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Challenges ofmallsatfor Outer Planet Exploration

A Cubesats are great in low-Earth orbit because:
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A Challenges in applying SmallSats to the outer Solar System:

A
A
A
A
A

A

A Benefits of Smallsat developments to Outer Planets Exploration:

A
A

Released directly into orbitd no propulsion system needed

Close to Earthd no large telecom system needed

Wit hin Eart hosd liearapiatieon dessyp rreedede

Close to Sund minimal power challenges

Mission can start immediatelyd does not need to survive long cruise time
Mission Assurance requirements are relaxed

Relatively uniform thermal environment

None of these advantages apply to missions to the outer Solar System!

Integrating Propulsion Systems (propellant mass fraction is often >50%, + propulsion hardware)
Satisfying Telecom Needs (need High Gain Antenna and high power to return significant data)
Radiation Tolerance (Juno Radiation vault = 200 kg)

Power i requires large solar panels (Juno has 340 kg panels) or radioisotope power (a single
MMRTG = 45 kg)

Long mission duration requires redundancies, increasing mass
Thermal management requires mass and/or power

Miniaturization via CubeSat Technologies is highly beneficial
Secondary Payloads on large missions, rely on host mission for delta-V and telecom




How do we applySmallSatand low-cost missions for

Gilant Planets and Ocean Worlds

A There are many challenges exploring distant worldsxineme
environments, but...
A Miniaturization and reducing costs are VERY important

missions (SIMPLEX), ORA@es (continued) support fahe more general
objectives of lowering mass, size, and cost relative to the siktbe art.

T In this way, NASA can leverage synergistic linkage between innovative effort
explore exciting places like ocean worlds and Ice Giants.

A In addition to fundingsmallsatstudies (PSDS3) and development of smgll
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Size of past

spacecraftto the
Outer Solar System

Missions to the
Outer Planets

¥ —— %
Pioneer 10 & 11

’ % New

U-Class (CubeSat) / MicroSat

HistoricSpacecraft.com

Flight spacecraft to scale

Europa Clipper will have larger solar array area than Juno.
Image at left not exactly to scale with those above (and not the
current design).




Outer Solar System Spaceciafiunch (wetMass v. Launch Date
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Pioneer 10 and 11: 259 kg in 1972 and 1973
Voyager 1 and 2: 825 kg in 1977

Galileo: 2,562 kg in 1989

Cassini: 5,712 kg in 1997

New Horizons: 478 kg in 2006

Juno: 3,625 kg in 2011

Europa Clipper: ~6,00@* in 2022 or later
Europa Lander: 16,60@* in 2025 or later

*http ://spacenews.com/europdanderwork-continuesdespitebudgetuncertainty/
Seemdike mass is generally increasing over time, but the

first-order driver is propulsion requirements:
T Flyby missions 25825 kg launch mass
T Orbital missions: 2,568,000 kg launch mass
I Europa Lander: requires SLS and gravity assists
i AFl yby, orbit, | and-JmGreeme, an(d
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http://spacenews.com/europa-lander-work-continues-despite-budget-uncertainty/

Progress over 30 years:

New Horizons (478 kg) v. Voyager (825 kg)
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Voyager and New Horizons
are both flyby missions and
have similar science

payloads.
It is possible for independent Voyager spacecraft
New Horizons is spacecraft to get smaller and launched 40 years
significantly smaller, lower in less expensive in the outer ago and still works!
cost, and the instruments Solar System, but not yet to the
are more capable. size of cubesats.




Uranus mission concepts
(2017 Ice Giants report) ar
less massive than Cassini
(5712 kg, even though
more propellant mass is
needed to travel further in
a reasonable time,
followed by orbit insertion.

Ice Giants SDT considered
sub-satellites (in addition to
a probe) but decided that
the science return would by
greater by using that mass
on science instruments on
the main spacecratft.

