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10als + 0bjectives

| ] Design the interior of a vertical habitat, with a well-documented link back to the process of design (continuing the work completed
the first quarter, with parametrically-derived volumes, internal layout, etc ).

| ] Afull-size low-fidelity 3-D spatial (mockup of the vertical habitat.

ANUUL l VRIR
| ] Trade and Analysis Cycle (3-Stage]:

| Minimal Baseline Functionality: Core, Peripheral and Hybridized Organization
] Simple Enhanced Functionality: Kinetics
] Advanced Enhanced Functionality; Digital Fabrication

| ] Develop Final Vertically Oriented Deep Space Habitat Design
Concept:
] Analyze, Evaluate, and Synthesize Concept

[ ] Physical Mock-Up

] Simulated Missions Testing
|| Digital Fabrication



timeling

| ] The proposal is organized into phases correlated to the deliverables. The sequence of coursework is strategically integrated into the overall design process which

includes o general phases that are in-line with the dates for the project review milestones set forth in the solicitation:

Background Research and Survey (Fall 2012 September 19, 2012 Requirements and Systems
Uefinition Review

Trade and Analysis Study (Fall 2012 October 24, 2012 Preliminary Design Review

Final Design Development [BIM Model) (Fall 2012) December 05, 2012 Critical Design
Review

Physical Construction Mock-up/ BIM and Physical Model Reconciliation// [ Winter/Spring
2013 )

February 13, 2013 Progress Checkpoint Review #1

March 1o, 2013 Winter 2013 Final Review

April 3, 2013 Progress Checkpoint Review #Z

May 29, 2013 Final Preesntation
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DESIGN DEVELOPMENT



DESIGN OF A VERTICALLY ORIENTED
DEEP SPACE HABITAT

LOAD: 4 ASTRONAUTS
DURATION: 60 DAY MISSION
APPROX.

DIMENSIONS: 20’ DIAMETER
24° 3”7 HEIGHT

]2’ 1”
ZD’ 27]77
24’3»

2"'”

ABOVE: IMAGE TAKEN AT JPL
BELOW: IMAGE OF STUDIO SPACE (HALF HEIGHT MOCK-UP OF HAB)

REQUIREMENTS OFF HABITAT



FLEX HAB

MARTIN SAET

®* THE HABITAT IS CONCEPTUALIZED AS A NUMBER OF
FLEXIBLE VOLUMES HELD WITHIN A RIGID SHELL.

®* THESE STRUCTURES ENCLOSE THE MAXIMUM POSSIBLE
VOLUME WITH THE MINIMUM POSSIBLE MATERIAL

¢* SPACES ARE KEPT LARGE FOR THE PSYCHOLOGICAL
HEALTH OF ASTRONAUTS.

®* VOLUMES CAN ADJUST TO ACCOMMODATE DAY OR NIGHT
ACTIVITIES.

DS RIM HAB

JAMES COLTON

® INFLATABLE MEMBRANES TO CREATE
POD LIKE SPACES

* RESIDUAL SPACES CREATE LARGER
VOLUMES FOR USE

* ROBOTIC DEPLOYABILITY FROM A RIGID
CORE MAKES THIS POSSIBLE

®* THE MANIPULATION OF SPACES TO
ALLOW LARGER PRIMARY VOLUMES

N

PREVIOS PROJECTS



-
Z
Ll
2
Z
0O
14
>
Z
Ll




FML HAB

KEN LEE

* MODULAR DESIGN ALLOWS FOR

AN OPTIMAL CONSIDERATION IN
BOTH VOLUME BASED SPACES AND
SURFACE BASED SPACES. DUE 1O

THE ZERO G CONDITIONS OF SPACE,
BOTH TYPES OF

SPACES ARE NEEDED.
MODULAR SYSTEM
SET UP A PRECEDENCE
WHICH ALLOWS THE
INHABITANTS TO EDIT
OR READJUST AS THE
MISSION CONTINUES

-/

SHELS
JENA CARDENAS

* CREATION OF A VARIETY

OF SPACE TO ALLOW
FOR DIFFERENT LEVELS
OF PRIVACY AS WELL
AS DIFFERENT SIZED
SPACES.
ACCOMMODATES
DIVERSE PROGRAMMATIC
FUNCTIONS SUCH

AS PRIVATE CREW
RUARTERS VS.
COLLABORATIVE
WORKING ENVIRONMENT.
ALLOWS THE CREW TO
EXPERIENCE A VARIETY
OF SPACE ON A LONG
MISSION IN A SMALL
ENCLOSED SEMI-PuUBLIC

ENVIRONMENT.

