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Deep Space Habitat Studies

Advanced Explorations Systems Program
Studies — Technical Papers — Concept Demonstrators

ISS Derived Launch Vehicle Derived Integrated Propulsion ELV & SLS Asteroid & Mars Mission
Configurations Configurations Configurations Launched Systems Configurations
@ o - -

sasa

'| AEs Deep Space Habitat Project
’ | Cis-Lunar Deep Space Habitat

figurations - | A ; "| Configuration Support EAM Configuration Task
3 2 Final Study Overview Presentation Systams (AES) Exploation

‘Floor & Ceiling  Skylab 1 ¥

| (S] t S < Deep Space Habitat Configurations
Based on SLS Stages

nnnnnnnn

Pallet Mockups

7 § SLS Class Configurations
gl 4 &6 Crew/1000Days

NASA Marshall Space Flight Center Deep Space Habitats Advanced Concepts Office 2




Habitation Missions
Moving from Low Earth Orbit to Deep Space

\
)

m

=

=
-'-1
-.-—-"'"’H- 1
y 1

=
)
o
3

-
-

Sepmmm -

. "DRO

Habitation testing concepts at ISS

— Humanresearch & technology
demonstrations

Deep Space Habitatsin the Lunar Vicinity

Asteroid Retrieval Mission support

Mars vehicle assembly & habitatservicing
support

International & commercial interest
includinglunar missionsupport
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Mars transfer habitat concepts

Launch vehicle payload integration
analysis

Mass & volume studies

Interior configurations, outfitting, and
human factors studies

Advanced Concepts Office

3



SLS Integration

Co-manifested & Primary Payload Configurations

e Co-manifested payload
configurations
— 4.5mISS diameter
* 5rack-baylength
e OQutfitting flights required
— 5.5mdiameter
e 2 decklevel layout

e Outfittingflights required

 Primary payload
configurations

— 8.4mSLSdiameter

e Standard barrel section
lengths

3 decklevel layout
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ISS & SLS Derived Concepts

Deep Space Habitats for the Lunar Vicinity

Design Constraints/Parameters
Pressurized Volume ~281m’
Habitable Volume ~108.3 m’

Atmospheric Pressure 101.3 kPa

Crew Capacity
Crewed Mission Duration

EOL Solar power generation
Power load during battery operation

Average TRL
TRL 9 / Heritage

ECLSS Closure - Water Closed Loop
ECLSS Closure - Air Closed Loop

Habitat Structure Rigid Cylinder
Habitat Length 20m
Habitat Diameter 4.5m

Mass Growth Allocation
Project Manager's Reserve

ISS Node & MPLM’s*

Design Constraints/Parameters
Pressurized Volume
Habitable Volume

Atmospheric Pressure

Crew Capacity
Crewed Mission Duration

EOL Solar power generation
Power load during battery operation

Average TRL
TRL 9 / Heritage

ECLSS Closure - Water Closed Loop
ECLSS Closure - Air Closed Loop

Habitat Structure Rigid Cylinder
Habitat Length 13.5m
Habitat Diameter 84m

Mass Growth Allocation
Project Manager's Reserve

Stowed Provisions
Consumable Fluids
Non-Propellant Fluids
Inert Mass

Total Less Propellants
Propellant
‘Wet Mass

Project Mgrs Reserve (10%)
Total

Stowed Provisions
Consumables
Nonpropellant Fluids
Inert Mass

Total Less Propellant
Propellant
‘Wet Mass 19,807

Project Mgrs Reserve 1,981
Total " 21,788

SLS-Class Minimum Capability Habitat*

Design Constraints/Parameters
Pressurized Volume

Habitable Volume

Cabin Pressure

Crew Capac

EOL Solar power generation

Power load during battery operation

Average TRL
TRL 9 / Heritage

ECLSS Closure - Water Closed Loop
ECLSS Closure - Air Closed Loop

Habitat Structure Rigid Cylinder

Habitat Length 18m
Habitat Diameter 45m

Mass Growth Allocation 13
Project Manager's Reserve

ISS HAB & MPLM*

Design Constraints/Parameters
Pressurized Volume ~662 m’
Habitable Volume ~519 m’

