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Introduction: Lifting dust into suspension on Mars 

is difficult because the particles are small and the den-
sity of the atmosphere is low. Because very high wind 
speeds are needed to overcome the threshold friction 
needed to move micron size dust particles, the impact of 
saltating sand size particles, which occurs at lower wind 
speeds, has been invoked to lift dust particles into sus-
pension [1]. The InSight (Interior Exploration using 
Seismic Investigations, Geodesy and Heat Transport) 
mission performed the first semi-controlled in situ ex-
periments on Mars that support sand impacting the sur-
face as a means to lift dust into the atmosphere. 

Background and Method: The InSight mission, a 
NASA Discovery Program lander to Mars [2], is pow-
ered by two solar arrays, each roughly 2.2 m in diame-
ter. It also has an arm with a scoop that scraped and 
scooped soil. After two martian years on the surface, 
power produced by the solar arrays dropped by about 
90% due to dust that accumulated on the spacecraft [3]. 
A variety of ideas were considered to remove the dust 
from the panels but most were not feasible, potentially 
harmful, or did not help (pulsing/shaking the arrays).  

When soil was dumped on the tether from 45-55 cm 
height some of the sand was dispersed 0.5-2 m down-
wind with the amount of dispersion scaling with the 
wind speed (1-10 m/s). Volume estimates from before 
and after digital elevation models of the scoop and pile 
indicate that 15-25% of the sand in the scoop was en-
trained and dispersed by the wind during the dumps [4]. 

Soil dumped above the surface provides a means for 
the sand to be entrained and dispersed by the wind with-
out having to overcome the threshold friction wind 
speed. The dispersion of particles is dependent on the 
atmospheric drag forces compared to gravity and the 
transport likely depends on particle size and was ob-
served by Phoenix [5]. The rationale is that sand 
dumped on the lander deck would be dispersed side-
ways impacting the solar panel, kicking the dust into 
suspension, which would reduce the amount of dust on 
the panel and improve power production. 

In order for this process to work individual sand 
grains must both kick the dust into suspension when 
they impact the surface and they must clean an area of 
dust that is larger than their diameter as the sand grain 
would likely eventually come to rest on the panel (re-
ducing power production). Several lines of evidence ar-
gue that individual sand grains striking a dusty surface 
remove dust from a substantially larger area than their 

intrinsic area [6]. The estimates of soil volume dispersed 
suggest the layer of soil moved by the wind is less than 
one sand particle thick (assuming sand is ~140 µm in 
diameter as indicated by the thermal inertia, [7]). IDC 
images of individual 1-2 mm in diameter circular dark 
spots, indicate they were most likely produced by indi-
vidual sand grains, and the area of the dark spot is of 
order 100 times larger than the area of a sand particle 
[8]. 

Solar Array Cleaning Experiments: Seven solar 
array cleaning experiments were done by dumping soil 
onto the lander deck with sand particles dispersed by the 
wind hitting the solar panel, kicking dust off the panel 
into suspension in the atmosphere [4]. The first solar ar-
ray cleaning experiment was conducted on sol 884. A 
fairly full scoop of soil (~96 cm3) was dumped on the 
northwest portion of the lander deck at ~11:40 LMST 
when strong winds were expected to be from the south-
east with dispersion of soil expected onto the western 
solar panel. The dump of soil was from an elevation of 
about 35 cm above the lander deck. A portion of the so-
lar array to the northwest of the dump site was visibly 
darkened (Fig. 1) and fitting an ellipse to this darkened 
area suggests soil was dispersed about 2 m towards the 
northwest. Soil dumped on the spacecraft panel shows a 
broad pile at least 30 cm across (e.g., Fig. 2).  

During the time of the dump (11:40 and 11:42 local 
mean solar time), winds varied from 6-14 m/s, and were 

 
Fig. 1. Instrument Deployment Camera (IDC) images before 
(left) and after (middle) the main avalanche from the first dump 
of soil on the northwestern edge of the lander (on sol 884). Right 
image is the IDC differenced image [8] showing areas where the 
surface has been darkened from soil dumped on the lander deck 
and where dust has been removed on the west solar panel. For 
scale, the full diameter of the circular solar panel is 2.2 m. 
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from ~140°. The west-
ern solar array current 
increased by ~3% and 
produced a 4 W instan-
taneous increase in 
power at the time of the 
dump and the energy 
improved by 24 W hr 
sol-1 and produced a 
long-term improvement 
of 35 W hr sol-1. 

