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Prediction from 2013

Deep Space Cubesats/Nanosats
Cumulative total

¥ Prediction (2013)
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LEO and Beyond
LEO CubeSat

... NEASCOUT %

Exploration %
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N 55 MarCO
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B heritage, expertise, {f:f:}
k. and risk reduction
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MARS* CUBESAIS AS
AEROUCAPTURE SEEOND;H?
CUBESATS FAYLOADS

Lz |
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Known Challenges L ess Obvious Challenges

* Propulsion » Mission assurance and reliability
» Communications and Navigation  « Multi-mission ground operation systems
* Environments, Power, ADACS « Planetary protection, Hazard avoidance
* Thermal, Energy storage » Flight software standards
e Proximity operations and
autonomy
ISU seminar, March 2, 2016 3

*Proposed Mission - Pre-Decisional — for Planning and Discussion Purposes Only
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X-Band Patch Antennas (JPL) = Eissie
UHF Antenna  [two sets] o e
(ISIS)

} Magnetometer (JPL)
. .

Cold-Gas ACS ; Y -

(U. Texas) _ B L | Star Tracker
SR ) R, (Blue Canyon)

C&DH + Watchdog Board
Lithium UHF (AstroDev

. Processihg Board
(CalPoly / Tyvak)

- -
et

¢ Deployable Solar Panels (Pump
= = Structure (JPL)
Nav/Comm X-Band Radio (JPL) )/ '..}
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INSPIRE Flight SyStemS Jet Propulsion Laboratory _. _ ’

California Institute of Technology




JPLU's Innovation

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

e JPL continuously
“system engineers”
requirements and
solutions to develop
compelling new
missions

e The JPL Innovation
Foundry is our
integrated formulation
lifecycle enterprise

© 2015 California Inst|tute of Technology u.S.
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Preliminary
Trade Space Implementation
Cocktail Napkin Baseline

Tl o1

~.

F=ma

Initial Feasibility
Integrated Concept
Point Design Integrated
© 2015 California Institute of Technology. Baseline
U.S. Government sponsorship
acknowledged.




Progression of a Concept Through the CMLs r&.»e
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Progression of a Concept Through the CMLs r&.»e

A-TEAM
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Fundamental
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* Open trade space /™

* Frame key questions
* Analyze drivers

* Derive and assess
“partials”
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A-TEAM
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Optica Cubesat - JPL

A-Team Study March 2013

U.S. Government sponsorship 11

RCA presentation Feb 25, 2015
acknowledged.



ICSP Power Modes

Team Xc — Fast Formulation

Setup Phase

Stabilization|

100

Copyright 2015 California Institute of Technology. Government sponsorship acknowledged.
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TCM4 & TCM5  /
[EDL - 10 days]

CCAM

EARTH

8

= ,::'- - ~
= VICINITY OF MARS
o
]

) MarCO Concept of Operations
r”“*"

’, Mars Telecom relay for InSight
“ I
L war ‘."rCh - Planning and Discussion Purposes Only A




Mars Cube One

First Planetary CubeSat Mission

A Technology
Demonstration of
communications relay

X-Band SyStem

Deployable

Antenna

X-Band
- Transmission

 Two redundant 6U CubeSats

« Formulated: Summer 2014

« Planned Launch: May 2018

o Arrival: Dec 2018

 Real-time relay of InSight EDL data =
« 8 kbps UHF: InSight to MarCO = ,
« '8 kbps X<band: MarCO to DSN © 2015 California

Government sponsorship acknowledged.




Jet Propulsion Laboratory

11 Cu beS at ‘ rlde—aIOngS” California Institute of Technology
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JPL Technologies and Standards

Deep SpaceTransponder  Deployable Reflector Micro-Electric Propulsion

DSN Communications OnBoard Data Low Mass Radio
and Navigation Protocols Reduction Transponder

Jet Propulsion Laboratory
California Institute of Technology



Deep Space P-POD Concep

y, /
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PATCH ANTENNA )\ RADIATOR
64CM?2 Area |
CAMERA

Need a “standard”
communications,
storage & deep space
deployment system for |
small satellites

ISU seminar, March 2, 2016 U.S. Government sponsoreeg
acknowledged.




