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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.

Anticipated Next Steps
• Establish gravity effects on concepts’ performance.
• Incorporate ultrasonic assist into ground-engagement tools.
• Refine models of water loss via containment gaps and loose-

regolith pressure seals. 
• Clarify control-parameter space for vibratory transport and 

sorting of regolith.
• Incorporate into subsystems for flight demonstration.

VRC: Vertical Spiral Conveying

References
Collins, J. & K.R. Araghi. "Lunar water extraction via lunar auger dryer ISRU (LADI)" AIAA ASCEND 2023, 2023. 4758. 
Compton, B.M., Krause, T.S. and Deans, L.M.S. “An experimental study on low pressure frost formation for lunar polar water capture” 52nd International Conference on 

Environmental Systems (ICES), 2023.
Sanders, G. and Kleinhenz, J.E., 2023. “Update on NASA ISRU plans, priorities, and activities.” Luxembourg Space Resources Week.
Krause, T.S., Thomas, F. & Gertsch, L. “Experimental results of sublimation loss from open-gap lunar water extraction.” LPI Contributions 2887, p.2936, 2023. 
Mantovani, J.G., A.D. Olson, B. Kemmerer, A.G. Langton, & J.R. Gleeson. “Vertical lunar regolith conveying as a flight experiment in simulated lunar-gravity.” Space Resources 

Roundtable XXIII, 2023. 
Rezich, E., Harrigan, K., Thomas, F. and Ludwiczak, D. “Ultrasonically Assisted Blade Technologies for Lunar Excavation.” ASCE Earth & Space Conference, 2021. 
Roush, T.L. et al. "Volatile monitoring of soil cuttings during drilling in cryogenic, water-doped lunar simulant." Advances in Space Research 62.5, 2018: 1025-1033. 
Stewart J.R. & D.L. Linne. “Parameters impacting columnated granular soil pneumatic seal performance” Space Resources Roundtable XXII, 2022.

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.

UB: 20 kHz-Vibe Excavation Assist in Vacuum

5x10-6 Torr VacuumAmbient Atmosphere
WC: Water Ice Capture Density

Frost at -100°C and 10-3

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 is less cohesive in vacuum (top).

BWS: Vibration Environment
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UB: 20 kHz-Vibe Excavation Assist in Other Gravities

Setup in parabolic flight aircraft (see E. 
Rezich slides for preliminary results).
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CSS: Loose Regolith as Pressure Seal

Left:  Three-column dirty vacuum test setup.
Above:  Narrower and taller columns seal better.
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MWE: Open-gap Water Loss

Wide-gap Tests Narrow-gap Tests

Gaps between bin and cryotrap have 
little effect at 10-3 torr vacuum.
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Readings per Pixel
(of 60,000 datapoints 

collected)


