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Key Challenges of Human Exploration of Mars

Common Findings from Multiple Studies
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Three New Neighborhoods to Explore

Mars Vicinity Missions Provide the Pull

Mars Moons Mars Surface

* Round-trip to/from orbit * Round-trip to/from orbit * First steps on Mars

* Humans in zero-g * Humans in low-g  Humans in partial-g
* Opportunities: * Enhanced radiation * Enhanced radiation
- Real-time teleoperation  protection protection
- Support Mars sample * Opportunities: * Use resources of Mars

return - Mars moon explorati

- Mars sample return
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MISSIONS: 6-12 MONTHS MISSIONS: 1 TO 12 MONTHS MISSIONS: 2 TO 3 YEARS

RETURN: HOURS RETURN: DAYS RETURN: MONTHS
L EARTH RELIANT# L PROVING GROUNDJ LEARTH INDEPENDENT




International Space Station
The First Step in Exploration




SLS, Orion, and Ground Operations
Making Real Progress
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Proving Ground Objectives

Enabling Missions to Mars

VALIDATE
Cis-lunar space as a staging point for vehicles in route to Mars

Advanced Solar Electric Propulsion for efficient mass delivery
Crew health and performance in a deep space environment
Space Launch System and Orion in deep space

Long duration, deep space habitation systems

Operations with reduced logistics capability

Structures and mechanisms

In-Situ Resource Utilization

CONDUCT
@ EVAs in deep space with sample ha

“ Integrated human and




Split Mission Concept
Pre-Deploy Cargo First

. DESTINATION
‘ SYSTEMS

- SEP pre-deploy to Ty
| Mars orbit O\ : Transit; 2-3 Years

Surface Operations:
30-500 Days




Cis-Lunar Space

How the Earth and the Moon Interact

The contours on the plot depict energy states in the Earth-Moon

) e : A spacecraft at L2 is actually orbiting Earth
System and the relative difficulty of moving from one place to another. P y g

at a distance just past the Moon, however

if you look at it from the Moon, the orbit will
look like an ellipse around a point in space
giving them the name “halo orbits”.

: : Family of DROs in Earth-Moon Plane

/

The interaction of the Earth and Moon creates

bends in the energy contours that can be used
to lower the energy needed to move around
the Earth-Moon system and beyond, such as
this example of a low energy transfer between
Ll1andL2.

e

The Lunar Distant Retrograde Orbit leverages these
equilibrium and low energy contours to enable a stable
orbit with respect to the Earth and Moon, that is
accessible with about the same energy as L1 or L2.
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Split Mission Concept

Crew to Mars Orbit
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Split Mission Concept

Crew Return to Earth
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Pioneering Space

® |s more than the human missions to the Mars surface

® Is the ability to “go further and stay longer”
—With an ever decreasing need to be reliant on Earth

—Building an infrastructure that supports the logistics that are required
for sustained living in space

® |s the gradual transition from our current permanent presence
in LEO to permanent presence in deep space (which includes
the surface of Mars)

@ |s finding the sustainable pieces that supports the logistics and
capabilities required
—From a technical approach
—But also promotes economic expansion
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endeavor requinir pon effort of many
nations and men rywhere, we
have learned - it is onl! "f’f_. wrough seri
of purpose an at
carry the day. We mlg_" ﬁkeﬁ it to mdmg a
bicycle. You stay upright and move forward so
long as you keep up the momentum.”
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