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“If God wanted man to become a spacefaring species, He would have given man a Moon.”

- Krafft Arnold Ehricke
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Artemis Base Camp Buildup

e e - &
L L 3 .
4 ¥ s L y
Bl ) L 4
< %

>
=

N - Sustainable operations with crew landing Pressurized rover delivered for " Surface habitat delivered, allowing up to
services; Gateway enhancements with- greater exploration range on : four crew on the surface for longer periods
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A Vision for a Sustainable Artemis Base Sk

Images courtesy of ICON, the Bjarke Ingels Group, and Space Exploration Architecture



TECHNOLOGY DRIVES EXPLORATION
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Manvufacturing, Construction, and Ouffitting M

« Manufacturing (e.g.,
In-Space Manufacturing)

» Construction (e.g., Moon to
Mars Planetary Autonomous
Construction Technology
(MMPACT) project)

* Outfitting (relatively new area!)

From top moving clockwise: Butch Wilmore holding the first 3D printed ratchet wrench in space. Vision of a future lunar base .
, (image courtesy of ICON and Space Exploration Architecture). Living in a lunar habitat (image courtesy of ICON and the Bjarke Ingels
Group). Future Engineers student-designed multipurpose tool printed on-orbit. 3D printed wireless humidity sensor. 7



MMPACT
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GOAL

Develop, deliver, and demonstrate on- demand

construction of landing pads, habitats, shelters
blast shields using lunar regolith- -based rn“_a,g_e

High Level Capability Gaps (including those identified by the
LSIl Formulation Guidance for Lunar Surface Construction):

— Deposition processes and associated materials
- Increased autonomy of operations

— Hardware operation and manufacturing under lunar
environmental conditions

- Long-duration operation of mechanisms and parts
- Scale of construction activities
— Material and construction requirements and standards



MMPACT - Current Partners

NASA Centers OGA Leveraging Technology Providers/ SBIR/STTR Potential Customer
+ MSFC Potential: Contributing Partners: + Construction Scale « Artemis
* LaRC * Innovation Unit US * Dr. Holly Shulman Academia Additive Manufacturing
+ KSC Air Force (AF) * ICON Build » Colorado School of Mines Solution
« JPL Contributing: + Radiance Technologies » Drake State
+ AF Civil Engineering + RW Bruce Associates, » Mississippi State University
Center LLC » Pennsylvania State University
+ AF Special + Blue Origin » University of Mississippi
Operations + Jacobs Space » University of Nevada Las
Command Exploration Group Vegas
+ Defense Innovation + JP Gerling -
Unit * Logical Innovations

+ Texas Air National + Microwave Properties -
Guard North -
+ USAF + MTS Systems Corp.

« Southeastern
Universities Research
Association
* Southern Research
+ Space Exploration
Architecture (SEArch+) '
s * Space Resources
§ Extraction
g Technologies
+ Sioux Tribes

» Astroport

Collaborative multidisciplinary partnerships to leverage fiscal resources, ideas, knowledge & expertise.




MMPACT - In-Situ-Based Construction Materials

« Materials under study (including but not limited to)

— Cement/regolith blends

— Geopolymer

— Ductile iron/steel

— Microwave sintered regolith
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ISRU-based ductile iron cooled at 0.1°C/s (left) and 1.0°C/s (right). The difference is
the formation of the harder phase, martensite (brown), at higher cooling rates.
@ Images courtesy of Mississippi State/Blake Stewart.

Sulfur cement/regolith blend following
impact testing. Image credit: NASA.

Materials ISS Experiment 15 contains multiple
geopolymer samples. Image of geopolymer
square courtesy of Penn State/Peter Collins and
Aleksandra Radlinska.
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Leveraging Lunar Resources
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Unified Geologic Map of the Moon orthographic projections
Image credit: NASA/GSFC/USGS

Lunar South Pole multi-temporal illumination map

Image credit: NASA/GSFC/Arizona State University/LRO halse eolor ifgsaic of the Maon

Galileo spacecraft 12-7-92 Image credit: JPL
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Leveraging Lunar Resources g_c?-,\,]
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Leveraging Lunar Resources M
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Leveraging Lunar Resources
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Leveraging Lunar Resources
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Additional Resources o

* Crew waste
— Polymers
— Carbon
— Human waste



ISRU/ECO - Technology Gaps

IE————— T ——
 Extraction of elements/compounds from regolith on an industrial scale

» Conversion of extracted elements/compounds into manufacturing or
construction precursors (e.g., metal alloys, cement components)

* Production of usable manufacturing or construction feedstock (e.g.,
creating metal microspheres for powder bed fusion, metal wire for free
form fabrication, or combining cement components into cement)

Powder
Feedstock

Feedstock
Type

Regolith Extraction Alloying

Wire
Feedstock

@ ISRU — In-Situ Resource Utilization. ECO — Excavation, Construction, and Outfitting.
18



Items to Fabricate g_cf-,\,]

Habitats, landing pads, furniture, plumbing, forks,
truss structures, printed electronics, spare parts,
batteries, garages, blast shields, ingress/egress
ports, knives, telescopes, energy harvesting devices,
thermal wadis, roads, storage tanks, spoons,
greenhouses, solar panels/arrays, cabinets,
countertops, partitions, sinks, toilets, etc.

-

Images courtesy of ICON, the Bjarke Ingelé Group, and Space Exploration Architecture



Lunar Resource Utilization Benefit o OSAM
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To arrange further discussion of OSAM technologies contact: ON-ORBIT SERVICING,

ASSEMBLY, AND
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Tammy.L.Brown@nasa.gov Patrick.A.Cosgrove@nasa.gov Jeramie.W.Broadway@nasa.gov
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