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Abstract
Electric propulsion plays an important role in modern small satellites. Due to
the main features of the electrical thrusters, these can provide to satellites
the means to perform maneuvers and allowing for efficient station keeping
and attitude control with a relatively small mass. The microsatellite µSAT-3,
currently being developed at the CIA (Centro de Investigaciones Aplicadas,
Applied Research Center,  Argentine Air  Force) is  equipped with a pair  of
ablative pulsed plasma thrusters (A-PPT),  also developed at the CIA. This
devices uses polytetrafluoroethylene (most commonly known as Teflon) as
propellant.
A laboratory prototype of a coaxial A-PPT (called P4S-1) was developed and
built in order to measure performance, thrust and propellant consumption. It
was  modeled  with  a  set  of  ordinary  differential  equations  (ODEs)  which
represent the time variation of electric charge, current, mass, momentum
and energy for a control volume, alongside with an ablation and a ionization
model  from  the  literature.  This  model  required  the  evaluation  of  some
parameters related to heat conduction and radiation, which were estimated
using experimental data. Once calibrated, the model was verified with other
different experimental results.
With  the  model  calibrated,  an  extensive  multi-objective  optimization
campaign started to design a second prototype (called P4S2) which in time
will evolve into the flight model for the µSAT-3 . To achieve the requirements
of specific thrust, total ∆V, maximum mass of the propeller system (among
others), geometrical parameters as well as technological parameters were
variated. The process was done first by hand, and later using multivariate
numerical  optimization  techniques.  A  Monte  Carlo  optimization  algorithm
was fist used to search for all local extrema and then gradient methods were
used to fine tune the obtained values.
Different  optimal  solutions  were  found,  which  allowed  to  improve  the
understanding of the physics and performance of the device. A compromise
solution was used, to take into account our technological limitations and to
simplify the construction and to minimize the device’s volume.
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