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Portable Life Support Systems
• PLSS designs from past programs (all from 2008 

ICES conference)
– Panel Overview (James McBarron)
– Gemini EVA Life Support Systems (Harold McMann)
– Apollo Portable Life Support Systems (Maurice Carson)
– Skylab Astronaut Life Support Assembly (Joseph 

Gillerman)
– Shuttle EMU Life Support System (Richard Wilde)

• EVA Suit Technology Development (Liana 
Rodriggs - 2016)
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EVA Suit Technology Development
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EVA Suit Technology Development Overview

• Development Objectives
• Portable Life Support System Development
• Power, Avionics, and Software System Development
• Pressure Garment System Development
• Upcoming Integrated Testing 
• Technology Gap Closure Plan
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Development Objectives

• To mature technologies and capabilities that will enable future EVA exploration 
systems for any of the proposed design reference missions 

– Incorporating lessons learned from 30+ years of EMU operations
– Designing for the different environments of the potential destinations
– Developing hardware that enables scientific exploration and supports the 

operational concepts of the potential destinations

• To produce real cost, performance, and reliability data through building and 
testing high-fidelity systems

• To systematically develop EVA technologies and systems to assist in closing gaps 
for an integrated humans to Mars mission in the 2030s
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NASA Exploration EMU Reference Architecture

High Speed Data Comm.

HD Video and Lights

Informatics Display and Control

Integrated Communications
(No Snoopy Cap)

Automated Suit Checkout

Rear Entry Ingress/Egress

Membrane Evaporation 
Cooling (SWME)

4.3 – 8.2 psi Variable Pressure

Enhanced Upper Mobility

Modular/ORU PLSS Design

Planetary Mobility

Amine CO2 Removal Tech

1 Hr. Emergency Return

Conceptual only – Not all features displayed have 
completed full design assessment



PORTABLE LIFE SUPPORT SYSTEM (PLSS) 
TECHNOLOGY DEVELOPMENT
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Portable Life Support System Technology Development

• A schematic trade study was undertaken in the early days of the Constellation 
Program to compare technology options for an exploration PLSS

– Included NASA and Industry participation
• The selected schematic included key technology areas – 3000 psi O2, rapid cycle 

amine CO2 removal, and evaporative heat removal
• PLSS tech dev efforts have since focused on developing and testing the 

components and system per that schematic
– Has resulted in some changes to the schematic

• Lessons learned from the 30+ years of EMU operations have also influenced the 
NASA reference PLSS design

– Corporate knowledge from team experience
– EMU Requirements Evolutions
– Assured EMU Availability (AEA) Reports
– PRACA FIAR summaries

6



Portable Life Support System Technology Development

7

PLSS 1.0
(Breadboard)

PLSS 2.0
(Packaged GN2)

PLSS 2.5 (xPLSS)
(Flight prototype)

COMPLETE FY16/17/18COMPLETE

Purpose: • Schematic validation with 
models

• Component pneumo-
hydraulic integration

• Packaged lab unit
• System level performance

• Flight design without paperwork 
(GN2/Air only)

• Integrated system performance

Hardware: • Prototype: RCA, Fan, SWME, 
POR, SOR

• Balance COTS/Instruments

• 2nd gen prototypes: RCA, SWME, 
POR, SOR

• 1st gen prototypes: remainder

• 3rd gen prototypes; RCA, SWME, 
POR, SOR

• 2nd gen prototypes: remainder 

Testing: • 8 simulated EVA transient 
profiles

• 397 hrs of full PLSS 
operation 

• 595 hrs of SWME/thermal 
loop operation

• Pre-Installation Acceptance (PIA) 
test against system spec

• 19 psia air human-in-the-loop 
testing with the Mark III spacesuit 
(2hr EVAs)

• 25 EVAs, failure simulations, 
integration tests at vacuum

• PIA test against system spec
• 100 unmanned EVAs in vacuum
• Unmanned thermal vacuum 

testing
• Pressurized launch vibe testing
• EMI Testing
• Static Magnetics Testing

