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Introduction

Purpose
* To share NASA’s progress and plans of Extravehicular Activity (EVA)
spacesuit development for exploration
* To disseminate the EVA Technology Roadmaps for future
exploration

Updates to the maturation and development of the
spacesuit technology roadmaps for the Moon to Mars
(M2M) Program

Roadmaps are in alignment with both NASA’s Exploration
Architecture and Civil Space Shortfalls



Historical Strategy

Since 1965 (15t Spacewalk) - Spacesuit development has captured
system changes, adapted to destination environments, improved
safety, and conformed to operations with new vehicles

Last 15 years - Exploration EMU Government Reference Design
* XEMU Project was executed as a Government Furnished Equipment (GFE)
* Designed, developed, and tested in-house

2021 New strategy for Commercial Extravehicular Activity Services

2022 NASA warded the Exploration EVA Services (xEVAS) to two

vendors

* Axiom Space
e Collins Aerospace



EVA Roadmaps

Goals

* Enable EVA operations on Mars, using lunar surface opportunities for demonstration as
appropriate

* To facilitate risk mitigation for “sustained lunar” mission phase
* To increase life robustness for long-duration lunar missions

EVA Spacesuit
* Integrated 1-person spacecraft

* Consists of a Pressure Garment System (PGS), a Portable Life Support System (PLSS), and
informatics system

Environment (Mars)
* Surface EVA exploration
* Protect CM from various environments encountered
* Martian gravity is higher than on the Moon — results in increased spacesuit weight
* Predominance of carbon dioxide in the atmosphere will require changes in the PLSS



EVA Spacesuit Technology Roadmap Assumptions

Martian atmosphere 95% CO2 at ~0.15 psia

Martian gravity is 0.38g compared to Lunar gravity of 0.16g
Long travel & mission duration

Conditions of dust is a major hazard

Martian radiation environment is a major hazard

Unique seasonal environment

Planetary protection may drive reduced suit leakage and/or compatibility
with system-level bio-cleaning procedures.

Suitport and commonality with vehicle systems is not considered
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The color of each box represents the
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Throughout the roadmaps, funding
source is indicated by the letters in
parentheses after each activity name.
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Ve be labeled. See key on previous page.
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Pressure Garment System Roadmap
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EVA PGS Roadmap

xPGS Assembly

Pressure Garment

* 2018 — xEMU demonstration pressure garment
* New Hard Upper Torso (HUT)

New Shoulders

New Helmet

New Extra-Vehicular Visor Assembly (EVVA)

EMU design for lower torso, arms, gloves, and boots

* 2019 — Changes to accommodate mission goals
* Improved lower torso mobility
* Lunar boots to meet thermal requirements

 New Environmental Protection Garment (EPG) for dust
protection

* Enhanced Cycle Life Performance



EVA PGS Roadmap
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PGS Roadmap overlapping areas

Scope

* Organized by mission applicability not
technology areas
* Mars EVA PGS - Enabling

* Capabilities and technologies that are unique to
Mars EVA

* Capabilities and technologies that enable Mars EVA
and enhance Lunar

* Enhance logistics, crew safety, and/or performance

* Lunar EVA PGS — Sustained Lunar Evolution
Enabling

* Capabilities & technologies required to enable a
long duration Lunar mission

e Supporting durability, maintainability, cycle life
* Enabling broader operational range



NasA  Mars EVA PGS — Enabling
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Objectives (FOM/KPPs):

8-hour EVA, < TBD Ibs. dry mass, 100 EVA operational life (TBC)

Gap # Metric: TBS
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Objectives (FOM/KPPs):
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Ground M Lunarsurface @ Notes [ Funded  [EsDMD| / STMD / (industry) . :
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See acronyms list at front of document. All mission information is notional and for planning purposes only



Support System Roadmap
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EVA PLSS Roadmap

Portable Life Support System (PLSS)

* An integrated system packaged into a backpack worn by a
Crew Member

e PLSS functions include:

* Oxygen (02) storage and pressure regulation for breathing and
environmental habitability

* CO2 washout and removal
* Trace contaminant control
* Thermal control for the CM and space suit avionics

e XEMU PLSS Goal

* Enable an exploration-forward design for use in microgravity at the
ISS and in lunar gravity on the Moon
* Increased robustness & reliability
e Reduced consumables use
* Improved maintainability at the operational destination

xEMU PLSS
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EVA PLSS Roadmap

Scope
* For Mars PLSS Development

* Technology upgrades will be required prior to a Martian mission

* Due to PLSS Complexity

* |t took ~20 years to progress xEMU PLSS: Schematic -> Component
development -> System integration -> Maturation

* Critical that the roadmap communicates functional capability
development needs and funding opportunities

e PLSS Roadmap

e Addresses current PLSS technology risks and existing gaps in long
duration lunar and Martian-ready capabilities
* Divided into 4 Swim lanes:
1. Cross-Subsystem & System Architecture Development
2. 02 Supply & Ventilation
3. Thermal Control
4. Avionics & Power

xEMU PLSS
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N(;L\S;A EVA PLSS: Cross Subsystem Development and System Architecture
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EVA PLSS: Oxygen Supply and Ventilation (Slide 1 of 3)
@ i D ) D. D.

FY23 FY24 FY25 FY26 FY27 FY28 FY29 FY30 FY31-35 FY36+ Additional Information

' ° e 0 0 o
Notes: o N et
A: See Dust Roadmap It
B: Task descriptions on following slides
C: Two SBIR Contracts for Low TRL § b e into AS - partne endo

. Multi-Gas Sensor Development &
Testing
» SBIR Phase Il (STMD)

» Makel (BONSSC23CA117)
» SBIR Phase Il (STMD)

* Pendar (BONSSC23CA136)

. o
o ?; A '

B Partially Funded Objectives (FOM/KPPs):

Ground M Lunarsurface @ Notes [ Funded  [EsDMD| / STMD / (industry) ; ;
SS/LEO Ml Mars transit @ Decision point B Unfunded Actuators should demonstrate 1,000,000 cycles, actuation for at extension > 50 Ib

Lunar orbit Marssurface A Deliverable/Mi o risk O Touchooint Gas sensors that can detect multiple gas constituents in addition to CO2 (e. g. NH3, 02, H20)
eliverable/Miestone ) Artemis missions ® oucnpont. [ TRL Regenerable CO2 and humidity controlin a 9 Torr CO2 Martian Atmosphere

See acronyms list at front of document. All mission information is notional and for planning purposes only



M EVA PLSS: Oxygen Supply and Ventilation (Slide 2 of 3)
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EVA PLSS: Oxygen Supply and Ventilation (Slide 3 of 3)
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NASA  EVA PLSS: Thermal Control
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EVA PLSS: Avionics and Power
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Conclusion

EVA Spacesuits symbolize human space exploration

Unigue environments of Mars constrain design solutions

EVA Technology Roadmaps

Serves as a guide for spacesuit technology development required to explore Mars
Provides enhancement to lunar mission capability as well

Provides a graphical view of the development path for each subsystem

Helps spacesuit developers

Helps to communicate NASA’s technology needs and intended priorities

Fosters collaborations across human spaceflight disciplines and with commercial and
academic partners

Provides NASA’s programs and technical organizations with vital information between now
and future Mars missions as they make decisions on resources and closing technology gaps
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