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It is planned to conduct suborbital particle-
aggregation experiments as a follow up to Space 
Shuttle USML-1 and USML-2 activities. 
Electrostatic particle aggregation is a key process in 
the formation of planets, the behavior of impact palls 
and volcanic eruption plumes, the interaction of 
particulates in planetary rings, the behavior of aeolian 
dust clouds on Earth and Mars, and the formation of 
organic compounds in Titan’s atmosphere. USML 
experiments showed that electrostatic dipoles are a 
strong influence on particle aggregation, not 
heretofore suspected. The discovery of complex 
aggregate structures (in the USML data) through 
image processing techniques not available at the time 
of the USML flights has reinvigorated our interest in 
the aggregation process. The USML hardware (Fig. 
1) is still fully functional and would be employed in 
  

            
    

                   
 

Figure 1:  USML hardware available for 
aggregation experiments. The detachable module is 5 
x 5 x 5 cm. Lower image shows typical electrostatic 
chain structures generated in USML experiments 
(width of field = 1 cm). 
 

suborbital flights. It weighs <1 kg and requires no 
mechanical or electrical interfaces with the 
spacecraft. A choice of eight plug-in experiment 
modules is available.  

We plan to use this or similar apparatus to 
investigate “pure” end-member states with regard to 
polarized interparticle forces in a particulate cloud. 
 

 
Specifically, the tests would include cases involving 
granular materials with 1) no electrostatic poles, 2) 
monopoles only, 3) monopole-dipole mix, and 4) 
dipoles only. This series of tests rigorously isolates 
the respective roles of monopolar and dipolar 
aggregation forces in particulate clouds. Additionally, 
a complementary series of force-spectrum tests 
would be conducted to separate the respective roles 
of electrostatic and mechanical (ballistic) forces in a 
dynamically active particulate cloud. Tests would 
include 1) no electrostatic forces, 2) no (effective) 
inertia/momentum using hollow glass spheres, and 3) 
no (effective) electrostatics or inertia/momentum 
using metal-plated hollow spheres. In combination, 
these experiments provide controls and separate all 
the force variables in an active particulate cloud. 

Clearly, the scope of this test matrix needs to 
involve a series of flights, but each test would be 
brief and simple to execute. This requirement is not 
met by cumbersome Space Shuttle or Space Station 
programs, nor is it met by zero-gravity aircraft flights 
or drop towers in terms of reduced-gravity duration. 
It is matched, however, by the possibility of rapid 
turnaround commercial suborbital flights involving 
several minutes of weightless conditions. 

Suborbital flights offer the opportunity to 
conduct experiments with a human in the loop. The 
advantages are two-fold. Firstly, they remove the 
necessity to automate the experimental setup. For 
relatively simple particle aggregation experiments 
being planned, the cost and complexity of automation 
can easily be an order of magnitude greater than the 
experiment itself. Tasks such as detecting zero 
gravity, pressurizing and activating sequenced 
pneumatic systems, and mechanically agitating the 
test modules, are non-trivial to accomplish 
automatically. Such tasks, however, are quite trivial 
for a human operator. 

Secondly, a human in the loop enables real-time 
adjustments to experimental procedures. Via uplink 
commands with USML, the astronauts were able to 
perform unscheduled variants to test procedures, and 
it was learned from this experience that direct human 
observation was important in determining the 
outcome of the experiments. Such real-time uplinks 
might not be feasible with suborbital flights, but 
USML nevertheless demonstrated how the presence 
of an interactive human operator can vastly improve 
the outcome of an experiment when curiosity and 
flexibility are introduced as experimental variables.  
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