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Advance Constructive Design Or How To Bring Space Down To Earth So We Can Keep Sending Mankind To The Stars...
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Raul Polit-Casillas, Space Architect at JPL — Advance design and construction techniques, HSF

— JVSRP Researcher, Affiliate - NASA Habitation Team (since 2011)
Space Construction Subcommittee Chair (Member, since 2006)
— Founder and director, since 2008
— Inhabiting Cosmos Int. Exhibitions — Curator, since 2011
— Director — UCV, since 2010

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

* Industrial Engineering Studies

* Licensed Architect and builder

¢ NASA Ames summer Intern, 1999

* Caja Madrid International Postgraduate Scholarship Awarded, 2010-2012

*  Fulbright Commission preselected Fellow

* ESA Full scholarship award, 2010

» JPL JVSRP Fellow
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« SPACE ARCHITECTURE: Evolution, milestones and interdisciplinary approach...
 DESIGN: Requirements, constrains and environments

« CONSTRUCTION: Implementing on Earth and beyond...

« CONCLUSIONSs
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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
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Mechanikoi , a constructive degree (Eastern Roman Empire):

They mastered both construction science and technology as well mathematics and astronomy
Key architects: Isidore of Miletus (H.Sofia), Heron of Alexandria (Robotics) e
HAGIA SOFIA (Holy Wisdom, Istanbul, 5637 A.C.): Mathematics and science to study the .';.;"'

cosmos allowed a better and impressive structural design... (Earthquakes)
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APPLIED SPACE
ARCHITECTURE

First Projects of Space Stations
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Herman Potocnik Concept, 1929
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re in space
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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
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« Designs with no precedents and low TRL
+ Etc.
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REQUIREMENTS (quantity, quality and synergy)

* Functional: characteristics...
Performance: quantifying
Interface: dependencies between parts

Trade-offs: from lower levels, iterative

Energy generation and management
Structure and design

Sustainability (function, energy...)
Affordability

Adaptability

Habitability (human factors)
Construction and implementation
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Spaceport America designed by URS/Foster + Partners
Conceptual image courtesy of Vyonyx Ltd
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NASA HDU Module . APPLIED SPACE
o \ #‘xA’MJTMTﬁQIfUBfE Design Processes

. Lift upper hand railing

. Overhead stowage

. Atrium Plant Growth system

. Radial Internal Material Handling
System (RIMS)

. Lift column

. Lift platform and lower hand railing

X-HAB LOFT

X-HAB MODULE
DUST MODULE

Image courtesy of NASA- JPL

@ | sl SO Caltech, Pasadena - May 25", 2012 - JPL Affiliate - Raul Polit-Casillas
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Lab Module

California Institute of Technology
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Robotic assistance

Image courtesy of NASA- JPL
. JIL i Propulsion Laboratory Caltech, Pasadena - May 25, 2012 - JPL Affiliate - Raul Polit-Casillas
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Master research:

Designing a habitat within the 4.5 m diameter of a launcher fairing
*  Volume

* Mass

+ Function y

4.57 #

Credit Design: © Raul Polit-Casillas Pnad'cnnsmy , 2012 - JPL Affiliate - Raul Polit-Casillas




DEPEOYABLE MOON HABITAT

v O\

Ground Floor Deployed

Credit: © Raul Polit-Casillas

APPLIED SPACE
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Detail - Main Entrance Sector

PROGRAMME DISTRIBUTION
A MAIN ACCESACCESS

B

1
2
3
4
5

SECONDARY ACCESS

DUST CONTROL

ACCESS OPERATIONS/STORAGE
LIVING AREA / KITCHEN
SCIENCE AREA

GREEN HOUSE

COOMMON AREAS/BATHROOM
TOTAL

12m?
12m?
3.2m?
14 m?
18 m?
18 m?
10 m?
48m?
92 m?

Caltech, Pasadena - May 25%, 2012 - JPL Affiliate - Raul Polit-Casillas




DEPLOYABLE MOON HABITAT APPLIED SPACE
ARCHITECTURE

Credit: © Raul Polit Casillas Caltech, Pasadena - May 25, 2012 - JPL Affiliate - Raul Polit-Casillas
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Detall 2 -Upper connection

16.00

6.70

Credit: © Raul Polit Casillas Caltech, Pasadena — May 25", 2012 - Raul Polit-Casillas
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: Iteratlon W|th the deS|gn process
Environment constraints
Technology requirements
Testing the untestable...
Dependencies...

Energy!

