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X-ray Visible
Chandra X-ray Observatory Hubble Space Telescope

Infrared.* . . 2

'Sp!tzer Spac‘e Telescope °
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Kepler’s Supernova Remnant « SN 1604

ssc2004-15b
NASA, ESA / JPL-Caltech / R. Sankrit & W. Blair [Johns Hopkins University])

Great Observatories

NASA's "Great Observateries” program used four separate satellites to
cover a different part of the spectrum.
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‘ JPL's Innovation Foundry
: jplfoundry.jpl.nasa.gov

<~ Jet Propulsion Laboratory JPL Innovation Foundry

7 California Institute of Techno ogy HOME OUR WORK PUBLICATIONS FAQ CONTACT US

© 2017 California Institute of Technology. U.S. Government sponsorship acknowledged.




CMLs: A Powerful Communication Tool

JPL Innovation Foundry

Preliminary
Trade Space | Implementation
Cocktail Napkin Q&? Baseline Concept Baseline

'quf.‘v‘/ s

System Test, Launch
& Operations TRL9

System/Subsystem TRL8
Development _—
TRL7

Technology
Demons! tration

Technology
Development

Research to Prove
Feasibility

Initial Feasibility

| | Integrated
Point Design Concept Integrated

© 2017 California Institute of Technology. U.S. Government sponsorship acknowledged. Baseline 7



CONCEPT

MATURITY

S  . LEVELS (CML)
, ’ for NASA Competed and Assigned Projects
‘ \' Q

JPL Innovation Foundry

-
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—_—

Preliminary
Cocktail Initial Trade Point Baseline Integrated Implementation  Project

Napkin Feasibility Space Design Concept Concept Baseline Baseline
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- S W S P O T gy
ASSIGNED . CONCEPT DEVELOPMENT 4 PHASEA PHASEB,
PROJECTS ™~ it a T

: : : : MCR KDP-A SRR MDR KDP-B PDR KDP-C
COMPETED . CONCEPT DEVELOPMENT | (STEP1 = STEP2 PHASEB I
PROJECTS ~ f f w ia A A A A
DRAFT.AO FINAL AQ PROPOSAL CSR SITE VI.SIT PDR KDP-C
' A A A A A A ’
KEY JPL REVIEWS SYNTHESIS PORTFOLIO BCR IRR T™C PMSR
© 2017 California Institute of Technology. U.S.

CL# 13-4156 Government sponsorship acknowledged.

CML LEVEL



One person’s
concept is another’s
doodle...

Trades

Alternatives and Selections

Launch vehicle Atlas V

Delta IV-Heavy

-Ares \%

Cruise propulsion SEP + GAs

Chemical + GAs

Propulsive on

© 2017 California Institute of Technology. U.S.
Government sponsorship acknowledged.

Option A Option B Option C Option D Option E Option F Option G Option H Option |

Capture into Saturn system |Titan aerocapture |Propulsive capture Uranus Satellites
(aerogravity assist)
I
Pump-down mission design [Enceladus/Titan  [Multiple moon GAs M t * * * t I *
GAs only only prq
lev SI’::':let:tlz:e Magnetic Energetic Atmosphere Surface Surface Sltr::.uec:rtls:e
RPS type IMMRTG ARPS (advanced (Gravity Field) Field Particles Structure Composition (Gravity Field)
Stirling)
— : : : v v v
Orbiter implementation JEnceladus Orbiter |Low-Energy Hi
Enceladus Multiple-|En Lg. Circ. Vertical Release of
Flyby (Saturn FIy Sm. Conv. Structure Internal Heat
Orbiter) Or|
Lander/Probe implementationjFly-Through Rough Landers So +
Probes and <
Impactors ! Fly-By <
------------- ‘cccsccsccsccslfeccccccccccffeccccccccccccleccccaa
Number of landers None One Th ¥ <
dig
>
Lander lifetime/duration Short-lived (~2 Long-lived (~1 year | Polar Orbiter [¢—
weeks on primary |on RPS) s\ >
Ibaaj. £ 1 I M
= ) [} P
Lander mobility type St g |2 |= = 3 <
ty typ El= = 2 % _ 5 = E _ :a: _____ 5| Equatorial |
sls [ |2 |3 [2 |2 |5 |52|22 orbiter [ €
S 12 s B O[E [T |2 |zo|Bs <
s 2el2az [2lle|z |2 |22 (5
Z 2= = = |z ._|5 3 T S s
[Aq 3 [58(88(8 [BE[BE(2, |2,|10% |82 >
8 - = 2 5le§5|3c|2c|8c |5 »{ Atm. Probe
. : |E8|E3|E |EglEg|c3|e3|2%|8%
Mass Comparison Summary - Launc 2 |8=|88|z |82|88|z|22|2z)53d =
3 |EE|G2|c |G2|E2|35|F2|359859 3B
“ [«f[mSlo |[oS|lwS|luE|loE|lz=i2=§ & P
8000 Science Goals, Enceladus Mission Science Assessment - 0-10, 10 best Lander l
7000 1. What is the heat source, what drives the plume 10 6 7 4 5 5 2 1 3 6 1
6000 + 2. What is the plume production rate, and does it vary 8 8 9 8 9 9 7 8 8 7 8
3. What are the effects of the plume on the structure and
5000 A composition of Enceladus? 5 8 9 6 7 7 4 3 5 8 2
2 4. What are the interaction effects of the plume on the
% 4000 - Saturnian system 3 7 7 7 6 6 8 7 8 7 7 T I .
]
= 3000 i - ;
1 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 T T L
2000 . .
000 6. Does the plume source environment provide the
1000 conditions necessary (or sufficient) to sustain biotic or pre-
A biotic chemistry 5 8 8 6 7 8 6 5 7 8 3
7. Are other similar bodies (Dione, Tethys, Rhea) also
04 active, and if not, why not? 6 8 8 8 8 8 8 7 8 8 5
B ¢ D E F 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




