
AMARIS: Mitigating Dust Accumulation Using Electrostatic Forces and a Lithium ion Nanofoil Shield with 
Applications to Lunar Missions. V. K. Cross1, C. K. Cross2, and K. L. Simmons3, 1Wolverine CubeSat Develop-
ment Team, vcross@bluecubesat.com, 2Wolverine CubeSat Development Team, ccross@bluecubesat.com, 
3BLUECUBE Aerospace / Wolverine CubeSat Development Team, 2300 Giralda Circle E#102, Palm Beach Gar-
dens, Florida, 33410, USA ksimmons@bluecubesat.com 
 

 
Introduction:  The Weiss School’s Wolverine Cu-

beSat Development Team (WCDT) is internationally 
recognized for creative excellence in aerospace, bio-
technology, engineering, and entrepreneurship. It be-
gan in August 2015 with nine middle school students, 
and the goal of launching a CubeSat into space. Since 
then, the team has launched numerous high altitude 
BalloonSats (HABs) and a 1U CubeSat, WeissSat-1, 
which was selected by NASA for launch in December 
2018. They are now in the process of developing 
CapSat-1, their second CubeSat selected by NASA’s 
CubeSat Launch Initiative. Additionally, students and 
alumni have begun developing the AMARIS lunar 
rover, demonstrating the importance of engaging stu-
dents in space-based scientific research within the aca-
demic pipeline while utilizing commercial off-the-shelf 
(COTS) and CubeSat technology. 

According to Apollo 17 astronaut Gene Cernan, 
“Dust is probably one of our greatest inhibitors to a 
nominal operation on the moon.” [1] Exposed to bom-
bardment of micrometeoroids, the lunar regolith be-
comes subjected to miniature shock waves that form 
sharp glassy fragments called agglutinates, believed to 
cause hardware failures and to be toxic to astronauts. 
There is still no effective method of protecting against 
this abrasive and adhesive dust. [2] During the lunar 
day, energetic charged particles charge the surface 
regolith by ejecting secondary electrons from atoms, 
thus forming positively charged regions. Forces of 
attraction between these dust particles are mainly hori-
zontal, while the repulsive forces are mainly vertical, 
creating a dust cloud from the rise of particles. [3] The 
team proposes that ionizing particles have the ability to 
also charge surfaces comprised of atoms with low ion-
ization energy. The AMARIS mission will evaluate the 
potential to repel dust using an ultra-thin lithium 
nanofoil coating that will be charged positively 
through ionization for use on instruments, suits, and 
other equipment. 

A study by A. P. Jordan outlines a model devel-
oped to show the energy levels at which energetic par-
ticles strike the lunar surface, causing deep dielectric 
charging. [4] It takes into account various factors in-
cluding regolith density, electrical conductivity, per-
mittivity, and the angle of incidence at which the parti-
cles hit, determining the depth to which they penetrate. 
The model demonstrates that the top micrometer of 

dust on the Moon experiences energies of 47-66 eV, 
enough to strip electrons from dust particles. Although 
much greater levels have been recorded, AMARIS will 
use this data as a baseline to prevent over-estimation. 

By utilizing the energy from ionizing particles, 
AMARIS will test a method of repelling dust particles 
from surfaces by using an ultra-thin lithium nanofoil 
coating. The energy from the particles strips the third 
electron, if not all electrons from the 1s and 2s shell of 
each lithium (Li) atom, forming either a Li+1 or Li+2 
ion. Li was chosen because of its low density, high 
melting point (180.54º C), and low ionization energy 
or electron binding energy (first ionization energy - 
57.875 eV, second ionization energy - 5.392 eV). [5] 
This allows the element to closely mimic the effects 
that radiation has on the lunar dust by being able to 
lose one or all of its electrons and become positively 
charged. An electrical insulating layer will be applied 
as a primer below the Li layer to ensure that electrons, 
once knocked off, will not re-enter the nanofoil layer 
and neutralize it. This coating will be able to be ap-
plied on hardware, instruments, astronaut EVA suits, 
and other items exposed to the dusty lunar environ-
ment to optimally protect against lunar dust accumula-
tion during the lunar day by repelling the positively 
charged dust. Its applications for use during the lunar 
nights are currently being examined. 

AMARIS’ landing site will be Lacus Mortis in the 
northeastern region of the moon at latitude 43.9142 ̊ N 
and longitude 25.1479 ̊ E. The plateau offers a safe 
landing site for Astrobotic’s Peregrine Lander, from 
which the rover will deploy. The regolith depth is ex-
pected to be one to two inches, and any slopes on the 
surface will be less than 12 ̊ with rocks a maximum 
height of 0.35m. [6] AMARIS will have a 1U form 
factor until deployed from the lander onto the lunar 
surface using a Nitinol hinge, opening to form a 2U 
footprint. Its batteries will be fully charged with power 
provided by the lander, and necessary system diagnos-
tic checks will be performed by BLUECUBE to verify 
internal power sources and wireless communication. 
Once deployed, the rover will transition to surface 
mode, and Peregrine-provided power and wired com-
munication will be discontinued. Remote operation is 
performed by the AMARIS operator(s). The rover will 
traverse approximately 100m from the landing site and 
transmit experimental data through the Peregrine 
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Lander and back to Earth using a USB port. Surface 
operations will conclude at the onset of lunar night, 
providing a total of eight Earth days of mission life. In 
March of 2019, students briefed professional engineers 
from Aerojet Rocketdyne in a Preliminary Design Re-
view, and since then, students have conducted a proof-
of-concept experiment of the payload and continue to 
move forward in the development of AMARIS for 
launch in 2021. [7] 
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