
Solution
The goal of the 3D EDS development is to create tools
that astronauts can use to clean their spacesuits and
other surfaces. By incorporating EDS into a bristle
structure, the advanced dust mitigation method can be
used to remove lunar dust from surfaces where
traditional 2D EDS implementation may be otherwise
impossible. Testing 3D EDS systems involved placing
electrodes into Thunderon® and nylon brushes and
observing the repulsion of dust. These experiments
used LHS-1 and UV radiation was used to boost
repulsion. Particles moved off the Thunderon® more
readily and the EDS signal caused the bristles to vibrate,
knocking more dust loose. However, the bristles
deformed significantly due to heating caused by the UV.
The nylon bristles were resistant to melting but allowed
for less dust movement. Current research is considering
a material with improved thermal properties and
sufficiently high dielectric permittivity to allow the 3D-
EDS to cause particle ejection.
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Problem Statement
The return of manned missions to the moon re-quires
novel solutions to the unique problems posed by lunar
dust. One technology that has been identified as a
promising dust mitigation solution is Electrodynamic
Dust Shielding, or EDS [1]. EDS is an active dust
mitigation technique which uses alternating electric
fields applied to pairs or sets of interdigitated electrodes
to remove lunar dust from surfaces. While EDS has been
shown to be effective for several applications and form
factors [2], further development and combination with
other mitigation solutions is needed for EDS to be safe
and reliable for lunar surface operations. This
presentation will describe recent work at Georgia Tech
investigating novel EDS solutions including (1) new
materials and form factors for planar (2D) EDS, (2) the
effects of surface coatings, UV, and electron
bombardment on the effectiveness of EDS, and (3) the
design of a 3D-EDS system for brush cleaning.
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Solar UV can cause photoelectron emission from lunar
dust grains, and Wang et al. [2] found that dust grains
exposed to UV radiation could undergo electrostatic
repulsion and ballistic “hopping”. Tests performed here
exposed a sample of LHS-1 to a 172 nm excimer lamp
(25 W) and resulted in minimal movement of dust
particles. Testing was then conducted with the 2D-EDS
while the dust was simultaneously exposed to UV. With
the UV lamp on, the voltage required for the EDS to
cause movement of dust particles was reduced by about
50%. Further, the effective reach (distance at which the
EDS caused grain movement) was increased by 1-2mm
in the presence of UV.

Surprisingly, increased dust movement was observed
both when the UV was turned on AND off, while a
steady state within a minute of continuous exposure.
The effect did not diminish over multiple on/off cycles.
This indicates that the dynamical photoelectric charging
effect can be used to greatly enhance the efficiency of
EDS system While these results are promising, further
development is in progress to better quantify the
benefits of photoelectric charging via UV. This includes
image analysis work as well as pulsed UV exposure
experiments.

Combined EDS and UV

Solution
Although EDS has long been studied as a promising dust
mitigation solution, previous systems often require high
voltages and rigid form factors for operation. The goal of
the SSERVI REVEALS team is to design systems that
operate at lower applied potentials, that can be quickly
and easily manufactured, and that can be easily
combined with additional dust mitigation solutions (e.g.,
electron bombardment or passive coatings). Leveraging
recent work from the SSERVI REVEALS program on the
development of chemically modified reduced graphene
oxide (CMrGO) [3,4] planar EDS systems have been
created through a surface lamination technique which
produces a surface-localized, electrically conductive
nano-composite which serves as the electrode material.
This material is beneficial as it can be blended into bulk
polymers or laminated onto a wide range of
thermoplastics in a range of patterns [4].

CMrGO as EDS Material

Solution
To determine the efficacy of CMrGO as the electrode
material, benchmark tests were conducted to compare
with copper electrode EDS systems. A neon sign
transformer provided two-phase sinusoidal, bi-polar
waveforms at 60 Hz and the samples were held in
vacuum at 10-5 Torr. Dust movement was observed
beginning at 1000V, matching the original copper
systems.

One behavior of the CMrGO system that was
inconsistent was a consistent sparking along the CMrGO
traces beginning at voltages over 2000V. Using an
electron microscope, it was revealed that the material
was ablating under the high potentials.

As opposed to traditional EDS systems where the traces
were cleared first, the CMrGO EDS systems consistently
showed dust collection of lunar dust along the electrode
traces. To determine if this was due to the CMrGO itself,
a Kapton film was applied over the electrodes, and since
the behavior persisted it was determined due to the
applied waveform (60 Hz sine wave).

Performance of CMrGO EDS

Figure 7: Thunderon® brush with 3D-EDS. Severe bristle 
deformation due to radiative heating from UV lamp.
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Figure 1: This image shows the CMrGO as it is being 
spray coated through the SS mask (left) and after 

removing the mask leaving the conductive traces (right).

Figure 2: 2D CMrGO EDS before (left) and after 
charged to 3500V (right)

Figure 3: SEM image of partially ablated CMrGO 
electrode. Rough texture is ablated region while the 

smooth section in middle right is undamaged.

Figure 4: Uncoated CMrGO EDS (left) and kapton coated 
(right), both showing that dust segregates to the traces.

Figure 5: Comparison of two CMrGO EDS samples 
without UV (left) and with UV (right). Both samples are 
coated with Kapton and had applied signals of 1500 V. 
The UV case shows deformation in the coating possibly 
caused by degradation of the adhesive or the CMrGO 

under the heat from the UV lamp.

Figure 6: EDS effectiveness is quantified by determining 
the change in dust coverage before and after via 

threshold detection of individual grains. Original image 
on left and modified image on right. 