For NASA Internal Use Only



PLSS 2.0 Testing

– Nineteen 2-hr EVAs using 6 test 
subjects in the Mark III space 
suit

– Quantitative and subjective 
evaluations of PLSS operation

– 3 metabolic rate profiles (300-
3000 Btu/hr)

– Simulated nominal EVA using 
Primary Thermal Control Loop 
and contingency ops using 
Auxiliary Thermal Control Loop

PLSS 2.0 Testing: March 2013 – July 2015
• Pre-installation acceptance testing of all components and integrated system 

against draft PLSS specification
• Human In The Loop (HITL) Testing (10/27/15 – 12/18/15)

8For NASA Internal Use Only



PLSS 2.0 Testing

• Unmanned Vacuum Testing (1/9/15 – 7/9/15)
– Completed 298 hrs of vacuum operation and 25 EVAs spanning various 

metabolic profiles (300-3000 BTU/hr)

9

– Evaluated performance of PLSS component 
and system-level designs 

– Validated and updated component 
specifications and PLSS requirements

– Tested hardware to failure and simulated 
other failure conditions

– Evaluated airlock, suitport, and EVA abort 
ops cons

– Demonstrated vehicle interfaces and 
consumable recharge methods, flow rates, 
and times 

– Evaluated controller algorithms
– Demonstrated consumables sizing and ran to 

depletion to observe telemetry signatures



Rapid Cycle Amine (RCA)

• RCA provides CO2 and humidity removal via a two bed chemical sorbent canister
– RCA 1.0 and 2.0 were tested at a component level and within the PLSS 1.0 and PLSS 

2.0 systems
– Lessons learned and increased fidelity were incorporated into the RCA 3.0 design 

intended for use in PLSS 2.5 (ex. valve design, integrated controller, O2 compatibility)
• Manufacturing, assembly, functional verifications, and air rig performance testing complete

• Advantages:
– Real-time regenerative – CO2 removal system will not limit EVA duration and reduces 

consumables
– Reduces mass as compared to the EMU MetOx
– Eliminates most failure modes that introduce water into the helmet and space suit

10

Ball Value

Controller

Canister

RCA 3.0 RCA 3.0



Variable Oxygen Regulator (VOR)

• VOR provides dual stage pressure regulation for oxygen and pressure control for 
space suits

– VOR 1.0 and 2.0 were tested at a component level and within the PLSS 1.0 and PLSS 
2.0 systems
• VOR 2.0 underwent Oxygen and contaminant compatibility testing at WSTF as well as 

thermal, vibration and orientation testing
– Lessons learned and increased fidelity were incorporated into the VOR 3.0 design 

intended for use in PLSS 2.5 (ex Monel body, O2 compatibility, relevant 
environments)
• Manufacturing, assembly and functional verifications complete

• Advantages:
– Continuously adjustable pressure settings (~4000 set points) to control suit pressure 

between 0 and 8.4 psid
– Robust design, tolerant of contamination & combustion events

11VOR 2.0 VOR 2.0 in Primary O2 Assy VOR 3.0



Suit Water Membrane Evaporator (SWME)
• SWME provides heat rejection and water degassing via hollow fiber membranes

– Gen1 SWME were early developmental versions
– Gen2 and Gen3 SWME included improvements such as reduced size, new fabrication 

methods, and more flight-like backpressure valve and were tested at the component 
level and within the PLSS 1.0 and PLSS 2.0 systems

– Gen4 SWME is currently under development for use in PLSS 2.5
• New square cross section to optimize PLSS packaging
• New manufacturing techniques
• New Multi-cartridge system: commonality between SWME+Mini-ME
• New water-compatible epoxy
• New backpressure valve technology: spool valve – allows for pressure 

equalization in case of off-nominal repress/depress
• New mid-fiber temperature sensor to monitor system health
• Planned biocide compatibility testing 

12Gen 1 Gen 2 Gen 3 Gen 4 Cartridge



PLSS Packaging

13For NASA Internal Use Only
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POWER, AVIONICS, AND SOFTWARE (PAS) 
TECHNOLOGY DEVELOPMENT

