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Introduction: Rocks on planetary bodies are often 

covered by a layer of dust. This dust needs to be re-

moved in order for in-situ instruments to be able to 

analyze the pristine rock surface. There are several 

methods that can be employed to remove surface dust 

including brushes, compressed air, or high speed pro-

pellers. The major difference between a brush or air 

options is that brushes are in contact with a rock while 

air-approaches are not.  

There are many pros and cons to each of the tech-

niques listed above. For example: brush wires wear out 

with time due to fatigue, can scratch the rock surfaces 

(if the rock is very weak), could potentially contami-

nate the surface with metal residue, propel dust where 

it may not be desired, and may have difficulty cleaning 

up dust from cracks. However, they have the advantage 

of being able to remove very cohesive dust since 

brushes apply significant mechanical force. Air options 

have the advantage of being at a standoff, and can 

clean dust from deep cracks. However, compressed gas 

is a consumable while a propeller approach requires 

high speed motor and arm movement (the cleaning is 

best directly underneath the tip of the spinning blades). 

Since the propeller approach uses atmospheric air, 

there is virtually no contamination potential while 

compressed gas may contaminate rock with the gas (if 

it’s not sufficiently pure). A propeller can also be spun 

in reverse and suck a sample out of the cracks, if need-

ed. Compressed gas, on the other hand, would be sim-

ple to implement since it’s essentially a cold gas pro-

pulsion system and in turn is at TRL9. 

Brushing approach: The first use of a brushing 

tool on a planetary mission was performed by the Rock 

Abrasion Tool (RAT) on the Mars Exploration Rovers 

(MER) [1]. The RAT was designed as an abrading tool 

but also had two sets of brushes to remove ground up 

rock powder away from the abraded surface. These 

brushes were also used to remove dust without the 

abrading bit ever contacting the rock (vertical position-

ing was critical for this operation). The brushing tech-

nique was very useful for science observations and also 

helped preserve the life of the abrading bit – which is a 

consumable. To date over 100 brushing operations 

have been done on MER Spirit and Opportunity (Spir-

it: 92 brushes and Opportunity: 71 Brushes). As of Sol 

4609, Opportunity is still an active mission and im-

pliemnts brushing and grinding operations. 

The next mission to employ dust removal system 

was MSL Curiosity. The Dust Removal Tool (DRT) is 

a standalone brushing system which employs a set of 

compliant brushes. DRT weighs 925 gams and it fits 

within 100 mm diameter x 150 mm high volume [2]. 

During the dust removal process, a set of brushes artic-

ulate to maintain surface contact as they rotate at high 

speed (500 rpm). DRT requires the arm to perform a 

sweeping motion (just as in conventional burshing). To 

date several brushing operations have been conducted 

successfully as shown in Figure 1. As of Sol 1575, the 

DRT has been used 66 times. 

 
Figure 1. MSL Dust Removal Tool. 

AirDRT Development Timeline: The AirDRT 

was first demonstrated in October of 2014. Numerous 

tests were performed in a Mars chamber with a Varia-

ble Pitch Propeller (VPP), off the shelf Fixed Propel-

lers for the Earth ambient environment, Ducted Fans, 

and Computer Fans (Figure 2). The results were satis-

factory and showed it is possible to generate enough 

flow to blow dust off the surface at Mars pressure (6-7 

torr). These results also demonstrated it is possible to 

fly a helicopter on Mars.  

 
Figure 2. Variable Pitch Propeller (VPP) in Mars 

chamber. 

The second round of tests was conducted in March 

of 2016. Tests were performed with Ducted Fans at 

various angles and with various nozzles positioned 

above a previously RATed hole filled with fine rock 

dust (Figure 3). The main result was that it is possible 

to generate enough flow to blow the dust from a few 

mm deep RATed hole at Mars pressure (6-7 torr).  

The third round of tests was conducted in May of 

2016. The test requirement was to demonstrate clean-

ing of dust from holes up to 16 mm deep with the Air-
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DRT at least 10 mm above the rock surface (i.e. 26 mm 

above the bottom of the hole).  

 

 
Figure 3. AirDRT tests of RATed hole 

This round of tests was pretty extensive with over 

70 tests done with VPP, Fixed Propellers, Ducted Fans, 

and Centrifugal Fans in Mars chamber. It was found 

that almost any configuration (centrifugal fan, propel-

ler, ducted fan) when spun at high enough rpm and 

with a certain shape prop can generate sufficient flow 

to clean the hole. Due to the volume restrictions and 

contamination issues, the “Desk Fan” design seems 

optimal. In this configuration, the propeller speed 

needs to be at least 30,000 rpm which requires 20-30 

Watt at the output side. It was also found that the 

shape, size, number and diameter of the props signifi-

cantly affects cleaning. Some blades, in fact, did not 

clean at all. Optimized airfoils for Mars conditions are 

expected to perform at even greater efficiencies.  

It was found that the propeller position with respect 

to the hole needs to be continuously adjusted for best 

cleaning. There are some sweet spots where the props 

generate optimum flow and in turn cleaning; these 

normally occur underneath the tips of the blades. 

Therefore, for the best cleaning, the center of AirDRT 

should follow the hole’s rim. This requires robotic arm 

to slowly move the AirDRT in a circular fashion. Other 

arm motions are also possible, but won’t result in the 

best cleaning. If the depth or distance requirement can 

be reduced, this will improve cleaning and possibly 

reduce the requirements for the robotic arm motion.  

If a hole is only 5 mm deep (and AirDRT 10 mm 

above rock surface), 100% of the surface surface area 

can be cleaned when the rock is in the horizontal posi-

tion (off horizontal position improves cleaning hence 

horizontal position is the worst case). If a hole is 5-10 

mm deep hole (while AirDRT 10 mm above the rock 

surface), >90% of the hole surface area can be cleaned 

when the rock is in the horizontal position. For a 16 

mm deep hole and with AirDRT 10 mm above the rock 

surface (test requirement), >70% of the surface area 

can be cleaned when the rock is in the horizontal posi-

tion (Figure 4). The operation takes ~5 min. 

 
Figure 4. AirDRT testes of 16 mm and 5-10 mm 

deep M2020 ground holes 

AirDRT Final Design: AirDRT final design and 

an actual prototype is shown in Figure 5 and Figure 6. 

It weighs approximately 600 grams (250 grams Air-

DRT and 350 gram actuator). It fits within a 100 mm 

diameter and 100 mm long cylinder. The motor power 

is ~60 Watt.  

 
Figure 5. AirDRT  

 
Figure 6. AirDRT prototype in Mars chamber 
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