JPL Cubesat Instruments

183 GHz radiometer

Astrometry Raincube 35 GHz radar
Telescope

Multi-freq mm-wave
radiometer

Calibration
Target

Directon of ‘
Satellite Motion Mechanism

Earth Scene

INSTRUMENT
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AS TERIA: Arcsecond Spdce’ TeIeScope
Enabling Research in Astrophysics

~Optically refined pointing gives
5 arcsecrms accuragy -

= SNNC l ZRORNia Ins’ti ffiTechnology. 3
ISU seminar, March 2, 2016 S . Bthent sponSoMship 21
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VERITAS - Proposed Discovery Mission

e # . =, 1
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Implementation
Pl: Sue Smrekar, JPL
Project Mgmt: JPL
Instruments:
e Radar (JPL + ASI)
e Spectrometer (DLR)
e Gravity (JPL + ASI)
MAVEN heritage S/C: LM
Carries DSOC, Cupid’s Arrow TDO

Science
1) understand Venus’ geologic
evolution
2) determine what geologic
processes are currently operating
3) find evidence for past or
present water

Mission Profile
Launch: Nov 2021
Venus arrival: Feb 2024
Type IV E-E-V trajectory
Science Phase I: 4 months
Aerobraking: 7 months
Science Phase Il: 2 years




Proposed Cupid’s Arrow Technology

Demonstration
1. Drop-off 2. ...Skims through Venus’
I} |  —— B. Enters the atmosphere

\(©) atmosphere

C.Relaysits _» # ' [.75 hours after
ditaon < e deployment
noble gases

and isotope

ratios to
VERITAS

A. Deployed from _ 4X 40 cm UHF antennas

VERITAS at ~ [deployed post aero pass]
apoapsis / | Electronics/Avionics

; 21/s lon Pump
«

QITMS

sample S eSS ] © Aeroshell
Feaiit T | ) [ S ] X

3' . Samples nObIe gases acquisition (RF transparent)
micro valve

Batteries
AX 3-Packs

Sample Inlet and Blow-off Cap = sample valve

ISU seminar, March 2, 2016
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Mars 2020 Rover

e Same chassis as Curiosity (2012)
e Same “terrifying” skycrane landing system
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ire 7 completely new mstruments (3 from JPL)
. Empha5|s on detecting presence of organlcs
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Mars Helicopter under Investigation s

Rotors are designed for low i’
Reynolds number flows in
the thin Martian
atmosphere. The rotor tip
= velocities stay comfortably
subsonic.

Energy from

Operates daily solar cells is
used to recharge

the battery.

Flies on Mars

Commands & data

Images wide areas

Communicates to the

Rover Electra ultra-high A high-resolution

frequency (UHF) radio. camera is used to take
/ images at a variety of
locations
utonomous

y mohility Camera and other

4 sensors + a fault-
/ tolerant computer

: provides a high level
/ of autonomy.
Survives the night | Aerogel insulation Lands on terrain )
21 3 lzsiier beeps Lightweight flexible b

@
the batterle§ ] legs, active vision, and
warm overnight. an altimeter for safe

Q landing on terrain.




Current Projection

Deep Space Cubesats/Nanosats
Cumulative total

w Current Projection
¥ Prediction (2013)

111
2020 2025

© 2015 California Institute of Technology.
U.S. Government sponsorship
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The Biggest Bottleneck

Earth Escape Launch Opportunities

Secondary Payload 1SS Delivery Dedicated launch




Conclusions

 Cubesat and nanosat spacecraft can enable
ground-breaking, focused science missions

* As cubesats in LEO have experienced
exponential growth, we believe we are
poised on the edge of exponential growth in
deep space cubesats and nanosats

e Earth Escape launch

capabilities/opportunities are the main choke
point

ISU seminar, March 2, 2016 30



www.jpl.nasa.gov/cubesats
Jorm e | CubeSal
The CubeSat Era in Space

READ MORE
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