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ABSTRACT

Space delxis is an increasing problem. The exporential
incresse of satellite launches in the last 50 yeas has
detemined the problem of space delris espedally in
LEO. The remains of past missions are dangerous for
both operative satellites and human adivity in space.
But not only: it has been shown that uncontrolled
impads between space objeds can leadto a potertially
dargerous situation for civil pegple on Earth.

It is possble to reach a situation of instahlity where the
big amourt of dekris could cause acascade of cdllisions,
the so cdled Kesder syndrome, realting in the
infeasibility of new space misdons for many
gererations. Currently new techologies for the
mitigation of space delris are under study. for what
concerning the removal of debris the use of laserto give
a little impulse to the objed ard push it in a graveyard
orbit or to be destrgsed in the atmosphere. Another
solution is the use of a satellite to rerdezvous with the
space junk and then use a netto capture it and destroy it
in the reentry phase. In a parallel way the reseach is
addres®d to the study of dearbiting solutions to prevent
the formation of new space junk. The projed presened
in this paper faces the problem of how to dearbit an
existing delris, applying the studies about the use of
polyurethene foam developed by Space Robaic Group
of University of Bologna. The reseach is started with
the Redemption experiment part of last ESA Rexus
proggam The foam is composed by two liquid
comporents that, once properly mixed, trig anexpansive
reection leadng to an increase of volume whose ertity
depems on the chemical compasition of the two starting
comporents. It is posdble to perform two kind of
mission:

1) Not controlled renoval: the two comporents are
designed to react prodwing a low dersity, high
expanded, spongyfoam thatincorporates tle debris. The
A/m ratio of the delris is increased and in this way also
the ballistic parameter. As a consequence, the effed of
atmospheric drag increases and the orbit life time is
recuced.

2) Controlled removal: the reation of the two
comporents leads to a high dersity, medum expanded,
rigid foam. The idea is to crede a link between the
satellite ard the objed: in this case the deabit is
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performed by the cleaner satellite propusion, in a
smaller time comparedto the first configuration.

Sewral tesk and designs are in implemented to achieve
the goals of the reseach

INTRODUCTION

The exporertial increase of satellite launchesin the lagt
50 yeas has detemined the problem of space dekris
espedally in LEO. The remains of past missons are
dargerous for both operative satellites and human
adivity in space . But not only: it hasbeen shown that
uncontrolled impads between space objeds can leadto
a potertially dangerous situation for pegple on Earth
[1]. In this scenario it is posshble to reach a situation of
instahility where the big amourt of delris could cause a
cascade of cdllisions, the so cdled Kesder syndrome,
resuting in the infeasibility of new space missions for
mary generations [2]. The space debris ervironment is
routinely monitored by radar and optical observation
systems (eg. [3-7] ). Currertly 19000dekris larger than
5 cm are tradked, while 500000smaller than 1cm are
edimated LEO padar orbit represets the most critical
ard risky area In spite of that, the gravity of the
situation and of the numbers listed above is off set by the
apparert easy solution to the problem: recent studies
indicates that to stop the popuation growth could be
ermoughto remove only 5 big debris a yea. Even if it
could be appea relatively a little regarding to the big
amourt of delris, recent techndogy didn't show yet the
feasibility of removal. Many of these are now under
study: one of that consistsin the use of lasers to give a
little impulse to the objed and push it in a graveyad
orbit or to be destroyed in the atmosphere [8-9].
Another solution is the use of a satellite to rerdezvous
with the space junk and then use anet or a robdic am
to cepture it and destrg it in the reentry phase. Using
netsor ams, the caching phaseis complicated by the
possbility of the delris to move fredy. The tecmology
preseted in this paper is studied asa possble solution
for space dekris miti gation, permitting to perform many
removal strategies. The reported resuts came from
yeas of studies on payurethare foam application for
delris removal, stated with Redemption experimert,
part of ESA Rexus programme ard led by the Space
Robdtic Group of the University of Bologna.



THE FOAM

The system is basedon a patticular payurethare foam,
developed for the purpose. The foam is generatedby a
chemical reection of 2 liquid comporents. The resut of
reection is CO2 that allow to inflates the compound,
which expands. After the exparsion, start the
solidification. The process of foam generation and
formation is redly rapd, and is completed in some
seands.

