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Carnegie Mellon University
Space Architecture

2.3.16 Space Studio CMU: Mars and Architecture Beyond the
Atmosphere

— Atraditional architecture studio focusing on a "post-pioneering”
settlement (a first step research station with an emphasis on material,
resources, closed-loop systems, as well as programmatic network and
spatial considerations) for the surface of Mars or for Earth-Mars transit.

Kriss Kennedy
— History of Human Spaceflight/Space Stations and TransHab
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Worked on over 42 designs and projects
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Written over 40 publications, papers, or
chapters in books

: | ! published in numerous magazines,
periodicals & books
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Has two patents and numerous NASA
Technology Brief Awards

Recognized by his architect peers as one
of the new upcoming architects in Texas as
published in the millennium issue January
2000 Texas Architect magazine.

i%% I E 8 First space architect awarded the
£ 87 g 1 prestigious Rotary National Award for
s o e | Space Achievement in March 2000
28 25 |
/—/:: S3 e :
= % | Registered licensed architect in the

State of Texas
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Mars and

Architecture Beyond the Atmosphere
History of Human Spaceflight/Space Stations and TransHab




Space Archltectu re

theory and practlce of deS|gn|ng and
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deS|gn of I|V|ng and Worklng environments
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Human Spaceflight Evolution

Russia: Yuri Gagarin, the first person in space, and the

first person to orbit the Earth, 1961

Alan Shepard, the first American in space, 1961

John Glenn, the first American to orbit the Earth, 1962
Valentina Tereshkova, the first woman in space, 1963

Neil Armstrong, the first person to set foot on the

surface of the Moon, 1969



Mercury

X-15

Soyuz 18a
SpaceShipOne

Name
Vostok

Mercury
Voskhod

Apollo-Soyuz

Space Shuttle
Shenzhou

Human Spaceflight

Suborbital human spaceflight

Years Flights

1961

1963

1975

2004

Orbital human spaceflight
Years

1961—63

1962—63

1964 2

1965—66 10

126 as of
December 2015

1967—present
1968—69
1973

1975
1981—2011

2003—present

Lunar human spaceflight

Years Flights
1968—72



https://en.wikipedia.org/wiki/Project_Mercury
https://en.wikipedia.org/wiki/X-15#Highest_flights
https://en.wikipedia.org/wiki/Soyuz_18a
https://en.wikipedia.org/wiki/SpaceShipOne
https://en.wikipedia.org/wiki/Vostok_programme
https://en.wikipedia.org/wiki/Project_Mercury
https://en.wikipedia.org/wiki/Voskhod_programme
https://en.wikipedia.org/wiki/Project_Gemini
https://en.wikipedia.org/wiki/Soyuz_programme
https://en.wikipedia.org/wiki/Apollo_program
https://en.wikipedia.org/wiki/Skylab
https://en.wikipedia.org/wiki/Apollo-Soyuz_Test_Project
https://en.wikipedia.org/wiki/Space_Shuttle_program
https://en.wikipedia.org/wiki/Shenzhou_program
https://en.wikipedia.org/wiki/Apollo_program

History of Space Stations

Soviet/Russia: Salyut 1-7: 15 years from 1971 to ~1990 —>

— Salyut 1, the first station in the program, became the ﬂi}\\i
world's first crewed space station -

USA: Skylab 1973 - 1979

Soviet/Russia: Mir 1986 - 2001 ———> 4

USA: Shuttle/SpacelLab 1981 - 2011

USA/RSA/ESA/JAXA: 1SS 1998 (assembly began) - current _z#e"

y el

— Continually human occupied and operated for 15+ yrs (2000)

China: Tiangong-1 2011 - current. —» =

— Testbed for a larger station in ~2023




International Space Station

Continually human occupied and operated for 15+ yrs
ISS Configuration

As of late May 2015

SPDM Dextre Mobile Base System
Poisk European Robotic Arm

(ERA) Mobile Transporter
- ERA
(MRM z\ Zarya

Zvezda ' FGB

Service Module Canadarm2 | sp Truss P1 Truss Segment -

0
SM MMOD Shields\ PMA-L o Truss Segment Photovoltaic
Pirs (DC-1) ‘ L= Segment Arrays

Nauka OKA-T — \ Alpha Magnetic
Multipurpose . Spectrometer
Laboratory Module N "

. (AMS-02)
(instead of Pirs)
.

