
Survive the 
Night Dust

Abstract # 2045 - Dust Mitigation Technology to 
Enable Survive the Night Capabilities
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Agenda
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The dust problem
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Assumption

Courtesy of LeHigh University, Department of Materials Science and Engineering
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Why is dust such a problem?
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Assumption

Reference: NASA/TM—2005-213610

The Effects of Lunar Dust on EVA Systems During the Apollo Missions by James R. Gaier
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Plume-surface interactions and science

https://doi.org/10.48550/arXiv.2102.12312

Ejecta streams visible during Apollo 11 landing.
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https://ntrs.nasa.gov/api/citations/20200000979/downloads/20200000979.pdf
https://images.nasa.gov/details-Apollo%2011%2045th%20Anniversary%20Resource%20Reel.html

https://doi.org/10.48550/arXiv.2102.12312
https://ntrs.nasa.gov/api/citations/20200000979/downloads/20200000979.pdf
https://images.nasa.gov/details-Apollo%2011%2045th%20Anniversary%20Resource%20Reel.html


Lunar surface failures
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“When large systems fail, it 
is due to multiple faults 
that occur together in an 
unanticipated interaction, 
creating a chain of events 
in which the faults grow 
and evolve.”

Source: National Academy of Sciences,

Why do errors happen?

ncbi.nlm.nih.gov

Interesting reads: Henry Petroski – To Engineer is Human & Design Paradigms 10



A confluence of environmental factors
How does dust play into surviving the night?
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Another one bites the dust
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Lessons learned from the surface…

Apollo astronauts 

could not avoid getting 

dust on deployed 

ALSEP Experiments

Lunokhod 2 robotic 

rover only lasted 

through 4 lunar 

temperature cycles

Dust was a problem on 

the space suits, 

communications, TV 

cameras, and other 

equipment

Dust accumulated on 

the radiators of the 

battery for the LRV of 

Apollo 16



More lessons from Apollo
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Apollo 14 Thermal Degradation Sample

Lunar regolith (i.e.  lunar dust) is angular, abrasive, 

irregular in shape, small in size, & adheres to surfaces



Lunar Dust on Power & Thermal Systems

Mars Opportunity Rover
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Did radiators degrade during Apollo?

Yes!
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The Story of 
Lunakhod 2 
Rover

Source: https://www.nasa.gov/mission_pages/LRO/multimedia/lroimages/lroc-20100318.html

Source: https://nssdc.gsfc.nasa.gov/nmc/spacecraft/display.action?id=1973-001A 16

Lunokhod means Moonwalker 

- this was a series of Soviet 

robotic lunar rovers



1970 : LUNOKHOD 1 1973 : LUNOKHOD 2

17



Lunokhod 2 had a collection of science instruments and cameras. 
Power was supplied by a solar panel on the inside of a round hinged lid 
which covered the instrument bay, which would charge the batteries 
when opened. A polonium-210 isotopic heat source was used to keep 

the rover warm during the lunar nights. 

Source: https://www.nasa.gov/mission_pages/LRO/multimedia/lroimages/lroc-20100318.html

Source: https://nssdc.gsfc.nasa.gov/nmc/spacecraft/display.action?id=1973-001A

The rover would run during the lunar day, stopping occasionally to recharge its 
batteries via the solar panels. At night the rover would hibernate until the next sunrise, 
heated by the radioactive source. Lunokhod 2 operated for about 4 months, covered 37 

km of terrain including hilly upland areas and rilles, and sent back 86 panoramic 
images and over 80,000 TV pictures. Many mechanical tests of the surface, laser 
ranging measurements, and other experiments were completed during this time.
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On 20 April 1973, Lunokhod 2 drove into a small crater. When it drove 
back out, it did not close the lid. Apparently the lid scraped the wall of 

the crater and deposited dust on its inner surface.

The lid was closed at the end of the lunar day, and the soil in the lid was 
dumped into the interior of the rover.

Source: https://www.nasa.gov/mission_pages/LRO/multimedia/lroimages/lroc-20100318.html

Source: https://nssdc.gsfc.nasa.gov/nmc/spacecraft/display.action?id=1973-001A

When the lid was opened for the next lunar day, the dust on 
the radiator caused the rover to overheat, and on 10 May 

communications ceased.

