
4 October 2007 Brian.H.Wilcox@jpl.nasa.gov 1

Mobile Habitats and their 
Implications for Lunar Science 

Brian Wilcox
ATHLETE Principal Investigator
Jet Propulsion Laboratory
California Institute of Technology



4 October 2007 Brian.H.Wilcox@jpl.nasa.gov 2

Why Mobility on Habitats?
• Landing debris ejecta moves at km/s, in every direction from 

the lander, sandblasting anything within “ballistic- line-of-
sight”.

• Thus landing needs to occur beyond ballistic-line-of-sight 
from any valuable assets.  Making berms or other structures 
that allow nearby landing is challenging.

• Assets need to move to the lander, or visa-versa.
• If assets are mobile, then landing can happen in a safe zone 

km distant from other assets, and then move to link up 
outside landing zone.  Eliminates complex handing of 
heavy/bulky assets, cabling on surface, & outpost assembly.

• Almost “for free” this mobility enables global-scale scientific 
exploration of the moon.
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Why Wheels-on-Limbs are a less 
massive way to achieve mobility...

Design 
Parameter

Conventional Vehicle 
(that doesn’t get stuck in 
4� terrain)

Wheel-on-Limb Vehicle (rolls in 2-
� terrain; walks in extreme terrain)

Ground 
pressure

~1 PSI (e.g. Apollo LRV, 
MER)

~4 PSI (saves 2x each in radius 
and thickness; 8x mass)

Stall Rim 
Thrust

Each wheel needs rim 
thrust=50% of total 
vehicle weight

All wheels combined = 50% of 
vehicle weight (~12x mass savings 
for actuators, since radius is less)

Suspension Each wheel may need to 
bear up to 50% of total 
vehicle weight

No wheel needs to bear more than 
20% of the total weight, and each 
can be lifted whenever necessary

• Mass savings for wheels, wheel actuators, and suspension 
components more than “pays” for all limb actuators – allowing 
general-purpose manipulation and mobility >4-� for “free”.
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Of course you would have mobility,
if it were free...

• Current estimates are that, using a conventional 
(e.g. Mars Exploration Rover) mobility system, 
making a 20-ton vehicle mobile on the moon 
requires 10.9% of the vehicle mass for mobility.

• Using ATHLETE to make the same system 
mobile requires 7.4% of the total mass.

• A lander that can shed mass before full-
performance mobility is needed (e.g. rocket 
engines, tanks, etc.) might use as little as 5% of 
the landed mass for the mobility system.

• The deployed landing gear on Apollo was 2.7% 
of landed mass.  Some or all might overlap with 
mobility.
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Cumulative Surface Stay Days (Planned)

2t Crew
14t Cargo 

Lander 
Payload 
Capacity

6t Crew
19t Cargo 

Lander 
Payload 
Capacity

6t Crew,
No Cargo 

Lander
(LAT-1)

Crew surface time does not favor any one option over another but
cargo lander greatly facilitates build up 
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Option 1 – Mini-Hab 
Option 2 – Mini-Hab/Cargo
Option 3 – Monolithic
Option 4 – Mobile
Option 6-2 – Nuclear Mini-Hab
Option 6-3 – Nuclear Monolithic

Option 2 – Mini-Hab/Cargo
Option 3 – Monolithic
Option 4 – Mobile
Option 6-2 – Nuclear Mini-Hab
Option 6-3 – Nuclear Monolithic

6t Lander

2t Lander

Single-deck mobile hab is 
volume-limited; double-
decker “fixes” this problem
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Percent EVA Time: Option 2 (6MT)
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Percent EVA Time: Option 3 (6MT)
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Percent EVA Time: Option 4 (6MT)
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Science/Exploration

Assembly
Maintenance A large proportion of time is still 

available for exploration 

Early Assembly and Maintenance 
can be significant for construction of 
a mini-hab outpost 

Option 4 – Mobile Lander

Option 2 – Mini-Hab Option 3 – Monolithic

Crew Time Utilization, Mini-Hab vs. Monolithic vs. Mobile
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Some output from LPI Workshop 25-26 June 2007
• A very large fraction of participants felt that samples should not 

go into the habitat for reasons of contamination.
• Instead, there should be an external “robotic workbench” where 

high-grading can be performed.  As the campaign progresses, 
at least 10X more samples will be collected than can be 
returned.

• When astronauts are on the moon, “telepresence” technology 
can be used to link IVA astronauts with the robotic workbench.  
When astronauts are not on the moon, the workbench can still 
be used via supervisory control from Earth.

• Clive Neal and I formulated a LASER proposal to trench, 
explore the walls of the trench with instruments, and subsample
with core bits.

• JPL and JSC have formulated a robotic workbench over-
guideline proposal for ETDP FY ’08 funding that will probably 
be in-guideline in FY ’09.
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Example – LAT driven technology investment
Chassis for Surface Mobility
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Example – Pole to Pole Global Exploration
A Blend of Robotic and Human Exploration

Central Far Side Highlands

Oceanus Procellarum

Aristarchus Plateau
Rima Bode Mare Tranquillitatis

Travel time between 
previous site and this 

site (Months)

No loiter Loiter 1 m/sec, 25% of the time 

1-South Pole 6 0 0.0
2-SPA basin floor 4 1400 2.3
3-Orientale basin floor 5 2600 4.3
4-Oceanus Procellarum 4 1800 3.0
5-Mare Tranquillitatis 4 2000 3.3
6-Smythii basin floor 4 2400 4.0
7-Central far side highlands 5 3000 5.0
8-North Pole 6 2500 4.2

Distance 
between 

previous site 
and this site 

(km)

Lander capability 
(mT)

South Pole

Orientale Basin Floor

Smythii Basin Floor

SPA Basin Floor

North Pole

ESAS Sites
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“Winnebagos and Jeeps” for Global-
scale Lunar Exploration

• Global-scale exploration is enabled by mobile habitats 
(“Winnebagos”)

• Small Pressurized Rovers (“Jeeps”) allow astronauts to quickly 
and easily reach sites of scientific interest, to bring human 
senses as close to the samples as a field geologist on Earth.

• Mobile habitats can perform excavation, drilling, and other 
sample and resource gathering functions without excessive 
need for short segments of EVA.

• It has been stated that “continuous presence” and “global 
exploration” are in conflict, because the explorers must always 
return to the ascent stage (and the next crew must come down 
to the nearby habitats).  A solution is to make the ascent stage
lander mobile and bring it in the caravan of mobile habitats.


