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Lunar regolith has been problematic since the Apollo missions, Lunar Regolith 3D Printed Ceram|c with integrated patterning Adhesion Tap Tap Test Sample Tree Adhesion Testing of 3D printed Bio-inspired patterns
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3D printed Lotus leaf pattern using Alumina Impact and Abrasion testing of Cold-sprayed WC-Co coatings
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a. Micrograph of Lunar Dust with one micrometer scale bar

Methods for Mitigating Effects f Lunar Regolith L SP-1D lunar Laser patterning uses a pulsed S SlbreEter gighlég_lt]tt the necessity of surface modifications for enhanced
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Priorities for Solution - Surface Coatings for Passive Mitigation
Surface Adhesion Resistance - Biomimetic Pattern
Impact & Abrasion Resistance — Engineered Ceramics

Motivation and Objective

Motivation
During HLS operation, lunar regolith presents several challenges:
* Decreases the structural integrity of lander/nearby g::;r:
structures, and thermal control systems. Pattern
« Causes false readings on instrumentation.
 Inhibits visibility through windows and lenses.
Obijective one
* Determine the efficacy of ceramics to passively mitigate lunar Pattern
regolith adhesion while promoting impact and abrasion

resistance by manufacturing and testing bio-inspired patterns

surface integrity of the coating.

on Cold Spray WC-Co Sample

Pre-Tap Test Microscope Images Post-Tap Microscope Images

Centrifuge Adhesion Testing

« Determine the adhesion rate of the coating through
and advanced testing using a centrifuge.

Control

Columns a. & c. — 20 x
Magnification, 2D image
of samples (Control,
Beetle, Lotus)

Temperature Testing

* Verify and validate temperature ranges the coating
Post abrasion Cold simulating the typical lunar environment.

Sprayed WC-Co sample
images after each of 3
cycles of testing
showing progressive

Columns b. & d. — 200 x
Magnification, 3D images
of samples (Control,
Beetle, Lotus)

Chemical Resistance Testing
* Verify and validate the chemical resistance of the

using ceramics. Pre-tap test pristine sample images Post-tap test sample images T coatings.
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« Ceramics and ceramic coatings are highly resistant to adhesion rates ) Cycle Js iz nerease of 0.0024 g due to Ackn 0W|edgement3 & References
abrasion and wear [3]. « Lack of nano pillars, spacing of micro pillars and increased simulant adhering to surface
Bio-inspired surface modifications can reduce regolith cohesion are main contributing factors of outcome * Cycle 2: Mass loss of 0.0006 g as mass of AC$E9W'ed99Te”tS: Y U S T S
. . . . . I I ° I
adhesion, enhance abrasion resistance, and reinforce * Beetle and Control had much lower adhesion rates materlal_ abra(.jed. .greater e S..ImUIant adherea LLI(? p\r/cl)'\J’%C I\/\lvee’:;sgsst(;mes, lgleyeertceo(llo?’pspc?feAmearica, Zacharl;/ étein and NASA
durability. Some of these patterns are inspired by Lotus leaves » Cycle 3: No significant change in mass as equal Langley Research Center.
and Desert Beetles [4,5]. Tap Tap Test Results amounts of simulant adhered and mass abraded References:

&

[1] Bryan, C., Strasburger, W., & Kalkowsky, H. (1969). Lunar Module Structures

Utilizing laser ablation on cold sprayed ceramics coatings Handout LM-5. NASA, May.

allows for bio-inspired patterns to be etched.

Lithography-based manufacturing enables the additive
manufacture of ceramic tiles integrated with these advanced
patterns. There is potential for printing of transparent ceramics
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a. C.R.A.T.E.R's CAD rendering of Beetle Pattern
b. C.R. A T.E.R's CAD rendering of Lotus Leaf Pattern