THE KAV HAB

VERONICA HERNANDEZ

®* THE CIRCULATION TORUS CONNECTS

ALL OF THE DIFFERENT MODULES

THAT THE CREW NEEDS TO USE T0O

WORK, PLAY, SLEEP, AND CLEAN.

®* THE CAPSULE IN THE CENTER
wouLD EXPAND
AND COLLAPSE
BASED ON THE
FUNCTIONAL NEED
BY THE CREW
MEMBERS AT
DIFFERENT TIMES
OF THE DAY. -

N

PREVIOS PROJECTS
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SKETCH:

A HAND DRAWING METHOD THAT
ALLOWS FOR EXPLORATION OF
INITIAL DESIGN IDEAS.

USED FOR SCHEMATIC DESIGN.
OR IN THE CASE OF THIS PROJECT
TAKEN FROM PREVIOUS PROJECT
VARIATIONS EXPLORED DURING
INITIAL INDIVIDUAL DESIGN PHASE
OF PROJECT.

-APABILITIES

BE =




GRASSHOPPER!:

A VISUAL PROGRAMMING LANGUAGE R
DEVELOPED BY DAVID RUTTEN.

USES A SERIES OF LINKED

ALGORITHMIC COMPONENTS

THAT RESULT IN 3D PARAMETRIC

GEOMETRY VISUALIZED IN

RHINOCEROS 3D.
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USED FOR CREATING RQUICK VISUAL
VARIATIONS OF SCHEMES FOR THE l

PROJECT.

VARIOUS PLUG-IN ARE AVAILABLE
THAT CAN BE USED TO OPTIMIZE
AND TEST THE DESIGN. FOR
EXAMPLE MILLIPEDE IS A PLUG IN
THAT ALLOWS FOR OPTIMIZATION OF
SPACES AND SURFACE AREAS.

HTTP.//WWW.GRASSHOPPER3D.COM/
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RHINOCEROS 3D:

A NURBS-BASED 3D GRAPHIC
MODELING SOFTWARE DEVELOPED
BY ROBERT MCNEEL. NURBS, ALSO
KNOW AS NON-UNIFORM RATIONAL
BASIS SPLINE A MATHEMATICAL
MODEL THAT IS USED TO GENERATE
REPRESENTATIVE CURVES AND
SURFACES.

USED TO “BAKE” GEOMETRY

FROM GRASSHOPPER AND CREATE
“DUMB” GEOMETRY THAT IS STATIC.
CONCRETE POINTS CAN THEN BE
USED FOR 3D MODELING IN WHICH
THICKNESS CAN BE APPLIED TO THE
GEOMETRY AND RENDERINGS CAN
BE MADE. CAN ALSO BE USED TO
EXTRACT POINTS TO BE MODELED
IN AUTODESK REVIT OR OTHER
MODELING SOFTWARE.

HTTP://WWW.RHINOD3D.COM/
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CONCEPT PARTI DORGANIZATION

SOAP BUBBLES AND VORONOI DIAGRAMS ARE SYSTEMS BASED ON MATHEMATICAL, PARAMETRIC RULES. BOTH SYSTEMS

OPTIMIZE BOUNDARIES BETWEEN SPACES.

WE START OUR DESIGN PROCESS WITH CONCEPT SKETCHES AND ANALYSIS OF PREVIOUS DESIGNS TO FIND A SET OF
POINTS. BY INPUTTING THESE POINTS INTO A VORONOI SCRIPT, WE GENERATE A SET OF SPACES THAT ENCLOSE THE

MAXIMUM POSSIBLE VOLUME WITH THE LEAST POSSIBLE MATERIAL.

