ANALYSIS AND PREDICTION OF IN-ORBIT
LIFETIME OF SATELLITES
IN LOW EARTH ORBIT
Introduction

The functional orbital lifetime of satellites in Low Earth Orbit (LEO) depends on various factors such as orbital altitude, spacecraft specifications (e.g.
surface area, mass, etc.), propulsion capability and the effects of the space environment on spacecraft mission-critical components. This project
summarises existing background information and research on the relationships between these factors and satellite lifetime, suggests suitable models for
estimation and prediction of some factors affecting in-orbit lifetime of any given satellite in LEO, which are then validated with open-source information.

Methodology

Results and Validation

Literature Review and Background Information
The harsh space environment exposes a satellite to potentially
hazardous factors including atmospheric drag, radiation, atomic
oxygen, man-made debris, micrometeoroids; even the natural
degradation of components or software failure can threaten to end
the life of a satellite.
We decided to model for atmospheric drag, radiation, and atomic
oxygen as the other factors are not suitable for this project. Debris
collision calculations are all probability-based, not rate-based,
component degradation is taken into account by the supplier, and
software failure requires an in-depth understanding of the specific
software, making it unsuitable for generalised cases.

Atmospheric Drag
Our results show a relatively flat
trend before decreasing sharply, as
the atmospheric density increases as
the altitude decreases, causing drag
to increase until the satellite drops
rapidly.
We used TeLEOS-1 and Galassia data
to fit our model.
Radiation
Gold is a more effective shielding
material than aluminium,
probably due to the fact that
it has a larger nucleus, increasing
the probability of the protons
colliding into the nucleus.
However, gold is an expensive and
heavier material, and hence it is
not feasible to construct the
shield entirely out of gold.

Evaluation of existing models
The Space Environment Information System (SPENVIS) provides us
with tools to model the space environment. However, it has its
limitations; for example, it does not take drag into account. Therefore,
any models we present is due to the fact that SPENVIS does not
present us with a suitable alternative. Where SPENVIS models are
available, it would be used as SPENVIS is a highly reliable system
solely dedicated to supplying accurate modelling and simulation.

Final models used

Atomic Oxygen
We tested over a period of 20 years. Our
graph shows a linear trend, with erosion
depth increasing as flux increases.
At higher altitudes, the flux is lower as the
atmosphere is thinner. Our results show a
strong linear relationship between
erosion depth and time at all fluxes
tested.
Comparing with SPENVIS, we find that our
model is highly accurate. As such, it can
be used to predict erosion depth quite
accurately.

Future Work

In summary, to estimate the mission lifetime of any given satellite, one
way is to estimate the time it takes for the satellite (and mission) to fail
due to all possible individual factors, compare these values for the
shortest one in order to gain a rough estimation of its lifetime. Our
project investigates the relationship between different factors and a
satellite’s lifetime.
Ideally, more real satellite data should be used to validate the models to
find out the exact margin of error in real life. Additionally, analysis of the
factors that we did not focus on could be beneficial to risk-assessment of
a satellite’s mission, design, and payload.
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