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Agenda

Dust, the dust problem, 
and dust mitigation
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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

thermal control 
problems

failure of 
seals

clogging of 
joints and 

mechanisms

false 
instrument 
readings

vision 
obscuration

inhalation 
and 

irritation

abrasion

Loss of 
traction
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Assumption
Mars Insight - Material breached lens cover 

Ejecta streams visible during Apollo 11 landing Apollo 12 landed near Surveyor 3; Scouring, 

pitting and cracking on Surveyor material 

coupon & SEM image (See Immer et al. 2010)

Good resource: Mehta et al. 2011, Rocket Plume Interactions for NASA Landing Systems



“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 9



A confluence of environmental factors
How does dust impact hardware?
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Another one bites the dust
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



Lunar Dust on Power & Thermal Systems

Mars Opportunity Rover

12



Did radiators degrade during Apollo?

Yes!
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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

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 Technology “Swimlanes”
Dust Tolerant 
Components

• 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)



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


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/


Agenda

Defining “dust”
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Defining “Dust”
From NASA-STD-1008

Dust: For the purpose of this NASA Technical Standard, we define “dust” pragmatically as the regolith size 
fraction that poses any functional or longevity concerns or risks to hardware, components, or systems. This 
is defined by an upper particle size bound and includes smaller particles. Estimates of source size fractions 
are given in this NASA Technical Standard for various dust transport mechanisms. The unit micrometer 
(μm) is used to define dust sizes in this NASA Technical Standard. 

Note: The definition of “dust” can have different meanings to different scientific groups, and the word “dust” has 
been used to characterize anything from a very specific size particle distribution to nearly all of the particulate 
matter in a given sample/volume. Various definitions of dust have been used widely in NASA official documents and 
in other scientific documents. However, when designing, developing, and testing technologies and systems for 
dealing with the particulate matter, it is not ideal to have two classes: one for dust and one for larger- or smaller-
sized particles. 

Or simply put: All lunar particulate that will need to be mitigated.
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Define the 
natural 

environment
•DSNE

Define the 
induced 

environment 

•Various ways; 
more in work; 
system specific

Requirements 
to survive in 

the 
environment

Testing and best 
practices 
guidance

•NASA-STD-
1008

Mitigation 
solutions

Risks

What do hardware 
owners/program/projects 
dust about lunar dust?

But we still have a lot to learn!!



Going
Forward
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Going
Forward
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SLS-SPEC-159 DSNE

requirements, risks, hazard 
controls, mission success

NASA-STD-1008 (i.e. testing)

dust mitigation technologies or strategies

+use the data to inform models

capability gaps, 
technology gaps, program 

and project needs, etc



Sources of our list



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.

28

https://standards.nasa.gov/standard/nasa/nasa-std-1008
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NASA-STD-1008 Section 4
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SECTION 4.  Dust Requirements & Standards

4.1 Dust Impact Assessment Process

4.2 Sources of Dust

a.  Planetary External (PE)

b.  Planetary Pressurized (PP)

c.  In-Space Pressurized (SP)

d.  In-Space External (SE)

Table provided for each section that contains 
guidance on particle size, surface accumulated 
loading, volumetric loading, dust velocity, and 
charge to mass ratio.  It provides this information for 
various sources of dust depending on the 
environment.

a. PE – Human generated surface transported dust, 
rocket plume dust, natural charged dust transport, 
natural impact ejecta

b. PP – EVA suit cross-hatch transported dust, hardware 
cross-hatch transported dust

c. SP – micro-G free floating dust, micro-G surface 
adhering dust

d. SE – rocket plume dust, natural charged dust 
transport, natural impact ejecta



SECTION 5. 

Testing Methodologies & Best Practices 

5.1 Simulant Prep & Storage

5.2 Simulant Loading Definitions

5.3 Testing Practices & Categories

5.3.1 Aerosol Ingestion

5.3.1 Simulant Characteristics

5.3.2 Facility Capability

5.3.3 Methodology

5.3.4 Best Practices

5.3.2 Abrasion

5.3.3 Optical

5.3.4 Thermal

5.3 Testing Practices & Categories (cont.)

5.3.5 Mechanisms

5.3.6 Seals & Mating Surfaces

5.3.7 Reactivity

5.3.8 Electrostatic 

5.3.9 Plume Surface Interaction

5.4 Simulants

5.5 Facilities 

This document has been reviewed for Proprietary, SBU, and Export Control (ITAR/EAR) and has been determined to be non-sensitive. It has been released to the public via the NASA Scientific and Technical Information (STI) Process.

NASA-STD-1008 Section 5



NASA-STD-1008 
Testing Categories
5.3.1 Aerosol Ingestion

Aerosol ingestion testing supports the development and use of hardware/system(s) 

that have the potential to ingest dust. This section is applicable to hardware/systems(s) 

exposed to dust within any pressurized habitable volumes/compartments and surface 

atmospheric environments.