In order to testthe capahlity of the foam to work in
vaaum a test was performed The test consisted in
redize the reaction in a vaauum chamber and observe
the reallt. The testgive two main reallts. The first one
was confirming of the posshility to use the foam in
space ervironmert, the second one, unsuspeded, was
that there is the passbility to modify the reaction to
have differert level of hardness of the foam, by the
regulation of the quantity of gas®s produwced by the
reection. [10][11][12]

The foam is prodwced by the reaction of two liquids
mixed together (Figure 1). The speal of reaction ard
quality of the foam are influerced by the starting
temperature of the reggents. this is why after several
test it hasbeen deddedto require 50°C at the momert
of the fluid injection. The chemical formulation of the
foam has been dewveloped ard cdibrated by the
producer, Duna Corradini Group.

Fig. 1 Vacuum Test of the foam

To testthe possbility to use the polyurethare foam for
grakbing the delris, was performed on adhesian test:
The test has been performed on aluminium, the most
common mateial of space dehkris. Two aluminium
beans have been crosslinked together by casting on
them the foam (withou incorporating the beams to
verify just the achesion). The link was charaderized by
an intefface surface of about 2000 mm2. It has
uncergore subsequent load test by increasing the
susperded massstep by step. As aresult, the maximum
load suppated by the link is abou 6,3 kg.

Fig 2 Chemical modification of the foam

In order to test the foam on a soundng rocket was
performed also a themal testto ersure that the liquids
survive to the climatic condition. The two reeagent
suppated withou problems the cold/hot cycle, passng
from -19°C to 70°. The cycle was repeded 3 timeson
the same samples and after made them reect. The reault
was anormal reection. [11]

Fig 3 Thermal test of the material

ADR SYSTEM

To testthe foam in space, the foam was boarded on the
Rexus soundng rocket, in frame of ESA Rexus/Bexus
educational programme. The name of the experiment
was REDEMPTIOM ((REmoval of DEbris using
Material with Phase Trarsition: IONosphetical tesg)).
[10] [17] [12]. To testthe mateial was developed a
system for release auomaticdly the foam.

The system called “test cell” had a sedor in which the
piston is aduatedby linea springs, a sedor containing
the tanks of the two liquids with a heding syste, an
eledronic valve ard anexparsion room for the foam.
The test cdl is provided with its own tank, separated
from the other ones, consisting in a doulde syringe (an
hedaing system providing to ke the liquids at the
operating temperature). it contains the two reagents in
separatedbodes, ard hasa plunger that simultanecusly
pushes them out. The valves between the tanks and the



mixers awoid that the reagents come in contact before
the spring release time.

Redemption experimert flown on board of Rexusl2
rocket the 18" march 2012 Unluckily, the rocket, had a
malfunction and was not possble to dedoy the foam.
By the way the foam releaing system, passed, withou
problem, all the test campaign to be accepted ard
integratedon the rocket.
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Fig 4 Redemption foam Release system

Fig 5 Prototype of test cell

Redemption experiment flown on board of Rexusl2
rocket the 18" march 2012 Unluckily, the rocket, hada
malfunction and was not possble to dedoy the foam.
By the way the foam releaing system, passed, withou
problem, all the test campaign to be acceted ard
integratedon the rocket.
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CUBESAT MODULE

The possbility of in orbit teging of the system concept
suitability and performance could be provided by
boarding a sample of the developed foam and spraying
system on a nanosatelite. Many university and reseach
ingtitution deweloped nanospacecaft for tesing
innovative techndogy in orbit, taking advantage of the
low cost involved ard the possbility of accepting some
risks in the mission [13-18]. The wide spread of the
Cubesat nanospacecaft stardard erhanced the
narospacecaft mission performarce further, lowering
the cost and improving reliability, due to the system
stardardization and the posshility to perform multiple
spacecaft launches [L9-22).

Stating form Redemption, the foam redising system
was engineaed to be used like afoam sprayer for the
space delris and to be boarded on narospacecaft and in
particular on Cubesats The foam can be used as a space
delris remedation system, based on the concept of drag
awmentation [23]. The ADR system (figure 7) [10]
consists in a medhanical device that performs all the
required operation to shoa the foam against the detris.
It's possble to idertify four main parts. the first is
composed of two separatedtarks where the two liquid
comporents are stored the second is represened by the
aduatar system, composed by two plungers moved
using a compresson spring; the third consists of two
eledrovalves in order to control the spring adivation,
while the last patt is a static mixer where the liquids are
mixed ard the reaction starts. When the system is
ergaged the spring is totally compresed and kept
locked by the two eledrovalvesthat also guarantee the
isolation of the comporents from space vacuum. The
two tanks are propery ecuipped with flexible themmal
heaers in order to bring the two fluids at the corred
temperature (~ 50°C) for the reaction before adivating
the system. [23]



