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Introduction: multi-physics modelling In space environment, an open issue

Future scientific and commercial missions present new needs and challenges in terms of modelling space environment effects. ESA’s Juice Jovian mission Is expected to
cross intense radiating and plasma environments, potentially leading to severe radiation and internal charging effects. The new generation of commercial missions in MEO
IS marked by a massive use of non-hardened components or ions thrusters. Cumulated doses and charges may lead to strong internal electric fields and risks of
discharges, potentially dangerous for embedded equipment. Design and shielding must be carefully computed and more accurate numerical models needed.

To cover self-consistently all involving physics, a multi-physics/multi-models approach is needed, chaining different numerical models. But the global modelling process
should be also considered as a whole. Such chaining requires numerous operations hard to perform manually, making the simulations difficult to drive by non-experts. A
unified user interface, helping the user to follow the whole modelling process in a coherent way, is needed. This is the purpose of Integrated Modelling Environments or
IMESs that aim to integrate the various numerical kernels as well as all needed pre/post-processing tools, like CAD editors, in a common and simplified frame.

Coupled radiations / internal charging analysis
A coupled 3D radiations/internal charging analysis
Implies tree main steps:

1- Construction of realistic geometrical model(s);

2- Computation of the deposited energy, charge and
dose, using a Monte-Carlo model;

3- Computation of the evolutions of the inner
charges and electric fields with a charging code.

Based on GEANT-4, ESA/GRAS [1] is a simulation
core especially designed for the modelling of the
radiations effects of the space environment.

Open-source, based on electro-static 3D PIC models,

SPIS [2] Is a reference tool In surface charging
analysis. Through several projects, ESA has
encouraged the development of new numerical
models to compute Iinternal charging effects as well.
Added to ONERA's internal R&D, this has recently led
to a new Dbranch, SPIS-IC, for internal charging
effects, detailed in P.Sarrailh presentation [3].

The possibilities to interface both kernels has been
explored in the frame of previous ESA Initiatives (e.g.
Elshield, CIRSOS and 3DMICS projects). However
the global simulation remained still difficult to drive In
an industrial context.
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EDGE, the ExtendeD Gdml Editor:
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SPIS iIncludes its own modular IME, SPIS-UI, based
on Artenum’s Keridwen solution [4].

On this basis and to simplify the collaboration
process, a first integration of GRAS into SPIS-Ul has
been done through a dedicated module.

To help the user to model the geometry of the studied
system, a new WYSIWYG 3D CAD tool has been
developed ab Initio on the basis of an Internal
Artenum R&D effort and integrated into SPIS.
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Conclusion and Perspective: A first experimental integration of radiation analysis tools, ESA/GRAS, and the internal charging simulation core, SPIS-IC, into a unified IME
has been presented. The relevance of an integrated approach for a multi-physics modelling in radiations / internal charging analysis is confirmed. The newly GDML CAD
editor, EDGE, deeply simplify of the geometrical modelling for GEANT-4 based simulations and the interfacing with internal charging models.

Most of these new tools are expected to be available as advanced functionalities in the frame of the ONERA/Artenum offer SPIS-Services (see www.spis-services.eu).

[1] space-env.esa.int/index.php/geant4-radiation-analysis-for-space.html, [2] www.spis.org, [3] Sarrailh P. et. al, 14" SCTC, Development and validation of a 3D time dependent model used for the simulation of internal charging at spacecraft level, [4] www.keridwen.org
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