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A Defining Human Systems Integration

A Designing for Space Extreme Environments
I Space Environment Design Drivers

A Integrating Humans into an EVA Spacesuit
I Historical Overview of Apollo and Space Shuttle/ISS EVA Spacesuit Design
I Intersection of HSI, Bioastronautics, Engineering Design
I EVA Suit Design and I ntegration nEscapes

A Future EVA Suit Design Directions
I Digital Human Modeling
i The nAnVirtual Twino

A Conclusions and Recommendations
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MOON AND MARS EXPLORATION

Operations on and around the Moon will help prepare for the first human mission to Mars
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MOON AND MARS EXPLORATION

Operations on and around the Moon will help prepare for the first human mission to Mars
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IN ORBIT

DEEP SPACE AGGREGATION
Assembling a complex ship in
deep space

MARS TRANSIT HABITAT
Round the clock, years-long
operations of a Mars-class
habitat and life support system

ORBIT TO SURFACE
OPERATIONS

Operating an orbiting outpost that
deploys a lander and its crew to a
planetary surface

COMMERCIAL RESUPPLY
AND REFUELING
Leveraging the space logistics
supply chain for industry
provided cargo deliveries

CREW HEALTH &
PERFORMANCE

Studying how the human body and
mind adapt to deep space hazards

10/8/2024

A rounditrip mission to Mars will take -
about two to three yearsd and once the
shipbs course is s
back.

As much as is possible, lunar
systems will be designed for dual
Moon-Mars operations.

Integrated missions in the lunar
vicinity prepare us for successful
Mars missions.

S e

The Moon to Mars Architecture is Inherently Common

ON THE SURFACE

SPACESUIT ADVANCEMENTS
Improving spacesuit design across
Artemis missions with astronaut
input and private sector innovation

MOBILE OPERATIONS
Liwvi ng an d

i@sidfe EnGil8 habithl f@® Tt u
weeks at a time

PLANETARY PROTECTION
Mitigating dust transfer and
establishing pristine sample
curation protocols

HUMAN ROBOTIC
EXPLORATION

Robots pre-positioning surface
assets and conducting
receniiaissaiiceter-astronauts

HUMAN RESILIENCE
Learning how humans can
survive and thrive in a partial

gravity environment
y/
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ARTEMIS: LANDING HUMANS ON THE MOON

ENABLING DIVERSE TECHNOLOGIES AND APPLICATIONS
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SAC21 First Mars Reference MISSION (NASA STMD 3-2022)
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Human Systems Integration (HSI) is the systems engineering process and program management
effort that provides integrated and comprehensive analysis, design, and assessment of
requirements, concepts, and resources for human factors engineering, manpower, personnel,
training, safety and occupational health, force protection and survivability, and habitability (DoDI
5000.95, Glossary).

rExas asm oniversire  HOW HSI Is Defined by the DOD

These HSI domains are interrelated and interdependent and must be among the primary drivers of
effective, efficient, affordable, and safe system designs. HSI integrates and facilitates trade-offs
among these domains and other systems engineering and design domains but does not replace
Individual domain activities, responsibilities, or reporting channels (source: DAU).

The goal of HSI is to ensure human performance is optimized to increase total system performance

(TSP) and minimize total system ownership costs (TOC). Incorporating HSI early in system design
promotes more successful and effective transition of capability to the warfighter.

https://www.cto.mil/sea/hsi



https://www.cto.mil/sea/hsi
https://www.esd.whs.mil/Portals/54/Documents/DD/issuances/dodi/500095p.PDF?ver=C1L4ZM9Wi4Qa4p7JP7EPtA%3D%3D
https://www.esd.whs.mil/Portals/54/Documents/DD/issuances/dodi/500095p.PDF?ver=C1L4ZM9Wi4Qa4p7JP7EPtA%3D%3D
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Human Systems Integration

There is no such thing as an i u N ma nsysed 0A system is comprised of the
human, the hardware, and the software. Human Systems Integration is a system
engineering discipline that applies knowledge of human capabilities and
limitations throughout the design, implementation, and operation of hardware
and software. It is an interdisciplinary and comprehensive management and
technical process that focuses on the integration of human capabilities and
limitations into the system acquisition and development processes to enhance
human system design, reduce life cycle ownership cost, and optimize total
system performance.

