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goals + objectives
[ ] 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).

[ ] A full-size low-fidelity 3-D spatial (mockup of the vertical habitat.

APPROACH
[ ] 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



timeline
[ ] The proposal is organized into phases correlated to the deliverables. The sequence of coursework is strategically integrated into the overall design process which 
includes 5 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 
Definition 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 15, 2013 Winter 2013 Final Review 

April 3, 2013 Progress Checkpoint Review #2

May 29, 2013 Final Preesntation

1
2
3

4
5
6
7
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Design of a Vertically Oriented 
Deep Space Habitat 

Load: 4 astronauts

Duration:    60 day mission

Approx. 
Dimensions: 20’ diameter

24’ 3” height

Above: Image Taken at JPL
Below: Image of Studio Space (half height mock-up of hab)

Dimensions: 20’ diametersim er’ 
24’ 3” heightg

Above: Image Taken at JPLeebb eeAb e Take
Below: Image of Studio Space (half height mock-up of hab)agl pt ha a-
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• 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.

• 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



0004440

PP
v

P
r

vv
i

s
o

P
o

t
o

j
tt
slrv

Andrew Cartwright
ld-tish
Aaron Gomez

• Goal is to use an efficient
structure that would create a
spatial organization but also
reduce cost.

• Thus providing an inexpensive

and easily
reproducible system
which can also
create many different
configurations.

• A variable interior which
responds to their needs
whether it is over time or
function becomes a necessity

• Rotation of the core is
converted to telescoping
action at one end driving
the variable
programmatic
elements

• The design process
consisted by analyzing
the Lagrangian
points for spatial
and organizations
principals.

• The Lagrangian points
represent the idea of
balance of unequal
parts which in sense
relates to the idea of
equilibrium

• The spatial
characteristics of the
volumes gave rise to
a unique dual spatial
environment.

Space Habitation
Jason Friedrich
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the kav hab 
Veronica Hernandez

• Modular design allows for
an optimal consideration in
both volume based spaces and
surface based spaces. Due to
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

• 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
quarters vs.
collaborative
working environment.

• Allows the crew to
experience a variety
of space on a long
mission in a small
enclosed Semi-Public
environment.

• The circulation torus connects 
all of the different modules
that the crew needs to use to
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.
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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. 
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Grasshopper: 

A visual programming language 
developed by David Rutten. 
Uses a series of linked 
algorithmic components 
that result in 3D parametric 
geometry visualized in 
Rhinoceros 3D.

Used for creating quick visual 
variations of schemes for the 
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/

mm
a

m
:

a
i

a
p

b
i

e
il

iee
s

&
v

A
d

v
t

v
a

n
t

e
t
a

ee
s



0000999909

Excel: 

A spread sheet application 
that allows data impute and 
comparisons in graphic form. 

Used for output of data 
from Grasshopper that allow 
comparisons of schematic 
variations. This includes 
volume, mass, and surface area 
data that is extracted from the 
3D model.
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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.rhino3d.com/
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G-Team

A gehry technologies 
online collaborative 
interface.

online model viewer. 
file sharing and chat 
functions. Add summary, 
revision history.

Compared to facebook/
dropbox but for 
architects. 
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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.

OrganizationanO oConceptnc
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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.
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Utilizing hierarchy of constructing 
the HAB within Grasshopper. 
Most are Dependent on only 3 
factors
1. Inner Shell Radius
2. Inner Shell Height
3. Cap Radius

*D (Dependent Factor)

The workflow of the HAB as follows 
Inner Shell

A. Radius
B. Height
C. Cap Radius

Top & Side Hatches
A. Radius
B. Depth
C. Position (D)
D. Rotation

Outer Shell
A. Thickness

Spatial Points
A. Excel link
B. X,Y,Z values Percentage (D)

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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modified to the requirements 
time to generate solid 3D 
forms to build on. 

