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Abstract

In-space fragmentation events lead to the generation of debris clouds, whose spatial distribution is
strongly influenced by the initial delta-V that they acquire during the break-up; different events (collisions,
explosions) may affect the resulting distributions. The model currently in use to study such phenomena is
the NASA Standard Breakup Model (SBM), which is able to provide characteristic length, area-to-mass
ratio (A/M), and delta velocity distributions, distinguishing between the case of fragmentation due to
collision and fragmentation due to explosion; the development of new models, capable to consider different
impact parameters, is related to the collection and analysis of new data from fragmentation events.

In this context, this work presents the analysis of delta-V distributions of both significant events (e.g.
the Fengyun 1C ASAT test in 2007 and the Cosmos 2251 - Iridium 33 collision in 2009) and more recent
ones. Observation data, in the form of Two-Line Elements, is acquired to obtain the orbital parameters of
the involved bodies before the fragmentation and of the generated debris after the break-up. From these
parameters it is possible to calculate the orbital velocities and the delta-V; for the results to be reliable,
it is preferable that the first observation (and hence the first TLE) occurs shortly after the event, in order
to find the orbital velocity of the debris closest to the event and hence a delta V as close as possible to the
actual one, with negligible effects from perturbations and atmospheric drag. Once the delta-V is obtained,
its distribution is analysed and compared with a normal distribution; the parameters of the curve are
then correlated with the event characteristics. It is observed that for a large fraction of the analysed
events the normal distribution is a good approximation of the observation data; however, observations of
the breakup of the second stage of the Chinese CZ-6A rocket indicate that for this explosion event the
delta-V distribution presents three clearly identifiable peaks and therefore cannot be described by a single
normal distribution.

1

Paper ID: 89607
student


