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1. One Page Abstract
In the past years a lot of effort has been invested into enabling Model Based Systems Engineering (MBSE) for the whole life cycle of a spacecraft. Part of these efforts is Virtual Satellite (VirSat) [1], a software framework that allows for the integration of various different engineering processes across the individual phases of spacecraft design and operations, as well as the different disciplines.
An important discipline in the design of safety critical systems such as spacecraft is reliability engineering. No matter how well designed a system is, it must always be able to deal with the presence of faults to some extent. In order to raise trust in handling such faults, concepts from the domain of Fault Detection, Isolation and Recovery (FDIR) are employed.
With this paper we present our approach for bringing MBSE into the realm of reliability engineering using the Virtual Satellite framework. The tool we are developing for this purpose is called VirSat FDIR. Virtual Satellite provides a generic systems engineering language in which a Conceptual Data Model (CDM) capturing one specific engineering aspect can be described, in this case FDIR. For VirSat FDIR we have developed such a Conceptual Data Model, which we discuss in this paper.
The tool currently focuses on the modelling of faults by means of Fault Trees. Fault Tree Analysis is a commonly used methodology for performing state-of-the-art failure analysis [2]. The resulting Fault Trees are acyclic graphs that describe how faults propagate through the components and subsystems of a system and eventually lead to a top level failure. VirSat FDIR supports the graphical modelling of Fault Trees and the import of textural descriptions of Fault Trees for integrating supplier data. Furthermore, it also supports the generation of Failure Modes, Effects and Criticality Analysis (FMECA) tables based on the ECSS standards. 
In conjunction to fault modelling, the tool also features modelling support to deal with the recovery related aspects of FDIR. For this purpose we have introduced a concept we call Recovery Automaton that models the underlying decision process guiding which recovery action should be executed upon observing some fault. The tool also implements the synthesis procedure that we have described in [3] that takes as input a modelled Fault Tree and aims to generate recovery strategies optimized towards reliability, in particular focusing on the aspect of redundancy management. 
Due to being conceptualized with the generic engineering language, VirSat FDIR can be used to annotate any Virtual Satellite study with fault and recovery information without requiring domain specific knowledge about the models that are being annotated. This also means that the tool can be used as soon as in early phase A feasibility studies as well as in the later phases of the spacecraft life cycle. Furthermore, as Virtual Satellite is made with concurrent engineering in mind, VirSat FDIR inherits this capability and can be employed in parallel to the creation of the system model. 
[bookmark: _GoBack]With the initiative of the VirSat FDIR software we not only intend to model FDIR concepts but also actively employ these models to assess the FDIR design and perform verification and validation (V&V) on it. Towards this goal we support performing Reliability Analysis, a quantitative form of analysis that requires precise quantitative information such as the failure rates of the base faults, and Minimum Cutset Analysis, a qualitative form of analysis that only requires the underlying Fault Tree structure.
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