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NASA’s Asteroid Initiative

 NASA is leveraging relevant portions of science, space technology, and
human exploration capabilities toward a first-ever mission to capture and
redirect a near Earth asteroid to earth-moon space, followed by a human
exploration and sampling mission.

» The mission will demonstrate technologies for deep space exploration,
advance efforts in planetary defense, and engage new industrial capabilities
and partnerships. There are other benefits.

* NASA will also lead a broad effort to find all asteroid threats to human
populations and know what to do about them: a “Grand Challenge”

* These two activities are mutually supporting, and both leverage on-going
activities.

 This initiative includes a parallel, forward-looking mission development
approach, partnership opportunities (nationally and internationally), open
innovation, and participatory engagement.



FY14 Asteroid Initiative: What and How
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Both sets of activities leverage existing NASA work while amplifying participatory engagement to
accomplish their individual objectives and synergize for a greater collective purpose.



Decision and Engagement Strategy
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Asteroid Initiative Request for Information

* RFl released June 18; responses due July 18

» Areas of request:
— Asteroid Observation
— Asteroid Redirection Systems
— Asteroid Deflection Demonstrations
— Asteroid Capture Systems
— Crew Systems for Asteroid Exploration
— Partnerships & Participatory Engagement

* 402 responses received

 Ideas Synthesis Meeting Sept 30 - Oct 2
— Transparently explore the highly rated responses
— International, industry, science will be specifically invited
— Meeting structured to provide input to planning



NASA’s NEO Search Program: Current System

Catalina Sky Survey Pan—STARRS LINEAR

s

U of AZ — Tucson, Arizona U of HI - Haleakala, Maui

* Currently, most Near-Earth Asteroid discoveries are made by:
Catalina Sky Survey (60%), Pan-STARRS-1 (30%), and LINEAR (3%)

« Data correlation and orbit determination is done by the IAU Minor Planet Center.
Precision orbital analysis is performed by the NEO Program Office at JPL.

« Enhancements and new surveys can come online in the next 2 years.
Some require additional funding.

* These improvements will increase capabilities to find hazardous asteroids
as well as ARRM candidate targets 6



Space Technology and the Asteroid Initiative

« Early Stage programs will foster innovation in

— Asteroid detection, characterization and mitigation for planetary defense and
asteroid retrieval mission target selection

— Asteroid proximity operations and resource utilization techniques

* The redirect mission leverages high powered SEP demonstration capability

— SEP is the primary propulsion for the robotic asteroid rendezvous and
redirection

— The redirect mission is not possible without SEP
— SEP component technologies serve commercial needs
— SEP is also enabling for deep space human exploration

» Asteroid Robotic Redirect Mission will serve as a critical technology
demonstration of a high-power SEP system

* Key high-power SEP system components include
— 30kW — 50kW advanced solar arrays
— 10kW to 15kW magnetically shielded Hall thrusters
— Power Processing Units (PPUs)
— Xenon propellant tanks .



Overall Asteroid Redirect Mission Objectives

« Accomplishment of each objective increases level of overall mission success. Overall
mission will be comprised of valuable individual objectives for future human and
robotic exploration such as:

Asteroid identification and characterization for target selection
Demonstration of advanced Solar Electric Propulsion (SEP)
Autonomous guidance and control for proximity operations and capture
Capture and control of a non-cooperative target

Demonstrate techniques relevant to future planetary defense efforts
Science and resource utilization

Orion and Space Launch System operations beyond LEO

Deep space astronaut Extra-Vehicular Activities (EVA), rendezvous, docking, and
navigation

Sample handling and management for sample return by crew

* Robotic segment leverages solar electric propulsion technology demonstration
mission capabilities.

+ Some risk will be accepted for accomplishing capture, given anticipated uncertainties
in target characteristics.

* If capture is not achieved, objectives would include redirecting the robotic spacecraft
to the same stable orbit in the lunar vicinity to enable objectives for early uses of
Orion and SLS capabilities.



Reference Robotic Mission Design Executive

Summary

1. Launch (2 Options) 4. Low 5. Lunar

1a. Atlas V — Low Thrust Thr_ust Flyby to
Spiral to Moon Tr_ajectory Capture
with
Asteroid to
Earth-Moon
System 6. Low Thrust

jﬁ ‘\‘ @ Trajectory to
: Storage Orbit

\.,
3. Low Thrust 4
Trajectory to ‘
Asteroid

1b. SLS or f
Falcon Heavy — /.
Direct Launch
to Moon or to
Asteroid

2. Lunar Flyby to Escape

(If Needed) ]
7. Orion Rendezvous °



Alternate Approach: Robotic Concept

« Concept: Demonstrate planetary defense (PD) and retrieve coherent/
monolithic boulder(s) from a larger NEA

— Target a ~100+ m size NEA (hazardous size, but not necessarily a PHA)

— Demonstrate PD techniques and measurably alter the trajectory of the
NEA Capture a 1-10 m boulder (coherent rock) and return it in the

