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HABITAT SIZING TOOL
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Habitat Sizing Tool 

• The habitat sizing tool began in 2007 with 
reference material found in the book “Human 
Spaceflight: Mission Analysis and Design” [1] and 
has since expanded to include integrated sizing 
methods for every major discipline. 

• Key attributes include the ability to size the 
outfitting for any mission using the most common 
pressure vessels. 

• Key variables include instant output from crew 
size and mission length.

• Examples: 
1. Mars transit habitat configurations 
2. Lunar base module configurations  
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Example 1: Mars Transit Habitat concepts 
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Gateway concept by Bigelow 
Aerospace [4]

Gateway concept by Sierra Nevada [4]

Government reference for a Mars 
Transit Habitat [2, 3]
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Agency team estimate & Tool Calibration
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Government Reference Design [2] from 
Agency wide Subject Matter Experts

Government Reference Design [5] 
from Habitat Sizing Tool
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Dry mass and operational mass comparison
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Recent updates have aligned the 
ID numbers with AES / NextSTEP 

standards
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Initial Inputs and Summary Output              
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Discipline 
Worksheets

Output from 
Discipline Sizing

Output from 
MEL

MEL input from 
Disciplines

• User Input 
– Number of crew
– Mission duration
– EVA activity
– Primary location 

Habitat mass 
projection curve

Input impacts 
Spares mass 
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Master Equipment List (MEL) 

• Outputs to Summary Tab 
– Systems mass 
– Stowage mass 
– Vehicle mass 
– Average TRL 
– Average MGA 
– Equipment, Stowage, and Habitable Volumes 

• Capabilities 
– Equipment and stowage volumes based on average 

mass density estimates for each system 
– Launch mass adjustments available for payload 

limits 
– Outfitted mass provided for mission requirements 
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Qty. MGA TRL

Vol.

• User Input 
– Automatic input from all discipline tabs 
– Quantity adjustments 
– Technology Readiness Level (TRL) estimate 
– Mass Growth Allowance (MGA) estimate 
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0.0 Mission Analysis

• Locations include: 
– Earth Surface
– Lunar Surface
– Mars Surface
– Phobos Surface
– Deimos Surface
– Space Station Orbit
– Earth-Moon L1
– Earth-Moon L2
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• Data provided includes: 
– Gravity Level (g) 
– Max. Distance from Earth (km) 
– Max. Heliocentric Distance (AU)  
– Min. Solar Charge Time (min.)
– Maximum Eclipse Time (min.) 
– Max. Thermal View Temperature (K)  
– Solar Flux Level (W/m2) 

*Update needed to include NRO 

• User Input 
– None

• Automatic calculations based on destination input.
• Automatic input to discipline worksheets

– Lunar DRO*
– 100 km Lunar Equatorial Orbit*
– Sun Earth L2
– 1.2 AU Typical NEA
– 500 km Mars Equatorial 
– Mars Phobos Orbit
– Mars Deimos Orbit
– Mars 1 Sol Orbit
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1.0 Structures
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• Outputs
– 1.0 Pressure vessel mass 
– Volume, surface area, and radiator cylindrical 

area provided for input into other disciplines
• Capabilities

– Lengthy menu of over 75 pressure vessel and 
attachment options  

– Generic rigid pressure shell masses are 
estimated from a database of finite element 
models which are mass-optimized using the 
HyperSizer FEA program.

– Generic inflatable pressure shells are estimated 
using areal densities developed by ACO.

Custom sized rigid 
and inflatable 

pressure vessels

Numerous ISS, ISS 
derived, and Russian 

module pressure 
vessels

Rigid and inflatable 
airlocks

NDS and CBM 
docking systems

Windows and 
cupolas

• User Input 
– Pressure vessel length, diameter and end dome 

shape, or…
– Standard pressure vessels from available tooling 
– Number of Airlocks and type 
– Number of Docking Ports and type 
– Number of Windows and type 
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2.0 Propulsion

10

• Outputs 
– 2.0 Propulsion hardware mass 
– 14.0 Propellant mass 

• Capabilities
– Designed for low delta-v orbital transfers within Earth, Lunar and Mars orbits 