1. Select the Outside Shell
A. Right click and Bake

2. Select the Voronoi-Shell-
All Hatches

A. Right click and Bake

Finished Grasshopper Concept Model
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Baked Model using 
clipping view

Baked Model Baked Model using 
clipping view
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3 - Crew protected by 4 m3 water

1 - Crew enters and closes expandable volume

2 - Crew releases reserve water into volume 3 - C

SECTIONAL PLASTIC 

EXPANSION MODULE

WATER RING

VOLUME 

EXPANSION

RESERVE WATER

1 Release

2 Pull

3 extended

4 Occupy

carbon fiber 
tension slat

nylon volume

2.16 m3

volume

access to 
personal effects
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WASTE WATER FLOW
02 ATMOSPHERE DUCT

PURIFIED WATER SUPPLY

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

HABITAT DUCT SYSTEM

ELECTRICAL SYSTEMS
Duct system also carries electricity and 
mechanical throughtout the habitat

COMBINATION OF SYSTEMS

TTT
e

h
a

n
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lStructure & Materialst & u sr

Carbon-fiber sandwich 
panels
Carbon-fiber frame

SystemsS m
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Four Sleeping Pods 
Personal Workspaces

Hygiene Module
Light Hygiene/Personal Hygiene
Dressing/undressing
Galley
Food Storage
PreparaƟ on
Clean up

Wardroom Mee  ng Area & Flex Space
EaƟ ng & MeeƟ ng Table
Lab/Social Flexible Space
Cockpit
Flight NavigaƟ on Controls
EVA Controls
Suitlock / Suitports
EVA Suit Storage
Airlock
ParƟ culate Control

Laboratory Work Space
Physical Science
Payload Science
WorkstaƟ ons
Water Supply & Waste Management Systems
Environmental Control
Life Support
CommunicaƟ ons & Telemetry
NavigaƟ on & Aƫ  tude DeterminaƟ on Systems

Medical Opera  ons Worksta  on
Crew DiagnosƟ cs
PrognosƟ cs

General Opera  ons Worksta  on
Mission OperaƟ ons
Equipment Maintenance/Repair

Circula  on
Pod Access
EVA Port

Circula  on
Axis
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Hygiene Module

Volume: 414 cu.  
.
Contains:
Sink
Vacuum
Toilet
Shower

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

Galley

Volume: 414 cu.  .

Contains:
Logis  cs Storage,
Meal Prepara  on

The galley supports funcƟ ons of food storage 
and preparaƟ on as well as clean up acƟ viƟ es.

Wardroom Mee  ng Area & Flex Space

Volume: 1,042 cu.  .

Contains:
Stowable Mee  ng Table

The third largest volume is located between the 
Laboratory and REcreaƟ on spaces and houses 
the deployable wardroom/meeƟ ng table.

Interior panels may be dynamically 
reposiƟ oned to join the fl ex wardroom with 
either of hte adjoining spaces according to crew 
schedule or lab experiment needs.

Crew Quarters, Social Space & Recrea  on

Volume: 2,419 cu.  .

Contains:
4 Sleeping Pods
4 Personal Work Spaces
& Exercise Sta  on

The largest interor volume encloses three 
funcƟ ons: crew quarters, social, and recreaƟ on 
spaces.

Crew sleeping pods opening on the main 
space are arranged along the interior bulkhead 
separaƟ ng it from hygiene and hte galley.

Pods expand to provide individual laptop 
work space and dressing/undressing areas. 
Pods stow allowing addiƟ onal space for crew 
exercise equipment including resisƟ ve and 
aerobic workouts.

The adjacent fl ex space provides addiƟ onal 
expansion space if needed.

Laboratory Work Space

Volume: 1,595 cu.  
.
Contains:
Physical Science Worksta  on
Payload Science Worksta  on

Located adjacent to theFlex Space, the 
loboratory work space accomodates both 
mission and payload science experiment 
equipment racks. CirculaƟ on is verƟ cally along 
the vessel core.
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Cockpit

Volume: 357 cu.  .

Contains:
Flight Controls,
Tele-robo  cs Worksta  on,
Intra-vehicular Ac  vity Worksta  on

VerƟ cally oriented along the direcƟ on of travel, 
the cockpit suports mission criƟ cal funƟ ons of 
fl ight control and navigaƟ on.

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

Suitlock / Suitport

Volume: 357 cu.  .