\\
N

P6 Truss Segment
MLM Outfitting

Uzlovoy Modull
(UM)

Science Power Module

(NEM-1)

Rassvet P5 Truss
(MRM-1) — BEAM Segment

S6 Truss © __PMA3 ELC-1 Tranquillity ~

Segment gy  ——— Node3 P3/4 Truss Segments

Cupola
S5 Truss L o
= X eonardo
Segment =T A Permanent Multipurpose Module
Starboard ) IDA-2
Photovoltaic Arrays (together with PMA-3)
S3/4 Truss Segments JEM RMS & Exposed Facility
Quest g JEM ELM-PS
71 Truss  Joint Airlock ) suny
Segment Unity UsLab coumbus
Node 1 European Lab - IDA-1 Zenith
Harmony 2 JEM PM Aft bort
- Elements Currently on Orbit Node 2
- Elements Pending Russian Launch
Starboard
Forward
- Elements Pending US Launch

Nadir









Consideration

Earth Orbital

Lunar/Mars Transfer

Lunar/Mars Surface

1. Vacuum Pressurized Pressurized Pressurized
enclosure enclosure enclosure
2. Debris Requires None Launch and
Shielding Landing
3. Gravity Microgravity Microgravity Partial (less that
Induced gravity 1 earth g)
changes interior
architecture
4. Radiation Protected by Van Lunar transfer Lunar protection
Allen Belts protection probably required
South Atlantic not required Mars: TBD
Anomaly potential Mars transfer protection
protection required _
problem required
5. Dust None None Lunar dust is a

design challenge
Mars dust a
potential issue




Exploration Destination Systems
a sustained human presence

Lunar Missions Deep Space Mars Missions
lunar orbit, lunar surface LaGrange Points, NEOs and beyond Lunar missions plus:
Landing systems Crew support for 30-60 + days (habitat) + Mars entry & landing systems
Nuclear power Radiation protection (habitat) + Advanced propulsion
In-situ resource utilization Life support (habitat) « Partial-gravity countermeasures
Surface Habitation Deep space propulsion
Autonomous Operations Cryogenic fluid management
Surface Rover Supportability & maintenance
Surface EVA mobility Autonomous Hab Operations

Remote Earth Destinations

Antarctica, Deep-Water

* Analogs

» Operations Concept Validation
Science & Mission Ops
Autonomous Hab Operations
Hardware/Software Demos
Closed-loop life support
Inflatable Hab Demos
Environmental monitoring
Supportability & Maintenance Near-Earth Space

HEO, lunar orbit, Libration Points
Heavy lift launch
Autonomous Hab Operations
Inflatable Hab Module
Closed-loop life support
Crew support for - 20 days
Deep-space propulsion
Radiation protection

sustained Muman presence

Interplanetary Transportation
LEO to Destinations
Heavy lift launch
Autonomous Hab Operations
Inflatable Module
Closed-loop life support
Crew support for long-duration
flights
Deep-space propulsion
Radiation protection

Low-Earth Orbit
Commercialization
Zero-g research platform
Autonomous Hab Operations
Inflatable Hab Module
Closed-loop life support
Environmental monitoring
Supportability & Maintenance concepts