Atmospheric Pressure 101.3 kPa

4
180d

EOL Solar power generation 22kW
Power load during battery operation 33kW

Average TRL
TRL 9/ Heritage

ECLSS Closure - Water Closed Loop
ECLSS Closure - Air Closed Loop

Habitat Structure Rigid Cylinder

Habitat Length

Habitat Diameter

Mass Growth Allocation
Project Manager's Reserve

Category
Structures

nsumable Fluids
Non-Propellant Fluids
Inert Mass

Total Less Propellant
Propellant
‘Wet Mass

Project Mgrs Reserve (10%) 4,143
Total 45,573

Mass (kg)
13,902
0
1,364
2,154
1,102
Environment Protection 0
ECLSS 2,572
702
570
0
22,366

870
Consumables 1,566
Nonpropellant Fluids 138
Inert Mass 2,574

Total Less Propellant 24,940
Propellant 0
'Wet Mass 24,940

Project Mgrs Reserve 2,494
Total 27,434

SLS-Class Full Capability Habitat*

*Smitherman, D., B. Griffin, “Habitat Concepts for Deep Space Exploration,” AIAA Space 2014, PaperNo. 4477, San Diego, CA, August 2014.
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Mass & Volume Comparison
Deep Space Habitats in the Lunar Vicinity

- Mass of Habitable Elements
|:| Habitable Volume
=] Total Pressurized Volume

185 281 193 496 662 662
76 108 ag 353 519 440
m?3 m3 m?3 m? m3 m3

N N

SLS Derived Configurations C
A

S Derived Configurations A & B
A

50 29 46
mt mt mt

3 4 4 4 4 4 6 | No. of Crew
171 60 500 60 500| ppp180 -180 000 No. of Days

Skylab ISS Conf.A. Conf.A. Conf.B. Conf. B. Conf.C-1. Conf.C-2. Conf. C-3.
ISS Node ISS Node + ISSHAB [ISSHAB SLS Min. SLS Full SLS Mars
+1MPLM 2 MPLMs + MPLM Habitat Habitat Habitat

Mass & Volume Comparison*

*Smitherman, D., B. Griffin, “Habitat Concepts for Deep Space Exploration,” AIAA Space 2014, PaperNo. 4477, San Diego, CA, August 2014.
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Mass & Volume Comparisons
Deep Space Habitats for Mars Transit Vehicles

3 Small ISS Diameter Modules 2 Medium Diameter Modules

Total mass decreases as
number of modulesis
reduced and modulevolume
is increased

No. of Days

Il Mass of Habitable Elements
D Habitable Volume
[ Total Pressurized Volume

Skylab Mars Transfer Habitat Concepts

1 Large Diameter Module Mass & Volume Comparison**

**Data plannedforpublications at AIAA Space 2015
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Interior Outfitting

Skylab & ISS

{ :».::i

_ Lt o e L

ISS: Small diameter, horizontally oriente
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Habitat Support Systems

ISS vs. other approaches

 Deep Space Habitats

Galley Wardroom
SLS Propellant Tank ————___

— Lunar vicinity

Stowage

* Crew tended operations
) ) EVA Airlock RS o | | Hygiene / Waste
* Limitedresupply 4 Ik i Management
« Multi-mission support '
— Marsmissions
* Crew maintenance & repair Workstation (4) 7 /- Crew transiation
i ; (both ends)

* Noresupply Crew Quarters (4
e Refurbishment

ISS Diameter Modules

ISS RaCk o-:»gn»avaf_o.nu u_v‘DI Iv‘ﬂv'vchanqoabmty
System myvn 1o cotng

Local vertical for crew

Easy accensCabi Tray Floor / Ceiling Pallet System Wall Pallet System
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