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Asteroid Redirect Mission: Three Main Segments N@%A

IDENTIFY

Ground and space
based assets detect and
characterize potential
target asteroids

REDIRECT

The Asteroid Redirect
Robotic Mission (ARRM)
uses solar electric
propulsion (SEP) based
system to redirect asteroid
to cis-lunar space.

EXPLORE

Crew launches aboard SLS

rocket, travels to redirected

asteroid in Orion spacecraft ., =
to rendezvous with redirected « * \.
asteroid, studies and returns ‘ /
samples to Earth 7




Key Aspects of ARM

AMoving large objects through
interplanetary space using SEP

Alintegrated crewed/robotic vehicle
operations in lunar distant retrograde
orbit (LDRO)

I Integrated attitude control, e.g., solar
alignment
I Multi hour EVAs

ALean implementation
I Clean interfaces, streamlined processes

I Common rendezvous sensor
procurement for robotic vehicle and
Orion

Alintegrates robotic mission and human
space flight (HSF) capabilities
I HSF hardware deliveries to and

integration and test with robotic
spacecraft

I Joint robotic spacecraft and HSF mission
operations




Asteroid Redirect Mission: 2015 Advancements
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Objectives of Asteroid Redirect Mission

1. Conductahuman spaceflight missioninvolving in-spaceinteraction with
a natural object, providing systems and operational experience required
for human exploration of Mars.

2. Demonstrate an advanced solar electric propulsion system, enabling
future deep-space human and robotic exploration with applicability to the
nati ond6s public and private sector sp

3. Enhancedetection,tracking and characterization of Near Earth
Asteroids, enabling an overall strategy to defend our home planet.

4. Demonstrate basic planetary defensetechniques thatwill informimpact
threat mitigation strategies to defend our home planet.

5. Pursueatarget of opportunity that benefits scientificand partnership
Interests, expanding our knowledge of small celestial bodies and
enabling the mining of asteroid resources for commercial and
exploration needs.



External Engagement (1)

AJune 2013: NASAissued a Request for Information (RFI) to seek new
iIdeas on how to implementthe ARM and AGC, alternative ARM
concepts,andinnovative approachesto broaden participation from
partners andthe public.

AFall 2013: Ideas Synthesis workshop for public synthesis of highest
rated responses

AMarch 2014: NASAissued the Asteroid Redirect Mission Broad Agency
Announcement (BAA), soliciting proposals for concept studies in areas
including asteroid capture systems, rendezvous sensors, adapting
commercial spacecraft forthe Asteroid Redirect Mission and feasibility
studies of potential future partnership opportunities for secondary
payloads and the crewed mission.

i In June 2014, NASA announced it selected 18 of the 108 BAA proposals
for six-month studies, totaling $4.9 million in awards.



External Stakeholder Engagement (2)

AOther assessments, information during pre-formulation
I Several briefings with feedback
I SBAG Special Action Teami August 2014
i CAPTEMinput i December 2014

AMay 2015: NASAissued another RFI for Spacecraft Bus Concepts to
Supportthe Asteroid Redirect Robotic Mission and In-Space Robotic
Servicing

AJune 2015: Formulation Assessment and Study Team invitation
ASept 2015: Community workshop



ARRM Mission Concept Overview
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ARRM Capture Phase Introduction

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

Approach

Note: Asteroid operations timeline varies depending on & \
targetasteroid. Times shown are for 2008 EVs: total @ B
stay time of 305 days with 95 days of margin. o
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Current Candidate Parent Asteroids

I TOKAWA BENNU 2008 EV5 1999 JU3

/

Radart boulders and
extremelypronounced bulge
Radart at equatorsuggests Expected valid target

MusesC t
OSIRIRExarget movement of loosenaterial Hayabusa target

Hayabusa landing

Asteroids not to scale

Comparisonof current candidateparent asteroids
ltokawa Bennu 2008 EY 1999 Jy

Size 535x294 x209 m 492 x 508 x 546 m 420 x 410 x 390 m 870 m diameter
\A 5.68 km/s 6.36 km/s 4.41 km/s 5.08 km/s
Aphelion 1.70 AU 1.36 AU 1.04 AU 1.42 AU
Spin Period 12.13 hr 4.297 hr 3.725 hr 7.627 hr
Type S B(G-grpvolatile rich) C (volatile rich) C(volatile rich)

NASA continues to look for additional targets in accessible orbits. Reference ARRM Target




