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The Lunar Lab Initiative







Introduction

ARTEMIS PREPARES FOR MARS

SUSTAINABLE LUNAR ORBIT STAGING CAPABILITY AND SURFACE EXPLORATION

MULTIPLE SCIENCE AND CARGO PAYLOADS | INTERNATIONAL PARTNERSHIP OPPORTUNITIES | TECHNOLOGY AND OPERATIONS DEMONSTRATIONS FOR MARS




Pilot FORGE Study to address this science shortfall
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Brainstorming Concepts




Maximize Science
Production

External Attached
Instrument

External Deployable
Instrument

External Remote Crew
Operations

External Remote Ground
Operations

Sample Return

Sample
Collection/Handling

Lab Self-Mobile

External Tools &
Instruments used EVA

Internal Tools

Asset Deployment —
Post Landing

Self-propelled on wheels
Carried by other asset
Stationary

Towed by other asset
Rolling

Rails

Self-propelled on legs

Self-propelled on
thrusters|

Asset Deployment —
Delivery or Landing

Non-Deployed “Top-
Deck” Lander

Non-Deployed
“Underslung” Lander

Sky Crane
Davit Crane

Collapsible Legs
Multi-piece Module
Expandable

Crew Access &
Interface with other
Elements
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Airlock

Direct connection
No crew access
Docking system
Hatch

Suitport
Pressurized Tunnel
Pressurized Garage

Pressurized Volume

Lava tube
Repurposed asset
3D-printed

Composite Pressure
Vessel (PV)

Hybrid PV
(metallic/expandable)

Metallic PV
Expandable PV

No PV

Multiple or segmented

Environmental
Control and Life
Support System

(ECLSS)

In-situ Resource
Utilization (ISRU)

Use Surface Habitats
Use Pressurized Rovers
Regenerative ECLSS
Resupplied ECLSS

Use spacesuit portable
life support system
(PLSS)

Hybrid of regenerative &
resupply

Plant-based




Concept 1: Minimalist, Crew Operated

necessary tools only with pallets of tools/equipment all
EVA accessible. no PV volume, robotic assistants
(rovers/drones)

mass driver shoots up to gateway or Earth for
processing

just enough to find the interesting stuff to send back to
earth/gateway which better equipment

Four 3MT pallets arrive on the lander then Davit
deployed to surface for EVA access. each pallet could
be themed around a science objective. Could have a
pallet reduce science capacity but hop to different
location.

Could be located within walking distance of surface
Hab or rover drives to it for extended stay (mult EVAs
living out of rover)

lander provides power to sceince pallet when in use.

Concept 2: Cadillac/Pressurized Lava Tube

Underground lava tube with similar
science pallets deployed from
lander then drive themselves into
the lava tube. requires to cargo
landers - one to deploy the four
3MT science pallets and another to
deploy four 3MT of equipment to
provide lava tube airlock/Seal and
ECLSS/habitation outfitting. will
have garage area for Pressure or
unpressurized rover repairs/
deployment. Greenhouse/Algae
provide support for ECLSS as well
as potential for ice in tube to
augment as well

comm and power on surface. or
nuke power deployed far away in
lava tube.

unlimited expansion potential with
Boring company drill
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SPACECRAFT PERFORMANCE

Concept 4: drop-down multi-piece,
Concept 3: Top-Deck Multi-piece Single landing
"Starship style" - Stationary - Stationary
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SPACECRAFT PERFORMANCE

Concept 6: Starship Researcher
Concept 5: Interconnected

Modular Science Base Camp
Multi-landing, Stationary
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Concept 7: Mobile Multi-Module Concept 8: 3D-Printed Stationary
Laboratory Laboratory
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Concept 9: Science-focused,
Pressurized Single Element Rover

How it Mobility:
Landed Mobile on Sun Ports
Underslung Wheels

Power &
data stored
externally
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Concept 10: Non-Pressurized,
Remote Operated, Stationary Lab

How it Mobility

Sfy"’gg‘:‘e Stationary

Robouc . for Lee

Sample - data stored

Collectors ke externally
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The “Lava Tube Lab” was at the low TRL end of the spectrum. This concept used a
natural lava tube and underground cavern to provide the habitable volume for as large a
science lab as desired. While this concept provided an unlimited expandable base
infrastructure for science, the team realized that there are no known lava tubes in vicinity
of the planned lunar south pole base locations. This concept could still be used if a
Tunnel Boring Machine (TBM) were developed to create the underground system at the
desired location.

Other novel concepts utilized the SpaceX Starship as either a very large cargo delivery
system or a customized Starship modified to be a habitable lab. Given the Government
Accounting Office (GAQ) protest at the time for the Human Landing System (HLS)
selection of the Starship, the team eliminated these concepts from the trade space.
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The baseline (concept 5) was the multi-module stationary lab. Concepts that scored
worse than the baseline (2, 4, and 8) were the “Lava Tube Lab”, the single landing
stationary lab, and the 3D-printed lab. Concepts that scored better than the baseline (6,
7, and 9) were the science-focused Starship, the multi-module mobile lab, and the single
element science-focused rover. The multi-module mobile lab was considered an
extension of the single element rover, so the concepts were combined.
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Multi Module Mobile Lab Weaknesses
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Multi-Module Mobile Lab Trades
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Lunar Lab MEL
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e The Study did not evaluate development cost and schedule for either multi-module
concept.

e The science portfolio included was notional and mostly from the perspective of lunar
science. The additional science communities should be incorporated to help refine these
equipment needs.

e For both multi-module labs, the main forward work items include assessing the estimated
data storage increase, evaluating antenna placement, integrating the vehicle sizing, and
launch configurations to arrive at vehicle element design and distribution on launch
vehicles and mass reduction efforts by increasing the fidelity of the models and sizing of
the subsystems.

e Additional forward work items specific to the mobile lab includes assessing the mobility
system’s need for six wheels, evaluating the need for redundant C&DH systems or a
transferrable C&DH, re-evaluating the solar array sizing for peak power usage from the
drive train, re-assessing the drive system sizing and re-sizing the off-load ramp.
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The purpose of the evaluation is to obtain preliminary data on human interfaces
and configuration habitation layout for lunar science missions per concept.
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W4 Lessons Learned
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