Accepted Manuscript

The Exploration of PHOBOS: Design of a Sample Return Mission

Antonella Ferri, Stewart Pelle, Maurizio Belluco, Thomas Voirin, Rolando

Gelmi

PII:
DOI:
Reference:

To appear in:

Received Date:

Revised Date:

Accepted Date:

S0273-1177(18)30480-0
https://doi.org/10.1016/j.asr.2018.06.014
JASR 13796

Advances in Space Research

29 March 2017
7 June 2018
9 June 2018

ADVANCES IN
% SPACE

REseArcH

Please cite this article as: Ferri, A., Pelle, S., Belluco, M., Voirin, T., Gelmi, R., The Exploration of PHOBOS:
Design of a Sample Return Mission, Advances in Space Research (2018), doi: https://doi.org/10.1016/j.asr.

2018.06.014

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers

we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and

review of the resulting proof before it is published in its final form. Please note that during the production process

errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.asr.2018.06.014
https://doi.org/10.1016/j.asr.2018.06.014
https://doi.org/10.1016/j.asr.2018.06.014

The Exploration of PHOBOS: Design of a Sample Return
Mission

Antonella Ferri* and Stewart Pelle?
Thales Alenia Space ltalia S.p.A., 10146 Torino, Italy

Maurizio Belluco®
Sofiter System Engineering S.p.A., 10138 Torino, Italy

Thomas Voirin®
ESA-ESTEC, Keplerlaan 1, 22001 AZ Noordwijk ZH, The Netherland

Rolando Gelmi®
Leonardo — Airborne & Space System Division, 20014 Nerviano, Italy

ABSTRACT

The long-term goal of enabling human exploration of the Moon and Mars drives International space
exploration plans. Robotic space missions must therefore develop and demonstrate the feasibility and
robustness of the enabling technologies and capabilities.

The Phobos Sample Return mission is a candidate mission of the Mars Robotic Exploration
Preparation programme. Its objective is to acquire and return a sample from the Mars moon Phobos. The
main science goal of this mission will be to understand the formation of the Martian moons Phobos and
Deimos and acquire further data on the evolution of the solar system. From a technology standpoint, it
would be a big step forward in the development of many technologies, ranging from low-gravity body
landing capabilities to Earth re-entry of samples from deep space, from semi-autonomous robotic
acquisition of surface samples to sample preservation and further analysis in dedicated ground
laboratories.

Thales Alenia Space represents one of two industrial contractors studying the mission to Phase A
level. This phase involves investigation of all aspects of the mission and spacecraft design to ensure its
feasibility and robustness. The planned launch date for the mission is between 2025 and 2027. The
Ariane 5 ECA launch vehicle will be launched from Kourou. A chemical propulsion module will transfer the
spacecraft composite to the Martian system, and will then be separated at Phobos. A full characterization
campaign of Phobos at different altitudes from orbit will follow. This will include quasi-satellite orbits and
flybys, using a payload suite of cameras and spectrometers. When the preferred landing site is identified,
a controlled descent and touchdown onto the surface of Phobos will be performed, with a touchdown
accuracy of '50m.. A robotic arm and sampling mechanism will obtain and verify a sample of surface
regolith, and insert it into the Earth re-entry capsule. Part of the Spacecraft will return to the Earth from
Phobos and deliver the re-entry capsule to the Earth’s atmosphere. The capsule will perform a fully
passive Earth entry, descent and landing in Woomera, Australia. It will then be recovered and transferred
to a sample curation facility for sample extraction and analysis. This paper summarises the results of the
Thales Alenia Space Phobos Sample Return mission and spacecraft design, with a focus on the key
elements and mass drivers.
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