https://www.nasa.qgov/wpcontent/uploads/2015/07/jsehhp-humansystemsintegration2021 .pdf

https://ntrs.nasa.qgov/api/citations/20205007852/downloads/AIAA% 20N ext%20GeaZiHS1%20Plan. pdf



https://www.nasa.gov/wp-content/uploads/2015/07/jsc-hhp-human-systems-integration-2021.pdf
https://ntrs.nasa.gov/api/citations/20205007852/downloads/AIAA%20Next%20Gen%20-%20HSI%20Plan.pdf

NASA DOCUMENTS AND REQUIREMENTS

A The NASA-STD-3001 is an Agency-level, two-
volume suite of documents that address the
human needs for space flight.

I Volume 1, i Cr Elw a | cbviers the requirements needed
to support astronaut health. Examples include medical
care, nutrition, sleep, and exercise.

I Volume 2, n Hu mkantors, Habitability and Environmental
H e a | covhrs the requirements for system design that will
maintain astronaut safety and promote performance.

A Examples for this volume include a design of the food facilities,

bathroom design, a layout of workstations, seating and crew

restraint design, lighting requirements, and environmental
reguirements.




NASA DOCMENTS

A A companion document to NASA-STD-3001 Volume 2 is the
Anthropometry, Biomechanics and Strength Handbook

'he Is a compendium of human space
flight history, lessons learned, and
design information for a wide variety v e e

eronautics and Space Administration

. . . . ’ Office of the Chief Health and Medical Officer H:\N[)B()Ol\_{ IIDH) :\.h}_\.f.vﬂl’-
Of d I S CI p I I n e S an d p rOVI d e S b a C k g r- O u n d Controlled by: David Francisco 2010-3407/REV 1: SECTION 4

2022

OCHMO-HB-004

i N fo rm atl on on th er atl on al e fo r ANTHROPOMETRY, BIOMECHANICS, AND STRENGTH

human-system design standards.



Human Systems Integration

A https://www.nasa.gov/humans-in-space/commercial-space/leo-economy/nasa-
shares-lessons-human-systems-integration/

3 MIN READ

NASA Shares Lessons of Human Systems

Integration with Industry

Commercial Low Earth Orbit Development Program

APR 23, 2024

() ARTICLE



https://www.nasa.gov/humans-in-space/commercial-space/leo-economy/nasa-shares-lessons-human-systems-integration/
https://www.nasa.gov/humans-in-space/commercial-space/leo-economy/nasa-shares-lessons-human-systems-integration/
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Human Systems Integration (HSI) for Extravehicular
Activity (EVA) Spacesuits

Interdisciplinary Space Systems Bioastronautics: understanding
. . _ Changes in Human Physiology Due to Space,
En_gmeermg: Protection from the Extreme Development of Countermeasures and New
Environments of Space Technologies, Space Medicine and Health Care,
and Environmental Control and Life Support

Systems/Monitoring

Digital Human Modeling

(DHM) and Human Factors:
Mobility and Operations

15



Designing For Extreme
Environments
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Human Protection in Extreme Environments

A Mountain Climbing
I Increasing Altitude/decreasing pressure
I Decreasing Temperatures
I Decreasing PPO2

A Deep Sea Diving
I Increasing Pressure
I Need for supplemental Oxygen
I Need for CO2 removal
I Decompression Sickness

A Higher Altitude Flight
I Free Fall T Weightlessness
I Vacuum
I Extreme Temperatures
I Micrometeoroids
I Radiation
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Wiley Post Aviation Pressure Suit,
1934 Aviation Record 50,000 ft

U The body of the suit had three layers:
U long underwear,
U Inner black rubber air pressure bladder
U Outer layer of rubberized parachute fabric.

U The outer layer was glued to a frame with arm and leg joints that allowed
him to operate the flight controls and to walk to and from the aircratft.

U Attached to the frame were pigskin gloves, rubber boots, and an aluminum-
and-plastic diver's helmet.

U The helmet had a removable faceplate that could be sealed at a height of
17,000 ft (5,200 m), and could accommodate earphones and a throat
microphone.

U The first flight using the suit occurred on September 5, 1934, at an
altitude of 40,000 ft (12,000 m) above Chicago.

U At 50,000 ft (15,000 m), Post discovered the jet stream and made
the first major practical advances in pressurized flight.

Mallan, Lloyd. Suiting Up For Space: The Evolution of the Space Suit. New York: The John
Day Company, 1971.

