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Abstract

The nature of cosmic dust particles, their origin and their interactions with the space environment are
subjects of deep interest. The DOLPHIN mission proposes to study these particles and to understand
their dynamics. Depending on the phase of the solar cycle, these particles focus and defocus with respect
to the ecliptic plane due to their charges and motion through the heliospheric magnetic fields. Therefore,
an ideal launch date for DOLPHIN is during the solar cycle minimum of the “focussing phase” of cosmic
dust. By studying these dust particles, DOLPHIN ultimately seeks to enhance our comprehension of the
formation and evolution of the solar system, galactic systems, and interstellar medium.

The initial mission proposal was submitted in 2022 for the second ESA F-class mission call, which is
a “Fast” mission to be launched in the 2030-2031 timeframe with a cost-at-completion of 175 million eu-
ros. After evaluation, DOLPHIN was deemed too costly, surpassing the budget. Consequently, the aim is
to demonstrate that the mission can be launched within the constraints outlined by ESA for such missions.

In this paper, the authors present a complete system design analysis of the DOLPHIN spacecraft,
with a top-down and bottom-up engineering approach to estimate the projected cost of the mission. This
project involves highly collaborative tasks from students of ISAE-SUPAERO and ETH Ziirich, working
simultaneously on spacecraft and payload design respectively. The proposed preliminary system design
of DOLPHIN takes into account the requirements of the payload instruments to satisfy the mission’s
scientific objectives. Using these requirements as the basis for the whole design procedure, the authors
propose a preliminary spacecraft platform configuration, in particular emphasizing the subsystems driving
the mission cost.

Building on this configuration, the paper outlines a second iteration which details the components’
trade-offs to develop an optimum mission design. Keeping descoping as the prime focus, design choices
were made by statistical analyses of past missions and evaluations of the performances of current off-the-
shelf components. Once the main components had been selected, the mass budget was refined, and it
was used as input for different cost models, to obtain a new cost estimation. This was further improved
with the use of the software TruePlanning, developed by PRICE Systems. The design culminates with
the proposal of cost-descoping options, which quantify the potential cost reduction. This will ultimately
demonstrate the feasibility of DOLPHIN as an F-class mission call from ESA.