5.3.2 Abrasion

Abrasion testing supports the development and use of materials used in 

hardware/system(s) that frequently interact and wear over time. This section is 

applicable to soft goods, which are flexible materials (e.g., textiles or thin films of 

synthetic or natural materials and hard goods, which are inflexible materials (e.g., rigid 

metals or ceramics). 

5.3.3 Optical

Optical testing supports the development and use of hardware/system(s) that have the 

potential to have their properties and operation altered by dust. This section is 

applicable to optical equipment (e.g., solar panels, viewports, camera lenses, laser-

based optical systems, all mirrors, wavelength filter lenses, and radiative measurement 

sensors) and relative navigation equipment (e.g., docking targets, reflectors.)

5.3.4 Thermal

Thermal testing supports the development and use of hardware/system(s) that have 

the potential to have their properties and operation altered by dust. This section is 

applicable to active thermal management components/systems, dust loading, and 

associated thermal impacts on hardware/systems. The primary focus is on radiators, as 

this is expected to be a key component directly impacted by dust buildup/coverage. 

However, consideration of other hardware/system(s) that generate heat (e.g., motors, 

power supplies) must be considered to determine potential impact to operational 

conditions.

5.3.5 Mechanisms

Mechanisms testing supports the development and use of hardware/system(s) that have the potential to have their 

properties and operation altered by dust. This section is applicable to hardware with interacting surfaces in relative motion

(e.g., bearings, gears, screws, and slip rings), mechanism casings and soft goods (i.e., lubricants and grease), and their 

seals at the system level. Other applicable mechanisms can include, but are not limited to: deployable appendages 

including solar arrays, retention and release mechanisms, antennas and masts, actuators, transport mechanisms, switches, 

rotating systems including momentum wheels, reaction wheels, control moment gyroscopes, motors, and roll rings.

5.3.6 Seals & Mating Surfaces

Seals and mating surfaces testing supports the development and use of hardware/system(s) that have the potential to 

have their properties and operation altered by dust contamination. This section is applicable to static seals for hatches, 

docking systems, space suits, habitation modules, and sample containers.

5.3.7 Reactivity

Reactivity testing supports the development and use of hardware/system(s) that have the potential to have their 

properties and operation altered by dust contamination or chemical reactivity. This section is applicable to surfaces and 

organic and inorganic materials that have the potential to react with activated dust surfaces. This section is different than

previous sections in that it serves to show how simulants may be altered to recreate the natural reactivity of lunar surface 

environment dust particle reactivity.

5.3.8 Electrostatic Properties

Electrostatics testing supports the development and use of hardware/system(s) that have the potential to have their 

properties and operation altered by the electrical properties of dust. This section encompasses electrostatic properties of 

granular materials, electrostatic discharge (ESD) circuit shorts from accumulated dust, and electrical arcing.

5.3.9 Plume Surface Interaction

Rocket engines produce gas plumes that interact with the planetary surface environment. When vehicles conduct near-

surface operations (e.g., landing or take-off), gas plumes interact with planetary surfaces and may cause erosion, lofting, 

and/or heating of surface materials. Ejected dust may strike the vehicle producing the plume, hardware/system(s) in the 

vehicle’s immediate vicinity or objects on orbit. PSI may cause dust loading or impact damage (e.g., media blasting). The 

nature of PSI effects depends on the target body’s regolith, atmospheric, topographic, and gravitational properties; the 

vehicle’s architecture, engine configuration and duty cycle, and the flight path of the landing vehicle; and the proximity of

nearby hardware/system(s).
32



What is the DSNE?

33

Example programmatic requirement: 

The “system” shall meet all safety, functional, performance, utilization, and 

mission objectives during and after exposure to natural environments as 

defined in SLS-SPEC-159 Cross-Program DSNE. 

SLS-SPEC-159: Cross-Program Design 

Specification for Natural Environments (DSNE)

Latest revision available on NTRS
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Chapter 9 of  

Lunar 

Sourcebook

For section 3.4, numerous published data 

sets from orbiting spacecraft and analysis of

Apollo and other sample return missions 

were used. References are cited for all 

design environment data.
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Adhesion experiment
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Adhesion Experiment
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Images a) and b) show dust that remained on the Ortho fabric after final 400 g rotation (No 

UV). Image c) shows an example of particle size identification and estimation.



Adhesion Experiment – Past
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Agenda

Dust accumulation sensor
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Lunar Dust Level Sensor & Effects on 
Surfaces (LDES)
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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 40



What’s next?

41



Questions?
kristen.k.john@nasa.gov 42


