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Project Description:
Demonstrate Electrodynamic Dust Shield (EDS) technology on transparent curved surfaces such as the astronaut helmet for the Artemis program and the stereo cameras on the Regolith Advanced Surface Systems Operations Robot (RASSOR).

Executive Summary:
Helmet: 
Two sample visors were used for testing. First visor was fitted with a set of two Indium Tin Oxide (ITO) patterns of the two-phase EDS and the second visor with a few parallel ITO lines. 
There were problems with both sets of visors upon initial inspection. Too much ITO deposited onto the first visor so the pattern was no longer transparent. The second visor with the pattern of parallel ITO lines was more transparent but it too did not possess an SiO2 cover layer. Modifications were needed so the visor with the parallel lines was fitted with a bus bar connected the electrodes together and coated the inside of the visor with an ITO layer as well to serve as the ground for the single phase version. Both samples were also coated with an SiO2 layer to prevent electrical breakdown. Both sets of visors were then tested in vacuum. Tests consisted of applying JSC-1A simulant to the surface and applying the appropriate EDS signals to each under vacuum conditions. Tests showed the removal of dust for the single phase (3D) version and the two-phase version of the EDS.

For the single phase EDS we applied a 10 Hz square wave up to 5 kV. In this configuration all of the electrodes on the external side of the visor are connected together. To obtain electric field divergence, the ground plane is parallel to the grid lines on the internal side of the visor. Thus the 2 mm thick visor requires higher voltage then their two-phase counterparts. It would be this configuration that would be most advantageous for an astronaut helmet since the electric field cannot penetrate the ground layer. For the conventional two-phase interdigitated EDS, we only required about 2 kV to remove dust from the surface. However, the large electric fields extend beyond the plane of the electrodes thus it may not be safe for astronaut use. It is important to note that both visors sparked at these voltages and further dust removal was prohibited. The belief is that the thin layer of SiO2 was not sufficient enough to support the large electric fields at the grid layer. These fields can exceed 108 Volts/meter which few materials are able to sustain.

The next phase is to apply additional SiO2 layering to the visors. 


Camera:
The EDS for RASSOR uses optically transparent EDS panels with ITO electrodes that were designed, fabricated, and tested in the laboratory for this project. The EDS panels are activated by a small High Voltage Power Supply (HVPS) that were designed and fabricated for this project, leveraging the development of the electronics for our current EDS flight demonstration project under the Commercial Payload Lunar Services (CLPS) program.

Single and two-phase EDS tests were conducted using multiple patterns for validation and comparison. 

During the single-phase operation, dust repulsion was observed when dust was cascaded in front of
the EDS. A small amount of dust adhered to the EDS and passive lens covers. Dust on the passive
lens cover was easily removed with compressed gas. Dust on the EDS could not be removed with
compressed gas and required blotting with an isopropanol-soaked low lint cloth. When dust was deposited directly onto both lens covers, the EDS was able to partially clear the dust. When remaining dust was cleared with compressed gas, only the large patches of remaining dust were removed. Neither EDS nor compressed gas could remove the dusty grid pattern. When the EDS was energized, it was also noted that the image from the adjacent camera changed color and became distorted, a clear sign of electromagnetic interference which was directly correlated with EDS operational cycles.

The HVPS used in the two-phase test is a modified version of the HVPS used in the one-phase EDS test. The second generation HVPS has its high voltage circuit completely isolated from the low voltage circuit. This greatly reduces the conduction portion of the electromagnetic interference observed in the first integration test. Additionally, there were two high voltage modules inside the second generation HVPS that provided 2 kV in both positive and negative polarities. On the other hand, the first generation HVPS only had one high voltage module that produced 4 kV in the positive polarity. In previous bench tests, EDS operates more efficiently with dual high voltage polarities instead of single polarity

The two-phase EDS was attached onto the RASSOR camera mount and was shown to remove 50-75 μm JSC-1A simulant, without interfering with the RASSOR camera operation. The combined solutions of the dual polarity EDS and better optimized two-phase EDS were able to clear the deposited JSC-1A simulant off the RASSOR camera. Although all of the larger particulates were removed, some finer particulates remain on the glass substrate. This is due to particulates in the sub-micron range does not acquire enough charge due to its small surface area.
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