‘ l/ JPL's Innovation Foundry

JPL Innovation Foundry J p IfO u n d ry-J pl . n a Sa .gOV

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

mMISSIoNS

. Contmuously '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 Instltute of Technology U S.
Government sponsorship acknowledged.






Key Aspect to A-Team Innovation: People

JPL Innovation Foundry

Flight Project
Experience

Experienced

Program
Personnel

Managers

Mission Technology
Architects Developers

Formulation Young Early
Experience Instrument Career Hires
& Flight
Systems

Engineers

Scientists

© 2017 California Institute of Technology. U.S. Government sponsorship
acknowledaed
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INSIGHT LANDING

-----------------------------------------------------

Galaxy Evolution Probe

REVEALING THE HEART OF MARS

FOarels aramans RyaHncancons (PAM) e key cvabes far

INVESTIENNG N3 syolulion of Jaisxss

Principal Investigator: Prepared For:

Jason Glenn National Aeronautics and Space Administration
University of Colorado Boulder Science Mission Directorate 11.26.2018 JET PROPULSION LAB
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Small Satellite Aerocapture

Enabling a rapid transportation
-architecture throughout
_ the solar system.

RAPID SCOUT A= ®*HONEYCOMB
" B r.,,/ 2 PI: Garrett Johnson

Rapidly developed, fully autonomous, , ; 1

responsive spacecraft designed to

quickly reach destinations throughout

the Solar System.

REFERENCE

MISSION A-Team Studies

Visual Strategy | Core Team Strategy
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THE SPACE
TECHNOLOGY

OFFICE

WE BUILD CAPABILITIES FOR THE NEXT GENERATION OF MISSIONS

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.



SPACE TECHNOLOGY OFFICE

FORMULATES, DEVELOPS, AND INFUSES KEY TECHNOLOGIES FOR FUTURE NASA JPL MISSIONS

ISR | OW-MID TRL DEVELOPMENT

NASA Space Technology
Mission Directorate

PARTNERSHIPS EXTERNAL COLLABORATION

STMD is responsible for developing the crosscutting,
pioneering, new technologies and capabilities needed

by NASA to achieve its current and future missions

MISSION INFUSION




Rob Meyerson, President, Blue Origins Andrew Anagnost, CEO Autodesk. Dave Gallagher, Associate Lab

di bl ket ith Ad Stelt Director, and Morgan Cable, Ocean Worlds Research Scientist
ISCUSSES reusable rockets wi am steltzner discuss generative design and Ocean Worlds

PARTNERSHIPS

A thematic, internal conversation series with industry
technology leaders to seed relationships and new concepts

iIn JPL’s largest internal strategic investment program through

Lab-wide exposure to technology trends occurring in the
commercial sector.