Control

Human / Robot / Machine interaction

S > I =

~ Jet Propulsion Laboratory i th . ili - it i
N(A‘\Qf JPL Caltech, Pasadena - May 25", 2012 - JPL Affiliate - Raul Polit-Casillas
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~+ Construction depends on the habltat

. Type I: Pre-integrated habitats
All done on Earth — E.g. MIR
. Type lI: Prefabricated habitats
| Assembly and integration — E.g. Transhab
Type llI: In-situ Resources Habitat
Future planetary surfaces bases — E.g. Moon

| TOOLS and PROCESS and SYSTEMS Photo: JPL/NASA

A l‘* ' ﬁ ‘.-b‘: : “ . Mmage courtesy of NASA

nmSA Jp potEropUs L BOstory Caltech, Pasadena - May 25, 2012 - JPL Affiliate - Raul Polit-Casillas

California Institute of Technology
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eray, design | -%  constructi
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* Human constructions certainly pose many architectural challenges on Earth.
* World electricity generation will increase 77% from 2006 to 2030 (UN)
y * Building are responsible of:
e 40% of energy consumption
* 36% of CO2 emissions (Europe)
» 72% of the total electrical power (USA)
Consequently, archltecture is the blggest energy consumer sector

: ' i ‘ L / 4
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SPACE ARCHITECTURE : TERRESTRIAL ARCHITECTURE
Human life in space requires energy consumption:  Dependency on comfort standard and consumer
rom active technologies (ECLSS, TCS, etc. . technologies
Efficient and stable energy sources (Solar, Fuel  Similar energy sources and generation
ells... Yechnologies
ENERGY AUTONOMY
Long-term space architecture formulations :  Small scale building as a autonomous energ
system
INSULATION
Unique test bed (e.g. extreme temperature) :  Transferrable techniques (e.g.
architecture

Class II/lll habitats would use in situ resources: Ancient architecture techniques (e.g.
( Sheltering
Advanced innovative tools (e.g. systems: Advanced architecture design trends (e.g. BIM)
engineering :
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 o
‘energy
. autonomy within architectural standpoint
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Management

HUMAN RESOURCES
hitects’ multidisciplinary approach in:  Professionals directly involved with innovative
ontact with hard science and space technolog architecture

APPLIED SPACE
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Image courtesy of NASA / JPL

Jet Propulsion Laboratory Caltech, Pasadena - May 25", 2012 - JPL Affiliate - Raul Polit-Casillas
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Ames - Sustainability Base APPLIED SPACE
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Using space technology in modern constructions Image courtesy of NASA

NASA
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APPLIED SPACE

CTBs MAPPER
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CTBs MAPPER: Elements APPLIED SPACE
ST . CABLE AAMLH;II(EQUTME Design Processes

METALLIC CORE
METAL STAPLER
BRACELET
RUGGERIZED SURFACE
PRESSURE POINTS
(TO CLOSE)
COMPOSITE WINGS
NEEDLE

METALLIC TIP
(REMOVABLE)
TEETH OF THE TIP

0

|

\
SN
\
N

1. Flexible elements (CTBs) / 2. Supporting Surface (Force Net) / 3. Discrete Elements (Micro-harpoons)/ 4. Automatic Tool: CTBs Mapper

Credit: © Raul Polit-Casillas Caltech, Pasadena - May 25%, 2012 - JPL Affiliate - Raul Polit-Casillas
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Caltech, Pasadena - May 25%, 2012 - JPL Affiliate - Raul Polit-Casillas
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CTBs MAPPER: Robotic Architecture Process

Credit: © Raul Polit-Casillas Caltech, Pasadena - May 25, 2012 - JPL Affiliate - Raul Polit-Casillas
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SPACE ARCHITECTURE | ENGINEERING:

1. It brings an for both technologies/concepts as well as procedures/processes...
(engineering) always go together, specially with complex systems
(objectives) are crucial. More important than the answers are the questions...
Requirements / Tools-Techniques / Processes
4. Different environments force architects and engineering to think out of the box...
not be gravity forces. !
5.  Architectural have common roots: in Space a d on E'ért

Lets bring Spac;e down on Earth so an —~~1%. (i dto he _' .*r v
been architects and engin & g o

ThIS ime is amazing and historical V-v { w " Y ve mhablt the solar sy, tqm_sd';
/ ‘ , '."?
L ‘ - o ™~ \\
/ : ] ) 1. i

R e | Jet Propulsion Laboratory PR " o
- | & ' California Institute of Technology . . - . _— alte Ch Plagéden M ) )J’ )01') Raul Polit- *L‘]“*‘-‘

For instance there might

© Raul Polit Casillas
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THANK YOU...

Caltech, Pasadena - May 25%, 2012 - JPL Affiliate - Raul Polit-Casillas
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