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Performance evaluation methodology for multistage

launch vehicles with high-fidelity modeling

Marco Pallone1,∗, Mauro Pontani1,, Paolo Teofilatto1,

aUniversity of Rome ”la Sapienza”,via Salaria 851/831, 00138 Rome (Italy)

Abstract

Multistage launch vehicles of reduced size, such as ”Super Strypi” or ”Sword”,
are currently investigated for the purpose of providing launch opportunities
for microsatellites. Currently, microsatellites are launched according to tim-
ing and orbit requirements of the main payload. The limited costs of mi-
crosatellites and their capability to be produced and ready for use in short
time make them particularly suitable for ready-on-demand requests, such as
facing an emergency. As a result, launch vehicles for the exclusive use of
microsatellites would be very useful. This work considers the Scout rocket,
a four-stage launch vehicle of reduced size used in the past. Its aerodynam-
ics and propulsion are modeled with high fidelity, through interpolation of
reliable, accurate available data. For the purpose of reducing the rocket com-
plexity and size, as well as the launch cost per kg of payload, simplification of
the rocket subsystems is advisable, and this includes also the guidance system
and the related algorithm. In fact, open-loop guidance was actually employed
during real Scout flights. In this research, open-loop guidance is investigated,
under the assumption that the aerodynamic angle of attack is constant for
each of the first three stages. Instead, for the upper stage the terminal op-
timal ascent path leading to orbit injection is determined through the use
of a specific implementation of firework algorithm, in conjunction with the
Euler-Lagrange equations and the Pontryagin minimum principle. Firework
algorithms represent a recently-introduced heuristic technique inspired by the
firework explosions in the night sky. The concept that underlies this method
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