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Mars Surface Habitability Options 

• Base assumptions 
– 500 day, 4 crew 

– 2 MMSEV rovers 

– Maintenance airlock 
(internal or external) 

– Four possible landers: 15t, 
18t, 27t, 41t 

– Crew lander and ascent 
vehicle delivered separately 

– Surface power and 
exploration equipment 
delivered separately 

– Flat-top lander vs sky crane 
delivery 

• Habitation options 
– Baseline monolithic 

– Vertical modular 
• Core + hab module 

• Core + inflatable (HDU) 

– SLS-EUC derived 
• Bottom docking 

• Side docking 

– Small-diameter horizontal 
modular 
• Multi-module 

• Mid-expandable 

• Inflatable hybrid 
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Baseline Assumptions 
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“Stay alive” power as 
needed until habitat is 
connected to power system 
(not included in study) 
 
Monolithic Habitat, custom 
designed for 500 days 
 
PEV on Chariot mobility 
systems 
 
 
 
 
 
 
 
 
 
 
EVA platform 

Monolithic Outpost Baseline 
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Modular Vertical Assumptions 

• The Modular Vertical system is derived from well-studied vertical habitat 
concepts such as the Habitat Demonstration Unit (HDU) 

• Base Assumptions 

– 500 day 

– 4 crew 

– 2 MMSEV rovers 

– Maintenance airlock (internal or external) 

– Crew lander and ascent vehicle delivered separately 

– Surface power and exploration equipment delivered separately 



Modular Vertical Precedents 
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Lift upper hand railing 
 
Atrium Plant Growth 
system 
 
Overhead stowage 
 
Radial Internal Material 
Handling System (RIMS) 
 
Lift column 
 
Lift platform and  
lower hand railing 

X-HAB LOFT 
 
 
 
 
 
 
 
 
 
 
DUST MODULE 
 
 
 
 
 
 
 
 
 
 
 
LAB MODULE 
 
HYGIENE 
MODULE 

Modular Vertical Precedents 
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Solar arrays 
 
Fuel cells and reactant 
tanks 
 
PEM excursion module 
 
Radiators: 
- PCM 24m2 

- PEM 5m2 

- PLM 5m2 

 
 
Inflatable airlock 
 
LER (4 x) 
 
 
 
PCM core module 
 
 
 
 
PLM logistics module 

Modular Vertical Precedents: Lunar Scenario 
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“Stay alive” power as 
needed 
 
Vertical Core Habitat 
 
PEV rovers 
 
EVA 
Platform 
 
 
 
 
 
 
Vertical habitat module 
custom-made for 500 day 
mission 

Modular Vertical Outpost 
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“Stay alive” power as 
needed 
 
Vertical Core  
 
Vertical inflatable habitat 
consisting of hard can 
identical to core, with 
inflatable dome 
 
 
 
 
 
 
 
 
 
Airlock and EVA Platform 

Modular Vertical Inflatable Outpost 
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SLS-Derived Transit / Surface Common 

• Habitat design dilemma: 

– Cannot take a habitat designed for microgravity and use it in a planetary 
environment 

– Cannot take a habitat designed for planetary environments and use it in 
microgravity 

– Cannot afford to set up distinct habitat project offices for each 
destination: 

– Lunar Surface, Mars Surface, NEA Transit, Mars Transit, Cislunar, 
Captured Asteroid, Martian Moons 

• Is it possible to consider all environments upfront and design a habitat 
applicable to all destinations? 
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SLS / Transit / Mars Forward 

SLS Exploration Upper 
Stage (EUS) 
 
 
Mars transit stack 
 
 
 
 
 
 
SLS-EUS hydrogen tank 
 
 
 
 
 
 
 
 
 
 
 
 
 
Transit hab / surface hab? 
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• 4 crew 

• 500 days on the surface 

• Logistics provided with 
pressurized rovers delivered 
separately 

• Crew lander and Mars Ascent 
Vehicle delivered separately 

• Surface power and exploration 
equipment delivered separately 

• Logistics, subsystem masses 
and volumes taken from Matt 
Simon’s Monolithic baseline 

Mass and Volume Estimate 

• Mass estimates are derived from 
previous Skylab II and EUS 
studies, and were not derived by 
new subsystem designs. Further 
mass reductions are likely with 
more detailed design and 
analysis. 

