
Reusable space tug concept and mission

Sara Cresto Aleina a,n, Nicole Viola a, Fabrizio Stesina a, Maria Antonietta Viscio b,
Simona Ferraris c

a Politecnico di Torino, Corso Duca degli Abruzzi 24, Torino 10129, Italy
b Thales Alenia Space Italy, Via Saccomuro, 24, Roma 00131, Italy
c Thales Alenia Space Italy, Strada Antica di Collegno 253, Torino 10146, Italy

a r t i c l e i n f o

Article history:
Received 7 January 2016
Accepted 4 July 2016
Available online 5 July 2016

Keywords:
Conceptual design
Space Tug
Functional Analysis
Concept of Operations

a b s t r a c t

The paper deals with the conceptual design of a space tug to be used in support to Earth satellites
transfer manoeuvres. Usually Earth satellites are released in a non-definitive low orbit, depending on the
adopted launcher, and they need to be equipped with an adequate propulsion system able to perform the
transfer to their final operational location. In order to reduce the mass at launch of the satellite system,
an element pre-deployed on orbit, i.e. the space tug, can be exploited to perform the transfer man-
oeuvres; this allows simplifying the propulsion requirements for the satellite, with a consequent de-
crease of mass and volume, in favour of larger payloads. The space tug here presented is conceived to be
used for the transfer of a few satellites from low to high orbits, and vice versa, if needed. To support these
manoeuvres, dedicated refuelling operations are envisaged. The paper starts from on overview of the
mission scenario, the concept of operations and the related architecture elements. Then it focuses on the
detailed definition of the space tug, from the requirements’ assessment up to the budgets’ development,
through an iterative and recursive design process. The overall mission scenario has been derived from a
set of trade-off analyses that have been performed to choose the mission architecture and operations that
better satisfy stakeholder expectations: the most important features of these analyses and their results
are described within the paper. Eventually, in the last part of the work main conclusions are drawn on
the selected mission scenario and space tug and further utilizations of this innovative system in the
frame of future space exploration are discussed. Specifically, an enhanced version of the space tug that
has been described in the paper could be used to support on orbit assembly of large spacecraft for distant
and long exploration missions. The Space Tug development is an activity carried on in the frame of the
SAPERE project (Space Advanced Project Excellence in Research and Enterprise), supported by Italian
Ministry of Research and University (MIUR), and specifically in its STRONG sub-project (Systems Tech-
nology and Research National Global Operations) and related to the theme of space exploration and
access to space.
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1. Introduction

In recent years, international roadmaps show an increasing
interest in a new space system concept: the space tug. A space tug
is a particular spacecraft that can be used to transfer satellites from
Low Earth Orbit (LEO) to higher operational orbits; this would
allow reducing the platform mass (mainly due to less performing
propulsion subsystem), in favour of larger payload mass. The in-
terest of space agencies and companies in this type of system is
not only related to orbital payloads transfer, but it is also due to
several other applications.

For example, an important aspect to be considered is that space
is becoming more and more crowded, and in this perspective the
use of an on-orbit system developed for generic applications and
adaptable to a specific critical situation would give the opportunity
to face maintenance and refuelling problems without of the need
of additional dedicated systems. In addition, a similar system can
be exploited also to retrieve or remove space debris. Finally, a
Space Tug system is an important building block in missions re-
lated to space exploration: issues regarding the assembly of large
spacecraft can be solved using this on-orbit system, providing a
solution to one of the most challenging aspects related to space
exploration in the future [1,2]. An additional application can be
related not only to large space systems but also to smaller ones:
indeed, it is possible to consider the use of small launcher com-
bined to a Space Tug to deliver in higher orbits also CubeSats or
other Small Satellites for interplanetary missions, so designed to
operate in orbit not easily reachable by small launchers [3]. In this
framework, the development of a new element like a Space Tug is
desirable [4].

Usually, Earth satellites are released in a non-definitive low
orbit, depending on the adopted launcher: in this case, the payload
has to be designed with a propulsion system able to perform the
final transfer. The use of a reusable tug system with an adequate
propulsion system would be a way to increase the payload mass,
giving the opportunity to exploit the Italian VEGA launcher at a
larger extent. Indeed, relying on the support of a pre-deployed
system such as a reusable space tug in charge of performing the
transfer of the satellite platform from a lower orbit to the target
orbit, allows minimising the propulsion on the satellite and,
therefore, maximising the payload mass capability.