• User Input 
– Orbital transfer requirements 

• TLI to NRO 
• Mars 500 km orbit to Mars 1 Sol orbit 
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3.0 Power
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Power Requirements from 
other subsystem’s sheets including 
• Operational power
• Keep-alive power 
• Heat rejection  

H2/O2 & CH4/O2 
Fuel Cell Sizing

Solar Array Power Sizing Wiring Harness Sizing

Kilo-Power Nuclear 
Power Sizing

• Outputs 
– 3.0 Power mass including…
– Automatic output to other 

disciplines
• Capabilities 

– Solar array area 
– Operational power requirements 
– Keep-alive power requirements

• Power hardware mass
• Wiring harness mass 
• Solar array mass 
• Fuel cell fluid mass 

–

• User Input 
– Solar Arrays
– Options 

• Solar Arrays 
• Fuel Cells 
• Nuclear 

– Automatic power requirements 
from other disciplines
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4.0 Avionics Inputs 

• Output
– 4.0 Avionics mass
– Power requirements 

• Capabilities 
– Mass derived from Orion, ISS, and Shuttle 

heritage systems 
– Quantity and type of components depends on 

mission definitions
• Some quantities are automatic based on input 

table
• Others are selected manually
• Number of decks selected adds additional mass 

– Power profiling of avionics components based on 
major mission phases
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• User Input 
– Select from menu of subsystem components for… 

• Guidance Navigation & Control (GN&C)
• Command & Data Handling (C&DH)
• Communications & Tracking (C&T) 
• Crew Displays and Controls

– Number of internal deck levels 
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5. Thermal

• Outputs
– 5.0 Thermal system mass 
– Power requirements 
– Radiator area 

• Capabilities
– Active TCS based on dual pumped fluid loops (internal/external)

• Mass and Power sizing of internal and external TCS achieved via power 
scaling of a reference MEL.

• Reference MEL taken from previous NASA MSFC ACO study, "Habitat 
Safe Haven Configurations Study", 2017, with mass and power numbers 
for loop components based on Orion TCS.

• Quantities for specific components can be adjusted.
– Passive TCS (insulation, heaters) 

• Mass and Power sizing of passive TCS achieved via module surface 
area scaling of the above-mentioned reference MEL.

– Radiators
• Emitting area calculated from average Areal Heat Rejection values 

(W/m2) based on typical thermal environment (e.g. NEO, Lunar surface, 
Mars surface).

• Mass calculation based on radiator effective areal density, which 
depends of radiator type: fixed or deployable, single- or dual-sided.
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• User Input 
– In-Space or Surface System 
– One-sided fixed or Two-sided deployable radiators 
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6.0 Radiation Protection
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• Output
– 6.0 Radiation Protection mass 

• Capabilities
– Solar Proton Events (SPE) assumes a polyethylene panel mass wrapped around ISS like crew quarters 
– Galactic Cosmic Rays (GCR) assumes mass of water or regolith required for either in-space or surface habitat 

• User Input 
– Automatic calculation based on number of crew 

quarters to be protected 
– Optional GCR protection available 
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7.0 Environmental Control and Life Support System
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• Outputs
– 7.0 ECLSS hardware mass
– 12.0 Stowed Provisions mass
– 13.0 Consumables mass

• User Input 
– Automatic inputs from number of crew and mission days 
– Open vs closed loop systems are selected automatically but selection can be toggled manually
– ISS ECLSS and Advanced ECLSS options available from ES62 collaborations 

• Capabilities 
– Includes water, air, food, and waste balance 

calculated from crew needs and habitat inputs 
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8.0 Crew Systems

• Output
– 8.0 Crew Systems mass 

• Capabilities 
– Washer / Dryer system
– Shower 
– Custom exercise equipment 
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• User Input 
– Shopping list of items based primarily on ISS systems 

experience including specific equipment for the…
• Galley
• Wardroom
• Crew Quarters 
• Personal Hygiene Compartment 
• Crew Health Care for Medical and Exercise 
• Maintenance 
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9.0 Extra-Vehicular Activity (EVA) 