• Pressurized volume is based on 
designs.  

• Habitable volume is derived from 
previous Skylab II systems 
estimates.  

SLS-EUS Ground Rules & Assumptions 
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“Stay alive” power as 
needed until habitat is 
connected to power system 
(not part of study) 
 
SLS hydrogen tank derived 
habitat adaptable to 500 day 
and 500+500 day missions 
 
 
Underslung airlock 
 
 
 
 
 
 
PEV rovers 

SLS-EUS Bottom-dock Outpost 
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“Stay alive” power as 
needed 
 
SLS hydrogen tank derived 
habitat adaptable to 500 day 
and 500+500 day missions 
 
 
 
PEV rovers 

SLS-EUS Side-dock Outpost 
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Small-diameter Modular Horizontal Habitability 

• Assumptions: 

– Assume only small-diameter 3m 
pressure vessel for every 
habitable cabin, both habitats and 
vehicles 

– Structures masses calculated from 
Dorsey, et al (2008)* 

– Design constraints / parameters 
and subsystem masses taken 
from Matt Simon’s Monolithic 
baseline studies 

– Modular pressure vessel 
components will be assembled on 
Earth in factory 

– This is a preliminary study – 
elements are shown in table 

*Dorsey; Wu; Smith (2008). Structural Definition and Mass 
Estimation of Lunar Habitats for the Lunar Architecture Team 
Phase 2 (LAT-2) Study. Note: structures were calculated based 
on 1-g Earth analog loads, so difference of Mars and Lunar 
gravities are not considered significant. 
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Modular Horizontal Core Hab / STAR Node concept 

Solar arrays optional 
each STAR Node 
 
Space Technology & 
Advanced Readiness 
(STAR) Node (open loop 
ECLSS, air ventilation, 
fire suppressant, 
thermal, limited PMAD): 
STAR Node is central 
open loop ECLSS 
module for rovers as well 
 
Cockpits or end cones 
 
Modular mobility 
systems 
 
Active-active adapter 
 
Additional volume 
 
Core Hab (closed 
ECLSS, air / water 
revitalization, thermal, 
PMAD, avionics) 
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Phobos / Mars-forward    Adaptable 

RCS Sled PEV 

Phobos  
Hopper PEV 

Mars Surface  
Rover PEV 

Taxi 

MAV Cabin 
(work in progress) 
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Core hab module 
 
Maintenance airlock 
 
PEV rovers 
 
 
 
 
 
 
 
 
 
Modular midex 
modules (2x) 
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Core Habitat: Phobos Concepts 

7.5kW solar arrays (2x 
shown deployed) 
 
 
Hopper with EVA gull-wing 
doors 
 
 
 
 
Docked hopper 
 
Propellant tanks / integrated 
lander 
 
 
 
 
Modular Core Habitat 
 
 
 
 
Spring-loaded landing feet 
using hopper technology 



Mars Surface Habitability Conclusions 

• Habitats can be monolithic or broken up into small modular units if 
required 

• Multiple pressure vessel types will need to be developed, but 
commonality is possible – small common cabin can be used for rovers, 
taxi, logistics, and MAV 

• Small cabin habitats are possible, but larger volume means many small 
units that need to be docked together 

• Monolithic modules reduce risk for docking but require a large lander to 
deliver 

• Multiple modules have risk for docking and transportation, but can use 
smaller landers 

• Inflatable volume can extend habitable volume of hard-can habitats 

• Surface habitats and rovers have special needs for docking together 
that compensate for variable terrain – a flexible adapter 

• Recommended: converge on two sizes of pressure shells (small cabin 
and larger habitat) for all architecture elements, but ultimately lander 
size will govern 
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