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Influence of Propellant Burn Pattern on the
Attitude Dynamics of a Spinning Rocket
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Abstract: This study examines the effect of various propellant burn geome-
tries on the attitude dynamics of a rocket-type variable mass system. The
three burn scenarios studied are the end burn, the centripetal burn, and the
radial burn. Results of this study indicate that a change in burn scenario
changes the predicted attitude motion. The differences are more pronounced
for spin motion than for transverse attitude motion. The end burn is recom-
mended whenever it is practically feasible; it is found to be the least disruptive
from the point of view of attitude dynamics.
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1 Introduction

In the study of the dynamics of rockets, the fact that the system undergoes substantial
mass variation is generally captured in one of two ways. One method is to view the
system as a solid whose mass and inertia vary as functions of time [4, 5]. The exact time
functions used for both the mass and inertia scalars are based on reasonable guesses of
what is likely to occur in real systems. Another approach is to show the propellant as a
subsystem of the rocket, and then specify the physical and geometric manner in which the
propellant mass is depleted. These facts are then used for the precise calculation of the
mass and inertia functions for the system. Naturally, the second approach is preferable,
since it eliminates the need for guessing the time histories of the mass/inertia properties.
However, authors that have utilized this second approach have generally used very simple

∗Corresponding author: foeke@ucdavis.edu

c© 2005 Informath Publishing Group/1562-8353 (print)/1813-7385 (online)/www.e-ndst.kiev.ua 251