»

Table 1-1. Mission concept analysis summary.
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Neptune Orbiter with probe Uranus Flyby Uranus Orbiter with | Uranus Orbiter without a
Case Description and <50 kg science pay}oad. spacecraft with.probe prqbe and <50 kg probg, but with 150 kg
Includes SEP stage for inner| and <50 kg science science payload. science payload.
solar system thrusting. payload Chemical only mission. | Chemical only mission.
Highest priority plus Highest priority Highest priority plus
fiiines additiona] system science |  science (interior additionql system All rem_ote.sensing
(rings, sats, structure and science (rings, sats, objectives
~ magnetospheres) composition) magnetospheres)
Payload 3 instruments* 3 instruments* 3 instruments® .
+ atmospheric probe + atmospheric probe | + atmospheric probe 15 instruments**
Payload Mass MEV
(kg) 45 45 45 170
Launch Mass (kg) 7365 1524 4345 4717
Launch Year 2030 2030 2031 2031
Flight Time (yr) 13 10 12 12
Time in Orbit (yr) 2 Flyby 3 3
Total Mission Length
(yr) 15 10 15 15
RPS use/ EOM Power| 4 eMMRTGs/ 376W 4 eMMRTGs/ 425W | 4 eMMRTGs/ 376W 5 eMMRTGs/ 470W
LV| Delta IVH + 25 kW SEP Atlas V 541 Atlas V 551 Atlas V 551
Prop System| Dual Mode/NEXT EP Monopropellant Dual Mode Dual Mode

*includes Narrow Angle Camera, Doppler Imager, Magnetometer

**includes Narrow Angle Camera, Doppler Imager, Magnetometer, Vis-

NIR Mapping Spec., Mid-IR Spec., UV Imaging Spec., Plasma Suite, Thermal IR, Energetic Neutral Atoms, Dust Detector, Langmuir Probe,
Microwave Sounder, Wide Angle Camera




Smallsatscan ride along with large spacecraft to the outer Solar System

A Cassini carried Huygepsobe (320 kg) and3alileo carried atmospheric
entry probe(339 kg)
A Smallish, but expensive
I European contribution to Cassini/Huygens $660M
I Subspacecrafinust not endanger Flagship missions, so mission assurance
expensive
A Relatively small subatellite was studied for Europa Clipper
A BiosignatureExplorer for Europa (BEEAmato et al., 2016, LPSC
i 250 kg
i Enceladudike water plumes on Europa would be only ~20 km high, so a
smallsatcould be released to fly through such a plumeifesitu analyses

A Selections for Planetary Science Deep SamnallSastudies (PSDS3):

A Small Nextgeneration Atmospheric Probe (SNAP) KitioSayanagi
A Atmospheric entry probe to measure vertical cloud structure, stratification, and wind
help understand the chemical and physical processes that shape the atmosphere of
Uranus.
A JUpiterMagnetosPheriboundaryExploreRJUMPER) (Pl Robert Ebert)
A SmallSatiz2 SELX 2NB WdzLJA § SNR&a YI 3y Si24aLIKSNK
upstream of the magnetosphere to provide science context for future missions such
the Europa Clipper.

A See presentations on Thursday afternoon

Galileo probe



Can Discovery Missions Explore Outer Planets and Ocean Worl

CongressionadDirection from the
Commerce, Justice, Science, and
Related Agencies Appropriations Bill,
2016:

= :
& Phe@ommitteedirects NASA td e
Water in the Solar System and Beyond

create an Ocean World
ExplorationProgram whose
primary goal is to discover extant
life on another world using a mix
of Discovery NewFrontiersand
flagship class missions consistent
with the recommendationsof
current and future Planetary
Decadal survey® €




Mission Proposals to Outer Planets in Discovery

A Missions proposed but declined:
T INSIDE Jupiter (evolved into Juno in New Frontiers)
I Titan Mare ExplorefMiMB (made it to stef?2; ASRGS)
I Journey to Enceladus and Titan (JET)
T Enceladus Life Finder (ELF)
T Life Investigation for Enceladus (LIFE)
I lo Volcano Observer (IVO)

A LUCY will go to 5 AU but does not get close to-raglation Jupiter, does not need

propulsion for orbit insertion, and can return data when closer to Earth.
A Gooddatapointon how close a Discovery mission can get to a missian tuterplanet

A Outer Planets exploration is challenging via Discovery
T Mission/instrument lifetime requirements
A Discovery 13 AQut Phase E outside cosap,but these missions still need to demonstrate long
lifetime of hardware
T High radiation environment at Jupiter
I Cold environments (plus hot during Earth/Venus gravity assists)
I Challenging for power at >5 AU
A Very largearea solar arrays or radioisotope power, or batteries if mission duration is very sho
i Need large propulsion system to be captured into orbit
A Need an even larger systemland (except Titan)
T Need large telecom system to return significant amounts of data

A Discovery missions may not help to explore Ocean Worlds (e.g., congressiongl
languagg, unless future technology advances help.