Surface Exploration Development Phases

e Surface Exploration Sorties

* Base Planning

» Surface Research Outpost

* Initial Outpost

* Resource Production & Utilization
e Surface Base

* Industrialization / Exploitation

e Sustained Human Presence



Surface Outpost Organization and Layout

Power Transmission
Only

i Power
Science Zone 2 —— >

Zone

Power Transmission

& Transportation o A
Transportation Only ’ |
5 e

Habitation : Power

+ Transmission Only
Zone !
Transportation i
Only \2
Launch & ISRU / Industrialf

Landing Zone Transportation Only



SP-100 POWER
w @ E MODULE

SOLAR POWER SYSTEM

PVA / RFC _
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BEE \  LOX PRODUCTION
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LOX STORAGE . o PLANT
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HABITAT 0 VI REACTOR
RADIATORS LUNAR OXYGEN
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SCIENCE i
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_________ INDIGENOUS SPACE MATERIALS
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UTILIZATION ZONE




HIGHER

CLASS Ill:
In-situ Derived

12 Nukis

K
i

CLASS II:
Pre-fabricated

Habitat
Technholoqgy
Level

Cutar Wall innsr Wal”
Heqo it Fil Spuce

Habitat

- Kus Infrastructure
CLASS I: Y Increases

Pre-integrated

CURRENT Evolution by Time ADVANCED




Orbital Habitats

SKYLAB ORBITAL WORKSHOP




Planetary Habitats

10 Meters

Inner Wall Slab

_ Outer Wall Slab

l Airlock

ik gi

Outer Wall Inner Wall
Regolith Fill Space

Airlock
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Human Exploration Systems

= ENES

¢

Crew Return Vehicle

Deep Space Habitat (DSH)
Space Exploration Vehicle
Propulsion Stage

EVA Capabilities

Power Generation & Storage
Deep Space Communications

Exploration Habitat Systems

Environmental Protection

Life Support

Power Management & Distribution
Thermal Control

Crew & Medical Systems
Laboratory Systems (Geo & Life Science)
Logistics, Repair & Manufacturing



Habitation Operations

Crew Operations - IVA

Sustain crew on lunar surface for mission. These functions are necessary to insure the safety of the
crew. It also includes providing the functions necessary to sustain the crew from a health and well being
perspective.

Crew Operations — Supporting EVA

Enable Redundant EVA Function & Enhanced EVA Capability. These functions are necessary to
provide the crew with additional means to conduct routine EVAs. The extent provided is driven by the
mission duration and the number of EVAs required to conduct that mission.

Mission Operations

Enable Enhanced Mission Operations Capability. These functions are those that enable the lunar
surface crew to conduct surface operations in concert with the Earth based mission control. For longer
surface stays it should also establish autonomy from the Earth based "mission control" enabling
command and control with other surface assets such as rovers, landers, etc.

Science Operations

Enable IVA Bio/Life Science & GeoScience Capability. These functions are necessary to conduct the
science involved with the mission. It can include sample collection, sample analyses, sample
prioritization and storage, and any sample return required. It also is meant to include any specific
"environmental" requirements specific to Life Science or GeoScience

Logistics & Maintenance Operations - IVA & EVA

Enable Maintenance, Resupply, & Spares Cache. These functions are those that allows for
maintaining the surface assets during recognized maintenance intervals. It also includes those functions
necessary to resupply the habitat(s) with consumables (both pressurized and unpressurized) to support
the crew for the mission. Lastly, it also includes the functions necessary to deliver and store the
necessary spares related to the maintenance as well as unexpected failures.




= Crew Operations (enable
sustainability of 4 crew on lunar
surface for 7-180 days)

o EVA Operations (enable
redundant EVA function &
enhanced EVA capability)

W Mission Operations (enable
“&—  enhanced mission operations
capability)

£ Science Operations (enable
| enhanced IVA bio & geo science
capability)

W we€l Logistics Operations (enable
¥ ;&w e resupply & spares cache)

