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Microgravity to Partial Gravity EVAs

Extensive micro-gravity experience
across heritage programs, Shuttle,
and the International Space Station
(260+ EVAs on the space station alone)

Six total Apollo partial-gravity
lunar surface missions
(14 EVAs totaling ~159 hours)

Environmental differences are a
critical driver to extension of EVA
expertise for Artemis and beyond
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Key Considerations
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Dust (Regolith) Partial Atmospheric Habitation and
Mitigation Gravity Pressure Pressurized Volumes
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Key Considerations

Commodities and Ingress and Communications, Lighting,
Logistics Egress and Navigation
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Key Considerations
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Enabling Suited Crew Contingencies and
Decision Making Planning Operations
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Summary
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Moon to Mars will leverage
lessons learned from
microgravity EVAs

Surface EVAs

have significant number of
environmental and mission
drivers different from
microgravity

Thesedrivers will
influence several facets of
the lunar surface
architecture




White Paper

Surface EVA
Architectural Drivers

Key elements of NASA's Moon to Mars Objectives
for expanding humanity's presence beyond
low-Earth orbit will require surface-based,
partial-gravity extravehicular activities (EVAs).
Surface EVA needs affect many aspects of the
exploration architecture, including EVA suit
subsystems, such as suit or pressure garment
mobility, the portable life support system, and
the informatics system; and extenal systems,
such as habitation modules and surface mability
platforms.

Lunar surface missions take place in harsh
environments with additional challenges,
including  limited  resources/consumables
resupply, communications delays, navigation,
and lighting, depending on landing location
and terain. Suited activity on the Moon
introduces multiple factors that drive the
broader architecture, including dust intrusion,
partial  gravity, atmospheric  pressures,
logistics, pressurized volumes, site planning,
contingencies, and human access to an
from the lunar surface from various habitable
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elements, This paper highlights several
key considerations related to lunar surface
exploration EVAS that will be addressed in the
Moon to Mars Architecture:

An integrated strategy for lunar dust mitigation
should include testing on Earth using simulants
and the use of lunar experiments to characterize
dust properties and build an understanding
of polar regalith behavior. Dust in the polar
region will be impacted by the unique natural
environment: electrostatic charging can cause
dust to adhere to surfaces, dust particles take
longer to settle than on the Earth, and stirring/
movement can remobilize dust particles,

Ground testing faces environmental limits

ground testing, making it difficult to replicate
expected polar region electrostatic behaviors.
Ground testing also typically requires multiple
simulants, since no one simulant captures all
the properties of lunar soil or the variety of soil
compositions that astronauts might encounter.
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ith differently sized crewmembers
lusnces the design of the suits and
firectures (especially sizing, mability,
and Iogistics payloads that must be
lembers, and tools for performing
Pnce activities Some tasks will

interactions with the lunar surface, and the total number
of EvAs. Finally, systems will have to accommadate
different prebreathe protacols than Apallo or microgravity
prebreathe.

A fundamental limitation of human physiology when
preparing for and conducting EVAs is the potential for
acute and dhronl injury from decompression sickness
caused by pressure transitions. sary to contral
the transition from the hal:\.ah\! ul:\umes saturation
atmosphere ta the EVA suit's prassure, which is set lower
to improve the crewmember's ability to operate and
maneuver in the suit, This transition is managed in part
by an oxygen prebreathe using a cambination of the
vehicle's atmosphere and the suit’s pressure,

e amount of fime necessary for this prebreathe is
mrsmy proportional ta the difference between vehicle
saturation and EVA pressures, while physialogically
necessary, crewtime spent engaged in prebreathe affects
EVA operations and the risk of decompression sickness
and can affect the duration af the EVA itself, Prebraathe
studies help minimize prebreathe durations, allowing
for increased utilization and completion of objectives
performed by the crew during EVAs.

This cholce of alternative atmospheric parameters
in the vehicle (as opposed to relying on the suit and
implementations therecf) may pose significant issues,
including vehicle design challenges, such as reduced
effectiveness for atmosphere-based avionics 'Dnlmg,
increased flammability, and more! The
supporting architectures will alsa have the capal
perform decompression sickness treatment functions
during the EVA f they are required for crew safety.

