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ABSTRACT 

Dust accumulation on thermal radiator surfaces planned for lunar exploration will 
significantly reduce their efficiency. Evidence from the Apollo missions shows that an 
insulating layer of dust accumulated on radiator surfaces could not be removed and caused 
serious thermal control problems. Temperatures measured at different locations the 
magnetometer on Apollo 12 were 38°C warmer than expected due to lunar dust accumulation. 

In this paper, we report on the application of the Electrodynamic Dust Shield (EDS) 
technology being developed in our NASA laboratory and applied to thermal radiator 
The EDS uses electrostatic and dielectrophoretic forces generated by a grid of electrodes 
running a 2 IJ,A electric current to remove dust particles from surfaces. Working prototypes of 
EDS systems on solar panels and on radiators developed 

at vacuum efficiencies above EDS prototypes on 
u~'uv'''' and rigid were developed 

INTRODUCTION 



is to thermal 
radiation systems when dust is transported to these systems as a result of lunar exploration 

can disturb the powdery top layer of the regolith 2005. A method to 
actively remove dust from the surfaces of thermal radiation systems is required to maintain 
the n .. "",,,,,,, ettllclenCH:!S 
being developed in our laboratory (Biris 2004, 
successfully to u.","""", 

rru:i!lators are being considered for 
The most common 

ELECTRODYNAMIC DUST SHIELD DESIGN 



particle's location. One of the best known dielectrics with excellent breakdown strt:ng1;h 
properties is polyimide. Polyimide typically has breakdown strengths which exceed 3.3 
kV/miL For this project we used three forms of poly imide as our dielectric barrier. The first is 
the wen-known polyimide commercially available by DuPont known as Kapton®, The second 
is a formulation created by the NASA Langley Research Center as LaRC-SI, a liquid 
formulation polyimide. The was another by Applied Lnemlsnry 
Laboratory at the NASA Kennedy Space Center which was a liquid formulation v""',,,>1",('\" 

commercially available Upilex®. 
dielectric the next is to create the "'1""(,"'I'\/'1P paltterTI 

of metal does not provide 
Shields. 

mel:nO(]IS. Sheldahl (Northfield, MN) supplies AglFEP and 
which can be to 

is warrante:1l 
sustainable current HP'" """I 

nature means is not 
insulating at room conditions. Water absorption within the paint itself lowers the surface 
resistance from ~1012 n at high vacuum down to ~ 106 n at room conditions which is a six 
orders of Thus it is to a overcoat on top of the 
electrode pattern to prevent sparking. top dielectric layer also serves to protect 
and personnel from 

one of the 

",,"~"-~ 1~ of a 
Shield embedded into a substrate coated with AZ-93 thermal paint. 



act as is it is manner to trallsi{)rm 
a commercially available radiator material into a self-cleaning dust mitigator. 

are a of methods available to make The 
applying a thick layer of metal to the surface of the 

requires a solid layer of 
radiator to be cornplete 

be ... "''''''A.fA'' 

grid 
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placement of the AZ-93 thermal painted samples inside either the dry box with relative 
humidity less than 1% or in high vacuum (10-6 torr) removed moisture from the samples. 

Preliminary dust removal tests were performed on the AZ-93 painted coupons. About 
50 mg of 50-1 00 ~m sized JSC-IA dust was placed on top each sample while inside a vacuum 
chamber. A large 2' x 3' vacuum chamber was pumped down to about 5 x 10-7 kPa using a 12" 
turbo molecular pump. The high voltage electrode of each radiator was connected through a 
feedthrough to a high voltage amplifier (Trek Model IO/IOB) with input provided by a 
function generator and monitored using an oscilloscope (Sony Tektronics IDS 3052B). The 
standard testing procedure consisted of running the radiators at 1 kV using a square waveform 
at 10Hz. The voltage would be stepped up by 500 volt increments and the resulting dust 
motion would be noted by visual means through a quartz viewport. Figure 3 shows a painted 
dust shield after dust removal at 2 kV. 

Figure 3. Electrodynamic Dust Shield on Kapton® substrate painted with AZ-93 paint 
after dust shield activation at 5 x 10-7 kPa. 

The electrodes on the initial painted dust shields were built on a layer of Kapton ® 2 
mils thick. The narrow thickness of this layer prevented the application of AC signals stronger 
than 2 kV, thus limiting the dust removal efficiency. Current designs now in production with 
Kapton® coatings 10 to 20 mils thick have withstood larger potentials and shown 
performances nearing 99%. We will report on those results in the near future. 

CONCLUSIONS 

The Electrodynamic Dust Shield is being developed to protect thermal radiator surfaces to be 
used in manned lunar exploration activities. Dust shields were constructed for two main types 
of thermal radiators. Both types involved the implementation of the dust shield on a metallic 
surface, a design that had not been required for earlier versions of the dust shield. For the first 
kind. dust shield electrodes were placed under the AZ-93 thermal coating that will provide the 
thermal control for solid metaBic surfaces. For the second type, dust shield electrodes were 
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