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CMLs: A Powerful Communication Tool
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Titan Orbit

…then the concept is developed

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

or

One person’s 
concept is another’s 
doodle…

© 2017 California Institute of Technology. U.S. 
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JPL’s Innovation  Foundry

• JPL supports the science 
community to ideate, 
mature, and propose 
concepts for new NASA 
missions

• Continuously “system 
engineer” requirements 
and solutions to develop 
compelling new missions

• The JPL Innovation 
Foundry is JPL’s engine 
for formulation of 
exciting, new space 
mission concepts

© 2017 California Institute of Technology. U.S. 
Government sponsorship acknowledged. 2
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Key Aspect to A-Team Innovation: People
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& Flight 
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Mission 
Architects
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Flight Project 
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PI: Garrett Johnson

H O N E Y C O M BRAPID SCOUT
Rapidly developed, fully autonomous, 
responsive spacecraft designed to 
quickly reach destinations throughout 
the Solar System.

Small Satellite Aerocapture
Enabling a rapid transportation  
architecture throughout  
the solar system.

REFERENCE
MISSION
SYSTEM

A-Team Studies
Visual Strategy | Core Team Strategy

FPRIME
Flight Software at JPL

Kennedy Space Center
Exploration Ground Systems
Program Strategic Planning

ROBOTICS
OUTREACH
CONTENT



The Space Technology Office looks beyond the horizon of current missions and capabilities, leading the development and 
infusion of technologies and advanced engineering systems vital for future missions. It is part of the Office of the Associate Director 

for Strategic Integration and is the interface to NASA’s Space Technology Mission Directorate.

The Office is tasked to formulate in-house technologies and identify out-of-house opportunities at universities and external 
companies. These systems are driven by requirements and are developed through rapid iteration and proof of concept validation. 
Successful technologies infuse into missions under concept development and guide the development of key future capabilities.

T H E  S P A C E  
T E C H N O L O G Y

O F F I C E

W E  B U I L D  C A P A B I L I T I E S  F O R  T H E  N E X T  G E N E R A T I O N  O F  M I S S I O N S



SPACE TECHNOLOGY OFFICE
F O R M U L A T E S ,  D E V E L O P S ,  A N D  I N F U S E S  K E Y  T E C H N O L O G I E S  F O R  F U T U R E  N A S A  J P L  M I S S I O N S

NASA Space Technology 
Mission Directorate

LOW-MID TRL DEVELOPMENT

STO

F O R M U L A T I O N

P A R T N E R S H I P S

I N F U S I O N

STMD EXTERNAL COLLABORATION

MISSION INFUSION

STMD is responsible for developing the crosscutting, 
pioneering, new technologies and capabilities needed 
by NASA to achieve its current and future missions



A thematic, internal conversation series with industry 
technology leaders to seed relationships and new concepts 
in JPL’s largest internal strategic investment program through 
Lab-wide exposure to technology trends occurring in the 
commercial sector.

J P L  N E X T  P R E S E N T S :

Andrew Anagnost, CEO Autodesk. Dave Gallagher, Associate Lab 
Director, and Morgan Cable, Ocean Worlds Research Scientist 
discuss generative design and Ocean Worlds 

Peter Willis, OWLS Science Lead and Chris Lindensmith, 
OWLS Co-PI present the OWLS project, introduced by Dave 
Gallagher, Associate Lab Director

Jon Thomason, VP Engineering, Uber ATG discusses self-
driving cars with Brett Kennedy

Rob Meyerson, President, Blue Origins 
discusses reusable rockets with Adam Steltzner

PARTNERSHIPS



1. JPL NEXT projects are encouraged to include external partners that bring unique capabilities or strategic value.

2. JPL NEXT Presents conversations highlight compelling commercial technology trends and drive a conversation about 
technology partnering opportunities

3. Typical schedule includes networking events, senior leadership exchanges, workshops with tech stakeholders, and a Lab-
wide produced conversation

Jon Thomason, VP Engineering, Uber ATG discussing
self-driving cars

Andrew Anagnost, CEO Autodesk. Dave Gallagher, Associate Lab
Director, and Morgan Cable, Ocean Worlds Research Scientist
discuss generative design and Ocean Worlds

Peter Willis, OWLS Science Lead and Chris Lindensmith, OWLS Co-PI
present the OWLS project, introduced by Dave Gallagher, Associate
Lab Director

LOOKING OUTSIDE
J P L  N E X T  P R E S E N T S :



Nine months to develop 
concept lifecycle plan

Six months to develop idea 
into a concept

A C C E L E R A T O R Y

J P L  N E X T :  I N S P I R I N G  O U R  N E X T  D I S C O V E R I E S  

C O N C E P T

Full project phase to execute 
tech build & demonstration

P R O J E C T

A successful JPL Next project brings fundamental strategic benefit to JPL/NASA:
• JPL is a mission house
• JPL Next technology enables future great missions

TRANSFORMATIONAL IDEAS & TECHNOLOGY



Small Satellite Aerocapture
Enabling a rapid transportation  
architecture throughout  
the solar system.



Aerocapture Mission Options

Aerocapture technology development creates a capability for missions at 
destinations throughout the solar system, both large and small

This document has been reviewed and determined not to contain export controlled technical data



Aerocapture Overview

Aerocapture uses the drag 
from a single pass through 

the atmosphere to slow 
down and enter orbit, 

rather than a large burn 
from a propulsion system

By modulating the time 
that a drag skirt is 

jettisoned from the 
spacecraft, a specific orbit 

can be targeted

Planet-Relative Velocity (km/s)

Altitude 
(km)

Deceleration 
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Heat Rate 
(W/cm2)

!1!2

Spacecraft

Drag Skirt

β1
β2

Low Drag
High Drag
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Often, the ideation session served as more than an aesthetic flex. It was how the 
crew agreed on the ethos of the journey on which they were about to embark. “It 
was a way for the astronauts to express their creativity,” said Dr. Teasel Muir-
Harmony, curator at the Smithsonian Air and Space Museum and author of Apollo 
to the Moon: A History in Fifty Objects. “And it was a nice opportunity for them to 
get together and talk through what they thought the individual mission 
symbolized.”





Humans have been trying to understand the physical universe since antiquity. 
Aristotle had one vision (the realm of the celestial spheres is perfect), and Einstein 
another (all motion is relativistic). More often than not, these different 
understandings begin with a simple drawing, a pre-mathematical picture of 
reality. Such drawings are a humble but effective tool of the physicist's craft, part of 
the tradition of thinking, teaching, and learning passed down through the centuries.



Albany to Boston
Albany to Elmira
Boston to Albany
Boston to Concord
Concord to Albany
Concord to Danbury 
Concord to Elmira
Danbury to Concord



An airline serves five northeastern cities within a twelve-hour period- Concord, New 
Hampshire; Albany, New York; Danbury, Connecticut; Elmira, New York; and Boston 
Massachusetts. Their flights run from Boston to Concord, Danbury to Concord, 
Albany to Boston, Concord to Elmira, Albany to Elmira, Concord to Danbury, Boston 
to Albany, Concord to Albany. What is the shortest way to make a round trip 
from Albany to Danbury?



































 visit OTS 44 (switched later to PSO J318.5 -22)
the planet with no star

punch line: 
where the nightlife never ends 


























