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THE SPACE ARCHITECTURE FIELD:

Inhabiting Cosmos: Design, Implementation and Innovation of Space Habitats

Raul Polit-Casillas
Space Architect — Advance design, configuration and construction techniques (HSF)

Professional
— Systems Engineer, Configuration and Structures group — (Instruments, thermo-
mechanical engineering section)
* NASA AES Habitation Team — Deep Space Habitat project
+ JPL A-Team Configurator
Space Construction Subcommittee Chair (Member, since 2006)
— Founder and director (license architect), 2008-2011
— Inhabiting Cosmos Int. Exhibitions — IVAM 2011

— Director — UCV 2009-2011

Research

» Space Architecture

» Advance building, manufacturing and design techniques
* Model Based engineering

+ Sustainable and adaptable design

Academic

* MSc - Master Science in Space Studies and Human Spaceflight — ISU 2011
» M.Arch - Master Architect, All specialties, UPV 2008

* Industrial Engineering Studies

» Caja Madrid International Postgraduate Scholarship Awarded, 2010-2012
+ Fulbright Commission preselected Fellow

» ESA Full scholarship award, 2010

JPL JVSRP Fellow

NASA/Caltech, Raul Polit-Casillas Talk at Disney Animation Studios, May 2013
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THE SPACE ARCHITECTURE FIELD: Profile

Inhabiting Cosmos: Design, Implementation and Innovation of Space Habitats

Affiliations and collaborations

Space Architecture Technical Committee (AIAA-SATC), Member (Since 2009
Chair of the AIAA-SATC Space Construction Subcomittee

AIAA Space Construction Subcommittee, Chair (since 2012)

AIAA Professional activities and liaison Subcommittee, Vice-Chair (2011)

Cal Poly Pomona, Env. Design Dept. - Collaborator, reviewer, guest lecturer (2012)
Caltech / SciArc - Solar Decathlon — Guest speaker, mentoring of students (2012)
USC (CA) — Reviewer (2011-12)

Inter Nos POLIGRAFICO Foundation (Spain) — Vice President and collaborator
UCYV - University (Spain) — Collaborator, Space Architecture Int. Seminar Director (2011)
Valencia Space Consortium (UPV, Valencia) — Collaborator (2010-11)

Talk at Disney Animation Studios, May 2018
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Inhabiting Cosmos: Design, Implementation and Innovation of Space Habitats

History And Activity
SPACE ARCHITECTURE: Evolution And Environments (Earth, Leo, PS, Deep Space)
REQUIREMENTS AND CONSTRAINS FOR LIVING IN SPACE... Designing Complex Projects
ENGINEERING-ARCHITECTURE-ART: Interdisciplinary Approach To Aerospace
VIRTUAL CONSTRUCTION OF SPACE HABITATS: Designing Virtual Mockups For Aerospace:
CONNECTING WITH OTHER SECTORS: Visualization And Construction

Talk at Disney Animation Studios, May 2013 = /&=
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THE SPACE ARCHITECTURE FIELD: JPL

Inhabiting Cosmos: Design, Implementation and Innovation of Space Habitats

AL NASA/Caltech, Raul Polit-Casillas Talk at Disney Animation Studios, May
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THE SPACE ARCHITECTURE FIELD:

Imanbiliigwosmest Design, Implementation and Innovation of Space Habitats

HERE — Video: 7 minutes - F:{' ss
of terror JPL — Public (you "N

tube)

AJPL. NASA/Caltech, Raul Polit-Casillas Talk at Disney Animation Studios, May 20




THE SPACE ARCHITECTURE FIELD:
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HERE - Video: NASA
asteroid retrieval mission,
public (you tube)
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“Space Architecture is the theory and practice of
designing and building inhabited environments

in outer space”

Millenium Charter, Tx USA, 2002

NASA/Caltech, Raul Polit-Casillas

Image courtesy of NASA

Talk at Disney Animation Studios, May 201
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THE SRACE ARCHITECTURE Past

Inhabiting CoSmos: DeSIQn Implementatlon and Innovation of Space Habitats
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Mechanikoi , a constructive degree (Eastern Roman Empire):

. They mastered both construction science and technology aswell as science, mathematics and astronomy

. Examples: Isidore of Miletus (H.Sofia), Heron of AlexandriarﬁRobotics)

