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Deep Space Mission Design & Navigation

Build and maintain dynamical maps
and software tools for interplanetary
navigation

Sun-Earth Rotating Frame

View from
Ecliptic Z-axis Moon’s Orbit

Design efficient routes for spacecraft to
reach any remote Solar System location
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Use deep space tracking measurements
to safely pilot spacecraft to their
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Selected Recent Accomplishments
NASA/JPL Missions

Cassini Dawn Juno Soil Moisture Active
Passive (SMAP)

Partnership Missions

JAXA Hayabusa-2 ESA Rosetta Comet

) o ) GSFC Maven
Asteroid Rendezvous/Landing APL New Horizons Mars Orbiter
Sample Return Pluto
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Selected Coming Attractions

NASA/JPL Missions

InSight

Asteroid Robotic Redirect
Mission (ARRM)

Europa Clipper (+Lander?) Deep Space Atomic
Clock

Partnership Missions

e

_ OSIRIS-REX
SpaceX Technology
Demonstration (Mars EDL)

SLS EM-1
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Mars, Lunar and Small Body Experience

Operational 2001-2015 2016 PAONRS 2020 2022
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ESA Mars Reconnaissance ExoMars
Express Orbiter (MRO) ISRo | ''ace Gas
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GRAIL: Dual Spacecraft Formaion
(2011-2012)

Stardust:
Comet Coma
Sample Return

Deep Impact: Comet
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NASA/JPL Optimal Trajectory Design

For High/Low Thrust and Low Energy Missions
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Finding ‘Global Minima’

Not always straightforward

1,2 Complex constraints e 28s
complicate the initial *
search...
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State of the art
techniques are used to
uncover exceptionally
strong trajectory
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Bacon Plot

2029

2028

2027

5

Arrival Date (at Low Mars Orbit)

2025

June 2016

Launch Date (from Earth)

NESC Flight Mechanics TDT

2 2
= =
Mass to Low Mars Orbit [kg]



Low-Thrust & Low-Energy Trajectories

Ideal for robotic/numan support missions Proposed
Asteroid Retrieval Mission

Distant Retrograde Orbit (DRO)
Stable storage orbit (>100yrs)

Sun-Earth Rotating Frame

View from
Ecliptic Z-axis Moon’s Orbit

GRAIL low-energy trajectory
enabled the mission to reduce
fuel requirements and the
lunar arrival velocity

Dawn low-thrust trajectory
has achieved a total delta-v
over 10 km/s. Allows reaching
both Vesta and Ceres.
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Europa Multiple Flyby Mission Concept

* Dipinto the harsh radiation environment to collect data

* Get out of intense radiation environment and downlink high volume of data 1‘
Sun
Tour Duration 3.5 years
Number of Flybys:
Europa 45
Ganymede 5
Callisto 9
Time between Flybys: _\
Maximum* 57.2 days \
Minimum 5.5 days
Mean* 18.9 days '|
Maximum Inclination 20.1°
Maximum Eclipse Duration 4.5 hours
Total lonizing Dose** (TID) 2.8 Mrad
Deterministic AV 164 m/s
(post-PRM)
Statistical AV (99%) 223 m/s
Total Mission AV 1596 m/s

*Not including the 202-day capture orbit
**Si behind 100 mil Al, spherical shell (GIRE2) Black: Spacecraft in Jupiter’s shadow
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Coverage Build Up
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Coverage Build Up

[Through COT-1]
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Coverage Build Up

[Through COT-2]
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Coverage Build Up

[Through Petal Rotation]
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Coverage Build Up

[Through Switch-flip]
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Coverage Build Up

[Through COT-3]
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Coverage Build Up

[Through COT-4]
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Navigation Measurements

Ground-based
7 Optical Navigation
i (Voyager, Galileo, Cassini)
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Deep Space Positioning System (DPS) Concept

DPS is a two degree of freedom
periscope, with +/- 80° FOR in Azimuth
(pan), and +/- 20° FOR in Elevation (tilt),
and provides precise image motion
compensation. Periscope body is _
fabricated from Carbon composite for.
thermal stability '

- GOLD and
= WREsOLVE

= heritage
\

Narrow Angle Camera (NAC) based on
Mars Reconnaissance Orbiter (MIRO)
OpNav Camera Optics, EECAM
electronics, with rad-protected 20

Star Camera Assembly (SCA), composed Jgg R MegaPixel CMOS detector with an iFOV
of a triplet of Camera Head Assemblies | of 13 prad

(CHUs), identical to those flown on
Juno, contributes to 10 prad pointing
knowledge for NAC imaging
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