Contains:
Crew Suitports
EVA Suitlock
Par  culate Contamina  on Control

The airlock is located near the center of the 
capsule between the interior circulaƟ on aisle 
and the exterior hatch. It supports mission and 
conƟ ngency EVA acƟ viƟ es while maintaining 
atmospheric pressure integrity of the vessel.

Medical Opera  ons Worksta  on

Volume: 292cu.  .

Contains:
Crew Autonomy Equipment
Medical Supply Storage

Crew diagnosƟ cs/prognosƟ cs funcƟ ons take 
place in this unit supporƟ ng the medical needs 
of an autonomous crew on long duraƟ on 
missions.

General Maintenance Worksta  on

Volume: 292 cu.  .

Contains:
Equipment Maintenance/Repair
Supplies/Parts

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

Water Supply &
Waste management System

Volume: 684 cu.  .

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 CommunicaƟ ons 
and Telemetry (C&T), NavigaƟ on & Aƫ  tude 
DeterminaƟ on, and Environmental Control & 
Life Support Systems.

Cocking port access is through the center.
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Through Researched Material ProperƟ es, 
Excel can convert the grasshopper Output 
into usable Data for Mass ConsideraƟ on, 
Cost EsƟ mates, Volumn of Spaces. By 
CreaƟ ng variaƟ ons on Panels allow for a 
opƟ mized soluƟ on that is both cost eff ecƟ ve 
and lightweight without losing desired 
properƟ es.

Material  Properties Chart:
Structural Materials: Panel Core:

Weight:
170 lbs/ft³ 83 lbs/ft³ 2.5 lbs/ft³ 1 lbs/ft³ 1.5 lbs/ft³

Cost:

Aluminum Carbon Fiber
Expanded

PolystyreneFiberglass Honeycomb 

Panel Material Breakdown
Variation: 1 Variation: 2

Panel Siding Material: Carbon Fiber Panel Siding Material: Aluminum
Weight: Weight:

Cost:
83 lb/ft³

$  /ft³ Cost:
170 lb/ft³

$ /ft³
Thickness of Material: 0.125 in Thickness of Material: 0.125 in
Panel Core Material: Honeycomb Panel Core Material: Fiberglass

Weight: Weight:
Cost:

1 lb/ft³
$ /ft³ Cost:

2.5 lb/ft³
$ /ft³

Thickness of Material: 0.5 in Thickness of Material: 0.5 in
Total Thickness: Total Thickness:

Total Weight: Total Weight:
Total Cost:

0.75 in
1.771 lb/ft² 

$  /ft² Total Cost:

0.75 in
3.646 lb/ft² 

$ /ft²

Frame Material Breakdown
General Material: Carbon Fiber

Weight:
Cost:

83 lb/ft³
$

Structural Thickness: 1 in
Percentage of Material: 15%

Percentage of Hollow Space: 85%
Total Weight:

Total Cost:
1.038 lb/
ft³  /ft³



4442222

m
B
im

u
m

O
u

u
u
t

uu
t

Social Space
Total Surface Area: 821.6 ft²
Percentage of Wall:

Frame: 10%
Panels: 90%

Total Weight of Walls:
Total Cost of Walls:

1394.67 
lbs$

Volumn of Wall: 53.06 ft³
Volumn of Space: 2418.94 ft³

Cockpit
Total Surface Area: 223.08 ft²
Percentage of Wall:

Frame: 10%
Panel: 90%

Total Weight of Walls
Total Cost of Walls

378.68 
lbs$

Volumn of Wall: 14.41 ft³
Volumn of Space: 356.84 ft³

General Operations
Total Surface Area: 182.52 ft²
Percentage of Wall:

Frame: 10%
Panels: 90%

Total Weight of Walls
Total Cost of Walls

309.83 
lbs$

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

Hygiene Module
Total Surface Area: 320.8 ft²
Percentage of Wall:

Frame: 10%
Panel: 90%

Total Weight of Walls
Total Cost of Walls

544.56 lbs
$

Volumn of Wall: 20.72 ft³
Volumn of Space: 414.28 ft³

Wardroom/ Flexspace
Total Surface Area: 546.4 ft²
Percentage of Wall:

Frame: 10%
Panels: 90%

Total Weight of Walls
Total Cost of Walls

927.51 
lbs$

Volumn of Wall: 35.29 ft³
Volumn of Space: 1041.71 ft³

Water/Waste Management
Total Surface Area: 236.4 ft²
Percentage of Wall:

