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Orbit deviations due to injection errors can occur when a satellite is not placed into its intended
orbit with the precision required for its mission. These errors can result from a variety of
factors, including inaccuracies in launch vehicle performance, guidance system errors, and
environmental effects. Here are some common orbit deviations due to injection errors:

1. Altitude Deviations:

« Ifasatellite is injected into an orbit with an altitude that is higher or lower than the
intended orbit, it can impact its ability to perform its mission. For example, a
satellite intended for a geostationary orbit that ends up in a higher orbit may not
have sufficient fuel to reach its desired position.

2. Inclination Errors:

« The inclination of an orbit is the angle between the orbit plane and the equator.
Deviations in inclination can occur during injection, and these can affect the
satellite's coverage area or its ability to observe certain regions of the Earth.

3. Eccentricity Deviations:

o Eccentricity refers to how elongated or circular an orbit is. An injection error that
results in a more elliptical orbit than intended can affect the satellite's coverage and
communication characteristics.

4. Argument of Periapsis Errors:

o The argument of periapsis defines the orientation of the major axis of an elliptical
orbit. Errors in this parameter can lead to deviations in the satellite's closest
approach to Earth (periapsis) and farthest point (apoapsis), impacting its mission
objectives.

5. Orbital Phasing Errors:

e In some cases, satellites are intended to be part of a constellation or network.
Injection errors can affect the phasing of these satellites, making it challenging to
maintain the desired formation or coverage.

6. Velocity Errors:
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o Errors in injection velocity can result in the satellite being under- or over-energized.
This can lead to the satellite being unable to reach its intended orbit or experiencing
difficulties in maintaining its orbit.

Orbit Crossing Errors:

o For Earth observation or scientific missions, the timing of satellite orbits is critical.
Injection errors can lead to deviations in the satellite's ground track, affecting its
ability to capture data or images as intended.

Debris Generation:

e In extreme cases, injection errors can result in collisions, breakups, or
fragmentations that lead to the generation of space debris, posing risks to other
satellites and space assets.

Maneuvering and Fuel Depletion:

o If asatellite is injected into a different orbit than planned, it may need to expend a
significant amount of fuel to reach its intended orbit, which can impact its
operational lifespan.

Reduced Mission Lifetime:

« Injection errors can reduce the operational lifespan of a satellite, as the satellite may
need to expend more fuel to correct its orbit or may not be able to achieve its mission
objectives as planned.

To mitigate these injection errors, extensive planning, engineering, and testing are carried out
prior to launch. Accurate mathematical models, guidance systems, and computer simulations
are used to predict and minimize these deviations. In some cases, satellites are equipped with
propulsion systems that can be used to correct injection errors or make orbital adjustments once
in space. It's essential to have contingency plans and maneuvers in place to address injection
errors and maximize the chances of a successful satellite mission.