ALTHOUGH OUR CONTROL OF THE FINAL CONCEPT IS INDIRECT, THE GRASSHOPPER WILL ALWAYS PRODUCE AN

EFFICIENT SOLUTION TO THE POINTS WE GIVE IT.



USE OF A PURELY VORONOI
ORGANIZATION IN EXPLORING THE
HABITAT DESIGN.

SPACES BECOME MORE HABITABLE,
HOWEVER, DIFFICULT TO CONTROL
POINTS TO MAKE NECESSARY
SPACES BECAUSE OF THE NATURE
OF THE VORONOI EQUATION.

IESIGN VARIATIONS
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VORONOI

A. ALL FACTORS ARE DEPENDENT ON \\
ALL OTHER FACTORS ABOVE.

DESIGN IS DYNAMIC AND NOT DEPENDANT
ON A UNIT OR KNOWN SPATIAL POSITION.
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FINISHED GRASSHOPPER CONCEPT MODEL
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1

/TENSIDN SLAT

RELEASE

SLEEPING PODS

CARBON FIBER

NYLON VOLUME

2.16 M3
/VDLUME

ACCESS 10O

PERSONAL EFFECTS D

SAFE HAVEN

L—— SECTIONAL PLASTIC
EXPANSION MODUL!

—— WATER RING
e

_— RESERVE WATER
e

1 - Crew enters and closes expandable volume

L —— VOLUME
EXPANSION

N\

2 PuLL

N

s/

2 - Crew releases reserve water into volume

3 EXTENDED

4 0OccuPy

3 - Crew protected by 4 m* water

TECHNICAL



WASTE WATER FLOW
02 ATMOSPHERE DUCT

WATER AND ATMOSPHERE MANAGEMENT
, - Duct system carries water supply, oxygen and
waste stored in the bottom portion of the habitat

CARBON-FIBER SANDWIGCH /

PANELS >7 — ——
CARBON-FIBER FRAME
ELECTRICAL SYSTEMS COMBINATION OF SYSTEMS

Duct system also carries electricity and
mechanical throughtout the habitat
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Crew Quarters, Social Space & Recreation
Four Sleeping Pods
Personal Workspaces

Hygiene Module

Light Hygiene/Personal Hygiene
Dressing/undressing

Galley

Food Storage

Preparation

Clean up

Wardroom Meeting Area & Flex Space
Eating & Meeting Table

Lab/Social Flexible Space

Cockpit

Flight Navigation Controls

EVA Controls

Suitlock / Suitports
EVA Suit Storage
Airlock

Particulate Control

Medical Operations Workstation
Crew Diagnostics
Prognostics

General Operations Workstation
Mission Operations
Equipment Maintenance/Repair

Laboratory Work Space

Physical Science

Payload Science

Workstations

Water Supply & Waste Management Systems
Environmental Control

Life Support

Communications & Telemetry

Navigation & Attitude Determination Systems
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zz;z Crew Quarters, Social Space & Recreation .‘. Wardroom Meeting Area & Flex Space Laboratory Work Space
M ® O
D Volume: 2,419 cu.ft. ’4 Volume: 1,042 cu.ft. ~ Volume: 1,595 cu.ft
A

Contains: Contains: Contains:

i
-
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L
e
L
-
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O
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4 Sleeping Pods Stowable Meeting Table Physical Science Workstation
. T 4 Personal Work Spaces Payload Science Workstation
G & Exercise Station The third largest volume is located between the
Laboratory and REcreation spaces and houses Located adjacent to theFlex Space, the
The largest interor volume encloses three the deployable wardroom/meeting table. loboratory work space accomodates both
functions: crew quarters, social, and recreation mission and payload science experiment
spaces. Interior panels may be dynamically equipment racks. Circulation is vertically along
repositioned to join the flex wardroom with the vessel core.
Crew sleeping pods opening on the main either of hte adjoining spaces according to crew
space are arranged along the interior bulkhead schedule or lab experiment needs.

separating it from hygiene and hte galley.