Frame: 10%
Panel: 90%

Total Weight of Walls
Total Cost of Walls

817.55 
lbs$

Volumn of Wall: 15.27 ft³
Volumn of Space: 683.73 ft³

Galley
Total Surface Area: 320.8 ft²
Percentage of Wall:

Frame: 10%
Panels: 90%

Total Weight of Walls
Total Cost of Walls

544.56 lbs
$

Volumn of Wall: 20.72 ft³
Volumn of Space: 414.28 ft³

Laboratory Workspace
Total Surface Area: 551.6 ft²
Percentage of Wall:

Frame: 10%
Panels: 90%

Total Weight of Walls
Total Cost of Walls

936.34 
lbs$

Volumn of Wall: 35.62 ft³
Volumn of Space: 1595.38 ft³

Suit Dock
Total Surface Area: 223.08 ft²
Percentage of Wall:

Frame: 10%
Panel: 90%

Total Weight of Walls
Total Cost of Walls

378.68 lbs
$

Volumn of Wall: 14.41 ft³
Volumn of Space: 356.84 ft³

Medical Operations
Total Surface Area: 182.52 ft²
Percentage of Wall:

Frame: 10%
Panels: 90%

Total Weight of Walls
Total Cost of Walls

309.83 lbs
$

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

General Information
Combined Weight of Material:
Combined Cost of Material:

5922.54 
lbs$

Frame Percentage: 10%
Panel Percentage: 90%

Total Volumn of Wall: 246.71 ft³
Total Volumn of Space: 8095.29 ft³
Total Volumn of Xhab: 8342 ft³
Percentage of Usable Space 97.04%

Percentage of Stowage Space 7%
Percentage of Life Support Space Usage 8%
Percentage of Equipment Space Usage 12%
Percentage of Usable Open Space 69.66%
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T h e  s t r u c t u r e  o f  t h e  d e e p  s p a c e
h a b i t a t  i s  t h e  p r o d u c t  o f  t h e  
G R A S S H O P P E R  s c r i p t  t h a t  
d e t e r m i n e d  t h e  s p a c i a l  
o r g a n i z a t i o n .  T h r o u g h  a  v o r o n o i
f u n c t i o n ,  d r i v e n  o f f  o f  a  d e s i r e d
g e o m e t r y ,  t h e  i n t e r i o r  v o l u m e s
t o o k  f o r m .  U s i n g  t h i s  s c r i p t ,  a
b a s i c  s t r u c t u r a l  m o d e l  c o u l d  b e
c r e a t e d  a n d  e x t r a c t e d .  A f t e r
e x t r a c t i n g  t h e  m o d e l ,  i t  c a n  b e
m a n i p u l a t e d  m o r e  p r e c i s e l y  t o
a c h i e v e  a  l o g i c a l  a n d  e f f i c i e n t
s t r u c t u r a l  s y s t e m .  T h e
G R A S S H O P P E R  s c r i p t  a l s o  a l l o w s
f o r  d a t a  t o  b e  e x t r a c t e d ,  g i v i n g
r e l e v a n t  i n f o r m a t i o n  a b o u t  t h e
s t r u c t u r e  s u c h  a s  t o t a l  v o l u m e
w h i c h  c a n  a i d  i n  t h e  c a l c u l a t i o n
o f  w e i g h t .

structure



structure



T h e  s y s t e m s  a n d  s t r u c t u r e
o c c u p y  t h e  s a m e  s p a c e s  s o  t h e y
m u s t  b e  i n t e g r a t e d  w i t h
e a c h o t h e r .  T h e  m e c h a n i c a l ,
e l e c t r i c a l ,  a n d  p l u m b i n g  s y s t e m s
m a j o r  p a t h s  u t i l i z e  s t r u c t u r a l
m e m b e r s  a s  g u i d e s  t h r o u g h  t h e
p a r t i t i o n s .  T h e  b r a n c h e s  e x t e n d
p e r p e n d i c u l a r  t o  t h e  s t r u c t u r a l
m e m b e r s ,  p a s s i n g  t h r o u g h
p e r f o r a t i o n s .  T h i s  w a y  a l l  t h e
s y s t e m s  c a n  m a x i m i z e  t h e  s p a c e
b e t w e e n  h a b i t a b l e  v o l u m e s .

