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Goal: Develop concepts applicable to regolith excavation force reduction, regolith handling, and water collection.

Specific Task Goals

Ultrasonic Blade (UB) evaluates effects of vibration-assisted

excavation.

Bulk Water Stability (BWS) evaluates water sublimation loss

from regolith handling.

Mobile Water Extractor (MWE) evaluates water vapor loss
from heating in an unsealed (open-gap) bin.

Vertical Regolith Conveyor (VRC) evaluates stick-slip and

vibratory spiral motion of regolith.

Columnated Soil Seal (CSS) evaluates piled regolith to seal

pressure chambers.

Water Capture (WC) evaluates the tanker volume needed for
ice haulage, a function of ice density.

VRC: Vertical Spiral Conveying
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continuous vibration motion

Left: Appropriate
energy inputs to a
spiral conveyor can
move regolith upward
or downward, and
sort particles by size
and density.

Right: Continuous
vibration and stick-
slip motion affect
particle transport
differently.

Anticipated Next Steps

regolith pressure seals.

sorting of regolith.

« Establish gravity effects on concepts’ performance.
¢ Incorporate ultrasonic assist into ground-engagement tools.
* Refine models of water loss via containment gaps and loose-

« Clarify control-parameter space for vibratory transport and

* Incorporate into subsystems for flight demonstration.

UB: 20 kHz-Vibe Excavatio
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WC: Water Ice Capture Density
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Frost at-100°C and 10
torr (see T. Krause slides
for preliminary results).
Ice is less dense when
formed farther from
water’s triple-point.
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Top left: Test article.

Typical 60-sec vibration
dataset for simulating
icy regolith ore haulage
disturbance:

Left: Acceleration
vector variation.

Top right: Vertical vibe
energy distribution.

Ultrasonic vibration (middle vs. bottom) reduces penetration force in both ambient (left)
and vacuum (right) atmospheres. Note that simulant s less cohesive in vacuum (top).
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Vacuum, Active Probe Vibration
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MWE: Open-gap Water Loss

Gaps between bin and cryotrap have

Wide-gap Tests

little effect at 10 torr vacuum.

Narrow-gap Tests

Cryoirap Mass Change (grams)

30 25 20 45 0 5
Regolith Tray Mass Change (grams)

Cryotrap Mass Change (grams)

20 finish

P 5 o
Regolith Tray Mass Change (grams)

CSS: Loose Regolith as Pressure Seal
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Left: Three-column dirty vacuum test setup.
Above: Narrower and taller columns seal better.
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