Pods expand to provide individual laptop
work space and dressing/undressing areas.

Pods stow allowing additional space for crew m

exercise equipment including resistive and

aerobic workouts. Z
Galle %::.... Hygiene Module D

The adjacent flex space provides additional i y 1@ ¥é

expansion space if needed. Volume: 414 cu.ft. Volume: 414 cu.ft F
Contains: Contains: U
Logistics Storage, Sink Z
Meal Preparation Vacuum

Toilet :

The galley supports functions of food storage Shower g
and preparation as well as clean up activities. Le

The hygiene module houses the Personal
Hygiene Station which private hygiene, full body
cleansing and dressing/undressing functions.
Stowage of hygiene supplies is also contained
within this unit.



Water Supply &
Waste management System

Volume: 684 cu.ft.

Contains:

Water for 60 Days
Food & Drink
Cleaning Supplies

Water supplies and waste management systems
are housed in a compartment at the lowest
deck to minimize launch loads imposed by high
mass equipment. Waste management system
treats water for reuse.

This volume also incloses Communications
and Telemetry (C&T), Navigation & Attitude
Determination, and Environmental Control &
Life Support Systems.

Cocking port access is through the center.

=il

Medical Operations Workstation
Volume: 292cu.ft.

Contains:
Crew Autonomy Equipment
Medical Supply Storage

Crew diagnostics/prognostics functions take
place in this unit supporting the medical needs
of an autonomous crew on long duration
missions.

General Maintenance Workstation
Volume: 292 cu.ft.

Contains:
Equipment Maintenance/Repair
Supplies/Parts

Maintenance and repair of electronic,
mechanical and EVA suits takes place within
this workstation as well as spar parts storage,
scavenging and recycling.

i

Cockpit
Volume: 357 cu.ft.

Contains:

Flight Controls,

Tele-robotics Workstation,
Intra-vehicular Activity Workstation

Vertically oriented along the direction of travel,
the cockpit suports mission critical funtions of
flight control and navigation.

Command and Data Handling (C&DH), Passive
Automated Rendesvous & Docking, Integrated
Systems Health Management (ISHM) and Crew
Autonomy (diagnostics/prognostics) are also
housed in this compartment.

Suitlock / Suitport
Volume: 357 cu.ft.

Contains:

Crew Suitports

EVA Suitlock

Particulate Contamination Control

The airlock is located near the center of the
capsule between the interior circulation aisle
and the exterior hatch. It supports mission and
contingency EVA activities while maintaining
atmospheric pressure integrity of the vessel.
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Structural Materials:

Aluminum

170 Ilbs/ft?

Weight:
Cost:

Variation:
Panel Siding Material:
Weight:
Cost:
Thickness of Material:
Panel Core Material:
Weight:
Cost:

Thickness of Material:
Total Thickness:
Total Weight:

Total Cost:

1
Carbon Fiber
83 lb/ft3
S /it
0.125 in
Honeycomb
1 lb/ft3
S /ft
0.5 in
0.75 in
1.771 Ib/ft?

AL

Carbon Fiber

83 lbs/ft?

Expanded
Fiberglass Honeycomb Polystyrene
2.5 |bs/ft3 1 Ibs/ft3 1.5 |bs/ft3

Variation: 2

Panel Siding Material: Aluminum

Weight:
Cost:
Thickness of Material:

170 Ib/ft3

S /ft?
0.125 in

Panel Core Material: Fiberglass

Weight:

Cost:

Thickness of Material:
Total Thickness:
Total Weight:

Total Cost:

2.5 lb/ft3
s /it
0.5 in
0.75 in
3.646 lb/ft?

S /ft?

General Material:|Carbon Fiber
Weight: 83 Ib/ft3
Cost: S
Structural Thickness: 1in
Percentage of Material: 15%
Percentage of Hollow Space: 85%
Total Weight:| 1.038 Ib/
Total Cost:| ft3 /ft3

Through Researched Material Properties,
Excel can convert the grasshopper Output
into usable Data for Mass Consideration,
Cost Estimates, Volumn of Spaces. By
Creating variations on Panels allow for a
optimized solution that is both cost effective
and lightweight without losing desired
properties.

