Simposium Nasional Program Gelar RISET-Pro 2019

Low Earth Orbiting Satellite Charging Attributed to Space Environment
Nizam Ahmad
National Institute of Aeronautics and Space (LAPAN), Indonesia

Abstract
What do we do, if someday there’s something wrong with our satellites in space? Space is hostile environment. The placement of satellite in
space will always be affected by its environment resulting in various impacts from temporary faults to permanent failures depending on several
factors such as corspuscular and electromagnetic radiations with complex interaction. Spacecraft charging is one of contributors of anomaly to
satellites in space. Using Spacecraft anomaly and space weather data, we can learn how much charging faced by satellites in space in addition to
high-performance numerical computation involving approximated millions macro-particles. This study is useful to build an early warning system to
protect Indonesian future satellites from harsh environment in space.

Background

Method

Spacecraft is always exposed to
corpuscular
and
electromagnetic
radiation from space environment and
interacts with its components and
systems (Hastings and Garret, 1996)

Fig 1. The illustration of the spacecraft in
the space environment.

Motivation
To know how satellites are affected by
its environment and then find the solution
for mitigation.

1. List of anomalous
satellites
2. Space weather
contribution to
anomaly
3. Satellite –particle
interaction
4. Numerical
simulation
5. Charging
identification
Fig 3. The schematic diagram of method used in this
study

Results

Objective
To get the source

and the cause of
failures on low- Earth orbiting satellites.
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Case Study
20 Low earth orbit

(LEO) satellites
placed at 3000 – 1000 km altitude.
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Fig 4. The local time distribution of LEO satellite anomalies (left) and form of
interaction between particles and satellite (right)
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Fig.4 shows that most failures of LEO satellites occurred during midnight-dawn sector
and plasma electrons play an important role to spacecraft charging.
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Conclusions
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radiation of space weather can be problematic to low-Earth
orbiting satellites
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Fig 2. The model of particle and satellite interaction

The simulaton is run by Electro Magnetic
Spacecraft Environment Simulator (EMSES)
based on Particle-In-Cell (PIC) method (Miyake
and Usui, 2009) under following criteria.
•
•
•
•

Integration times step : 10-9 s
Number iteration : 5.103
Grid cell size : 1 cm
Total Debye length : 1.3 cm

• Notorious

failure can be exposed to Indonesian future satellites through
charging, thus mitigation steps are needed for economic loss avoidance .
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spacecraft charging becomes the major contributor of charging to lowEarth orbiting satellites
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