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PREFACE

A5-Unibo (Advanced Atmospheric Aerosol Acquisition and Analysis) is a
scientific project developed by students, from the department of Aerospace
Engineering, Environmental Science, and Informatics Engineering of the
University of Bologna, which aims to deepen the knowledge of stratospheric
aerosols and current theory on the cloud formation process.

This experiment was proposed in the framework of the BEXUS programme
that allows students from universities and higher education colleges across
Europe to carry out scientific and technological experiments on stratospheric
research balloons. Each year, two balloons are launched, carrying up to 12
experiments designed and built by student teams.

The REXUS/BEXUS programme is realised under a bilateral Agency
Agreement between the German Aerospace Centre (DLR) and the Swedish
National Space Board (SNSB). The Swedish share of the payload has been
made available to students from other European countries through a
collaboration with the European Space Agency (ESA). Euro-Launch, a
cooperation between the Esrange Space Centre of SSC and the Mobile
Rocket Base (MORABA) of DLR, is responsible for the campaign
management and operations of the launch vehicles. Experts from DLR, SSC,
ZARM and ESA provide technical support to the student teams throughout the
project. And BEXUS are launched from SSC, Esrange Space Centre in
northern Sweden.
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ABSTRACT

A5 is a scientific experiment whose aim is to study the microphysical
processes involved in cloud formation.

It flew on the 18th BEXUS balloon that was launched from Kiruna (SWE) on
the 10th of October 2014.

The experiment consisted mainly in two different phases:

The first one being the in-situ measurement of key parameters involved in
cloud formation such as particles' size distributions, humidity, temperature,
and pressure. In addition to these parameters also ion densities were
measured, in order to investigate a possible link between ionization rates and
cloud formation. All the gathered data were then associated to a specific
height and coordinate to create vertical profiles.

The second one being the direct collection of Stratospheric Aerosols through
the use of a pump and a particular type of sampling filters called Sioutas
Impactors. These samples are then recovered and analysed in laboratory to
gather information about aerosol's composition and properties.

Some of the above mentioned measurements required the development of
brand new designs, given the inadequacy of commercial instruments to work
properly in the harsh stratospheric environment, and to satisfy some of the
demanding scientific requirements.

In particular, a great effort was put on the development of a control system to
actively regulate the air-flux generated by the pump in a continuously
changing environment.

The challenges posed by these ambitious objectives were high, and even
though not all of these were completely fulfiled, we believe that the
development of this new balloon-borne design can provide the basis for future
applications. Its multi-instrument approach, and the use of in-situ
measurement, instead of numerical modelling for ionization study, could be
replicated even in higher budget missions.
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1 INTRODUCTION

1.1  Scientific/Technical Background
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These indirect effects ar e di fficult to
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is a relevant factor to determine6hnhucl eati

1.2 Experiment Concept
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1.3

Pri

1.

1.4

141

Experiment Objectives
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Team Details

Contact Point

Facilities address

Flight Mechanics Laboratory
Engineering and Architecture School
Via Fontanelle 55

47121 Forli (Italy)

Supervisor
Prof. Fabrizio Giulietti
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+39 0543 374 424
fabrizio.qgiulietti@unibo.it

Team Leader

Nani Serrano Castillo
+393270863294
nani.serrano@unibo.it

Team Website and e-mail
www.thebf.com/bexus/
abunibo@agmail.com

1.4.2 Team Members

Encarnacion Serrano Castillo (Team Leader and System Engineer)

Encarnacion was born in Madrid in 1988. She
took her bachelor and master degree in
Aerospace Engineering in the Polytechnic
University of Madrid. In 2011 she went to Italy
with a Students Exchange program called
ERASMUS. She was interested in the work that
Flight Mechanics Laboratory was developing, so
she stayed in Italy for her Master Thesis project:
i Qadrotor modelling and data fusion
compl ementary filtero

study the dynamics, to integrate sensors and acquire the data for the attitude
determination system of a Quadrotor. Now she is a PhD student in Advanced
Engineering Science a t Bol ogna University -knear

control for under-act uat ed syst ems, at mospher.i

attitude control. She is the team leader of A5-Unibo selected due to the fact
that she has experience in coordinating groups, as logistics coordinator and
Educational assistant in ESEO (European Students Earth Orbiter)
programme.