. HAGIA SOFIA (Holy Wisdom, Istanbul, 537 A.C.): Mathematics and science to study the cosmos allowed a better and |mpreSS|ve structural

design... (Earthquakes) : ; ‘
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HAGIA SOFIA

THE SPACE ARCHITECTURE FIELD: Past

Inhabiting Cosmos: Design, Implementation and Innovation of Space Habitats
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THE SPACE ARCHITECTURE FIELD:

Inhabiting Cosmos: Design, Implementation and Innovation of Space Habitats

‘ Restraint Layer

MOD Shielding Redundant Bladders

External Thermal Blanket Internal Scuff Barrier
Image courtesy of NASA

JPL NASA/Caltech, Raul Polit-Casillas Talk at Disney Animation Stud 2 1
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Spaceport America designed by URS/Foster + Parin

Concaptunl knage courtery ol Vool Talk at Disney Animation Studios, May
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THE SPACE ARCHITECTURE FIELD: LAERIH Orbit
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THE SPACE ARCHITECTURE FIELD:
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NASA Orion Deep Space Concept

AL NASA/Caltech, Raul Polit-Casillas Talk at Disney Animation Studios, May 2013



NASA Constellation Moon Base
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THE SPACE ARCHITECTURE FIELD: Other Planetary

{ - NASA JPL Athelete + Microhab

Surfaces

Image courtesy of NASA / JPL

AL NASA/Caltech, Raul Polit-Casillas Talk at Disney Animation Studios, May 20 29



THE SPACE ARCHITECTURE FIELD: Other Planetary

o NASA CONSTELLATION
Surfaces

INFLATABLE HAB

Solas Panel - L LCT

 Radiatos

— Inflatable Mirlock

Inflatable Habitat

Image courtesy of NASA — As Published in AIAA — Out of this world w

NASA/Caltech, Raul Polit-Casillas Talk at Disney Animation Studios, May 2018 30
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REQUIREMENTS AND CONSTRAINE

Image courtesy of NASA

AL, NASA/Caltech, Raul Polit-Casillas Talk at Disney Animation Studios, May 20 31
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~ HDU Micro-Hab Hygiene Module
TS

HYGINE MODULE

DUST MODULE

LAB MODULE

: 32

Talk at Disney Animation Studios, May 20



THE SPACE ARCHITECTURE FIELD:

Ihhabiting ©oSmoss Design, Implementation and Innovation of Space Habitats

CONSTRAINTS DRIVE US...

+ Radiation
» Pressure differential .
* Isolation

+ Extreme temperatures (insulation)

* Micrometeorites

» Gravity cond. (LEO, Moon, Mars...)

« Physical / Chemical / Mechanical cond.

* Dust Composition and mechanics

« Tribology

« LEO and Orbit-Transfer Environment

* Designs with no precedents and low TRL
+ Etc.

Begment G

Image courtesy of NASA
AJPL. NASA/Caltech, Raul Polit-Casillas Talk at Disney Animation Studios, May 20 33




THE SPACE ARCHITECTURE FIELD:

IhhabitingtCosmos: IDesign, Implementation and Innovation of Space Habitats

REQUIREMENTS (quantity quality and synergy)
= 'L ,ﬁ'

. Fuﬁonal charactensﬂ't:s

* Performance: quantifying

+ Interface: depe@enmes between parts

o ,—--v

44"1 1 Tiye
«  Trade-offs: from Icﬁver Ievel?'ﬁteratlve
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y generation and management
e and design

Sustainability (function, gﬁergy .)

Affordability '

Adaptability

Habitability (human factors)

Construction and |mplementatron B i
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Lab Module

Image courtesy of NASA

NASA/Caltech, Raul Polit-Casillas Talk at Disney Animation Studios, May 2013 1)
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Inhabiting Cosmos: Design, Implementation and Innovation of Space Habitats

Lab Module

Image courtesy of NASA- JPL

JPL NASA/Caltech, Raul Polit-Casillas Talk at Disney Animation Studios, May 20 36
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THE SPACE ARCHITECTURE FIELD: Conceptual Sketch

Inhabiting Cosmos: Design, Implementation and Innovation of Space Habitats

Image courtesy of NASA-JPL

NASA/Caltech, Raul Polit-Casillas Talk at Disney Animation Studios, May 2018




ARCHITECTURE FIELD:
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THE SPACE ARCHITECTURE FIELD:

1
Image courtesy of Raul Polit Casillas©

NASA/Caltech, Raul Polit-Casillas Talk at Disney Animation Studios, May 2018 42
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higablting. BosrIbsIDesign, Implementation and Innovation of Space Habitats

" , Image courtesy of NASA
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t SPACE A CHI & FIELD: Advance ;'.‘-_ onstruction Models

\
abiting C,c'),SﬁdoSl De: plen i[e vation of Space Habitats { .

