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Introduction:  Simple and inexpensive explosive 

surface pods are being developed for small-body 

rendezvous missions. The pods consist of low-cost 

imagers, accelerometers to detect impact and seismic 

events, and a charge of high-energy explosive to per-

form cratering experiments.  The system is housed in a 

spherical orientation-independent structure with all of 

the required support subsystems. Multiple copies of the 

pods would be deployed from an orbiting spacecraft to 

the surface of a small solar system body, forming a 

temporary “net” of sensors that would probe funda-

mental properties associated with the strength, cohe-

sion, porosity and compaction, and seismic wave 

transmission of the regolith. 

Geophysical Measurements: Flyby and 

rendezvous missions to asteroids and comets have pro-

vided valuable data that have formed our understand-

ing of the nature and diversity of small solar system 

bodies. Sample return missions will extend our know-

ledge to the micro-scale by enabling rigorous laborato-

ry analyses that can be used to determine the connec-

tion between meteorites and asteroid types, and eluci-

date the detailed processes of planetary formation. Our 

proposed geophysical experiments would compliment 

past and future rendezvous and sample return missions 

by determining the mechanical properties at the surface 

and subsurface of small bodies in their natural envi-

ronment, which cannot be replicated on Earth. 

Active cratering experiments can provide a wealth 

of information regarding the mechanical properties of a 

small body.  Using high-resolution imaging from an 

orbiting spacecraft, the resulting crater size and ejecta 

can be observed to establish a connection between re-

golith properties in the exotic environment of the small 

body and the vast literature on terrestrial materials. In 

particular, gravity scaling curves can be generated that 

relate the crater size and local gravity to the cohesion 

strength of the regolith [1]. This data can be corrobo-

rated over a large area by measuring the pressure 

waves emanating from the blast using seismic accele-

rometers on identical pods at other locations on the 

surface.   Computational and experimental work by 

Walker and Huebner [2] indicate that the arrival time, 

amplitude, and width of the first peak in the pressure 

wave can be used as strong indicators of the degree of 

consolidation and strength of the medium.  Additional-

ly, arrival times for analogous seismic experiments 

during the Apollo program were used very successfully 

to determine the degree of regolith cohesiveness and 

layering on the moon [2]. 

Impact accelerometers are incorporated to detect 

initial contact with the surface, indicate the strength of 

the regolith upon inpact, and determine if or when the 

pods come to rest. Miniature cameras are included to 

provide high-resolution imaging of the regolith and 

context information for how the pod is oriented on the 

surface. 

Development of Explosive Surface Pods:  Con-

cept development began several years ago [3,4], and 

hardware development was initiated in 2007 [5]. Fig-

ure 1 shows a diagram of the prototype design and a 

photograph of the internal and external structure. The 

requirements were derived assuming a mission to a 

near-Earth asteroid, and the complete package is ex-

pected to have a diameter of roughly 25 cm, a mass 

less than 15 kg, and require an average power near 3 

W. 

 

 
Figure 1. (Top) Diagram of the baseline design and 

(bottom) photograph of the structure used for prototype 

development.  

 

The system consists of the spherical external struc-

ture, a cubic internal housing, the explosive, an impact 

three-axis accelerometer, three single-axis seismic ac-

celerometers, six camera assemblies, eight batteries, 

two patch antennas, active and passive thermal control, 

2100.pdf41st Lunar and Planetary Science Conference (2010)



electronics cards to support the avionics, power condi-

tioning and communications, and an interface to the 

host spacecraft. The avionics system is the most tech-

nically challenging component and currently is at a 

Technology Readiness Level (TRL) of 4. 

Full-Scale Blast Testing: To perform cratering 

experiments, the pods must be able to couple the ex-

plosive energy into the surface and peripheral pods 

must be able to sense the pressure.  To demonstrate the 

approach, a series of full-scale explosive experiments 

were performed at the Colorado School of Mines Ad-

vanced Explosives Processing facility in Idaho 

Springs, Colorado.  The goal for the experiments was 

to determine the extent to which the pod structure, 

shape, and surface coupling affect the resulting crater 

size and signals received by distal sensor pods. 

To simulate a loosely-consolidated asteroid sur-

face, a pit was prepared and filled with pea gravel with 

roughly a 1-cm particle diameter.  The dimensions of 

the gravel bed were large enough that the pods were 

more than 2 m away from any edge of the bed and 

more than 1 m from the surface beneath the bed.  The 

sensor pods were spaced meters apart and at least 10 m 

from the blast point.  Blast shields were placed over 

the sensor pods to avoid damage and minimize distur-

bance from the air shock wave. 

Figure 2 shows photographs of four pod configura-

tions prior to detonation. Pods deployed to the surface 

of an asteroid can come to rest in a variety positions; 

therefore, it is important to determine the sensitivity of 

the crater size and sensor signals to the exact pod con-

figuration.  Each pod contained about 5 kg of explo-

sive, and as a control, tests also were performed using 

the explosive without a casing structure.  The test con-

ditions consisted of one pod resting on the surface, one 

partially buried, one resting on rocks on the surface, 

one disk-shaped pod resting at an angle on a rock, and 

one disk-shaped pod flat on the surface.  The first ex-

periment was performed twice for reproducibility. 

Within the error of the measurement method, the 

results indicated that the crater size is not dependent on 

the configuration of the pod on the surface or the shape 

of the casing, except for the partially buried pod. Buri-

al depth is known to be a major factor for seismic 

energy coupling [2], so this result was not surprising.  

The crater sizes were approximately 200 cm in diame-

ter and 30 cm deep, but the dimensions of the crater 

from the partially buried pod were about 25% larger. 

In the small body environment the craters should scale 

up to tens of meters in size due to the low gravity con-

ditions. 

Figure 3 shows the test site (top) with a crater on 

the left and three sensor pods equally spaced on the 

right. Signals from each sensor are overlaid in the plot 

(bottom). The data have not been thoroughly processed 

yet, but the difference in arrival times and amplitudes 

are apparent.  The arrival time differences correspond 

to the sound speed in air and, thus, the large amplitude 

data appear to be dominated by air-coupled surface 

waves.  Tests using a drop weight rather than an explo-

sive suggested that the pressure wave speed through 

the gravel medium was only about half of the sound 

speed in air, so the pressure wave signals likely are 

obscured in this data.  Accordingly, future develop-

ment of the sensor component of the pods will be more 

effectively performed using drop weight experiments.   

 

 
Figure 2.  Pod configurations used for full-scale blast 

testing.  The first three pods were identical spheres and 

the fourth pod was disk shaped. 

 

 
Figure 3.  (Top) Test site showing crater and sensor 

pods on a gravel bed; (bottom) accelerometer signals 

obtained from the sensor pods. 
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