Jon Thomason, VP Engineering, Uber ATG discusses self-

Peter Willis, OWLS Science Lead and Chris Lindensmith,
driving cars with Brett Kennedy

OWLS Co-PI present the OWLS project, introduced by Dave
Gallagher, Associate Lab Director



LOOKING OUTSIDE

JPL NEXT PRESENTS:

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

T SIGHTS \

Jon Thomason, VP Engineek}ng, Ubewr ATG discussing Andrew Anagnost, CEO Autodesk. Dave Gallagher, Associate Lab Peter Willis, OWLS Science Lead and Chris Lindensmith, OWLS Co-PI
Zurs Director, and Morgan Cable, Ocean Worlds Research Scientist present the OWLS project, introduced by Dave Gallagher, Associate

discuss generative design and Ocean Worlds

self-driving cars




TRANSFORMATIONAL IDEAS & TECHNOLOGY

JPL NEXT: INSPIRING OUR NEXT DISCOVERIES

A successful JPL Next project brings fundamental strategic benefit to JPL/NASA:
« JPL is a mission house

« JPL Next technology enables future great missions

CHROWE SMALLSAT
AEROGAPTURE
NE N

ACCELERATORY CONCEPT PROJECT

Six months to develop idea Nine months to develop Full project phase to execute
into a concept concept lifecycle plan tech build & demonstration
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Aerocapture Mission Options ")

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

ol v N T
Large Missions .

_ ‘ Neptu
Mars ' - Large MISSIonS

SmallSats
Large Missions
Venus -
Smallsats |} | : /Saturn & Titan

’ ' 4 ° -
As,. ‘ - Large Mlsswns 1:_),' ' Large Missions

Earth

SmaIISats
Return Vehicles

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



TaBet Oy et P sd  Aerocapture uses the drag
et el from a single pass through
the atmosphere to slow

AV at apoapsis | down and enter orbit,
R e r rather than a large burn

from a propulsion system

Atmosphere
Inbound hyperbolic

trajectory

Drag Skirt

Spacecraft

By modulating the time ,
that a drag skirt is Bz
jettisoned from the Low Drag
spacecraft, a specific orbit
can be targeted

e

This document has been reviewed and determined not to contain export controlled technical data
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X,y + words

/N

’L Slip Ring 2
Sign: |_| Gear Box
T | |
- Fabrication f Motor 2
- Weatherproof Mac Mini
-LED T 1 | Board : :
= ControlBoard | Beagle Bone - Data Collection Service / Parse

| =.-= - Scheduling
Sign — Motor 1 - Math (x,y)

I - Health Monitoring

[ Pull / Parse
5 %: Slip Ring 1
g g PN External Servers: \

- Earth Missions
- Solar System Missions
- Planet’s stars
Pole
Summary
Control Box (vendor):
N\
- 2x Power Supply
- 1x Network Switch
R~ Studio Display:
- Computer

‘ ‘ ‘ Facilities (JPL):

- 3x Pole Holes
- 2x Data
- 1x Power (in box)







'J\E ‘
U

Al “ibl

-t

A
- < ,....'4. ..‘NA_-'—‘ - #L
- s .
o " .
‘ 1
P T
A A
.

. .
.




.

E e
;W.)l!‘

= ﬁwﬁ,
- .!wvnﬂu.l..

,.‘ = 1
! W gt
Y 2 T

il Al

i




For a Brief Moment 1n Every
NASA Mission, Astronauts
Become Designers

The surprisingly whimsical art of the
space patch







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.”



Drawing

Physics

2600 Years
= of Discovery
o From Thales '

\ "::“‘ o nggS‘

Don S. Lemons




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?
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EXPERIENCE THF MIGHTY ALIRORAS OF
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WHERE YOUR SHADOW ALWAYS HAS COMPANY H D 4030 7g

WHERE THE GRASS IS ALWAYS REDDER ON THE OTHER SIDE
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visit OTS 44 (switched later to PSO J318.5 -22)

the planet with no star

punch line:
where the nightlife never ends
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Yi§1T THE PLANLT WITH NO STAR
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Retro NASA Travel Poster - Kepler 186f Hip Flasks

"Where The Grass Is Always Redder On The Other Side”. Kepler-136f I1s
habitable zone' around ancther star, where ..

See more detalls at Zazzle »

$30.95

+$2.86 tax and $5.99 shipping
Zazzle
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... would like to acquire the posters so | can hang
them in our child's nursery. My wife isn't pregnant now,
but we plan to start trying in the next few months. |
would like my son/daughter to grow up dreaming big,
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Jet Propulsion Laboratory
California Institute of Technology