The second, third 
and fourth solar array cleaning experiments (sols 897, 
911, and 939) were also done with soil dumped adjacent 
to the west solar array with winds of 9-10 m/s to the 
west and/or northwest (Table 1). Instantaneous power 
increased 1-2.5 W and energy improved 3-10 W hr sol-

1 during each experiment. The experiments improved 
power sufficiently to keep the seismometer on during 
aphelion and conjunction when power was at a local 
minimum [4].  

The fifth and sixth solar array cleaning experiments 
(sols 1061 and 1143) each improved the instantaneous 
power by 1-2.5 W and energy improved by 7-15 W hr 
sol-1, which was sufficient to keep the seismometer on 
continuously through a seismically quiet period that was 
between sols 750 and 1200 (Table 1). The seventh, and 
final solar array cleaning experiment occurred on sol 
1238 and was the last chance with sufficient power to 
support the scooping and dumping activity. This was 
also the first experiment to dump soil on the east side of 
the spacecraft deck with dispersion of soil expected onto 
the east solar array, but winds were expected to be low. 
A small scoop of soil was dumped, but there was no in-
stantaneous change in current or power. 

Altogether, the solar array cleaning campaign was 
able to increase the energy generation capacity of the 

lander by a total of ~80 W hr sol-1, or ~20% of the en-
ergy output in that timeframe. This allowed the seismo-
meter to remain powered on continuously throughout 
the low power period near aphelion and the seasonal 
seismic quiet period, which was between sols 750 and 
1200. It is unlikely that any science operations would 
have been possible after ~sol 1200 (an additional 240 
sols of operation) without this energy boost [4]. 

Science Observations. Taken together the results 
from the solar array cleaning experiments are the first 
semi-controlled experiments on Mars that directly ad-
dress how dust enters into suspension via impact by 
sand sized grains. Sand, which makes up most of the 
soil, was dispersed by drag forces from the wind that at 
least partially overcame gravitational forces, when 
dumped from ~1.4 m over the surface. The majority of 
soil landed on the deck, but a portion (~16-25%) was 
dispersed by the wind, with higher winds dispersing par-
ticles several meters and lower winds dispersing the 
sand less (and very little in very low winds). Sand size 
particles that were dispersed impacted the solar panel, 
removing the dust and improving power generation. The 
area cleaned of dust is ~100 times the area of a sand 
particle, so that power improves even though the sand 
particle most likely remained on the panel. Repeat soil 

dumps that dispersed sand over the same part of 
the solar array did not show a decrease in clean-
ing, arguing that only a small fraction of the dust 
was removed during a cleaning attempt.  

Because wind speeds decrease logarithmi-
cally towards the surface, winds at about 1 m 
above the surface near the lander deck would be 
expected to be higher than those at the surface. 
Nevertheless, no cleaning was observed in be-
tween dumps, even though piles of soil were 
available on the deck (Fig. 2), suggesting salta-
tion was no more active than at the surface [8]. 
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Fig. 2. IDC image acquired on sol 1143 after the sixth solar array clean-
ing experiment showing the accumulation of soil on the western space-
craft deck (white arrows) from the first six soil dumps and the darkening 
of the western solar array (yellow arrows) from the dispersion of soil dur-
ing the dumps. 
 

Table 1. InSight solar array cleaning experiments 
Sol, 
Cleaning 
event   # 

Scoop 
volume 
cm3 

Wind speed 
Mode & 
range m/s 

Wind direction 
°clockwise 
from north 

Dispersion: 
length (m), 
direction  

Portion on 
solar panel 

Energy im-
provement 
W hr sol-1 

884     1st 96 10, 6-14 130-140 >~2    NW All 24 
897     2nd 49 10, 6-14 90 or 130 ~1      W, NW All 6 
911     3rd 139 10, 4-14 160-170 ~2-3    NNW Third 6 
939     4th 83 9,   6-12 140-150 ~2-3    NNW Little 3 
1061   5th 152 14, 10-18 100-130 >~1    W Most 15 
1143   6th 125 1-2, 4-8 175, 60 Little  SW Some 7 
1238   7th 50 N/A N/A Very Little Very Little 0 

Wind speed and direction are from where the winds are coming from 
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