Elements that provide EVA capability include the
architecture to recharge sult consumables (2.8, power,
axygen, water, COZ remaval) and the ability 1o reserve suit
consumables while connectad ta the vehicle via umbilical
during activities such as prebreathe, suit checkouts, and

ra- and post-EVA. The interfaces between the suits and
the vehides/elements must Use common hardare (o

favigate up and traverse
s, and deploy surface payloads.

pre:
Tasks Beyond callecting geclogical samples could include
vehicle maintenance, cargo/logistics wansfer, and other
physically demanding activities. Tasks ta be performed
by the EVA crew — such as riding in a rover, hammering,
or climbing — drive specific interfaces and suit mobility
features.

The suit architecture and interfaces withsurface elements.
must accommodate a wide range of crewmember
sizes. These requirements drive the design of the suit
and attached hardware, vehicle interfaces, the types af
crew actions and motions during EVAs, direct physical

and reduce astronaut training time
2nvehicla raconfiguration me.

Given the constrains fo landed surlace mass dftrent

P impacts
on commatlity usage {such as the amount of ai required
to repressurize the habitable volume, depending on the
ingressfegress methad), in addition to the quantities
used in the EVAs themselves. Suit maintenance must take
place in a habitable pressurized environment.

Transferring logistics and consumables from logistics
landers to habitable elements also presents a major
challenge. The presence or absence of existing lunar
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main cabin to facilitate surface access. As such, airlocks
provide a significant oppartunity to contral or propagate
backward and forward contamination.* While other
ingress/egress architecture solutions could help with dust
intrustion, consumables, and other drivers listed in this
paper, they also pose significant challenges to vehicles
and suit architectures such as mass and volume.*I

Distributing work functions among Earth-based assets
and mission assets, enabling an Earth-independent
architecture, wil be. a profound architectural driver.
arth independence starts by giving crew members,
ramcularly mmng EVA, the capacity to make informed
decisions by interacting with and acting upon locally
sourced information. Achieving this feat will not anly
be a technological accomplishment that advances suit
capabilities but would also establish a fundamentally new
medium of communication and information exchange
between mission assets and Earth-based support./*9

crew currently
faces multiple challenges, such as Eslabllshxng a highly
integrated network of data-sharing among mission
assets (from different vendors); rendering a variety of
data in meaningful and contextually useful ways for
ew , interaction, and ; and
aligning the broader flight operations structure (across
NASA and service vendors) with the appropriate function
allocation. 41
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in options.
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ill use lighting sources (e.g. helmet
fpped/mounted to a crewmember or
fsitel, which can drive power needs,
Fformance in dark shadows will also

[ lunar South Pole are being planned,
fissicns alsa include the capability o
Jobally. Performing multipie missions
d different regians of interest within
will require strategic site planning.
as ability to navigate difficult terrain
Juit, interactions required between
ind safety will affect the integrated

of surface elements to

objectives. Mission designs will also
Prvironmental factors (e.g., terrain,
e, plume) in concert with surface
g, rovers, habitats, landers, driving
' EvA capabilities. (g, walk-back
fwhile protecting the EVA crew.

ion of the site location of the surface
i course, accommodate Evas
jd utilization, ance, logistics,

SEservatons, and b
Iong-term stays, and sustained operations. This requires
manitaring surface operations effects and management

aversing during shart-term missions,

EVA ranges must be considered when plannmgmsmme
between stationary elements

access 1o a pressurized safe h the limits of
emergency consumables in the event of a suit failure
or medical event Alung with other consideratians (i
landing accuracy, urfate interactian), distances
the mobility elemeuts can be driven or teleoperated
before requiring charging affects the mission's mass
requirements and must be balanced with cperational
needs such as EVA preparation, EVA duration, crew time,
and crew sleep,
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Ensuring crew safety is the most important aspect of
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vehicle/suit failure could result in sce
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Hardware and human failures can ke
or incapacitation on the lunar
requiring assistance during EVA. Incal
continuous full assistance is a ris
additional loading, transport, and i
which affect suit de:

Surface EVA exploration has a si
architectural drivers that differ from
differences include dust,

challenges for surface EVAs result
mass, power, volume, the environi
cperations that oceur on the Moon 4
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