On June 4 it was announced that the program was completed.

19



Impacts from 
PSI
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Plume-surface interaction hazards

A picture of Surveyor III coupon 2050 

(top), and an SEM image of coupon 

2051 (right). From Immer et al. 2010.
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Mars Insight Instrument Context Camera

Mars Insight’s Instrument Context Camera (ICC) before and after lens cover was opened (left and right images, 

respectively). The ICC was mounted below-deck, and the cover did not prevent all dust from getting on the lens.
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Mitigating the dust
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So you’re going 
to the surface?
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Dust Mitigation Strategy

Understand 
Natural 

Environment

Understand 
Induced 

Environment

Understand 
Tolerance to 

Dust

Develop 
Environmental 
Requirements 
for Limiting 

Dust

Select Dust 
Mitigation 
Solutions

Test Hardware 
in Dusty 

Environment
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Dust Mitigation Strategy

Dust management

1. Tolerating dust exposure

2. Detecting/monitoring dust

3. Controlling entry of dust into 

vehicles/systems

4. Removal of dust

Architectural 
Solutions

Operational 
Solutions

Passive 
Technologies

Active Technologies
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Dust Mitigation Solutions (more on this later)

Architectural & Operational solutions:

▪ Suitports

▪ Severable airlocks

▪ Mud-rooms

▪ Porches

▪ Landing Site Selection

▪ Prepared Landing Pad

▪ Optimized EVA and traverse planning

▪ Passive technology solutions:

▪ HEPA filters

▪ Cyclone separators

▪ Softwalls

▪ Low-energy surface coatings

▪ Coveralls/aprons/covers

▪ Dust tarps

▪ Brushes

▪ Tape

▪ Wipes

▪ Active technology solutions:

▪ Electrostatics

▪ Compressed air

▪ Vacuums

▪ Electrodynamic dust shield

Architectural 
Solutions

Operational 
Solutions

Passive 
Technologies

Active Technologies
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Dust mitigation 
solutions
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Dust Mitigation Technology “Swimlanes”
Dust Tolerant 
Mechanisms

• Dust Tolerant Mechanisms, 
Seals, Bearings, Joints

• Covers

• etc

Passive Solutions

• Coatings

• Materials

• Filtration

• etc

Active Solutions

• Electrostatics

• Compressed air

• Vacuums

• etc

Dust Measurements

• Models

• Sensors

• Experiments

• Characterization

• etc
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Active mitigation: Mitigation measure that require human intervention (or power) to operate properly (FEMA)

Passive mitigation: Mitigation measures that require no human intervention (or power) to operate properly (FEMA)



Low Surface Energy Coatings
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Compressed Gas
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Electrostatic Precipitation
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Common Terrestrial Solutions for 
Mitigating Fine Particulate

Relevant Industries/Applications: mining, cosmetics, food and baking (e.g. powdered sugar), pharmaceuticals, contamination 

control, clean rooms, household dust mitigation, living/working in deserts, military desert applications" exterior car cleaning, etc.
33



A Few NASA Dust 
Mitigation Solutions
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Electrodynamic Dust Shield 

35
Buhler et. al. https://ntrs.nasa.gov/api/citations/20200000920



Dust Tolerant Mechanisms (DTM) Overview

➢ Technology Product Capability 
▪ Develop advanced actuator seals for rotary joints and rotary bearing technologies 

for long-term sustained operation in lunar dust environments

➢ Technical Capabilities 
▪ Identify candidate rotary seal technologies for a rotary joint

▪ Test Volatiles Investigating Polar Exploration Rover (VIPER) Lunar Terrain Vehicle (LTV) 

rotary actuator seals in an environment 

▪ Identify and test rotary bearings in a lunar environment

➢ Exploration & Science Applicability 
▪ Applicable to mechanical rotary joints for space mechanisms

▪ Rover wheels

▪ Robotic arms

▪ Antennas

▪ Solar arrays

▪ ISRU (drills, buckets, etc.)

