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Abstract

ESA multibody tool for launchers and spacecrafts: lesson learnt and
future challenges
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Since the early 1980s, the multibody dynamics simulation tool DCAP (Dynamic and Control
Analysis Package) has been progressively developed by the European Space Research and Technology
Centre (ESTEC) of the European Space Agency (ESA) through several industrial contracts with Thales
Alenia Space Italy (TAS-I) in Torino. Since 2014, ASTOS Solution GmbH has taken the lead on the
software development and commercialization, with the continued support from the Agency.
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Fig. 1: DCAP development milestones

This software suite, which originates from NASA's DISCOS FORTRAN code, has become a no-
frills, rational, fast multibody program designed for the dynamic simulation and stability analysis of
passive and actively controlled space systems and devices.

With almost 40 years of space heritage, today DCAP is regarded by the (European) space
community as an independently-coded, alternative benchmark for high fidelity multibody simulations
and cross-validation of space dynamics problems.

This paper summarizes the major development milestones, achievements and success stories, and
presents the most relevant lesson learnt throughout the software development.

In particular, the focus is placed on the multidisciplinary unique capabilities, particularly relevant
to the development of rockets and space transportation systems [1]. The most innovative of which are
the use of flexible elements for the launchers segments with variable mass and stiffness properties,
implementation of separation shock response spectrum at payload interface, thrust profile based on
real-time propellant consumption, aerothermodynamics input and sloshing dynamic contribution.

In this ongoing development, two major open challenges are identified:

- how to incorporate parametric distributed aerothermodynamics input in a multibody approach

- how to effectively model, in a multibody approach, the chaotic dynamic behavior of fluids’

sloshing in a microgravity environment.

Finally, the envisioned development road-map is presented, from the Agency's prospective, aiming
to an open discussion with the users community.
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Fig. 2: Multi-payload separation study case (Credits: ESA/CNES/ARIANESPACE)
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