Encarnacion is responsible for the project management the project planning,
the communication with sponsors and economical management and part of

s he

h a

had

pr o
and


mailto:fabrizio.giulietti@unibo.it
mailto:nani.serrano@unibo.it
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the outreach of this project. She is also system engineer and due to her
background she gave support to the electric and electronic subsystems and
sensor interfaces and testing.

Igor Gai (Ground Station)

Igor was born in Borgo Maggiore (SMR) in 1991.
He lives in Torraccia, in the small Republic of San
Marino. He graduated in 2013 at University of
Bol ogna, i n Aerospace E
with the thesis fADesign
control and remote management device for a
satellite tracking system (ALMA-Tr acker ) 0.

He also did a previous internship using LabVIEW
on a Compact-RIO system for data acquisition and
processing. He is now attending Aerospace
Engineering Master Degree at University of Bologna.

Concerning A5, Igor has developed the Ground Station SW and he was
mostly involved in the software design.

(Bachel
nent ati o

Danilo Boccadamo (Power)

Danilo was born in Rimini in 1991. He lives in San
Clemente, a small town near Rimini. He is a
bachelor student in "Aerospace Engineering".

At the moment he's writing his bachelor thesis on
"Dual-Fuel Application in Diesel Motors". For this
thesis he was responsible of setting the test bench
and the acquisition systems. Furthermore he has
as a hobby, static and dynamic modelling.

In A5-Unibo he is responsible for the Power
Subsystem
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Paol o LoMmMdackani cs)

Paolo, has completed his BSc in Aerospace
Engineering at Bologna University, and he is
currently studying for the Master Degree in
Aerospace Engineering at Bologna University.

Paolo is responsible for the Mechanical design of
Ab.

Alice Zaccone (Software)

Alice was born in Rimini in 1991, a small city in
the centre of Italy. Alice studied Aerospace
Engineering as an undergraduate at the University
of Bologna, and is now studying to take the Master
degree in Aerospace Engineering. For her
bachelor thesis she worked on a project for the
analysis of the atmospheric gasses. The system
was composed of an array of gas sensors
controlled with a microprocessor and she
developed a software for data acquisition and
transmission to ground.

Alice is responsible for the configuration and
control of the ambient sensors.

Abramo Ditaranto (Electronics)

Abramo was born in Matera, in the south of Italy,
in 1988. He studied Aerospace Engineering at
the University of Bologna and took his bachelor
degree in 2010 working on a project which
consisted on the creation and the construction of
a device for infrared transmission developed for
on-board satellite applications.

In A5 Abramo is responsible for the Electronic
Subsystem.
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Marco Didoné (Thermal)

Marco was born in Castelfranco Veneto in 1990. He
lives in a small town called Albaredo in the North-East
of Italy. He was graduate at the University of Padua in
2013 with the thesis oifingf
and thermal analysis for MISSUS experiment on [
stratospheric balloon BEX
student in ANAerospace Eng
of Bologna. He played basketball for ten years and at
present he plays the bass guitar for a rock band.

Concerning  A5-Unibo  experiment, Marco s
responsible for the Thermal design.

al fl ux

Riccardo Lasagni Manghi (Verification and Testing)

Riccardo was born in Reggio Emilia in 1990. He
took his Bachelor degree in Astronomy at the
University of Bologna wit
Theorem and its Astrophy
summer of 2013 he attend
School 06 organized by ES!
part in the devel opment
After this experience he decided to apply for the
Master degree in Aerospace Engineering in
Bologna where he is currently studying.

al t hesi
cationso
bach Su
t ook a
.cmano m

In A5 he is responsible for the writing of the SED
documentation and for the Testing and Verification process.

