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DETERMINATION OF WORST-CASE ENVIRONMENTS FOR GEOSTATIONARY SPACECRAFT
SURFACE CHARGING

Abstract

Spacecraft electrostatic charging is a concern for primes and space agencies. The complex interaction
with the ambient plasma leads to both absolute and differential surface charging, the latter being respon-
sible for electrostatic discharges. In the past severe events led to power loss and sometimes to mission
loss. Estimating charging levels at the very beginning of satellite design is a key aspect that needs a clear
methodology.

This paper presents a comprehensive study combining flight measurements, lessons learnt from ground
tests, estimation of worst-cases situations and analysis by numerical simulations. The first point concerns
the processing of environment energy spectrum as measured by LANL spacecraft over a period of 15
years in GEQO. This processing requires a careful treatment of spacecraft voltage effects on raw data. The
second point concerns the main information extracted from years of material testing in laboratory. The
material properties at play are secondary electron emissions under electron, photon and proton impact;
conductivity, including radiation induced conductivity; and material structural assemblies (such as cover
glasses glued on solar cells). Hazardous configurations leading to electrostatic discharges are also analyzed.
This analysis led us to propose a set of criteria for the definition of worst-case environments for GEO
spacecrafts, based on both absolute potentials measured in-flight and differential charging measured on
ground testing (which is usually not measured in-flight, although this is the main source of risk). Finally,



this set of environments is used as input for numerical simulations using SPIS, the Spacecraft Plasma
Interaction Software. The charging levels obtained on several spacecraft configuration are analyzed. It
provides a basis for defining a consistent methodology to estimate worst-case spacecraft charging in GEO.