▪ Current test platforms 
▪ VIPER and LTV

▪ Potential environments necessary
▪ Lunar surface, Mars, and Gateway
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Large dusty, thermal vacuum chamber 

with dynameter CAD model

Bearing Test Rig Benchtop Functional Check

36



Motors for Dusty and Extremely Cold Environments (MDECE) 

37

➢ Technology Product Capability 
▪ Develop an unheated magnetically-geared motor and an unheated piezoelectric motor

that can operate continuously for a long duration at an ambient temperature 

of -243 ºC (33 K)

➢ Technical Capabilities 
▪ Rotational actuators operate for long duration at -243 ºC (50+ hours in a lunar 

permanently shadowed region)
▪ Evaluate rotational actuators in controlled, reproducible, representative lunar

dust environment

➢ Exploration & Science Applicability 

▪ Applicable to many space mechanisms 

▪ Driving & steering rovers

▪ Robotic arm motion

▪ Pointing of antennas & 

solar arrays

▪ Gimbals

▪ Actuating ISRU tools (drills, 

buckets, etc.)

▪ Desirable or required for many 

high-interest environments

▪ Lunar surface, Lunar Gateway

▪ Mars, Titan, Europa, Enceladus

Example mechanisms for demonstrating 

prototypes (NASA KSC)

Magnetically-geared 

actuator preliminary design

(NASA GRC & GSFC)

Piezoelectric actuator 

preliminary design

(JPL)

VIPER

LTV
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Lunar Dust Level Sensor & Effects on 
Surfaces (LDES)
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Perseverance gas Dust Removal Tool (gDRT)
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Other NASA Dust Mitigation Projects
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Dust Mitigation Efforts at NASA

“The Big Ole List 
of Dust Projects”

In-house 
STMD DM 
Portfolio

• GCD DM Projects (includes 
tech dev, characterization, 

guidance, and testing 

standards)

• ECIs

• CIF IRADs

• Flight Ops

STMD DM 
Partnerships

• LSIC

• SBIRs

• ESIs

• STRGs

• ACOs/TPs

• Challenges & 
Crowdsourcing

STMD DM 
Collaborations

• ESD

• SMD

• NESC

• Industry

• Academia

Several dust 

mitigation 

solutions exist 

or are in work 

via 

partnerships
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Testing with Dust?

https://standards.nasa.gov/standard/NASA/NASA-STD-1008

https://ares.jsc.nasa.gov/projects/simulants/
https://lsic.jhuapl.edu/Resources/Lunar-Simulants.php

https://lsic-wiki.jhuapl.edu/display/CD
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https://standards.nasa.gov/standard/NASA/NASA-STD-1008
https://ares.jsc.nasa.gov/projects/simulants/
https://lsic.jhuapl.edu/Resources/Lunar-Simulants.php
https://lsic-wiki.jhuapl.edu/display/CD


Great Resources
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LSIC

• Provides independent 

analysis/review of Dust 

Mitigation technology 

development.

• NASA’s conduit to 

industry and academia.

• Provides Systems 

Engineering functions to 

help perform studies, 

address needs.

LSIC = Lunar Surface Innovation Consortium 44



“I’m at the foot of the ladder. The LM [Lunar Module] 
footpads are only depressed in the surface about 1 or 2 
inches, although the surface appears to be very, very fine-
grained, as you get close to it, it’s almost like a powder; down 
there, it’s very fine ... I’m going to step off the LM now. 
That’s one small step for (a) man. One giant leap for mankind. 
As the—The surface is fine and powdery. I can—I can pick it 
up loosely with my toe. It does adhere in fine layers like 
powdered charcoal to the sole and sides of my boots. I only go 
in a small fraction of an inch. Maybe an eighth of an inch, but I 
can see the footprints of my boots and the treads in the fine 
sandy particles.” 

- Neil A. Armstrong Tranquility Base 
(Apollo 11), July 20, 1969
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“I’m at the foot of the ladder. The LM [Lunar Module] 
footpads are only depressed in the surface about 1 or 2 
inches, although the surface appears to be very, very fine-
grained, as you get close to it, it’s almost like a powder; down 
there, it’s very fine ... I’m going to step off the LM now. 
That’s one small step for (a) man. One giant leap for mankind. 
As the—The surface is fine and powdery. I can—I can pick it 
up loosely with my toe. It does adhere in fine layers like 
powdered charcoal to the sole and sides of my boots. I only go 
in a small fraction of an inch. Maybe an eighth of an inch, but I 
can see the footprints of my boots and the treads in the fine 
sandy particles.” 