Erika Brattich (Data Analysis)

Erika was born in Genova (ltaly) in 1984.
Nowadays she lives in a small town called
Ravenna in the North-East of Italy, 80 km far away
from Bologna. She got her bachelor in Atmospheric
Physics and Meteorology at the University of
Bol ogna I n 2003 with t h
data analysis and measurements in the Bologna
areao. She graduated in F
Bologna in 2010 with the
atmospheric  particulate matter in Bologna:

Techni gt

the Uni
AComposit

Application of receptor modell i nNow .she obtained her PhD degree in
Environmental and Geological Sciences at the University of Bologna with the
thesis fAOrigin and variability of PM10 an

WMO-GAW station of Mt. Cimone (1998-2011) and in the central Po Valleyo .
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Meanwhile, since February 2014 she is assistant research fellow at the
University of Bologna. Concerning A5-Unibo experiment, Erika is responsible
of the scientific and theoretical analysis of the experiment.

Luca Mella

Luca was born in Cesena in 1988. He worked a
few years in the ICT industry before starting his
studies in Computer Engineer at University of
Bologna in 2008. He actively participated in
several off-lecture initiatives and began to
coordinate the CeSeNA Security group in 2010, a
Unibo study group which takes part in security
competitions around the world (aka Capture the
flag). Luca took his bachelor degree in fall 2011
with the thesis ARi | evame attacchi
attraverso protocol i di moni toraggi o per
and continued his studies with a Master on Computer Engineering at

University of Bologna. During this time, he had the opportunity to study and

work on several challenging topics like computer vision, distributed systems

and embedded systems. He took his master degree in spring 2014 with the

thesis Al CT Seeturadogl:odglyesftarmngt awm geted attac

Concerning A5 Luca contributed to the design and the development of the
software systems and communications.

1.4.3 Collaborators

Alberto Sodi (System Engineer)

He has completed his BSc in Aerospace Engineering at

Bologna University with a Thesis in Control Theory,

entitl ed: AModel |l i ng andati@o
wi t h Behavi ourHe lhas éampd hisaMSt i

Aerospace Engineering at Bologna and has recently left

the team due to working issues.

His role as system engineer was absorbed by Nani.
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Elisa Luconi

Elisa was born in Chiaravalle (Ancona) in 1989. She took
her bachelor degree in Environmental Science at the
University of Bologna in 2012. During a stage in the INGV
(National Institute of Geophysics and Volcanology) in
Bol ogna, she wrote her t hes
hurricanes and phytoplankton blooms in the Atlantic
Oceano.

Now shebés earning her Master Degree in Sci
the University of Bologna

INnA5sh e has b e eoflabdiator fér thé ssientific subsystem.

Mattia Baldani

Mattia was born in Urbino in 1989. He lives in Carpegna, a
small town near Rimini. He took his bachelor degree in
Computer Engineering at the University of Bologna in 2012.
He has experience in the development of large distributed
networked systems, embedded system design and
programming. Concerning A5 Mattia contributed to the
design and the development of the software systems.

Svetlozar Orlovski

Svetlozar (Zaro) was born in Stara Zagora (Bulgaria) in
1986. He lives in Cesena since 2003. He is a bachelor
student in "Computer Engineering”. He has experience in
networking, development of distributed networked systems,
design and programming. Concerning A5, Zaro contributed
to the design and the development of the software systems.
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2

2.1

EXPERIMENT REQUIREMENTS AND CONSTRAINTS

Functional Requirements

See also Verification Matrix in chapter 5

Table 2-1 Functional requirements

Ref [Requirement

FR |[The experi ment & htasl @ 4 eemedai ssut o & tb qitit ho
gondol at de r winlgil geh t

FR |Thexpeeri ment s halnlsddeaasdssriale t el r |
t he whole flight

FR4 | The exmpment msehsadre outsideswarmbi dr
whol e flight.

FR5 [The experi memetassheulodit si de ambd
during the whole flight

FB®B |The experiment shall col |l eé¢t oomuers
t hegondolmg dtuhre fl oating phase in
t hem avail a@blieghftoranpadsytsi s

FR |The experiment shal.l keep track
flight, i n order to relaatte cuhar
coordinate

FRB |[The experi ment shall measure the
order t o ensur e t he operational
exceeded.