4

Q Habitation Functional Elements and Operations

® Structure and Environmental
Protection

= Power Management and
Distribution

= Life Support
" Thermal Control

= Lunar Surface Science and
Technology Demonstrations

= Communications

= EVA Support
" Crew Accommodations



Habitation Elements & Interfaces

Power Generation Active Thermai
& Storage Control External Systems
Environmental

Control & Life ¢ . Avionics
Support Control

Human . Systems
Accommodations T ?
Power Mangt &

N~

Primary & l \ ‘L

Secondary
Structure D < | Internal
ata Communications

Airlock / EVA =

External Support External
Structure Communications
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Space Architecture 23223237 \



Inflatable Stuctures Overview

Materials:

Kevlar

— Vectran

new tensile fabric materials

Construction:

“basket weave” w/ Clevis Pins

— wound spun fibers on a mandrel

like a tube sock
Bladder Seal: Marman Clamp

Assembly:

Pure Inflatable

Hybrid (hard and soft materials)
Packaging

Deployment

Internal Assembly

Outfitting

Checkout and initial ops. Verify
human occupancy ready

 |Interfaces:

Fabrics to hard end caps or
bulkhead. termination

Airlock, other modules, Common
Berthing Mechanism (ISS derived)

Structural Nodes
Surface: Foundation or support

« Design:

Pressure Vessel shapes
Sphere, cylinder, torus, hybrids

 Architecture:

External Protection
Internal Layout
Utilities Distribution









Inflatable | 0}
Lunar Habitat \
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Inflatable Structures in Space




wTransHab (Inflatable Space habitat)

.S. Patentgranted

’ \ j g ‘
~ N ; ) g .
& s \\ ;
BN, - ; 5 »* o ‘
» . 255 \
. \ Z Z | o
R p. SRS
i\ 7 AN R
4 \ : 3 E > h >
N % v ! F ; N
s y
’ .
. ¥

:
2

<
ain

1'.’ T



http://subs.timeinc.net/CampaignHandler/POcntrl?source_id=33
http://subs.timeinc.net/CampaignHandler/POcntrl?source_id=33

TransHab was a light weight inflatable habitation module for space
applications

Original 1997 concept for light weight habitat module for human mission
transit to Mars

Proposed to the International Space Station (ISS) Program as a replacement
for a Hab Module




) : ISS Tran S Hab Full Scale Shell Development Unit (SDU-3)

First Inflation: November 17, 1998



ISS TransHab

Hatch Door

Inflatable Shell

Central Structural

Core

20” Window (2)

Integrated

Water Tank

Soft Stowage —
Array

Wardroom Table

Level

Level

Level







Mars Surface Hab/Combo Lander

DESIGNED

ey = 2000




'"C*\% Mid-Expandable Habitat Concept

TMC Not Shown



LJ.mar Architectl}lre
Habitat Concepts

DESIGNED
2 =2007/09 I
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CxAT / HORIZONTAL HAB ARCHITECTURE Mif_g?: ;\

CREW BUNKS

GALLEY

DUST CONTAINMENT/ EVA SYS.

DUSTLOCK LOG. 1
PR':-\!\J&II??EC\K EXERCISE
STOWAGE LOGISTICS/ SUPPLY
WASTE/ HYGIENE
GEO.LAB
DUST CONTAINMENT/ EVA SYS.
DUSTLOCK HAB 1
AIRLOCK CREW BUNKS
SECONDARY EVA ——
STOWAGE STOWAGE/ SUPPLY

LAB 1
MISSION OPS.

STOWAGE/ SUPPLY
TO PRESSURIZED ROVER
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Space Al}_iritec ture
.Shaping the future

———







...Inspire others




DEIMOS




BACKUP






DESIGNED




RAPID PROTOTYPING

Habltat Demonstratlon Unit

STARTED

2009




Habitat Demonstration Unit

Rapid Prototyping

)







Habitat Demonstration Unit
2010 Fit Check w/ Rover
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DESIGNED




Deep Space Habitat Inflatable Loft added




Exploration Habitat Academic
Innovation.Challenge

3

4

ACADEMIC INNOVATION
- CHALLENGE















