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Introduction

e At the last 4S Symposium in 2016, | described
a future in which deep space cubesats are
used to explore our solar system
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Before MarCo there was ISARA

Slide courtesy Richard Hodges and the ISARA team

First reflectarray antenna flown in space

First high gain antenna integrated with
solar panels (low mass delta)

First calibrated antenna gain measurement
performed from space — 33.4 dB peak

First 100 Mbps CubeSat telecom downlink
capability (from LEO)

Jan 2018
Signal Power Measurements

Max delta of 14.358 + 0.546 dB occurred at elevation angle of 32.7819 and at Saturday, March 10, 2018 17:17:02.157 (UTC)
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And before that there was ASTERIA... #as

Slide courtesy Matt W. Smith and the ASTERIA team Summer 2017: ASTERIA in I&T

Arcsecond Space Telescope Enabling
Research in Astrophysics (ASTERIA)

v' Precision pointing to better than
0.5 arcsec RMS

v' Thermal control of the focal plane
to < 0.01K

Goal: Exoplanet transits using
stellar photometry?

8/17: Launch 11/17: Deployed from ISS 12/17: First Image
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ASTERIA - Pointing and Thermal Control #as

Slide courtesy Matt W. Smith and the ASTERIA team

v" Achieved pointing error < 0.5 v" Achieved focal plane thermal control
arcseconds RMS over 20 minutes < 0.01 K over 20 minutes
v Blue scatter points show pointing v" Optical Telescope Assembly is
without piezo stage correction thermally isolated, stable
v" Red scatter points show pointing v" Trim heaters and coarse/fine control
with piezo stage correction loop maintain temperature stability
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Coming up soon is RainCube s

Slide courtesy Eva Peral and the RainCube team

v" First radar cubesat (6U) v Launched to ISS May 21, 2018
v Vertically sounding, precipitation

measurements
v 0.5 m diameter Ka-Band antenna In-orbit orientation

(1.5U when stowed)
v" 2.5U radar electronics
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EXPLORATION MISSION-1:
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Then a swarm of lunar 13
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We may see a SUNRISE later in the decade...
'Sun Radlo Imaging: Space Experlment
_ (SunRISE) . "

v 'Proposed science swarm to form
~an RF Interferometer

v Use radio emission to track solar
.. CME partlcle acceleratlon and *
o transport

6 spacecraft synthetic aperture

.\’_*\

Combmed GPS + HF receiver-

6U Spacecraft




Looking Ahead: Cupid’s Arrow Mission Concept

Decadal-Survey-Class Science JPL Mini-QITMS to analyze 4 samples/pass Ops Concept

Address Planetary Decadal Sample chamber and electronics belowerobe dips
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noble gases and isotope ratios
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xed
O Terry Stevenson(GATech)
(\'\"“(\s\x’b"\\o“
gw/ca 0& Murray Darrach (JPL)
Pl S N, Bernard Marty (CRPG, FR)
ERY, H 200 I\?:—1.56_a year 3 "
Xe—Xe* residence time

Comets,
29Xe*/'*Xe: estimates on early.
degassing vs. early escaj

ATMOSPHERE

Skimmer Vehicle Concept

ORIGIN & EARLY VOLCANIC & TECTONIC ~ PRESENT DAY ACTIVITY Pre-Decisional Information -- For Planning and Discussion Purposes Only jpl.nasa.gov



Miniaturized Concepts for Mobility Systems &g,

Clockwork rovers on Venus Probing under the Ice

Gecko Grippers to Climb in Lava Tubes

2 § < 2 DS e M m%. tg. . £
Clip + still courtesy Andrew Shapiro-Scharlotta, JPL




CubeSats at Saturn?

Saturn Ring Diver Concept

v' Power — 11 days to fully charge a 200 Whr
capacity battery with 1.2-2W solar power
@ Saturn

v Control — need <0.003° pointing; >35°/sec
slew rates

v' X-Band Communications (relay to primary)
with 28 dBi reflectarray

v Propulsion (chemical) — up to 250 m/s AV
v' Thermal — compact RHUs 1W; 40g RHU

Light-Weight
dioisotope Heater Unit (LWRHU)

+ Heat Output - 1 watt

* Fuel Loading - 2.65 g PuO,

+ Mass (total) -40 grams

+ Size - 3.2-cm long x 2.6-cm diameter

Aeroshell End Cap

MarCo 28 dBi reflectarray

Thermal Insulator Sleeves
Slide courtesy Andrew © 2018 California Institute of Technology. Government Encapsulated Fuel Pellet

Bocher, Cal Poly SLO sponsorship acknowledged.
’ Predecisional information for planning and discussion only.

Lunar IceCube: 120 W @ Earth g




Conclusions

* Cubesat and nanosat spacecraft are enabling
ground-breaking, focused science missions

 We are just at the beginning — the state of
the art is continually moving forward

* |n April, NASA released a SIMPLEX call for
Planetary Science Smallsat missions for under
S55M

e What’s next?

4S Symposium, May 28, 2018 17



www.jpl.nasa.gov/cubesats vasa

M | CubeSat
The CubeSat Era in Space

' READ MORE |

’ .\ 4
\ /"\

b

Planetary Science Earth Science Astrophysics and d'.*"" " Instruments and

2 - 54
Heliophysic j'y’i: Technology
Y, ' o

:.‘. <5
.‘} P AL ‘

> /
S /
=
. f | o
.*‘




