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Granular Mechanics and Regolith Operations 
Explores ways to use regolith (dirt, gravel, rocks) on the surfaces of other planets for ISRU. 
Studies blasting effects of rocket plumes; robotics; mining; regolith transportation; additive 
manufacturing; physics and geology.

Applied Chemistry 
Studies ISRU chemical processes: toxic vapor detection; hydrogen detection; self-
healing wire insulation; prospecting for water on the moon; resource extraction 
methods; ground water cleaning.

Electrostatics and Surface Physics
Electrostatic charging solutions; high density, rapid charging energy storage 
devices; dust repulsion off surfaces, such as solar panels.

Advanced Life Support
Develops technologies for human exploration life support and habitations. Water recovery 
systems; ammonia removal; microbial characterization; in-situ production of advanced 
biological materials and composites; advanced environmental control.





Simulated Moon Hazard Field



aerial view
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Design

Build

Test

Credit: Astronaut Mike Gernhardt, NASA JSC

Functional 
Requirements

Expanded 
Functional 

Requirements

Preliminary 
Design 

Requirements
Flight Design 
Requirements

Gen I Gen II Gen III Flight

Begin with a clear 
vision of what the 
technology will do 
and won’t do

By the Preliminary Design 
Review (PDR), we will know 
exactly what we want, how 
we’re going to build it, and how 
we’re going to operate it

Design-build-test conducted iteratively with increasing knowledge of the operating 
environment will result in an end product that optimizes safety and performance.





“

”
http://spectrum.ieee.org/automaton/robotics/military-
robots/nasa-training-swarmie-robots-for-space-mining







for as many uses as 
possible. We take one of two 
approaches:

1. Extracting resources out of the 
regolith, usually with chemical 
processes

2. Using the regolith as a raw material 
for building structures



Moon Mineralogy Map. NASA/JPL

• 42% oxygen by mass
• Water
• Hydrogen
• Helium & helium 3
• Carbon monoxide
• Metals (aluminum, titanium, iron…)
• Silica � glass, optical communication fibers

blue = water signature

Chemical composition of surface regolith (dirt, gravel, rocks)

Compound Formula Composition (wt %)
Maria Highlands

silica SiO2 45.4% 45.5%
alumina Al2O3 14.9% 24.0%
lime CaO 11.8% 15.9%
iron(II) oxide FeO 14.1% 5.9%
magnesia MgO 9.2% 7.5%
titanium dioxide TiO2 3.9% 0.6%
sodium oxide Na2O 0.6% 0.6%

Total 99.9% 100.0%



fuel for rovers

oxygen for breathing air
drinking water

rocket engine 
propellant consumable 

gases



RESOLVE payload on the rover Artemis. Image Credit: NASA/Joe Bibby





Artist concept of heat shield fabrication. NASA/KSC



Clockwise from top left: Regolith-derived heat shield sample undergoing flame testing; regolith samples post-test; 
artist concept. Image Credit: NASA/KSC



JPL ATHLETE Robot

KSC Print Head 
& Regolith Feed 

System

Solar Power 
Concentrators



Image credit: Contour Crafting



Image Credit:  heavyequipment.com



RASSOR (the Regolith Advanced Surface 
Systems Operations Robot) is a mining 
robot that can load, haul, and dump 
regolith to its appropriate destination.

To accomplish this, it features two counter-
rotating bucket drums, designed specifically 
to minimize excavation forces.





RASSOR Acrobatics. Image Credit: NASA/Rachel Hardy



RASSOR Lunar Testing. Image Credit: Gina Chitko/NASA/KSC







FUTURE RASSOR TECHNOLOGY 