FROThe expér smadltlheawmeasur ed aqiuratne r

FR1IJThe experi menattlhehanelasruegledy qgaatnil
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2.2 Performance Requirements

Table 2-2 Performance requirements

Re f Requirement Fro
PR Measurememtrsd&ibzerpdh uistth alnl be FR1

rat e loefalsméeasur ememn2t0s eveoyresp
vertical rédodlont i wginveonf t he av
speed5mf s

PR2

Measurements fehailonbede maidtei emsFR2

1 measurement every 20 isgalcormd

of -18000 m, given the aver agen/as

PR5

The pressur e meéas ur ebneenpsesssi ktFR4

bet wéamtil Ondb ar

PR6The pressur e me aseurmeandeen twsi tshh aalF R4
Imbar

PR7The hdmty measur émnee nptoss sshbd el di FR5
0% 4 0 0 RoH

PR8The humidity meader enmelret svi $ho (FR5

N2 %

PR The pump shahotmisnmmmdk fd ow irmatFR®
stratospheric codernr tt onfefaixcinme rg
collecting filter

PR(The altibedmeashad éd withat ahBOansF R

PR1The coordiheteeasbakld withtanFR
NAO m

PR1The temperature measurementseFR
possibla ramdle 5@r.om

PR1The temperature measurements I(FR
accur aNclAC o f

2.3 Design Requirements

Table 2-3 Design requirements

Ref |Requirement

DR1 |[The experiwetnitstsehrad Ivertical | o
| oadN5 od

DR2 |[The expeathiomdimdthsltaannddi ng s ho3cbk.s o

DR3 |The experiment shall be abtt®ut ®
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t emper adtouwne slt50AC f avh o lddue at i o Afl i
phase.

DR4 |The experiment shall be abtt®ut ®
temper @atowmeS®«& f odrurtahtei ofni ghtt he

DRS5 |The expefamentn partsbal br wt ks
temperatur esl5dAECwmn t & e durati on
procedures (up to 48 hours)

DR6 |Int egofi tsyamplaés be guaranteed in

DR7 |[On the outside of the experi me
MI-C-26482P series A4ldeonineedcttaolnl o
access the gondol ads power bus

DR8 |[The experiment batteries shall/l
bal |l oon

DR9 |[The experi ment batteries shall
sufficient capacity to -« uUungdthet
preparation and flight.

DR10The batteries -mounttlread @Exrpdoludng
accessible from the outside wit

DR11The experiment housing shall ©be
brackets or a boatiomi traatid dfad
experi ment .

DR12The experi ment housing shallrfthg
on M-BGONMondol a

DR1 3 A panel mounted connector for the E-Link of the type Amphenol
RJF21B must be used

D RL 5 | Components that can represent a possible hazard for the recovery
t eam (s@BeCénd batteries) shall be marked with a specific
danger sign. (more details given in chapter 6)

DRL6 Al | comuocrantfsor the collection
clean to ensurceoltllkatt eparatriec Isd g ¢
contamination

DRI |The pore sizeoft he aer osol s 6 slallbel0daenn,itan
ensure collection of small particles

DR18Asealing béaeriusredshal lecompe niehd
for thencolfl acetriosol samples r enmn
testing and integration

D RL 9 | A blank control sampling filter shall be added, identical to the sample
holder, to monitor the environment during pre-launch, launch and
flight and assess any possible contamination

Software requirements
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SR SWshaldormeati HHWe wi t h

SR SW shat lcmash in case of error/ |

SR SW shahitmr running time of eac
(avoid delays in running ti me)

SR SW shadtlamiaséenof failure (not b
power | oss)

S SW shat [bem | ocked in manual mo d ¢

S SW shahtimue to work correctly
devices

SKF SW sisdalolre aldbdatal Wwetth®ssddes any |

SR SW shat lowmer write or corrupt st

SR SW shuasleledundanen the deter minat
phase , stmeratnehyg both on GPS an
deterdeaneendi ng ratgeelat G&l ACK

SRO|SW shall wcbompBk and TCP/ I P speci

SR1|SW shatllfain case of GS aman meacntg
reconnect

SR2|SW shatt |ltm be crashed Iy GS comi

SR13GSS shall receive, display and

SR14GSS shall all owandsr-bbaodesotbwm

2.4  Operational Requirements

Table 2-4 Operational requirements

Ref

Requirement

ORL

The experiment shall be able to function autonomously in the event
that contact with Ground is lost.