14



PAS 2.0

• Completed assembly and integrated testing of PAS 2.0 
– Includes Caution and Warning System (CWS), Display and Control Unit 

(DCU) simulator, Communication Assembly, Informatics Assembly, 
Biomed simulator, Integrated Audio Mics and speakers

– Implemented Core Flight Software for the CWS
– Demonstrated PAS subsystem performance

• Power distribution, fault protection, and data transfer
• Power loading, processor throughput, inter-assembly functional 

operations, and inter-assembly messaging
• Continuous operation of the CWS and Informatics processors 

while switching between the umbilical and battery power sources 
using the DCU

15Comm/Radio Assembly
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DCU Simulator

Informatics/Crit 3 PMAD Assembly CWS/Informatics/ PMAD Integrated Testing

Power load boxes

CWS/Crit 1 PMAD Assembly



Display and Control Unit (DCU)

• The DCU enables control of the PLSS/Suit functions (pressure, 
cooling, fans, etc.) 

• The DCU also provides text status and warning messages
• Initial concepts explored menu-driven and manual approaches

– Prototypes were evaluated and a hybrid approach was selected with 
direct manual control of key functions

• Follow-on prototyping focused on packaging and input devices
– Triangular design centered around the common connector quick 

disconnect 
– Space constrained to fit on Z-series upper torso (40% smaller than 

EMU DCM) 
• DCU 2.0 is currently under development and will be tested over 

the next year

16
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Battery Development

17

• Power for the critical and non-critical space suit functions in the 
reference design will be provided by a distributed battery system

– Battery modules (all the same) will be located inside the PLSS and on 
the front side of the PLSS plate

• 10 prototype battery packs and a charger have been completed and 
will be utilized during the PLSS Live Loads test

– Incorporated NESC findings to limit thermal runaway propagation 
of 18650-type cells into the prototypes

• Performed initial Thermal Runaway Propagation (TRP) testing of 
battery module design using Moli 2.5 Ah cells

– Design performed well except for managing cell ejecta
– Additional testing is planned

TRP Battery Testing

Batteries in PLSS 2.5

Battery pack



Informatics

• Conducted interviews with EVA stakeholders, received specialized field-geology 
training, developed operational concepts and functional requirements

• Tested prototypes in analog exploration missions, such as Desert RATS
• Evaluated numerous technologies for graphical displays and space suit human-

machine interfaces (HMIs).
– Evaluated multiple COTS solutions via in-house lab testing
– Evaluated multiple custom solutions via SBIR contracts

• Limited vocabulary speech recognition is a strong candidate for control of 
informatics with other methods (traditional switches, glove-finger sensors, etc.) 
used to supplement the system

18



PRESSURE GARMENT SYSTEM (PGS) 
TECHNOLOGY DEVELOPMENT
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Pressure Garment Technology Development

20162012
ETDD/ETDP AES/GCD

• Highest fidelity 
planetary prototype 
since Apollo

• Rated for 100% oxygen 
environments

• Certified for testing in 
the NBL

• Optimized for smaller 
crew population
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• Mobility demonstrator
• First prototype 

compatible with delta 
pressure suitport 
don/doff evaluations

• Optimized  for larger 
crew population
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• Exploration mission tradestudy support via timeline 
analysis and end-to-end analog testing with 
pressurized suits, robotic assistants, and mid-fidelity 
vehicles/habitats

• Exploration pressure garment requirements 
development

• Suit fit  and strength analysis
• Extensive multi-suit mobility studies
• Suited joint torque
• Dust/dirt protection and mitigation
• Suit mass and center of gravity



Z-2 Design Features
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Removable SIP
(not shown)

Composite HUT
(Carbon/S-Glass)

(1” Vernier Sizing)

Composite Brief

Hybrid Composite
Hatch

(Carbon/S-Glass/AL)

Ti Waist Bearing
w/1.75” Integral

Sizing Ring

2 Bearing Toroidal
Convolute Soft Hip

Ankle Bearing

13x11 Elliptical
Hemispherical

Helmet

2 Bearing
Rolling Convolute

Shoulder

RC Waist Joint

EMU Style
Acme 

Thread FAR

Integrated Comm. Systems

Gen 2 Adjustable 
Walking Boot
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Z-2 Verification Testing
• Suit Mobility/Sizing Verification