BIM OUTRUT
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Total Surface Area:
Percentage of Wall:
Frame:
Panels:
Total Weight of Walls:
Total Cost of Walls:
Volumn of Wall:
Volumn of Space:

821.6 ft?

10%
90%
1394.67
IbsS
53.06 ft3
2418.94 ft3

Total Surface Area:
Percentage of Wall:
Frame:
Panel:
Total Weight of Walls
Total Cost of Walls
Volumn of Wall:
Volumn of Space:

320.8 ft?

10%
90%
544.56 Ibs
s
20.72 ft?
414.28 ft®

Total Surface Area:
Percentage of Wall:
Frame:
Panels:
Total Weight of Walls
Total Cost of Walls
Volumn of Wall:

Volumn of Space:

320.8 ft?

10%
90%
544.56 |bs

S
20.72 ft?

414.28 ft3

Total Surface Area:
Percentage of Wall:
Frame:
Panel:
Total Weight of Walls
Total Cost of Walls
Volumn of Wall:

Volumn of Space:

223.08 ft?

10%
90%
378.68 Ibs

s
14.41 ft3

356.84 ft?

Total Surface Area:
Percentage of Wall:
Frame:
Panel:
Total Weight of Walls
Total Cost of Walls
Volumn of Wall:
Volumn of Space:

223.08 ft?

10%
90%
378.68
IbsS
14.41 ft3
356.84 ft3

Total Surface Area:
Percentage of Wall:
Frame:
Panels:
Total Weight of Walls
Total Cost of Walls
Volumn of Wall:

Volumn of Space:

546.4 ft?

10%
90%
927.51
IbsS
35.29 ft3
1041.71 ft3

Total Surface Area:
Percentage of Wall:
Frame:
Panels:
Total Weight of Walls
Total Cost of Walls
Volumn of Wall:

Volumn of Space:

551.6 ft?

10%
90%
936.34
Ibs$S
35.62 ft3
1595.38 ft3

Total Surface Area:
Percentage of Wall:
Frame:
Panels:
Total Weight of Walls
Total Cost of Walls
Volumn of Wall:

Volumn of Space:

182.52 ft?

10%
90%
309.83 Ibs

s
11.79 ft®
291.96 ft?

Total Surface Area: 182.52 ft?
% Percentage of Wall:

Frame: 10%

Panels: 90%

9 o Total Weight of Walls 309.83

| Total Cost of Walls Ibs$

- Volumn of Wall: 11.79 ft3
Volumn of Space: 291.96 ft3

Total Surface Area: 236.4 ft?
Percentage of Wall:
Frame: 10%
Panel: 90%
Total Weight of Walls 817.55
Total Cost of Walls IbsS
Volumn of Wall: 15.27 ft3
Volumn of Space: 683.73 ft3

Combined Weight of Material:

Combined Cost of Material:
Frame Percentage:
Panel Percentage:

Total Volumn of Wall:

Total Volumn of Space:

Total Volumn of Xhab:

Percentage of Usable Space

Percentage of Stowage Space

Percentage of Life Support Space Usage
Percentage of Equipment Space Usage
Percentage of Usable Open Space

5922.54

IbsS

10%
90%
246.71 ft?
8095.29 ft?

8342 ft3
97.04%

7%

8%
12%
69.66%



DESIGN DEVELOPMENT FROM
WINTER 2013 + FULL
SGALE PROJEGT MOCK UP
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spatial division



SUTUCTUTE




IThe structure of the deep space
habitat is the product of the
GRASSHOPPER script that
determined the spacial
organization. Through a voronaoi
function, driven off of a desired
geometry, the interior volumes
took form. Using this script, 8
basic structural model could be
created and extracted. After
extracting the model, it can be
manipulated more precisely to
achieve a logical and efficient
structural system. The
GRASSHOPPER script also allows
for data to be extracted, giving
relevant information about the
structure such as total volume
which can aid in the calculation
0f weight.