OR?2

Piping materials and parts of the instruments coming out of the
experiment shall be protected with a remove before flight cover

O R3 | Remove before flight cover shall be removed before flight

OR4Thexperi ment shall talue omiomeu ahnhal
thesampl i ng filter once reached
stratosphere.

OR5Thexperi ment shal/l aut onomous l-sye ¢
t heaapl i ngrfiiolrt gro t he descent

ORF|The experi ment shall lee i hgr néck

phase (Pump, AI C6és and OPC shoul
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ORB|The amount of Of f set for the ANIC
andt shall not be higher than N
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3 PROJECT PLANNING

3.1  Work Breakdown Structure (WBS)

A5-Unibo

1. Project
Management

| Encamaciontia)

4. Qutreach

Nani/lgo

3. Subsystems

3.1. Power 3.2. Electronics

5. Scientific
background and

Analysis

3.3. Mechanical

3.6. Instruments

3.5. Thermal and Sensors

Marco

3.7. Software

Figure 3-1WBS
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3.1.1 Subsystem Tasks
1. Project ,
Management 2. Documentation
1.1. Project 2.1. Receiving
| planning documentation
from subsystems
1.2. Review

project planning

. J

(1.3. Companies)
contact for
purchasing and

| to the document.

2.3. Preparing
slides for

Figure 3-2 Tasks |

2.2. Giving format

teChnica| Support presentation
\ feedback
3.2.Electronics 3.3.
(Abramo) MechanicalPaolo)
f 3.11 ) ( 3.2.1. MC | (
= Prelim.in'ary o (Sel'eéti'or,lAIT, o S.it%ﬁzltirrlgm
circuits programming
L _/ L . L
f | (3.2.2. Sensors (
.2.2. Sensors
o S‘J‘b'ﬁ‘agg;’yer — interface — 3.3.2. CAD
(H/wW)
L . . .
( 3.1.3. ) ( ) (
| Components | 3.2.3.PCB | | 3.3.3. Mass
(Selection design budget
_ordering AIT)) L J L
—  3.3.4. AIT
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3.7. Software r' .
(AliceLucaMattia, Sﬁg'r(;rv?/ztrlgg
Svetlozar)
h
( _ 3.8.1. Test supervisor
3.7.1. Plannin
| 9'W structure wall components
L needed
wperformance
3.7.2.Progra wresults
— ming, sensor
interface (S/W
— 3.7.3.Testing
5. Scientific
4. Outreach background and
Analysis
(" 2\ (" 2\
|| 4.1. Website ang | 5.1. Research
Twitter (Igor) and State of Art
. J . J
( ) [ 5.2. Theoretical|
|| 4.2. Facebook u concepts/
(Nani) Experiment
design
& J
4 N\ 4 N\
4.3. Journals_ and 53. Data
— other media — Analvsis
contacts (Nani) y
& J & J

Figure 3-3 Tasks Il
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3.2 Schedule

Once A5-Unibo was selected, the tasks were defined in depth.

Every task was appointed to a specific person, in order to cover all the
aspects of the project. Every single member was also part of a working sub-
team, where all the information were shared deeply to avoid possible
vacancies in the subsystems. If any member had to leave the team, other two
or three members could take care of their work in order to not stop the
progress of the project.

The Gantt chart (see appendix C) gives an outline of the project duration. The
chart was updated weekly as the project progressed, by inserting the pieces
of information collected during the weekly meetings.

