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In 2010, the President announced that, in 2025, the U.S. intended to launch a human mission to an 
asteroid [1].  This announcement was followed by the idea of a Capability Driven Framework (CDF) [2], 
which is based on the idea of evolving capabilities from less demanding to more demanding missions to 
multiple possible destinations and with increased flexibility, cost effectiveness and sustainability.  
Focused missions, such as a NASA inter-Center study that examined the viability and implications of 
sending a crew to a Near Earth Asteroid (NEA) [3], provided a way to better understand and evaluate the 
utility of these CDF capabilities when applied to an actual mission.  The long duration of the NEA 
missions were contrasted with a concept described in a study prepared for the Keck Institute of Space 
Studies (KISS) [4] where a robotic spacecraft would redirect an asteroid to the Earth-Moon vicinity, 
where a relatively short duration crewed mission could be conducted to the captured asteroid.  This 
mission concept was included in the National Aeronautics and Space Administration (NASA) fiscal year 
2014 budget request, as submitted by the NASA Administrator [5].  NASA studies continued to examine 
the idea of a crewed mission to a captured asteroid in the Earth-Moon vicinity.  During this time was an 
announcement of NASA’s Asteroid Grand Challenge [6].  Key goals for the Asteroid Grand Challenge 
are to locate, redirect, and explore an asteroid, as well as find and plan for asteroid threats.  An Asteroid 
Redirect Mission (ARM) study was being conducted, which supports this Grand Challenge by providing 
understanding in how to execute an asteroid rendezvous, capture it, and redirect it to Earth-Moon space, 
and, in particular, to a distant retrograde orbit (DRO).  Subsequent to the returning of the asteroid to a 
DRO, would be the launch of a crewed mission to rendezvous with the redirected asteroid.  This report 
examines that crewed mission by assessing the Asteroid Redirect Crewed Mission (ARCM) nominal 
design and performance costs associated with an Orion based crewed rendezvous mission to a captured 
asteroid in an Earth-Moon DRO.   

The ARM study includes two fundamental mission phases: 1) The Asteroid Redirect Robotic Mission 
(ARRM) and 2) the ARCM.  The ARRM includes a solar electric propulsion based robotic asteroid return 
vehicle (ARV) sent to rendezvous with a selected near Earth asteroid, capture it, and return it to a DRO in 
the Earth-Moon vicinity.  The DRO is selected over other possible asteroid parking orbits due to its 
achievability (by both the robotic and crewed vehicles) and by its stability (e.g., no orbit maintenance is 
required).  After the return of the asteroid to the Earth-Moon vicinity, the ARCM is executed and carries a 
crew of two astronauts to a DRO to rendezvous with the awaiting ARV with the asteroid.  The outbound 
and inbound transfers employ lunar gravity assist (LGA) flybys to reduce the Orion propellant 
requirement for the overall nominal mission, which provides a nominal mission with some reserve 
propellant for possible abort situations.   

The nominal mission described in this report provides a better understanding of the mission 
considerations as well as the feasibility of such a crewed mission, particularly with regard to spacecraft 
currently undergoing development, such as the Orion vehicle and the Space Launch System (SLS).  
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Chronology 
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Space Center 

a. http://www.nasa.gov/about/obamaspeechfeature.html 
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astronauts to an asteroid for the first time in history.” 

c. Crew goes to asteroid. 
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