Copyright Dr. B. J. Dunbar TAMU 18
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A X-15

A SR-71

A Mercury

A Space Shuttle

A Soyuz Sokol

A SpaceX

A Boeing Dreamliner

AEROSPACE ENGINEERING DPressure Suits (Launch & Entry are IVAT Not EVA)

Copyright Dr. B. J. Dunbar TAMU 19
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Space: Spacecraft Environmental Control and Life Support Systems
(ECLSS) and Personal Protection became new design drivers

U Pressure Control

X[

spa@awits Smithsonian
S AmandarYoung

U Thermal Control
u Atmospheric Composition Control
U Mobility and Human Factors
U Micrometeoroid Protection
U Radiation Protection
u uv
U Solar Particles
U Galactic Cosmic Rays

U Minimal Mass

U Launch and Entry Pressure suits vs
EVA suits




The Russian Custom IVA
SOKOL Pressure Suit

5/2/2021



HSI, Engineering and
Bioastronautics Challenges
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Space Suits: Form Fitting Space Habitats
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Pressure Vessel
Communications

Life Support Systems
Thermal management
Displays and Controls
Battery Power
Computers

Attitude Control
Advanced Materials
Radiation Mitigation
Micrometeoroid Protection
Sensors

Bruce McCandless using the Manned
Maneuvering Unit (MMU) during Space

i
i
i
i
i
i
i
i
i
i
i
Shuttle STS-41B in 1984 U
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rexas asm oniversity  EVA Suits: Human Shaped Spacecraft

i

U Pressure Vessel

U Communication

U Life Support Systems
U Thermal management
U Displays and Controls
U Battery Power

U Computers

U Attitude Control

U Advanced Materials

U Radiation Mitigation

U Micrometeoroid Protection
U Sensors

U PLUS
U Mobility and Minimum
Human Energy = — -
Expenditure Apollo /Skylab A7LB EVA Spacesuit  Space Shuttle/ISS EVA Spacesuit

10/8/2024 25
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A EVA pressurized spacesuits provide critical life support
and protection from the extreme environment of space,
but they challenge mobility due to the required
pressurization

Alncreased pressure results in decreased mobility
APoor fit also adversely impacts mobility

A International Space Station (ISS) operations and future
Artemis and Mars missions require that EVA spacesuits
be optimized for mobility

TEXAS A&M UNIVERSITY Pressurlzatlon’ Flt and MObIIIty

Apollo 11 astronaut during EVA (Credit

NASA)
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Apollo-Skylab A7L/A7LB (1960s-1970s)
I 3.7 psid
i Lunar surface EVA during Apollo (1/6t" g) and
microgravity, EVA during Skylab
A Primarily softgoods
A Custom fit to each crewmember

Shuttle-1ISS EMU (1981-present)
I Microgravity EVA only (no leg mobility)
I 4.2-4.4 psid
I Standard modular sizing
A 5 Chest sizes (later reduced to 3)
I Mix of hard and soft components (e.g., HUT)

A) Apollo A7LB EVA suit pressure garment assembly (PGA) (Credit NASA), B
A7LB on the Moon (Credit NASA), C) NASA Astronaut in Low Earth Orbit (Crg

NASA).

27



AEROSPACE ENGINEERING Summary of Known Space Flight Medical Risks To
the Human System and Subsystems

BIOASTRONAUTICS

Aso'ltronauts e>(<jperience a sqclectr:um gf Behavioral Neurovestibular System
adaptations during space flight an
even post flight (Neurosensory,

SANS- Optical — Neuromotor)

Cardiovascular System

Immune System
(Endocrine)

Bone and Muscle Systems

Behavioral Changes (Musculoskeletal)
Balance disorders
Cardiovascular deconditioning
Decreased immune function
Muscle atrophy
Bone loss

Additional influences include the unique Radiation
environment and Nutritional/Food Limitations

Credit: NASA



An EVA Spacesuit
Perspective for the
Effects of Space
Physiological Changes

(Courtesy NASA HRP)

Effects of space flight on human body:

FLUID REDISTRIBUTION OTOLITHS IN INNER EAR
CAUSES HEAD CONGESTION ~ RESPOND DIFFERENTLY cpanGED SENSORY
AND PUFFY FACE O MOTION INPUT CONFUSES BRAIN