– Completed fit-checks for 7 subjects in the design 
sizing range

– Verified mobility and fit via task completion
• Isolated joint mobility
• Object relocation tasks
• Unassisted kneel/recover
• Walking
• Unassisted boot reach and adjustment

• CO2 Washout Verification - Z-2 provided adequate 
washout at all tested conditions

– Conducted in Chamber B at ambient external 
conditions

– 6 test subjects representing range of suit sizing
– Suit pressure at 4.3 and 8.3 psid
– CO2 monitored at the nose with nasal cannula
– Metabolic rates 1000– 3000 BTU/hr achieved with 

treadmill or walking in place
– Airflow rates 2 – 6 acfm 22For NASA Internal Use Only



Titanium Bearings

• Titanium is a highly desirable material for use in space suits 
because of the high strength to density ratio 

– Anticipate a 24 lb mass saving on a single EVA space suit
• Titanium is more prone to wear than steel and future 

exploration space suit bearings must have a cycle life ~100x 
that of current EMU bearings

– Phase II SBIR in work has shown substantially increased cycle 
life and weight benefits through the use of bearing coatings, 
and new bearing ball materials

• Titanium is flammable in reduced pressure, 100% O2 
environments

– Performed bearing ignitability testing of realistic space suit 
bearings, while cycling to failure without any signs of ignition

• Future Work
– Conduct cycle testing of full spacesuit system with bearings 

to verify cycle life and component bearing test results
– Down select to new bearing architecture
– Repeat ignitability testing of the newly developed bearing 

architecture and materials
Hip bearing test set-up in WSTF 

chamber

Scye bearing post-
test



Energy Mobility Testing

• Goal: Evaluate suited mobility at the system level by measuring metabolic cost 
of functional tasks in different space suits

– Alternative to traditional approach to defining mobility
• Approach: Performed testing with 6 subjects and 3 suits (Mark III, REI, 

Demonstrator) and measured rate of CO2 production
• Results:  Statistically relevant differences between similar suit architectures 

performing functional tasks exist
– Method shows great promise to be robust and reliable, but needs continued 

refinement

24
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High Performance EVA Glove (HPEG)

• Gas Pressurized EVA Gloves
– Link-net bladder/restraint test 

article
• Completed fabrication
• Received one pair in Jun 2016

– Gas pressurized glove prototypes
• Completed fabrication
• Held Pre-Test Review
• Completed verification testing
• Received two pairs in Aug 2016

– Testing of prototypes planned for 
Fall 2016

• Mechanical Counter Pressure Gloves
– Held Pre-Test Review
– Completed manned glovebox testing
– Received prototype hardware in Jul 

2016

Gas Pressurized Glove 
Prototypes

Glovebox Testing of Mechanical Counter Pressure Prototypes

Link-Net Bladder/Restraint and 
Cover Layer



New enhancements on SSRG prototype 2

Sensor Suite NBL Test

High Performance EVA Glove (HPEG)

• Robotically Assisted EVA Gloves
– Completed hardware upgrades to the 2nd 

Space Suit RoboGlove (SSRG) prototype
– New system includes sensors that determine 

finger position to enable more precise 
control and “power steering” to ease the 
effort required to execute grasps

– Evaluations planned for Sep 2016
• Sensor Suite

– Completed successful NBL test on July 11, 
2016
• Over 4 hours of data collected
• Approximately 30 sensors measuring 

fingernail strain, force, temperature and 
humidity

• Test report expected in Fall of 2016
– Future work will assess the sensor suite’s 

ability to evaluate various prototype gloves



UPCOMING INTEGRATED TESTING

27



PLSS Electrical Live Loads Testing

• Test Objectives:
– Power Switch, Routing, and Current Limiting

• Demonstrate power switching from SCU power to battery 
power and vice verse

• Demonstrate power routing of input power to the attached 
loads (controllers and radio) 

• Demonstrate current limiting to the attached loads under 
simulated failed conditions