A space tug design is one of the outputs of SAPERE project and
specifically of its STRONG sub-project. STRONG is related to the
theme of space exploration and access to space and is the frame in
which this activity is performed. This project has the objectives
both to improve the national space operability in terms of access
to space and to increase the Italian industrial capability to realise a
Space Tug. In particular, the space tug discussed in this paper is an
unmanned system with the main purpose to support satellites
deployment on orbit. In addition, another mission scenario to face
with is the possibility to retrieve on Earth significant payload
samples by means of an operative reusable vehicle, such as for
example an evolution of IXV (Intermediate eXperimental Vehicle),
PRIDE. In order to better describe the design activity performed on
this kind of system, the paper starts with the description of the
methodology applied in the design of the space tug and the
STRONG system (Section 2), before applying it to the case study. In
Section 3 the space tug conceptual design is described. The main
outputs of this section are the tug configuration, in terms of sub-
systems composing it, the mission scenario and mass budget.
Eventually, main conclusions are drawn (Section 4).

2. Design methodology

The objective of the space tug presented in this paper is to
improve the national space operability in terms of access to

space by providing a transportation system capable to transfer
satellites platforms from low orbits, where they are released by
launcher, to higher operational orbits and back, if needed. This
objective may need a particular un-manned pre-deployed sys-
tem, the Space Tug. This system has to be correctly designed in
order to fulfil all the needs and the objectives of STRONG project.
In particular, the design process here presented is the typical
conceptual design process in Systems Engineering. In this pro-
cess the main output to be obtained is the definition of the main
requirements definition, taking into account all main activities
that such a system has to perform to be compliant with stake-
holders' needs, regulations and other imposed constraints as, for
example, the environment. The core element of the design pro-
cess here proposed is the Functional Analysis, used to define
activities and products able to perform them, according to a
System Design Methodology [5–8] (Fig. 1). In particular, at the
end of the Functional Analysis the system architecture and the
main requirements that drive the system design itself are fully
described and listed [9]. To this purpose, the basic tools of the
Functional Analysis can be used to derive the requirements that
will drive the systems design. The requirements that can be
derived are many and can be grouped in specific categories, as
shown in Fig. 2. For example, the main category of top-level
requirements, i.e. mission requirements, directly stem out from
the mission statement and mission objectives and constraints,
which are a description of the crucial issue of this paper study
and of the major limitations in the systems design. In addition,
other top-level requirements, for example programmatic re-
quirements, or constraints are imposed from the analysis of all
the actors involved in this project (defined as Stakeholder [10]).
However, these two first analyses are able only to define data in a
high level of detail, identifying the main purpose to be per-
formed, constraints of the design and impositions. To increase
the detail of the design and define a list of all the activities and
the products that are required, the Functional Analysis should be
introduced.

The requirements definition process is important, considering
that requirements represent the basis of the whole system design.
For this reason, their derivation has to be part of a rational and
logical process, in order not to forget drivers or constraints in the
design that could eventually lead to unsuccessful choices. Also for
this reason a requirements categorisation is necessary: having all
the requirements divided into categories can reduce possible re-
petitions and helping their verification. For this reason and as al-
ready explained, requirements have been subdivided into many
categories as shown in Fig. 2 [6,10,11].

In more detail, the first activity to perform, before writing
down the requirements, is the definition of the main objectives of
the project. As already explained and as suggested in [10], they can
derive directly from the Mission Statement and the stakeholders'
analysis. In particular, primary Mission Objectives are directly
derived from the Mission Statement. This is an important phase in
the design of a system, considering that Mission Statement and
Primary Mission Objectives represent mission foundation and, for
this reason, they cannot be modified during the definition process.
Another analysis that can create important constraints and ob-
jectives is the Stakeholders' Analysis. The main purpose of Stake-
holders' Analysis is to define needs and expectations of the main
stakeholders. Certainty, the first activity to be performed before
the stakeholders needs determination is the identification of the
stakeholders, i.e. of all the actors involved. Consequently, sec-
ondary objectives can be derived. A categorisation of stakeholders
that can drive their identification process is proposed in [11]. In-
deed, the stakeholders can be categorized as sponsors (i.e. those
associations or private who establish mission statement and fix
bounds on schedule and funds availability), operators (i.e. those
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