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The assessment of spacecraft charging is one of the important technical elements of space weather forecasting system. Nu-
merical simulations based on the particle-in-cell (PIC) method are widely used for quantitative analysis of spacecraft charging
processes in space environment. Due to the high computational cost for advancing 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 com-
putation time. This feature makes it difficult to analyze temporal evolution of a spacecraft potential in space environment that
changes dynamically.

In this study, we develop a simulation platform that couples the dynamics of the Earth’s magnetosphere and satellite charg-
ing simulations. The platform enables us to assess a spacecraft potential evolution in a longer time period, which can cover
space environmental variations associated with space weather events. Specifically, the Earth’s magnetosphere environment
during space weather events is simulated by means of a global MHD simulation, and the obtained time-series data of en-
vironmental parameters will be served as an input for the spacecraft charging analysis. One of major difficulties of such
coupled analysis is the large difference in temporal scales between the magnetospheric dynamics and spacecraft charging
phenomena. To address the issue, we have decided to avoid coupling the MHD and PIC computations directly. Instead of PIC
simulations, a single/multiple set of ordinary differential equations representing the potential evolutions of individual satellite
elements are coupled with the MHD calculations, which allows us for long-time spacecraft charging predictions. The plasma
currents, which are source terms of the differential equations, are evaluated based on an analytical model or current-voltage
(I-V) characteristic database prepared for each satellite. Such I-V database are constructed in prior to the coupled analysis by
performing a large (but manageable) number of small-scale plasma particle simulations.

From an information science perspective, we utilize in-house code-to-code coupling framework named CoToCoA (Code-
To-Code Adapter) for coupling the MHD and spacecraft charging calculations. Based on the framework, the coupled analysis
can be executed as a single MPI parallel program that encompass the above model calculations as its subcomponents. It is
expected that the approach enables us for efficient use of modern supercomputers. The paper focuses on design details of the
developed platform and their validity in terms of a coupled physical model involving different temporal and spatial scales.
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