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Introduction: Design of an effective dust mitiga-
tion system to support NASA’s new initiative to return
to the surface of the Moon must be a high priority
[1,2]. A number of strategies have been proposed
based on brushing, magnetic susceptibility or magnetic
attraction, variable EMF or other surfaces, and particle
gunsfor charging or repelling dust [2].

Brushing was demonstrated to be effective only on
a short term basis during the Apollo missions [1].
Abrasivity of particles damaged surfaces, sometimes
compromised seals. High surface area/volume of the
particles meant sticking (electrostatic and mechanical)
and little removal of finer particles leading ultimately
to mechanical joint failure.

Magnetic Susceptibility/Magnetic Attraction strate-
gies have been proposed to remove lunar fines based
on the observations that metallic iron abundance and
magnetic susceptibility increase with decreasing grain
size in mare soils [3,4]. Tests of magnetic separation
mechanisms have shown clumping and lower
separation efficiency for the problematic finer grain
sizes [5]. High gradient magnetic separation technique
proposed for filtering fine dust from shelters [5] are
not necessarily suitable for cleaning mechanical sur-
facesin the field. A question remains as to how much
variation in magnetic susceptibility is present among
al lunar fines, particularly those in uncontaminated
highland soils.

Electrostatic Approach to Dust Control: Fields,
charged particles, and dust particle interactions on the
Moon are complex, their interactions dependent on
environmental conditions and highly variable particle
properties including size, shape, composition, mag-
netic and electrical properties. Lunar fines shows low
electrical conductivity and dielectric loss [5], and thus
tend to remain electrostatically charged [6]. Greater
illumination and temperature increase surface poten-
tial. Less mafic particles tend to have lower loss tan-
gents and greater conductivity and are thus more apt to
become electrostatically charged more quickly [6].
Electrostatic charging of the Moon occurs via interac-
tion of solar UV light with the surface causing photo-
emission of electrons and interaction of the loca
plasma environment [7]. Charged dust grains are re-
pelled from like-charged surface or attracted to oppo-
sitely charged surface. Surface charging on the dayside
is driven by photoelectron currents, resulting in elec-
tron depletion and positive charging of the surface; on
the nightside, plasma electron currents result in elec-

tron accumulation and negative charging of the surface
[8].

The properties and behaviors of individual particles
in the presence of plasmas or photoemissive surfaces
have been studied in the laboratory [e.g., 6,9-13] and
theoretically modeled (e.g., 7,14,15]. Although foun-
dational work on dust behavior in fields has been
done, empirical analysis of collective dust behavior on
surfaces within the context of surrounding non-
conducting, dusty plasma/regolith environment is just
beginning. Starting with theoretical models as well as
dust behavior already observed on the lunar surface
[16-19] as input for an empirical simulation, Calle and
coworkers [20] recently demonstrated that dust parti-
cles can be transported by electrostatic fields whether
charged or not by applying aternative waveforms of
voltage to a surface with patterned grids of electrodes.
Goddard investigators have proposed an instrument to
monitor the dust and plasma environment on the Moon
(LEED-Lunar Emissions and Electron Detector) to
support longer-term efforts like the development of
SPARCLE, Space Plasma Alleviation of Regolith
Concentrations in the Lunar Environment [2,15,21].

Our original concept (SPARCLE) [3] involved us-
ing electron or ion guns (Figure 1 electron gun), acting
as a plasma dust sweepers, an approach similar to one
used to control spacecraft potential in a highly charged
environment [22]. Because Calle and coworkers [20]
have already achieved success in moving dust by sys-
tematic scanning of an electrostatic mesh surface with
variable EMF (Figure 2), we how propose using parti-
cle beams to control the flow and remove/collect dust
across such surfaces (Figure 3). How will the nature of
the spacecraft surface covered with insulating dust
affect electrostatic discharge? If the spacecraft surface
is conducting the discharge would be relatively rapid.
As long as the discharge rate occurs as the RC time




