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Abstract
This paper deals with a space robot developed for
orbiting missions. The robot, called FRIEND, has been
designed by the research team of Robotics Laboratory in
Milan Politecnico. FRIEND is able to carry out space
structure building and maintenance missions.

1. Introduction

Space Missions have seen an intensive use of robotics
and automation during the last few years. This fact is due
to the need of increasing intelligence on board and
reducing the costs. This tendency will come emphasized
in the new millennium thanks to new developments in
computer science technology and in artificial intelligence.
The mechanical technology is becoming adequate to such
fast evolutions, pushing the micro mechanics to the new
frontiers of robotics. So it is necessary to develop and
experiment new robotics technologies for space missions.

2. Robot FRIEND

Aim of robot FRIEND project is to increase the
performances of the earth-based robotic technology and
to adapt it to the space environment.

The Robotics Laboratory of the Department of
Mechanics to Milan Politecnico has developed in the last
years the project of a telerobot, called FRIEND (Flying
Robot with Intelligently Ended Nursing Dexterity). The
project has been commissioned from the Italian Space
Agency to Milan Politecnico. The system is the
contribution of Italian University, through ASI and ESA
to the realization of ISS (International Space Station).
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Fig. 1 Robot FRIEND 3

The first plan brought to the realization of robot
FRIEND 1 whose working prototype has been built in the
Robotics Laboratory, Department of Mechanics of Milan
Politecnico. It has been developed in order to catch
objects in the space, by means of two robotics and
sensorized articulate arms. The two arms can catch a free
object and lock it inside the arms, against the spherical
body of the robot. The prototype of FRIEND | run with
c.c. brushless motors and batteries. The control is
entrusted to a Galil card inserted in a personal computer.
The control software has been developed in Windows
environment using Visual Basic language.

Successive design called FRIEND 3 has risen from
the idea of building a robot capable of operating an
intense extra vehicle activity (EVA) moving in
independent way. FRIEND 3 is conceived in order to
operate in the International Space Station environment,
onto the reticular beam developed by the Department of
Aerospace Engineering of Milan Politecnico. The space
robots currently in use are, substantially, mounted single



arms. FRIEND 3 is built in order to move and operate
independently, always under the supervision of the remote
operator. The robot is conceived in order to execute
assembling and maintenance jobs.

The working characteristics of a space robot
introduce particularities that cannot simply be led back to
the various environments in which the robot will operate.
In fact, the typical problematic of the space atmosphere,
like temperature stresses, pressure problems, the exposure
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Fig. 2 — Flow chart of the project

to radiations not attenuated from earth atmosphere, the
mechanical stresses of the launch, are made much more
severe by the typical problematic of the robot system,
which are different from those typical of the more
conventional earth atmosphere.

In particular the necessity of operating in a structured
environment set the focus on the " robustness " of the
robot (in terms of redundancy of the critical parts and
possibility to reshape the way of operating as a result of
possible breakdowns), and on the intelligence that must
be used while planning and executing of the scheduled
tasks.

We consider the following hierarchy, with considers
the information flow going from the top (task to execute)
towards the bottom (elementary operations).

The inverse sense information flow corresponds
naturally to this hierarchy, from the -elementary
information supplied by the sensors towards the top levels,
with the loops self-closing between each level.

Mobility, degrees of freedom, mission planning,
autonomy, modeling, teleoperation, sensors, actuators and
reliability must specifically be analyzed depending by the
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mission to be carried out.

To such typically robotic problematic, more
conventional ones must be added. When putting a system
on orbit, indeed many aspects of the apparatus must be
redesigned. The choice of materials to use, the selection
of components and subsystems bring to a modification of
the original plan to make it adapt to the new environment.

Last aspect to consider is the interaction between the
robot and the environment in which it will operate, with
particular reference the necessity of executing a trade-off
between and special
instruments. While conventional end-effectors require a
high precision positioning and an exact force control,
special instruments may require less precision but the

conventional end-effectors

robot must be capable of using them.

3. Originality of space robot FRIEND

The originality of project Friend consists in its
independent and particularly flexible robotic system. The
robot is indeed remarkably independent and capable of

Fig. 3 — CAD design of robot FRIEND

carrying out whichever type of movement on the space
structures in complete absence of links. Many current
robotic systems are statically bound to the space station
structure, or have to follow railroads on the structure.



The robotic system is capable of overtaking any kind
of obstacles.

The multi-degrees of freedom kinematic structure is
more innovative than the actual solutions in the scientific
literature, for the disposition of the degrees of freedom.
This structure, allows achieving a great flexibility in the
movements,

The use of a robot in space is particularly useful
considering the high degree of flexibility that is typical of
every robotic structure. The robot can be used for various
purposes, and be configured for carrying out different
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Fig. 4 - Mechanical model for the design of the
robot FRIEND structure

tasks from those for which it has been built. The
possibility = of using interchanging  actuators
(end-effectors) facilitates this task and makes the machine
always capable of answering to the requirements that the
space activities demand.

Robot FRIEND is able to carry out automatic
assembling tasks such as building space stations or
orbiting telescopes. It can also be operated to help
astronauts putting together the parts of a space ship for
planets exploration, which will be a major activity in the
next years.

4. Technical developments

The scientific and technical details may be
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concentrated in three topics: 1) prototype design and
construction; 2) spazialisation; 3) tests and space
activities.

For the prototype design and construction, the
followed phases have been: 1) conceptual first design; 2)
compatibility with mission requirements; 3) redesign of
the components and of the system according to space
requirements; 4) application to the functionality; 5)
design with CAD in 2D and 3D; 6) computerized model;
7) rapid prototyping of the model; 8) laboratory tests for
reliability and safety; 9) economic evaluations; 10)

Fig. 5 — Simulation of behavior of the
prototype of robot FRIEND

storing of data, technical references, design elements; 11)
developments of electric and electronic systems; 12)
development of technical analysis and design; 13) control
and telecontrol of the robot; 14) software development
and testing; 15) redesign of the critical components; 16)
of the project; 17) for
spazialisation.

For spazialisation, the procedure is standard and must
be applied in a methodological way.

Tests and space activities will be consequent.

In Fig. 3 is reported the preliminary design with CAD
and dynamic simulation. The whole project was
performed with 2D and 3D CAD.

Mechanical model for the design of the robot
FRIEND structure is represented in Fig. 4.

The prototype, which is under design spazialisation,
is reported in Fig.5. It is able to dock and to operate with
its feet / hands.

validation acceptance



5. Conclusions

Robot FRIEND joins in itself the characteristics of
autonomy and resistance of automatic machines for space
and the typical elasticity of earth based robots, obtaining
remarkable advantages in all the tasks that may be carried
out in obit, because its philosophy of operating is derived
from machines that already have proved their flexibility
and performarnces.
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