• Outputs 
– 9.0 Extra-Vehicular Activity (EVA) mass 
– 13.0 EVA consumable mass  

• Capabilities  
– Shopping list or primarily heritage ISS, Apollo, and 

Russian systems, and Orion systems 
– Automatic consumables calculation based on number of 

EVAs anticipated 
• Airlocks included in 1.0 Structures section 

– Options include ISS, Shuttle, and custom inflatable 
airlocks 
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• User Input 
– Number and type of EVA suit  
– EVA equipment options include…

• Tools 
• Free-flyer systems 
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10.0 Research 

• Output 
– 10.0 Research Equipment mass

• Capabilities 
– Based primarily on ISS research systems 

18

• User Input 
– Select from shopping list of research 

equipment 
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11.0 Robotic Systems  
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• Output 
– 11.0 Robotic systems mass 

• Capabilities
– Shuttle, ISS, and surface robotic 

systems options available 
– Mobility systems included for various 

surface mobility options 

• User Input 
– Custom Shuttle derived robotic arm 

selected 
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12.0 Stowed Provisions 
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• Output
– 12.0 Stowed Provisions mass

• Capabilities 
– Additional options available from 

selection menu
– Provisions based on ISS experience, 

but custom selections are available 

• User Input 
– Automatic input based on number of 

crew and mission days 
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13.0 Consumables 
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• User Input 
– Automatic input based on number of 

crew and mission days 

• Output
– 13.0 Consumables mass 

• Capabilities 
– Estimates based on ISS experience and outputs from 7.0 

ECLSS section 
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14.0 Spares
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• Output
– 14.0 Spares mass 

• Capabilities (Work in progress)
– Higher Mission Success rates will increase 

number of spares and associate mass 
– Mass will vary according to number of crew, 

mission duration, mean time between 
failures, and hardware repair capabilities

– Data is based on LaRC model from ISS 
experience 

• User Input 
– Automatic input based on number of crew and 

mission days 
– User input on Summary tab for Target Mission 

Success
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Example 1: Mars Transit Habitat 
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• Transit habitat configuration options [5]
– Government reference  
– Bigelow configuration option 
– Sierra Nevada configuration option 
– (3 other cases were run using ISS derived 

module)
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Mass Comparison 
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Government Reference Bigelow Derived Concept Sierra Nevada Derived Concept
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Comparisons to Government Reference

• Primary difference was in 1.0 Structures for use of different pressure vessels

• Structures mass for inflatables went up 
– In general inflatable systems do not decrease the mass in comparison to rigid pressure vessels due to the  multiple 

layers required for micrometeoroid shielding, deployment systems, and inflation systems 

• Power mass went up due primarily to larger thermal load from larger surface area for the 
inflatable module 

• Thermal mass went down on inflatables 
– Government reference used surface mounted radiator panels that doubled as micrometeoroid shielding which 

increased the thermal mass and decreased the structures mass 
– Inflatable systems used 2-sided deployable radiator panels which decreased the thermal mass 
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Example 2: Lunar Surface Base

• AIAA ASCEND 2020: “Concepts for Phased 
Development of a Lunar Surface Base” by D. 
Smitherman, S. Canerday, J. Perry, D. Howard 

• Initial Sizing with Tool utilized to create 
– 2-crew Operations module 
– 2-crew Laboratory module 
– Closed loop ECLSS module 
– Mobile lab (by adding mobility base)
– Airlock module 
– Logistics module 
– Node (by adding radial ports and cupola)

• Primary differences in each module
– Two module lengths utilized  
– Internal outfitting based on function 
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Lunar Surface Base Government Reference Design [6]
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Payload Adapter 
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• Leo Fabisinski: 3.0 Power

• Pete Capizzo: 4.0 Avionics 

• Andrew Schnell, Steven Sutherlin, Olivier Demaneuf: 5.0 Thermal

• David Tabb, Brittany Brown, Leo Fabisinski: 7.0 ECLSS & 
Advanced ECLSS 

• Brand Griffin, David Smitherman: 8.0 Crew Systems, 9.0 EVA, 10.0 
Research
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• Brand Griffin, David Tabb, Justin Rowe: 12.0 Stowed Provisions
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