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Numerical simulations based on the particle-in-cell method are widely used for quantitative analysis of spacecraft
charging processes in space environment. Due to the high computational cost for calculating the motions of a large
number of plasma particles, the method allows us to simulate only phenomena of very limited temporal and spatial
scales within practical computation time. This feature makes it difficult to analyze temporal evolution of a spacecraft
potential in dynamically-changing space environment.

In this study, we newly develop a numerical analysis method that enables us to assess a spacecraft potential variations
in a longer time period, which can cover geospace environmental changes. The basic design of the method is as follows.
First, we perform a large number of plasma particle simulation runs to construct a data set of spacecraft current-voltage
characteristics for various space environmental parameters. In each simulation, the spacecraft potential is fixed at a
prescribed value, while the plasma currents into the spacecraft will be updated and monitored to obtain their
equilibrium values. Such a simulation configuration is advantageous in terms of a required number of time integrations
to obtain a steady-state solution, in comparison with the conventional setup, for which the simulation is performed until
an equilibrium value of the spacecraft potential is obtained.

As a next step of the analysis method, time-series data of environmental parameters extracted from spacecraft
observations or global simulations are used as an input. Based on the input parameters, we can obtain the plasma
currents into the spacecraft by referring to the current-voltage characteristic database constructed above. Then, we
numerically integrate an analytical equation, which describes the time evolution of a spacecraft potential, to see the
spacecraft potential response to the environmental parameter changes. In this process, the spacecraft potential response
is solved with reference to the pre-constructed current database, its calculation cost is much lower than that of the
plasma particle simulations. This feature enables us to evaluate a spacecraft potential behavior in a time period that is
long enough to cover the space environment changes.

For a case study using the proposed method, we chose a spacecraft failure event of the Galaxy 15 in 2010, which is
considered to be triggered by a large solar flare. The Earth's magnetosphere environment during the spacecraft failure
is simulated by means of a global MHD simulation, and the obtained time-series data of environmental parameters will
be served as an input for the spacecraft charging analysis. We report the recent progress of the method development,
particularly construction of a current-voltage characteristic database based on particle-in-cell simulations.
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