• Demonstrate current limit reset with power cycle
• Demonstrate current monitoring for each attached load

– Communications
• Validate the latest PLSS Data and Control Communications 

Specification
• Evaluate controller digital command I/O approaches

28

• A partial assembly of the xPLSS prototype will be tested this fall
– Assembly of the test configuration has begun

– Evaluate grounding differences and the impact on noise seen on the signal lines 
during quiescent and complex loading 

– Evaluate DCU display and controls



Z-2 NBL Test Series

• Z-2 Suit will be tested in the NBL to evaluate its performance 
in micro-gravity compared to EMU

– Performance is relative to performing ISS tasks
– Performance metrics are ratings of mobility and worksite ergonomics
– Approximately 16 runs beginning late September through winter 2017

• Two Z-2 suit configurations will be evaluated during Z-2 NBL test 
series:

– Z-2 suit with Z-2 Lower Torso Assembly (referred to as ZLTA)
– Z-2 suit with EMU Lower Torso Assembly (referred to as ELTA)

• Detailed Objectives:
1. Evaluate ability of Z-2 with ELTA to perform ISS critical contingency 

EVA (CCE) tasks
2. Evaluate EMU tools with Z-2 upper torso architecture
3. Evaluate Z-2 with advanced PLSS package volume (PLSS 2.5) for use 

on ISS
4. Evaluate suit usability with subjects who span size range of Z-2
5. Evaluate added performance from highly mobile LTA (ZLTA)
6. Evaluate capabilities of highly mobile LTA (ZLTA) at 8.0 psid (zero pre-

breathe pressure)
29



EVA SUIT TECHNOLOGY GAP 
CLOSURE PLAN
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EVA Suit Technology Gap Closure Plan

• System Maturation Team (SMT) Gaps assessed annually to update progress on 
existing gaps and identify any new gaps based on changes to reference missions 
or new information from technology development efforts

• Gaps generally divided as either a technology/hardware or knowledge gap
• Key focus areas for technology gaps in near-term:

– Dust Tolerant Mechanisms
– Textiles for High Abrasion Environments
– Thermal Insulation for Non-vacuum Environments
– Dust Mitigation Strategy for Remote Habitats
– Mass Reduction Strategies
– Closed Loop Life Support Systems

31



EVA Suit SMT Technology Gaps

Dust Tolerant Mechanisms
• Space suits for planetary exploration will be 

required to operate nominally in a coarse dirt and 
fine dust environment for up to 600 hrs with 
minimal maintenance required

• Nominal operation is considered less than 10% 
increase in running torque for bearings, less than 
10% increase in actuation torque for disconnects, 
and less than 2 sccm increase in leakage

• Key mechanisms in space suits include:
– Quick disconnects for oxygen, water, and 

power/data lines; gas exhaust ports, relief and 
purge valves

– Bearings in the pressure garment arms, legs, and 
waist

– Component hard disconnects at the pressure 
garment wrist, arm, waist thigh, and ankle; and 
hinges at the pressure garment rear hatch

• Desired Technology Capabilities:
– Mechanisms with quick change-out dust seals
– Mechanisms with active dust repellant properties

32



EVA Suit SMT Technology Gaps

Textiles for High Abrasion Environments
• NASA needs suit material(s) and systems of layers of 

materials that are capable of long duration exposure 
to dust and abrasive activities that are also flexible 
so as not to compromise mobility (walking, kneeling, 
etc. )

• Desired Technology Capabilities:
– Self-healing textiles
– Damage sensing textiles
– Manufacturing techniques to minimize dust 

migration between textile layers
– Textiles or coatings with active dust repellant 

features
– Textiles or coatings with passive dust repellant 

features
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EVA Suit SMT Technology Gaps

Thermal Insulation for Non-Vacuum 
Environments
• Current space suit insulation technologies rely heavily 

on the vacuum of the low-earth orbit environment to 
minimize heat transfer by separation of layers in the 
space suit material lay-up 

• However, various exploration destinations, and 
specifically Mars, exhibit low pressure atmosphere 
which allows convection to occur

