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Introduction:  Since impact cratering phenomena 

on planetary bodies were the key process which modi-
fied surface topography and formed regolith layers, 
many experimental studies were performed to eluci-
date the phenomena and presented some scaling 
laws[1][2]. However, experiments to study surface 
gravity effects were not many due to technical difficul-
ties. Especially experiments in reduced gravity envi-
ronments were rare, though systematic experiments in 
enhanced gravity environments were performed by the 
Boeing group using a centrifuge machine (e.g. [3]). 
Recently Colwell [4] performed some impact experi-
ments into a dust-covered surface in a space shuttle 
payload. However, the impact velocities were very low 
( < 100 cm/sec). Only data available to the scaling law 
are data in Fig. 1 of Gault and Wedekind [5].  Al-
though the crater scale estimation in microgravity en-
vironment is necessary for crater chronology on small 
asteroids, elucidation of regolith layer formation proc-
ess, and mission planning of asteroid exploration, such 
as MUSES-C Hayabusa, experimental studies in re-
duced gravity were not enough. 

There are some methods to obtain microgravity en-
vironment: orbiting platforms (STS and ISS), para-
bolic flights of aircraft, and drop towers. The orbiting 
platforms provide stable and long-term microgravity 
environment.  However, experimental conditions are 
very limited.  The use of powder guns on the STS and 
ISS may be impossible due to the safety reason. 
Colwell [4] used spring-powered projectile launchers. 
Restriction on experimental conditions on parabolic 
flight aircraft is less severe. We could use powder guns 
for performance tests of the sampling device of 
MUSES-C Hayabusa mission [6]. However, the qual-
ity of microgravity environment was not good. Some-
time, the negative gravity (upward acceleration) was 
applied to the sand target. 

On the other hand, the quality of microgravity en-
vironment in the drop capsule is good. One of the 
weak points of the drop tower experiment is the short 
duration of microgravity environment. However, the 
duration of laboratory-scale cratering phenomena is 
less than 1 sec. We also performed efficiency tests of 
the sampling device of MUSES-C Hayabusa mission 
using a drop tower [7]. The tests showed that the facil-
ity and experimental devices are useful for impact cra-
tering experiments. In this paper, we report the results 
of impact cratering experiments in microgravity envi-

ronments using the same facility and experimental 
devices. 

Experiments:  Impact experiments in microgravity 
environment were performed using the Microgravity 
Drop Experiment Facility of MGLAB, Toki, Japan. 
Since the length of the free-fall section of the vertical 
vacuum drop tube is 100 meter, the duration of micro-
gravity environment is 4.5 sec. The gravity level in a 
falling capsule is estimated to be less 10-5 G. However, 
the exact value of gravity is not known, because the 
dynamic range of the onboard accelerometer is not 
large enough. After the free fall, the capsule is stopped 
by friction dampers in the breaking section. The length 
of breaking section is 50 m. The maximum breaking 
acceleration is 10 G. 

A vacuum chamber with inner diameter of 550 mm 
and height of 700 mm was set in the payload space of 
freefall capsules. The ambient air pressure in the 
chamber was maintained at less than 100 Pa until pow-
der gun ignitions.  Two sets of single-stage powder 
guns and target assemblies were mounted in the cham-
ber. Two shots were performed during one drop. 

Nylon, aluminum, and steel spherical projectiles 
were launched at velocities between 45 and 360 m/sec. 
The projectiles were 2 to 7 mm in diameter and 5 to 
510 mg in mass. The incident angle was fixed at 80 
degrees.  Sabot and sabot stopping mechanism were 
employed to prevent the propellant gases from perturb-
ing ejecta.  The launch velocity was measured by the 
wire-cutting method. 

Soda-lime glass spheres with mean diameter of 80 
µm (FGB #200) and 220 µm (FGB #80) were used as 
target material. Glass spheres were set in 180 mm di-
ameter by 150 mm depth cylindrical pans. The side 
walls of the cylindrical pans were tapped carefully by 
wooden hammers in order to ensure the consistent de-
gree of glass particle compaction. The measured bulk 
density of glass particles in the target pan are 1540 (80 
µm) and 1565 (220 µm) kg/m3. The standard deviation 
(1σ) is about 10 kg/m3 (0.6 %). 

Since the capsule deceleration up to 10 G destroys 
the formed craters, all impacts were recorded by digital 
video camcorders. Framing rates were 30 per seconds. 
Crater diameters were measured from the digital video 
images. Figure 1 shows an example of images.  Since 
each event was recorded by a single camcorder, no 
crater depth data could be obtained.  
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Fig. 1.  An example of video images; Impact of 3/32 
aluminum sphere (19.9 mg) to 220 µm glass spheres at 
333±28 m/sec.  The crater diameter is 62 mm. 
 

Ground-based experiments in 1 G environment 
were also performed at JAXA Sagamihara campus for 
comparison with MGLAB experiments. The same vac-
uum chamber, powder guns, projectiles, target materi-
als, and target pans were used. Impact events were also 
recorded by a camcorder. Since Yamamoto et al. [8] 
pointed out that the degree of the transient crater col-
lapse is not negligible even in laboratory scales, crater 
diameters were measured from frames within 0.5 sec-
ond after the impact. 

Results:  Figure 2 shows the dependences of crater 
diameter on the late-stage effective energy [1] for each 
combination of projectile and target.  Solid symbols 
represent results in microgravity environment.  Open 
symbols represent results in 1 G environment.  The 
least-square fit shown by the solid line for each com-
bination of projectile and 
target is calculated from 
both microgravity and 1 G 
data.  The result clearly 
shows that the diameters 
of craters formed in the 
10-5 environment coincide 
with those formed in the 1 
G environment within the 
data scatter.  The result is 
significantly different from 
that by Gault and Wede-
kind [5].  The reason for 
this discrepancy is not 
understood at this moment 

The exponents shown 
in Fig. 2 are 1/3.5 – 1/4.0 
(The exponent for the 
combination of nylon pro-
jectile and FGB #80 target 
is less reliable, since the 
energy ranges of experiments in the microgravity envi-
ronment and in 1 G environment does not coincide).  
These values are close to the value of gravity scaling, 
1/4.  However, the present result mentioned above 
shows that the diameter does not depend on the gravity 

scaling.  This result suggests that the 1/4 exponent 
shown in previous studies in the 1 G environment (e.g., 
[1]) may not result from gravity effect. 

Conclusion:  We performed impact cratering ex-
periments in microgravity and vacuum environment 
with impact velocities larger than 100 m/sec and ob-
tained data on diameter of crater formed in the envi-
ronment.  The result shows that the diameter of crater 
formed in the glass-sphere layer does not have the 
gravity dependence. 
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Fig. 2.  Dependence of crater diameter on the late-
stage effective energy [1].  Values in red color are the 
exponents obtained by the least square fit for each 
combination of projectile and target.   
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