‘A Image courtesy of Raul Polit Casillas©

NASA/Caltech, Raul Polit-Casillas Talk at Disney Animation Studios, May 2013 48
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Inhabiting Cosmos: Design, Implementation afas/nioVeationse! SPate it
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RE FIELD: Student Example

d Innovation of Space Habitats

Self deployable habitat for a crew of 6.
Fitting within the 4.5 m diameter of an

| BN\ L o onta gt s v s o C—
7 '_ | T COMPLETE COMPLEX SYSTEMS: SELF DEPLOYABLE LUNAR

A

Raul Polit-Casillas© Talk at Disney Animation Studios, May 2 13 50




THE SPACE ARCHITECTURE FIELD: Student - Self Deployable Lunar

H&aﬁﬁﬁnd Cosmos: Design, Implementation and Innovation of Space Habitats
i

Ground Floor Deployed

P Detail - Main Entrance Sector

PROGRAMME DISTRIBUTION
BN A MAIN ACCESACCESS 12m?
BN B SECONDARY ACCESS 12m’
1 DUST CONTROL 32m?
BN 2 ACCESS OPERATIONS/STORAGE 14 m?
B 3 LIVING AREA / KITCHEN 18 m?
Il 4 SCIEMCE AREA 18 m?
Bm 5 GREEN HOUSE 10m?
COOMMON AREAS/BATHROOM  4.8m?
TOTAL 92m?

round Floor Deplayed

Raul Polit-Casillas© Talk at Disney Animation Studios, May 204%: 51




THE SPACE ARCHITECTURE FIELD: Student - Self Deployable Lunar —_—
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THE SPACE ARCHITECTURE FIELD: Student - Self Deployable Lunar

Hdaabiting Cosmos: Design, Implementation and Innovation of Space Habitats

Raul Polit-Casillas© Talk at Disney Animation Studios, May 2048 53



THE SPACE ARCHITECTURE FIELD: Student - Self Deployable Lunar

Hababfting Cosmos: Design, Implementation and Innovation of Space Habitats

Raul Polit-Casillas© Talk at Disney Animation Studios, May 20 54
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THE SPACE ARCHITECTURE FIELD:
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Mational Aeronautios and Space Adminkstration
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THE SPACE ARCHITECTURE FIELD:

Uhbakitiog Gdésoo8) Design, Implementation and Innovation of Space Habitats

ACE ARCHITECTURE : TERRESTRIAL ARCHITECTUR

Human life in space requires energy consumption: Dependency on comfort standard and consumer
from active technologies (ECLSS, TCS, etc.) : technologies
Efficient and stable energy sources (Solar, Fuel Similar energy sources and generation technologies
ells...) :

Long-term space architecture formulations : Small scale building as a autonomous energy system

INSULATION
Unique test bed (e.g. extreme temperature) - Transferrable techniques (e.g. joint-less architecture)

Aerospace Spinoffs (e.g. aerogel insulation strips - Advanced materials and concepts (e.g. TIM

0
£
[
£
>
(7]
o
2
7]
(7]
©
o

SYSTEMS INTEGRATION
Integrates many more systems and variables : Next generation architecture requires complex
integration

Earth-based space architecture is an actual Mobility, technology integration, interactivity or energy
onnection : autonomy within architectural standpoint

Management

Space agencies and industry shown an increasing: Applications of space technologies in architecture
oncern .

HUMAN RESOURC
itects’ multidisciplinary approach in contac i involved with innovative]
ith hard science and space technology architecture

NASA/Caltech, Raul Polit-Casillas

Image courtesy of NASA / JPL

Talk at Disney Animation Studios, May 201
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THE SPACE ARCHITECTURE FIELD: Design and Environment

Inhabiting Cosmos: Design, Implementation and Innovation of Space Habitats
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NASA/Caltech, Raul Polit-Casillas Talk at Disney Animation Studios, May 2018
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