—




New Frontiers has been godar exploration of OutePlanets

A Missions from the ¥ Decadal survey:

i New Horizons
A (SBAG and OPAG have joint custody of Pluto)

T Juno
A Approved candidate missions ifdPecadal (V&V):
I Saturn Probe (NBE+5)
i lo Observer (to be added in MFHf AO released before 2023)
I OceanWorlds:Enceladusind Titan
A More New Frontiers missions to Outer Planets and

Ocean Worlds is a top OPAG priority

i Advances that lower cost and mass will enable more capable I*‘le{U"? Mtiss,km’an |
L. nlocking Jupiter's Mysteries
missions y




Getting Ready for the Next Planetary Sciences Decadal Survey
Committee on Astrobiology and Planetary Science, National Academies Press, 2017

Short summary:

CAPS recognizes that
cubesat technologies are
important, not just
cubesats themselves.

Enhancing and Enabling Technologies

DAUGHTERCRAFT ENHANCEMENTS
A 2016 National Academies report highlighted advances in space sciences achievable
with CubeSats
Regardless of the use of the CubeSat form factor, two independent advances in
capabilities miniaturization of scientific instrumentation and enhancement of small
satellite technology and its reliabilitymean that substantial planetary science
discoveries are potentially within the capabilities of small craft.
¢ KS Hnmc NB LRubdSatai@plagoRns talnlg ddvadtage of CubeSat
technology have the potential to make unique contributions to planetary science by
creating unique vantage points or multipoint measurements (e.g., in situ package(s)
complementary to an orbiter); exploring higtsk or uncharted regions; and serving as
low-aNF GAGE fF 02N (2NRSa DE
One patrticular example of the use of CubeSat and related technologies noted in the
2016 report was that deployabldaughtercraftenhancements to largaand medium
Of 484 YAdaaarzya aa02dzZ R SELIYR (KS &a02LIS
2NJ AAGS SELX 2NJ GA2Y ®¢
Communication and propulsion technologies, coordinated operations, autonomous
operations, and risk posture are key areas of study in advance of the next planetary
science decadal survey that could appropriately capitalize on this emerging technology
area in mission concepts.



Priority Technologies for OPAG

A Current or recenprogramsare advancing instrumentation:

T Instrument Concepts for Europa Exploration (ICEE), HomesteadkT,oldTechin addition to PICASSO ahd
MatISSE

A Tech development for power is a high priority to OPAG

T in V& Decadal Survethe highest priority for multimission technology investment was the Advanced
Sterling Radioisotope Generator (ASRG).

A Higher power per kg than MMRTG
T Lightweight solar array structurdelp at Jupiter(and potentially Saturn)
A RoltOut Solar Arrays (ROSA) recently demonstrated on Space Station
A There is now some urgency to technologies for Ocean Worlds

i Technology investment is needed as soon as possible for the potential Europa Lander and potential
competed missiongncludingminiaturization and new life detection instrumentation

A Continue developing the technologies needed for Ice Giant misedMMRTGandHEEET

Heat Shield for Extreme Entry Environment Technology (HEEET) for
Near-Term Robotic Science Missions and Longer-Term Human Missions




Roadmap tadOcean Worlds (ROW)
Missionstudies in advance of next Decadal

(not prioritized)

A haracterizindhabitability and searching fdife at the known
OceanWorlds most promising for life:
I Europa
A Europa Clipper in development
A Landeror ocean probes
I Titan
A orbiter
A in situ element(s)- boat/submarine/landers/roversdircraft
i Enceladus
A plume sample analysis or sample return
A In situ lander, crawler, or submarine —
A We also want to establish whether oceans are present at =
possibleOcean Worlds
I Triton is a high priority to ROW.
A Should be accomplished as part of an @ants mission to
Neptune
A Ariel is an alternative for a Uranus mission




ConclusionsHow will small spacecraft or loveost missions be
useful for exploration of Giant Planets and Ocean Worlds?

~

Atlrad a{YlFIff aAradaaAizylé LINRLRAlIf&a G2 514020
Program have not been successful;
highlights uniqueshallenges.

A Reductionof dry mass is especially
important for planetary orbiters anthnders

I Synergistic witfbmallSatlevelopment.

A In addition to fundingmallsatstudies
(PSDS3) and development of small missidns
(SIMPLEX), the OPAG steering committee
urges NAS#o supportthe more general
objectives of lowering mass, size, and cos}

relative to the stateof-the art.
Neptune and Triton as seen
by Voyager 2