Flesible themal heaters
are activated fo
stablished tme and bring
temperature 1 50°C

The two components fow
into the connedtor that
bring them to the: mixer

Fig 7 ADR System engineered for Cubesat Use

MI1SSIONS CONCEPT

This ADR system is suitable to be integratedon satellite
of differert classes(from nanosat to big satdlite). With
the foam it is posdble to plan 2 differert misson of
delxis renpval. Cortrolled ard not controlled removal
mission. [25] [26]

Not Controlled Removal

The target of the "nat controlled" renoval consists in
alteling its passive dearbiting time: after the rerdezvous
mareuver, the delris is shoaed with the ADR in order
to attad to it a cetain volume of exparded foam
increasing its asped mass ratio (Fig.8).

Fig.8 Example of debris capture] 1]

Tharks to the foam's property in fad it is possble to
gredly increase the wettedsurface areain relation to a
minimal increase in mass For this kind of misdon it is
necessary to define spedfic foam properties to
maximize the exparsion ratio reducing in that way the
medchanical propetrties that are not relevart for the
purpose. The reduction in tems of orbital decay time (t;-
to) is expres®d by the following formulas (Eg.1 & EQ.2
[10]) in which it's posdble to undedine that it depers
from the ballistic parameterB; where r, is the starting
orbit radus, H is the scde height of the atmospheric
model, A is the wet surface, m is the mass, Cy is the
dragcoefficient and | is the Earth gravity constant

H |
Byur plry)
Eq.1 Orbit lifetime[ 10]

(2,—1,)

Eq.2 Ballistic Parameter[ 10]

It'simportant to understand the behavour of the foam in
vaauum condition and abserce of gravity, desigiing the
shoaing system in order to obtain an omnidiredional
exparsion , creaing a sort of baloon attaded to the
delris. For this solution has been defined a spedfic
chemical formulation suitable to achieve the desired
behavour in space condition.

Also the quartity of foam hasto be carefull y estabished
to awid that the increase of volume ((and so mas$
function of r®) nulli fies the increase of area (function of
r?): for each delris it's necessary to evaluatethe tipping
point in the asped massratio growth. Despite that, one
of the disadvantagesof this solution is relatedto the fad
that to dearbit big dekris it's necessary a huge quantity
of foam, increasing massand caosts of the mission. This
kind of solution could be interesting for small dekris. In
that case would be pasdble to provide one big satelite
of multiple ADR system, removing more dekris with
only one misson

Controlled Removal

This kind of misson consists in creding a rigid link
between the cleaner satellite and the delris. In that way
it's possble to use the dearbiting devices of the cleaner
satellite or, better , a dedcated propusion system to
accompli sh the removal. In that case the foam is usedto
strondy conned the two objects after the rerdezvous
mareuver. In that case it's obvious that the success of
the link depemds on the mecharical propetrties of the
foam insteadof the exparsion ratio. This kind of foam
is the one designedfor Rexusl2 experiment (Fig.9).



Fig.9 Adhesion test in normal condition

The greda potertial of this solution is due to the
posshility to grab a moving objed that can't be
controlled. Most of the problem of adive debris removal
solutions (above all robdic arms) are conneded to the
troude in caching a spinning objed: the foam
tecmology allows to resdve theseproblems allowing to
incorporate the objed, whose spin can even promote
adhesim of the foam.

In this kind of misgon there are no limits to the size of
the delris that, even if it's very large, can be attaded
with multiple cleaner satdlite. In that way this
tecmology can represem a grea solution for space
delris miti gation, helping to remove the 5 big delris a
yea that can stop the popuation growth [2].

It is clea that theseprocedure forces to saaifices the
cleaner satellite that has to be to dearbited with the
delxis, increasing in that way the incisiveressof costs to
make multiple removals

CONCLUSION

The concept to use polyurethane foam to perform ADR
mission or to make deabit the space delris is
denonstrated The foam wasqualified to fly on board of
soundng rocket but still need to make a microgravity
test By the way the releaing system of the foam is
realy to fly alsoon board of cubesat,and if the satdlite
will be provided of the necessary sensor to report the
resut, the cubesatcan be agoodplatform for the space
test of the system. If the testwill show positive results
it is possble to start a developing of the system for big
satdlit e with lager operational possbility. The potertial
of this foam techndogy can drive multiple missions and
solutions and put the bases of a new key techndogy for
the Active Delris Removal.
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