SUTUCTUTE




SUTUCTUTE



The systems approach to the
habitat is designed to utilize
the space between the interior
volumes to act as the channels
for the electrical, mechanical,
and plumbing systems. The
heart of the major systems is
located in an allocated volume
at the base of the habitat.
Those systems reach the
habitable areas by branching
upwards through the poche
space in the interior partitions
paralleling the structure. The
system has major causeways to
feed each space and smaller
branches that extend into the
partitions.

Ihe systems and structure
occupy the same spaces so they
must be integrated with
eachother. The mechanical,
electrical, and plumbing systems
major paths utilize structural
members as guides through the
partitions. The branches extend
perpendicular to the structural
members, passing through
perforations. This way all the
Systems can maximize the space
between habitable volumes.

SUTUCTUTE



008 design







Aeroponic system
Cooking space

otorage space

~

—

Typical Door Panels
Sealed Aeroponic System
Lighting / Handral System

\Work Space with magnetic
surface or velcro pad

Storage for CTBs or
Kitchen Equipment

Kitchen/galley
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main workstation



Secondary workstation



(eneral maintenance



control room




nnysical mockup



pnysical mockup




pnysical mockup




pnysical mockup



nnysical mockup
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DIGITAL FABRICATION

AND
DESIGN CONTINUATION I



0Djectives

| ] Starting Spring 2013, the NASA studio moved forward with new guidance and team to complete the work of the work of the first

two quarters of the 2012-2013 vear. In the horizon, there were several new sub-goals and objectives.

(I Digital Fabrication

e lours/dissemination

R Fieldtrip to Johnson Space Center in Houston, Texas

CON Workstation - Internship at Jet Propulsion
Laboratory in Pasadena, Galifornia



JPL internship: FVMW



Workstation



aperature window



aperature winoow

e \Window concept came from the aperture mechanism of a camera
lens.

e Window works as follows:

o User slides finger on the sensar strip

o Operates small gear, which then turns the larger gear [outer
ring |

o As outer ring turns, one pin in each blade pivots while the
other pin moves along a guided slot

o Ihis action allows each blade to open/close a controlled
amount, thereby allowing the user to control the amount of
light in the interior space

e \Window created to reconnect astronauts with earth [ otherwise not
featured in design )

e Psychological benefits of natural daylsiglﬂtS E[ﬂ[i visual connection

e (pens and closes with use of ribbon [linear Spectra
Symbol ]

e § windows that are on one panel of the module to allow access
from both work and live sectors

e Although some companents would have to be steel, actual window
structure could be made up of carbon fiber, metal and other
nlastics (any that could provide radiation protection )
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naranolic mirrors

e 0od growth allows us to provide small amounts of herbs and fresh
fruits and vegetables to the astronauts.

e [fie plants also provide a connection to nature and a constantly
changing element within the habitat, all of which is psychologically
beneficial to the astronauts.

e Aeroponic systems use far less water and nutrients than
conventional farming, and are also cleaner and more sanitary,
because they do not involve sail [as in conventional farming ) or
standing water (as in hydroponics ).

o Plants’ roots hang freely in air and are regularly sprayed with
a mist of nutrient-rich water

o Uur innovation here was to integrate the system into a simple
module that can be interconnected and used throughout 3
space module as both a source of food and a source of light
through the use of fiber optic wires. These wires provide the
plants with the necessary solar light they need while providing
ambient light for the astronauts.
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e [his projects is the design of a handhold/foothold that addresses:
o Where people are
o Where things are
o What is being used
o What things are broken
o How things can be repaired or re-fabricated

e [fie Handhold / Foothold ergonomically designed to be used in
several different configurations: in parallel or at 4o degrees for the
fet

e £ach entire component is 3-d printed (this one is 1/8" structural
acrylic) but they could be printed from any material

e [he point is that they can be entirely fabricated on-board with in-
situ materials

e fach component has b sensors embedded into it which include:

o two occupancy sensors on each side of the handle that let
vou know where a person is in the ship and even infer their
orientation

o Four stress sensors that let you know the amount of stress on
each joint where the handle is secured to the habitat. These
sensors have three levels of stress including critical failure so
that you are notified if something is broken.
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