- Neil A. Armstrong Tranquility Base 
(Apollo 11), July 20, 1969
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Questions?
kristen.k.john@nasa.gov, ian.d.maddox@nasa.gov, & tiffany.m.nickens@nasa.gov47



Back-up



Lunar Occupancy Dust-Surface Separation Technologies (LO-DuSST) Overview

➢ Technology Product Capability
▪ Technologies for coupled passive and active methods for reducing 

lunar dust adherence to solar panel arrays, confined systems, drive shafts, and 

ISRU equipment

➢ Technical Capabilities 
▪ Reduction in particle retention

▪ Retention of power generation in solar arrays

▪ Protection of equipment near landing sites

▪ Reduce long term wear on surfaces

▪ Robust coatings to reduce energy requirements for active dust mitigation 

technologies

▪ Enabling mobile dust removal from various equipment

➢ Exploration & Science Applicability 
▪ Applicable to equipment surfaces 

▪ Solar arrays, power systems, radiators

▪ Axels, bearings, drive shafts, rover wheels, rover arms

▪ Space suit visors and fabric

▪ ISRU (drills, buckets, etc)

▪ Potential environments
▪ Lunar surface, Lunar Gateway, Mars, Earth
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Solar Panel Test Chamber Initial concept design of 

attraction/repulsion chamber



Patch Plate Materials Compatibility Assessment Overview

➢ Technology Product Capability
▪ Technologies for passively reducing lunar dust adherence to surfaces addresses the 

technology gap to efficiently and effectively remove lunar dust

➢ Technical Capabilities
▪ Reduction in particle retention

▪ Robust coatings

▪ Demonstration and evaluation of saltation sensor (SALT) and optical microscope (OM) 

➢ Exploration & Science Applicability 
▪ Applicable to equipment surfaces and extravehicular mobility units (EMU)

▪ Power systems, Solar arrays, Sensor lenses

▪ Rovers, Landers, Antennas, Radiators

▪ Space suits, visors

▪ Potential environments

▪ Lunar surface

▪ Lunar Gateway

▪ Mars

▪ NASA missions targeted 

▪ HEOMD, SMD, commercial landers 
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Lunar Dust Adhesion Bell jar at 

Glenn Research Center

Sample pair under nitrogen jets 

after dusting, prior to nitrogen 

jet 

Sample pair after exposure 

to nitrogen jet



What is NASA-STD-1008? 

https://standards.nasa.gov/standard/nasa/nasa-std-1008

Section 4 provides estimated 
dust parameters and references 
for each estimate.

Section 5 describes testing 
methods and facility needs.
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https://standards.nasa.gov/standard/nasa/nasa-std-1008


Simulants

One of the most 
common questions we 

get

Simulant Characteristics to Consider
Aerosol Ingestion Testing: PSD, Hardness, Morphology

Abrasion Testing: Hardness, Morphology, PSD

Optical Testing: Opacity, PSD, Albedo

Thermal Testing: Thermal Conductivity, Emissivity

Mechanisms Testing: Hardness, Morphology, Electrostatic 

Charging, PSD

Seals and Mating Surfaces Testing: Hardness, Morphology, PSD

Reactivity Testing:  Chemical Composition, Morphology, PSD

Electrostatic Properties: Electrical Conductivity, Tribocharging, 

Permittivity

PSI Testing: Geotechnical, Electrostatics, Chemical Composition

Solution: Talk to the NASA Simulant Advisory Committee

https://ares.jsc.nasa.gov/projects/simulants/

Simulant selection is critical 
to performing relevant tests

Per Lunar Dust Testing Standards, vetted with NASA Simulant Advisory Committee 
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https://ares.jsc.nasa.gov/projects/simulants/


Facilities: What’s out there now?

HTTPS://LSIC-WIKI.JHUAPL.EDU/DISPLAY/CD
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https://lsic-wiki.jhuapl.edu/display/CD


(Some) Facilities @ NASA

Regolith Test Bed @ KSC Swamp Works

Lunar Environmental & 
ISRU Test Facility @ JSC

Hermes LunarG
Testbed for 

Microgravity & 
Suborbital Testing

15’ Dirty 

TVAC

Lots of Dirty Gloveboxes

SLOPE Lab @ GRC

Rock Yards @ JPL & JSC ARGOS @ JSC

Regolith Test Bin @ ARC
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