constant, as anticipated, an electron gun should be able
to charge the surface up fast enough to overcome
bleeding of charge. If the spacecraft surface is non-
conducting, will the electron gun be able to provide
sufficient potential to be attracted to oppositely
charged plate? We anticipate that the gun will have a
high enough current to offset charging due to the solar
wind and the photoemissive effect which is 10-100
times higher than solar wind. What happens when the
conductivity of the surface or the average particle size
varies? Will variation in light and shadow generate a
dual polarity surface which will cause dust movement
[16] and differential charging? We are setting up ex-
periments designed to answer these questions will lead
to the conceptualization of such a device. Building a
Dust Device: Immer and coworkers [23] performed a
series of experiments which demonstrated that dust can
be transported by electrostatic fields. Alternating
waveforms of voltage were applied to patterned grids
of electrodes on three-phase, copper-conductor screens
fabricated using normal circuit board manufacturing
techniques. Each phase was routed to a high voltage
amplifier, allowing independent generation of phases.
The set up wais designed to alow rapid remova of
screen to measure the effectiveness of dust removal.
Optically transparent materials such as Indium Tin
Oxide coated polyester screens, which can be applied
over solar panels, viewports, or visors, have also dem-
onstrated minimal degradation in performance. Dust
clearing increased with increasing voltage [23]. The
dip in clearing effectiveness observed at 300 volts was
thought to be caused by a resonance between switch-
ing phases causing dust to oscillate between mesh
elements without being clear.

We are readying an environmental chamber de-
signed to simulate the charging induced by solar illu-
mination and solar wind domination during the lunar
day (resulting in net positive charging of dust) and
plasma interaction domination during lunar night (re-
sulting in net negative charging of dust). We will be
able to operate cryogenicaly, over a range of tempera-
tures, observing the resulting electrostatic interactions,
as important inputs for how to control the flow of dust
through controlling the potentials of dust and contact
surfaces via our recently constructed electron gun and
an ion gun we will build as part of this effort. Potential
of ‘spacecraft’ surface will be measured with an ion
spectrometer, and, if available, roughened surfaces
with dust-like properties will be tested as well.

Application to the Lunar Surface: Based on the
minimal degradation in performance of laser ranging
retro-reflectors on the lunar surface decades after
Apollo [24], as well as on results from orbital geo-
chemistry experiments which showed clearly definable

terrane boundaries, environmentally-induced move-
ment of dust should occur predictably and on a rela
tively modest scale [25]. Dust will be stirred up on the
Moon primarily through mechanical contact at landing
sites. Thus, structures which are mobile or stationary
with moving parts would need dust control systems
(Figure 3). Such structures could have outer skins
which could act as electrostatic screens with varying
phase EMF, plusion or electron guns deployable using
addressable, reconfigurable component manipulators
[3]. Particle guns would be used to control the flow as
illumination and temperature conditions changed. The
goal is to provide a compact, low power device to be
operational in <5 years with heritage from ionic
sweepers for active spacecraft potential control.

Electrostatically based dust control system

References: [1] Gaier (2005) NASA TM-2005-
213610; [2] Clark et al, 2007, Proceedings STAIF-06; [3]
McKay et a, 1991, in Lunar Sourcebook, Cambridge Uni-
versity Press; [4] Taylor et al (2005) 1% space explora-
tion conference, AIAA 2005-2510; [5] Carrier et d,
1991, in Lunar Sourcebook, Cambridge University Press;
[6] Sickafoose et a (2001) JGR Space Phys, 105, S5,
8343-8356; [7] Stubbs et a (2006) Adv Space Res, 37,1,
59-66; [8] Manka (1973) in Photon and particle interac-
tions with surfaces in space, 347-361; [9] Colver (1976) , J
Appl Phys, 47, 11; [10] Olansen et a (1989) J App Phys,
66, 12, 6098-6109; [11] Horanyi et al (1998) JGR, 103,
8575-8580; [12] Cheng et al (2002a) Journal of Adhesion,
Vol. 78, pp. 929-965; [13] Cheng et al (2002b) Aerosol
Science and Technology, Vol. 36, 10, pp. 993-1002; [14]
Ogilvie et a (1996) , GRL, 23, 10, 1255-1258; [15] Far-
rell et a (1998) JGR, 103, 23653-23660; [16] Criswell
(1973), in photon and particle interactions with sur-
faces in space, 545-556; [17] McCoy and Criswell
(1974) Proc 5™ Lun Sci Conf, 2991-3005; [18] Rhee et
al (1977) COSPAR 17, 627-629; 19] Berg et a (1976)
in Interplanetary Dust and Zodiacal Light, 233-237;
[20] Cale et a (2004) http://www.spacecongress.org/
2004/2a-calle.pdf; [21] Curtis et a (2006) EOS Trans
AGU 87, 36; [22] (Comfort et al (1998) Journa of
Spacecraft and Rockets, 35, 845-859; [23] Immer et al
(2006) Lun Plan Sci  XXXVII, 2265, [24]
http://www.space.com/news/spacehistory/apollo_ mir-
ror.html; [25] Adler et al (1974) Proc 5th Lun Sci
Conf, 975-979.