2020-2025 timeframe

— Assess options for planetary defense demonstrations and delivery of
other payloads

« Take advantage of solar electric propulsion spacecraft capabilities
and/or captured mass, as well mission capability for kinetic impact
demonstration at the end of mission

« Payload(s) emplaced prior to capture operations in case of failure
and/or left behind before spacecraft departure

— ldentify required NEA stay time to perform proximity and surface
operations

10
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Human Exploration: Early Operations Beyond LEO




Reference Trajectory Update:

Earliest Mission for 2009BD

= Qutbound
Flight Day 1 — Launch/TLI Egh
Flight Day 1-7 — Outbound Trans-Lunar L R Outbound
Cruise T~
Flight Day 7 — Lunar Gravity Assist Outbound Flight Time
: : Return Flight Time 2R
Flight Day 7-9 — Lunar to DRO Cruise 9 ,

11 days
= Joint Operations

Flight Day 9-10 — Rendezvous
Flight Day 11 — EVA #1

Flight Day 12 — Suit Refurbishment, EVA #2
Prep

Flight Day 13 — EVA #2

Flight Day 14 — Departure Prep

Flight Day 15 — Departure
* Inbound ARV at MECO Y

Flight Day 15 — 20 — DRO to Lunar Cruise eoacture ~ v

/

Orion DRO
Insertion

Outbound/Return
Lunar Gravity Assists

Orion/ARV
Docking

Moon
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Flight Day 20 — Lunar Gravity Assist Stay in DRO \x
Flight Day 20-26 — Inbound Trans-Lunar
Cruise Outbound Flight Time: 8 days, 9 hrs

Return Flight Time: 11 days, 6 hrs
Rendezvous Time: 1 day
DRO Stay Time: 5 days

Flight Day 26 — Earth Entry and Recovery

Mission Duration and timing of specific events will vary

slightly based on launch date and trajectory strategy 12



Benefits of Docking

« Accommodates Integrated Stack Loads and
Attitude Control Strategy

— Structural load path for integrated stack attitude
control

— Biased attitude required for EVA lighting

— Orion RCS provides integrated stack control to
change attitude; robotic spacecraft reaction
wheels can only maintain attitude

Passive Half of Docking
: : - - Mechanism
« Benefits of Docking Mechanism to potential future

missions:

— Sustain loads for potential permanently-mounted
modules without active control

— Substantial power transfer and data to additional
modules

— Creates opportunities for commercial and
international participation

» Leverages ISS development and production for
International Docking System Standard
mechanism

Active Half of Docking 13
Mechanism



EVA Details

Orion-Based EVA

Two Crew per EVA

Two EVAs + One Contingency
Short Duration (~4 hr)




The First Steps Upwards to Mars......

ISRU & Surface Power X
Surface Habitat X
EDL, Human Lander X X
Aero-capture X X X

Advanced Cryogenic Upper

>
>
>

Stage

Deep Space Habitat X X X X
High Reliability ECLSS X X X X
Autonomous Assembly X X X X
SEP for Cargo / Logist ics X X X X X
Deep Space GNC X X X X X
Creyv Operat ions beyond LEO X X X X X
(Orion)

Crew Return from Beyond

LEO - HS Entry (Orion) S S S S 2
Heavy Lif t to Beyond LEO X X X X X

(SLS)




The Grand Challenge

Find all asteroid threats to human populations
and know what to do about them.
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Asteroid Grand Challenge

« A Grand Challenge is a large-scale effort that requires activities and
contributions nationally and, more ideally, globally

— High-impact, multi-disciplinary collaborations and public-private partnerships

» Thereby engaging a variety of sources of partnership and outside collaboration
(interagency, international, industry, academia, NGOs, citizens, particularly
non-traditional partners)

« The Asteroid Grand Challenge will leverage NASA'’s activities in:
— Potentially hazardous asteroid (PHA) observation
— Citizen science for PHA tracking
— Game changing technology development for mitigation of PHA's
— Incentive prizes designed for engaging non-traditional partners

« The Office of the Chief Technologist will lead a national and international
endeavor to meet this Challenge utilizing:

— Crowd sourcing

— Prizes

— Increased citizen science and participatory engagement
— Public Private Partnerships
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Benefits of Asteroid Initiative

* Makes progress toward NASA goals in human space exploration

— Challenging near term mission operations for human exploration beyond LEO & Early
integration of foundational capabilities for deep space exploration

SLS and Orion initial capabilities for deep space

Navigation and piloting operations of deep space vehicles for human missions
Mission Kits for in-space assembly (EVA, Docking and Rendezvous)

Life support and deep space habitability
Complex ground and space operations, and sampling of small objects

Exercises collaboration between human and robotic missions of exploration

Furthers science and technology
— Enhanced small bodies observation and characterization
— Advanced solar electric propulsion
— Asteroid sample return - but this is not a science mission

Strong commercial application
— Advanced solar electric propulsion

Planetary defense interests (testing of deflection techniques)

Future utilization of in space resources
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