre-
biotic chemistry 5 8 8 6 7 8 6 5 7 8 3
7.  Are other similar bodies (Dione, Tethys, Rhea) also 
active, and if not, why not? 6 8 8 8 8 8 8 7 8 8 5

Value by Architecture, summed 52 55 45 49 50 42 31 46 51 24

Value by Architecture, weighted, summed, normalized 0.46 0.493 0.393 0.439 0.446 0.353 0.246 0.393 0.449 0.187
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CMLs: A Powerful Communication Tool

CML 7CML 6CML 5CML 4               CML 3               CML 2               CML 1               CML 8

Cocktail Napkin

Initial Feasibility

Trade Space

Point Design

Baseline Concept 

Integrated 
Concept

Preliminary 
Implementation 
Baseline

Integrated 
Baseline

TRL 6
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CMLs: A Powerful Communication Tool
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The Architecture Team (A-Team)
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Concept baseline 
engineered, costed, 

benchmarked

CML 1

Salient kernel 
documented

Fundamental 
feasibility of one 

approach validated 
quantitatively

CML 2 CML 3 CML 4

A few design 
options 

synthesized

Baseline 
validated, ready 
to be advocated

CML 5

Collaborative Engineering Support

Trade space understood

• Open trade space

• Frame key questions

• Analyze drivers

• Derive and assess 
“partials”

Focused Team

• Specify value 
framework

• Assess potential 
tradeoffs

• Prioritize promising 
directions

= Idea

= Concept Prototype

= Point Design 

= Funding gate
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A Creative Space for Brainstorming
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The A-Team efficiently explores the science, implementation,
and programmatic trade space in early concept formulation.
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The A-Team Study Types
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A Look at a Few Advanced 
Mission Concepts
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Returning Astronauts to the Moon
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Returning Astronauts to the Moon

ATHLETE – All-Terrain Hex-Limbed Extra-Terrestrial Explorer
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Planned Europa Mission
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Artist’s concept



Driving Where?
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BRUIE – Buoyant Rover Under Ice Exploration
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Many Bizarre Types of Worlds
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”Hot Jupiters” Courtesy of Astrowright

”Orphan Worlds”

”Ocean Worlds” 
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Proposed Starshade
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Pre-Decisional – For Planning and Discussion Purposes Only



Conclusions
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• The A-Team is composed of 15 core members who 
focus on early mission concept using formulation 
best practices and subject matter experts
– A collection of people, ideas, and objects that promotes 

innovation at JPL

– A testing ground for new processes and tools 

– 150 studies completed in 5 years is a testament of the 
value of A-Team
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