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Synopsis:

When a spacecraft performs an engine burn, the thruster misalignment (a
consequence of assembly) causes the spacecraft to deviate from its desired
trajectory. The majority of the velocity pointing error is produced by the
step-function-like behavior of the thruster which almost instantaneously
jumps from zero to its maximum value. Instead by ramping up the thruster,
the velocity pointing error is greatly reduced.

Historically, the velocity pointing error has been reduced by spinning at a
high rate (similar to a bullet). By reducing the pointing errors, the spacecraft
saves fuel and lengthens its lifetime in one of two ways. The spacecraft has a
smaller spin rate for the same pointing error of a typical thruster profile or
has fewer in-course corrections with a smaller pointing error.

It has been shown that the velocity pointing error can be reduced by linearly
ramping-up a thruster from zero to its maximum value. The first part of the
presentation discusses analytical results for the linear ramp-up profile. The
second part asks the question, “What is the optimal profile that minimizes the
velocity pointing error?” Here ramp-up models such as exponential,
parabolic, cubic, and cosine are considered. These profiles reduce the
velocity pointing error beyond the linear profile to nearly zero and hence
qualify as optimal solutions.
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