T h e  s y s t e m s  a p p r o a c h  t o  t h e  
h a b i t a t  i s  d e s i g n e d  t o  u t i l i z e  
t h e  s p a c e  b e t w e e n  t h e  i n t e r i o r  
v o l u m e s  t o  a c t  a s  t h e  c h a n n e l s
f o r  t h e  e l e c t r i c a l ,  m e c h a n i c a l ,
a n d  p l u m b i n g  s y s t e m s .  T h e  
h e a r t  o f  t h e  m a j o r  s y s t e m s  i s  
l o c a t e d  i n  a n  a l l o c a t e d  v o l u m e
a t  t h e  b a s e  o f  t h e  h a b i t a t .
T h o s e  s y s t e m s  r e a c h  t h e
h a b i t a b l e  a r e a s  b y  b r a n c h i n g
u p w a r d s  t h r o u g h  t h e  p o c h e
s p a c e  i n  t h e  i n t e r i o r  p a r t i t i o n s
p a r a l l e l i n g  t h e  s t r u c t u r e .  T h e
s y s t e m  h a s  m a j o r  c a u s e w a y s  t o
f e e d  e a c h  s p a c e  a n d  s m a l l e r
b r a n c h e s  t h a t  e x t e n d  i n t o  t h e
p a r t i t i o n s .

structure



node design



-

living



kitchen/galley

Storage Space

Cooking Space

Aeroponic System
Sealed Aeroponic System

Lighting / Handrail System

Work Space with magnetic 
surface or velcro pad

Storage for CTBs or 
Kitchen Equipment

Typical Door Panels 



C e n t r a l
N o d e

F i t n e s s

H y g i e n e

E x t e r i o r

hygiene



main workstation



secondary workstation



general maintenance



control room



physical mockup



physical mockup



physical mockup



physical mockup



physical mockup



wind tunnel
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DIGITAL FABRICATION
AND
DESIGN CONTINUATION



[ ] 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 year. In the horizon, there were several new sub-goals and objectives.

Digital Fabrication

Tours/dissemination

Fieldtrip to Johnson Space Center in Houston, Texas

Workstation - Internship at Jet Propulsion 
Laboratory in Pasadena, California

1

2

3

4

objectives



JPL internship: FMW



workstation



aperature window



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

• Window works as follows:
o User slides finger on the sensor 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 This action allows each blade to open/close a controlled

amount, thereby allowing the user to control the amount of
light in the interior space

• Window created to reconnect astronauts with earth (otherwise not
featured in design)

• Psychological benefits of natural daylight and visual connection

• Opens and closes with use of ribbon
sensor

 (linear Spectra 
Symbol)

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

• Although some components would have to be steel,  actual window
structure could be made up of carbon fiber, metal and other
plastics (any that could provide radiation protection)

aperature window



aperature window



parabolic mirrors



parabolic mirrors
• Food growth allows us to provide small amounts of herbs and fresh

fruits and vegetables to the astronauts.

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

• Aeroponic systems use far less water and nutrients than
conventional farming, and are also cleaner and more sanitary,
because they do not involve soil (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 Our innovation here was to integrate the system into a simple

module that can be interconnected and used throughout a
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.



hand/footholds



hand/footholds
• This projects is the design of a handhold/foothold that addresses:

oWhere people are
oWhere things are
oWhat is being used
oWhat things are broken
o How things can be repaired or re-fabricated

• The Handhold / Foothold ergonomically designed to be used in
several different configurations: in parallel or at 45 degrees for the
feet

• Each entire component is 3-d printed (this one is 1/8” structural
acrylic) but they could be printed from any material

• The point is that they can be entirely fabricated on-board with in-
situ materials

• Each component has 6 sensors embedded into it which include:
o two occupancy sensors on each side of the handle that let

you 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.



hand/footholds



hand/footholds



hand/footholds



dissemination



field trip to JSC



field trip to JSC



vertical habitability layout 
+ fabrication studies
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