
CubeSat Lunar Application Surface Station (CLASS): An 
ALSEP-Like Science Package in a Cubesat Form Factor? 
P.E. Clark1,3, J. Didion2, R. Cox3   
1 IACS/Catholic University of America@NASA/GSFC, 2NASA/GSFC, 3Flexure Engineering 

Science Overview, Investigations:  Although 
samples have been collected from the Moon, the 
'dynamics' of the lunar environment itself have not 
been systematically studied.  ALSEP packages 
deployed in the equatorial region during the Apollo 
era are no longer operational (except for passive 
retroreflectors), but they certainly gave indications 
of the nature of the fields and particle environment 
around the Moon.  However, globally (in longitude 
and latitude) distributed identical instrument 
packages taking simultaneous measurements 
could provide systematic evaluation of the 
questions that have arisen about the dynamic 
nature of the lunar environment, the exosphere, 
dust and volatile transport, charging as a function 
of exposure to light, solar wind, and plasma, the 
nature of local and global fields.  Particularly 
important is the capability of taking measurements 
for at least some portion of lunar night. These 
measurements should be provided before lunar 
landed exploration activities planned over the next 
decade have a significant impact on the 
environment. Such measurements will provide a 
m u c h m o r e c o m p r e h e n s i v e b a s i s f o r 
understanding the protection needed for humans 
and robotic devices spending any length of time 
on the lunar surface. Because the lunar surface 
represents the range of conditions on most solar 
system objects and yet is far closer than other 
objects, it also represents an ideal technology 
testbed.  

Stand Alone Deployable Science Packages: 
The original ALSEP package utilized radiothermal 
generators, based on Pu238, to supply power for 
maintaining survival and in some cases 
operational temperatures for the instruments 
during lunar night. Pu238, by far the most 
desirable isotope for use in radio isotope based 
power supplies (RPS), is no longer readily 
available and, although development of future 
power Pu238-based power supplies is planned, 
such RPS are relatively inefficient, require volume 
and mass for containment, and are relatively 
expensive due to the complex multi-step process 
in their production and the expense involved in 
documenting and controlling such strategic 
material.  Therefore, we developed a design 
concept for an ALSEP-like stand-alone lunar 
surface instrument packages in support of Project 
Constellation that did not require radioisotope-
based batteries.  
 

Initial Design with Conventional Technology: 
Our initial attempt to design a lunar environmental 
monitoring station (LEMS) with a conventional 
solar/battery based power system led to a 
package with a unacceptably large mass (500 kg), 
over half of which was battery mass. Just keeping 
the batteries warm enough required most of the 
power and thus much of the battery mass. We 
reduced the mass to 100 kg in two ways.  
1)  We incorporated MilSpec electronics, which 

are intrinsically more capable of operating in 
h i g h r a d i a t i o n , c o l d e r t e m p e r a t u r e 
environments, though more costly.  

2)  2) We incorporated JWST G10 as multi-layer 
thin reflective/insulating boxes. That change 
alone allowed survival for up to one week. We 
then incorporated the gravity-assisted heat 
pipe, to create an innovative thermal balance 
strategy, as well as ULT electronics into the 
design. We were able to achieve not only 
survival but also a 10% duty cycle through the 
two week long lunar night. 
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Automated Lunar Environmental Monitoring Station Concept 

Reduction in mass and power for LEMS as new concepts developed 
Design Regime   Conventional 

Electronics  
MilSpec Cold 

Electronics   
New Thermal 

Design 
Compact 

12U concept 
Operational  

Limit C   
-10 -40 -40 -40 

Survival  
Limit C 

-20 -50 -50 -50 

Battery  
Mass kg 

240 120 30 5 (3U)  

Remaining  
Mass kg 

260 260 70 12 

Total  
Mass kg 

500 380 100 15 

Power W  
peak/minimum 

50 30 65/10 10/2 

Night Duty Cycle None None 10% >10% 



Application: Here, we revisit the deployable surface 
pacakge design concept with existing cubesat 
technology to be used in support of a fields and 
particles surface monitoring station. Packages based 
on the cubesat paradigm, standard platform and 
component with Class D development, acting as 
'pathfinders' for environmental networks on the Moon 
or elsewhere, could be deployed robotically from 
lunar landers going to widely different latitude and 
longitude locations. Such packages could also be 
deployed, like the ALSEP packages, during human 
landing missions to provide ongoing observations of 
the environment.  
Cubesat systems now being developed for deep 
space, including C&DH/ processing, communication 
and solar panel deployables, have smaller scale 
electronics components intrinsically capable of 
operating faster and at colder temperatures with 
intrinsically greater radiation hardness. How scalable 
is the thermal design developed for the ALSEP-like 
LEMS (without RTGs or RHUs) concept for Project 
Constellation to a cubesat form factor package?  
Based on preliminary work, with state of the art 
thermal design, a 5 U payload of compact 
instruments, such as a small particle analyzer, 
electrical field instrument, and UV spectrometer, 
could be supported in a 12 U package with cubesat 
bus and deployables for power generation and 
communication (4 U), and 3 U for battery volume. 
With alternative power storage systems under 
development, a larger payload might be possible.  

Scaling Analysis: A 12U Cubesat would be roughly 
1/6 the mass of an ALSEP-like (100 kg versus 15 kg) 
and, for two to three instruments, require about 1/6 
the mass of batteries to support <1/6 of the power 
requirement (65 W versus <10 W). 2 Cubesat battery  
packs (2@ 20Ah) should be good for 20W/hour for 2 
hours (5W for 8 hours) and require ¾ U volume. A 
10% duty cycle over 14 days (32 hours) running at 
5W/hour would require 4 times the battery volume 
(3U). A system requiring 10W/hour could run at a 5% 
duty cycle. Assuming a passive thermal design, this 
power level could allow operation of small particle 
analyzer, electrical field instrument, and UV 
spectrometer.  

Thermal, Mechanical, Mechanism Challenges: 
The LEMS thermal design concept required use of 
multiple thin, insulating boxes of G10, and a gravity-
assisted heat pipe. What technology under 
development could create a more compact and 
efficient thermal design? 

Flexible, lightweight ‘smart’ materials that would 
efficiently absorb or release heat as required for 
lower mass and volume penalty, and that could act 
as switches to prevent or allow heat flow. 

More compact heat pipe technologies, utilizing ionic 
liquids. 

Power storage Challenge: Strategies for surviving 
lunar night have included RTGs, hibernation, and the 
concept presented for LEMS. What technology under 
development could create more efficient, lower 
volume power generation and storage? 

More efficient, radiation tolerant, compact cubesat 
deployable solar panels 

Colder operating temperature energy storage 
technology (depth of charge, number of recharges) 
(storage, transmission) such as graphene-based 
supercapacitors linked to produce slower discharge. 

Engineering Support to Resolve Challenges:  

1)  Inputs on properties and availability of ‘smart’ 
materials. 

2)  Inputs on energy storage alternative availability 
now and in 5 years. 

3)  Inputs on cubesat deployment mechanism 
operation in lunar environment (during lunar day). 

4)  Incorporation of any of these elements into 
design. 


