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Optimal multiple-burn injection of a satellite into geostationary orbit using an
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ARTICLE INFORMATION ABSTRACT

In this paper the problem of optimal multiple-burn injection of a satellite into geostationary orbit using
an upper stage with a limited thrust and restart capability, and comparison with sub-optimal case is
considered. The goal is finding thrust vector angle, times of the engine firings and optimal duration of
active phases of the upper stage so as to minimize fuel consumption and to meet the desired boundary
conditions. The contribution of this research is developing an accurate and rapid convergence algorithm
for solving multiple-burn trajectory for satellite injection into geostationary orbit. To solve the
multipoint boundary value problem, an improved indirect shooting method with high performance and
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Upper Stage ) modified Newton’s method is presented and used for optimal solution. Moreover, the novel method
sﬂeuolfi‘;}'e"gzx Orbit presented for multi burn problem not only has very good accuracy, but also, it converges very fast to the

desired end conditions. Various flight sequences with multiple burns are considered and the optimal
trajectory with minimum fuel consumption criteria, for each flight sequence is derived. The verification
and validation of the proposed algorithm is made via comparison with references. Finally, the results of
optimal solutions are compared with the results of sub-optimal solution whose thrust direction is aligned
to the velocity vector direction.
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Fig. 2 Results Comparison for Centaur D Upper stage
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Fig. 3 Optimum burn arc in the neighborhood of the perigee
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Table 1 The characteristics of geostationary upper stages
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Fig. 4 Optimal trajectory for the first burn of a two burn arcs
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Fig. 5 Optimal trajectory for the second burn of a two burn arcs
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Table 3 Three burns transfer of satellite into geostationary orbit
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Fig. 7 Optimal trajectory for a burn-coast-burn flight sequence in Cartesian coordinate frame
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