CAUSING OCCASIONAL

*2‘{; DISORIENTATION

LOSS OF BLOOD PLASMA
CREATES TEMPCRARY ANEMIA
ON RETUBN TOC EARTH

WEIGHT-BEARING BONES
AND MUSCLES DETERIORATE

KIDNEY FILTRATION RATE
NCREASES,; BONE LOSS MAY
CAUSE KIDNEY STONES

FLUID REDISTRIBUTION
SHRINKS LEGS

TOUCH AND PRESSURE
SENSOHRS REGISTER

~ NO DOWNWARD FORCE
©Beaudanials.com
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PExas aem onivErstry NASA EVA Suit Risks and Design Goals

A NASA TX06.2.1 identifies spacesuit arm mobility ings and Dispos|
. - MﬁﬂﬂﬁT}"PE Long-Term Health
Categories

via soft constant volume joints and enhanced NS xc| Risk Disposiion -

patterning as a desired technology advancement. —
Low Earth (<30 days) 2 Accepted
Orbit -

Accepted with
Optimization

Accepted with
Optimization

A NASA Human Research Program (HRP)

_ Short . Accepted with .-i.c:r.:elptv.:?d x-f.'ith
I nteg rated EVA H u m an Research Road m ap Lunar Orbital (=30 days) Optimization Optimization
- e . . . Long Accepted with £ Accepted with
identifies the Risk of Injury and Compromised (30 days-1 year) . Optimization | Optimization
Performance Due to EVA Operations for moon- S I8 Requires Mitigation | 52 | AScepted vith
= : c unar Orbita AW My ) atio
to-Mars mission architecture + Surface Long TR R Accepted with
{30 days-1 year) Requires Mitigation = Optimization
Preparatory Accepted with . Accepted with
. . (<1 year) e Optimization - Optimization
A EVA-201 technology gap identifies the need to Mars Planctary o] Accepted v
understand the tradeoﬁs between: (730-1224 days) =quires Aitisatia - Optimization
. ) Note: 1xC is the likelihood and consequence rating. The information above was last approved by
1 Su|t Opera“ng pressures the Human System Risk Board in 2/2023.

. E dit NASA Human Research Roadmap Risk of Injury and Compromised
| nergy expenditure Performance Due to EVA Operations
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OSPACE ENGINEERING EVA Technology Gaps

A The best publically available summary of EVA technology
challenges is located in the 2015 NASA Technology
Roadmaps and the 2020 Technology Taxonomy

I TA 6.2 EVA Systems (27 candidates)
I TA7.3.1 EVA Mobility (7 candidates)
I Portions of other sections

A Additionally, EVA related Human Health and Performance
risks are captured in HRP Human Research Roadmap

i 1 EVA general risk with ~7 gaps

=1 [Ruacrorson - “x g Human Research Roadmap

%
< E IN-SPACE PROPULSION < .,
§ S TECHNOLOGIES In NANOTECHNOLOGY

Strategy for Human Space Exploration

MODELING, SIMULATION,
< 3 ‘! 2:’;‘;25‘5’%:““6": <| | { INFORMATION TECHNOLOGY,
AND PROCESSING
MATERIALS, STRUCTURES,
< 4 ERIROTICS AND 'E MECHANICAL SYSTEMS,
_ AUTONOMOUS SYSTEMS = “* AND MANUFACTURING Fight
" COMMUNICATIONS, :
< s m, NAVIGATION, AND ORBITAL < 3 GROUND AND ;
DEBRIS TRACKING AND LAUNCH SYSTEMS :
I AR ACTERZATION SYSTEMS -~ =2
mmmmmmamwm- B
T HUMAN HEALTH, ey
< G (| LIFE SUPPORT, AND <|4 "‘S?;“L AN O ¢ prltislsussatowi
| HABITATION SYSTEMS i o ”“M
——
< 1. HUMAN EXPLORATION < AERONAUTICS . T ! BTt
 DESTINATION SYSTEMS ._|5 5 e o
2N = e
<g, Sy ==
7 SENSOR SYSTEMS Explore the Roadmap Search the Roadmap _ = _
www.nasagov - . =

HRP Architecture —— -
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R CE I TG E SR D Human Health Program (HHP)
Risks and Gaps

Shoulder Injuries
Delaminated Fingernails

Increased Energy Expenditures

Bruising
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