• Desired Technology Capabilities:
– Lightweight, flexible, durable, and thin to minimize 

interference with mobility features of suits (Note:  If 
one or more of the above characteristics is an issue, 
but could be resolved for space suit application 
through development, the technology is of interest)

– Adaptable for seasonal variations in temperature
34



EVA Suit SMT Technology Gaps

Dust Mitigation Strategy for Remote Habitats
• Exclusion of dust from habitable environments is a 

system level challenge 
• Space suited crewmembers will bring some amount 

of dust into the habitat following each EVA.  In 
reduced gravity environments fine dust does not 
quickly settle out of the habitat atmosphere. 

• Desired Technology Capabilities:
– System to remove/repel dust from space suits
– System to remove and collect dust from the habitat 

atmosphere
– System to remove and collect dust from habitat 

surfaces
– System of locks that employ the above to mitigate 

dust in the habitable volumes
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EVA Suit SMT Technology Gaps

Mass Reduction Strategies
• Launch mass from Earth’s surface has always been a 

challenge but introduction of gravity environment 
for EVA will create greater need for reduced on-back 
mass.

• Gravity environments will increase the need for finer 
alignment of EVA suit system CG to optimize 
mobility and efficiency.

• Desired Technology Capabilities:
– Composite lay-ups that meet load requirements 

(pressure and impact) with minimal mass
– High reliability methods for fabricating complex 

composite geometries
– In-situ printing of replacement suit components
– Lightweight bearings
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EVA Suit SMT Technology Gaps

Closed Loop Life Support Systems
• NASA needs EVA CO2 and H2O removal system that is 

low mass, low power, low consumable at the mission 
architecture level, minimizes exhaust pollutions (for 
planetary protection considerations), and functions 
within the Mars CO2 atmosphere and convective 
thermal environment.

• Desired Technology Capabilities:
– Small package that enables the overall Portable Life 

Support System (PLSS) volume to be minimized. 
– Remove CO2 at rates up to 190 g/hr with 

concentrations <2mmHg 
– Accommodate these removal rates for up to 12hrs 

with 8 hrs of autonomous EVA time and potentially 4 
hrs of pre-breathe time.  

– Remove H2O vapor at rates up to 150 g/hr with <75% 
RH in oxygen carrier gas with trace CO2
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EVA Suit SMT Technology Gaps

• Desired Technology Capabilities:
– Non-intrusive to both mobility and field of view (no interference 

with primary task completion when not in use)
– Either 100% O2 compatible and inside the PGS -OR- compatible 

with the helmet & visors and external dust environment
– Low power
– Functions in extreme lighting conditions
– Wide and/or infinite eye-box

38

Displays and Controls for Crew Autonomy
• NASA needs a radiation tolerant graphical display that is compatible with the 

suit that can be operated via a hands-free user input device to control the 
informatics system.  This could consist of a speech recognition system



• The EVA Community is actively working to collaborate with scientists and 
engineers across spaceflight 
• Participate in intra-agency technical interchange meetings

– Human Research Program Investigators Workshop
– EVA Technology Workshop

• Maintain high-level list of technology and knowledge gaps with associated 
closure plans
– EVA System Maturation Team 
– NASA Technology Roadmap

• Partner across Government, Industry, and Academia to strategically target gap 
areas by priority with emphasis on cross-cutting areas
– Small Business Innovative Research Program
– Space Act Agreements
– Research grants (NSTRF, NAIC, NSBRI, etc.)

• Publish latest technical developments and research results in relevant publicly 
accessible forums
– Conference papers (AIAA, ICES, SAFE, IFAI, SAMPE, etc.)
– Trade publications
– NASA Tech Briefs

39

Closing EVA Suit SMT Technology Gaps



Summary
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• A significant amount of space suit hardware development at the component 
and integrated system has occurred in recent years 

– Many other components and technologies have been matured than were covered 
in this presentation

• However, there are areas that still require a lot of investment, particularly to 
enable EVA’s on Mars

• Through sharing of knowledge, it is our hope that we are closing the gaps to 
EVA’s at exploration destinations
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