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Today we ar eeée

AUpdating the small bodies community on what we

have accomplished since the July SBAG meeting



Asteroid Redirect Missionfhree Main Segments @%A

IDENTIFY

Ground and space
based assets detect and
characterize potential
target asteroids

REDIRECT

Solar electric propulsion
(SEP) based system
redirects asteroid to cis-
lunar space (two capture
options)

EXPLORE

Crews launches aboard SLS
rocket, travels to redirected
asteroid in Orion spacecraft
to rendezvous with redirected
asteroid, studies and returns
samples to Earth



Current Objectives of Asteroid Redirect Mission

A Conduct a human exploration mission to an
asteroid in themid-2 02 0 0 s, providin
operational experience required for human
exploration of Mars.

A Demonstrate an advanced solar electric propulsion
system, enabling future deep-space human and
robotic exploration with applicability to the
nationds public and priva

A Enhance detection, tracking and characterization of
Near Earth Asteroids, enabling an overall strategy to
defend our home planet.

A Demonstrate basic planetary defense techniques that
will inform impact threat mitigation strategies to defend
our home planet.

A Pursue a target of opportunity that benefits scientific
and partnership interests, expanding our knowledge of
small celestial bodies and enabling the mining of
asteroid resources for commercial and exploration
needs.




Accomplishments since July 2014 (1)

AEnhanced asteroid observations underway with new asteroids identified

i Enhanced NEA characterizationtechniques have been tested, validated
and implemented.

A Rapid Response by IRTF and interplanetary radars (Goldstone and
Arecibo)

A Improved resolution by radar imaging (~8 meters reduced to <4
meters)

A Use of Spitzer to determine size and rough mass, density,
composition of very dim candidates.

A No new valid candidates identified as of yet

AAdvanced solar electric propulsion technology development and testing
completed

I Solar arrays, Hall thrusters, power processing units operating at several
voltages and power levels

ABroader engagement through the Curation and Analysis Planning Team
for Extra-terrestrial Materials and Expert and Citizen Assessment of
Science & Technology



Accomplishments since July 2014 (2)

A Interim reportsreceived for 18 study contracts; selections through Broad Agency
Announcement. Final reviews by end of January.

I Capture systems
I Commonrendezvous sensor suite
I Leveraging commercially available spacecraftforrobotic mission
i Partnerships in secondary payloads for robotic mission
I Partnerships for crewed mission including extensibility
A Internal design and risk reduction activities to mitigate risk in the capture phase
i OptionA
A Higher fidelity 1/5 scale testbed
A Revised the design

A Conductedtestngof depl oyment/inflation, fdocki
closure, with force measurements

A Friction tests using prototype bag material
i Option B
A Full scale testbeds
A Capture arm & tool testing and force measurements; extraction force testing
A Contact & restraint 2D testing and force measurements

A Closed loop sims of descent, surface ops and ascent W ADAMS &
structural/thermal analysis

A Sensor and algorithm testing to validate relative navigation approach
A Extraction option pull tests



Accomplishments since July 2014 (3)

ARobotic mission architectures and mission designs

AUpdated cost and schedule grass roots estimates for reference launch
date June 2019; variations

Alnitiated independenttechnical and cost assessment for MCR

i Relative comparison for capture mission options provided for capture
mission downselect

Aldentified applications of ARMtechnologies, systems, and operations
extensibility to future crewed missions

I 1SS Capability Development Study
i Evolvable Mars Campaign

AContinued to evaluate common Automated Rendezvous and Docking
sensor approach for robotic spacecraft and crewed mission

AContinued prototyping and testing to gain confidence thatthere is a
path to use Orion launch and entry suit derived from the modified
advanced crew escape suit (MACES) for thesein-space EVAs

I Testing in Neutral Buoyancy Lab
AConducted robotic capture mission downselect review (Option A/Option
B)
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Robotic Capture Mission Option A Overview

Renadezvous Characterization Planetary Defense Asteroid Captur&eturnto Eartrmoon System

28 days }4 days 2 FlaYs 5 dalys (+30 days margin) ~1—3; y\ears

Rendezvous Characterization

Planetary Defense

Transfer to DRO

Asteroid Capture



Analysis and Risk Reduction Overview

The Asteroid Capturgestbeds a hardware The ADAMS simulation
in-the-loop simulation that measures gctual provides higHfidelity finite-
forcesbetween_soft go_ods and a§ter0|d element physics giving
mockup, evolving motion and spin of loads. etc.. but slow to
asteroid per real physics, providing better ’ N
understanding of soft goods packaging and COMPUte. _ _
deployment and defining preciselywhat ~ The DARTS/DSHELL simulatio
force/deflection characteristics are required IS a fast, loworder physics

for the corners of the trampoline to based model suitable for
accommodate full range of asteroids while NMonte Carlo and control

minimizing forces on S/C system modeling.




Robotic Capture Mission Option B

Proximity Operations Overview

Approach Characterization Boulder Collection Planetary Defense Demo
14 days 72days 69 days 150 days (30 deflection + 120 hold & verify)
I I I I v\ I

Approach

: -

Note: Asteroid operations timeline varies depending on target \,
asteroid. Times shown are for 2008 EWdtal stay time of @
305 days with 95 days of margin. = b
 Boulder Collectiot

Departure Planetary Defense Demo
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2014 Analysis and Risk Reduction Activities

Launch configuration analysikaunch, docking, and EVA modal GN&C performance analysis
and loads analyses

Flexible body dynamics model of GN&C performance simulation Boulder extraction simulation
touchdown and ascent

LaR@ull-scale CRS flat floor testing WVRTC/GSRcrospinetesting KSC Swamp Works fsitale testing of bpplder
extraction