Sub-team 1: Electronics and Power (Nani, Danilo, and Abramo)
Sub-team 2: System, Test and Mechanics (Nani, Paolo, and Riccardo)
Sub-Team 3: Software and ground station (Alice, Luca, and Igor)
Sub-Team 4: Outreach (Igor, Nani, and Riccardo)

Sub-Team 5: Scientific (Erika, Riccardo)

Sub-Team 6: Sensor Interfaces (Nani, Alice, and Abramo)

Sub-Team 7: Project Management, Documentation (Nani and Riccardo)
3.3 Resources

3.3.1 Manpower
Depending on the availability of each team member we defined table 3.3-1.

Table 3-1 Manpower per week

Nani 16
Riccardo 16
Paolo 12
Abramo 12
Igor 12
Danilo 12
Marco 12
Alice 12
Erika 8
Luca 12
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Table 3-2 Manpower year

Name of
Team
Member
Nani
Riccardo
Alberto

Danilo
Alice
Abramo

Table 3.3-2 shows the availability of each team member during the year. The
colours code is: Green (more than 70% of the time), Yellow (between 30 and
70%) and red (Less than 30%) where 100% is defined as 16 hours per week.
In grey the months of no participation in BEXUS programme.

Months of the project are shown in orange for 2013, in blue for 2014 and in
pink for 2015.

3.3.2 Budget

Table 3-3 Budget
Components Price | Amount | Tot a Support

u

Arduino
Ethernet Shield
Arduino Mega 42 2 84
2560
Micro SD Shield | 22,97 1 22,97
Motion Mind 95,77 1 95,77
Motor Controller
Micro SD card 8 2 16
ADC (18bit 12C) 2,75 4 11
Relay 5A 5V 1,11 5 5,55
Batteries Li-Po 530
SAFT 125 2 1185
RS232to TTL 2,81 2 5,62

Status
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Converter
Air lon Counters | 550 2 (1free) 550
LOAC (OPC) + 5940 1 5940
Software
Pump (BOXER) Free 2 Free
Electro-valves
Sampling Unit sl . &30
Temperature 4,94 3 14,82
Sensors
DS18B20
Temperature 1,11 10 11,1
Sensors
LM35DZ
Humidity 22,09 2 44,18
Sensor
HIH9120-021
LT1110CN8 IC 4,67 3 14,01
REG BUCK
BOOST 12V
0.4A
Pressure 2,8 3 8,4
Sensor
Switching reg. 15,14 2 30,28
5v
Switching reg. 25,68 2 51,36
Variable
Beams, plates, 450 1 450
Mechanical
Structure
Heaters 70 4 280
Sioutas sampler 700 1 700
GPS AAda 40 1 40
Header 8 Pin 0,35 1 0,35
Long
Header 8 Pin 0,31 10 3,1
Short
Header 10 Pin 0,5 5 2,5
Long
Header 6 Pin 0,35 5 1,75
Long
MOSFET P-CH 0,36 10 3,6
12V 2.6A
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LTC4412ES6 2,78 7 19,46
Selector
497-7285-1-ND 0,4 5 2
IC REG LDO
3.3V 0.1A
LT3080EST#TR 3,56 4 14,24
PBFCT-ND
L7812ABV 0,54 5 2,7
Other IC 90 1 70
Arduino Mega 14,52 4 58,08
Shield
Consumables 60 1 60
(cables, wire,
etc.)
Platforms 60 1 60
Modular Plastic 7,8 2 15,6

Storage Boxes

Printed circuit
boards (SB1,

SB?2 Heaters 300 3 900
Board)
Power C_ontrol 500 1 500
Unit
Launch 1500 4 6000
campaign Travel
and
accommodation
Travel and 350 1 350
accommodation
(CDR)
Taxes Robot- 48,65 1 48,65
Italy
Springs C6-100 32,5 8 260
Filters 6 30 180
Sampling Unit 50 2 50
Box and tubes
Connectors E- 106 1 106
Link and Power
bus
Total 19093

FML: Flight Mechanics Laboratory funds
DEC: Department of Environmental Chemistry
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BOXER: Boxer Pumps.
LARS, Laboratorio di Ricerche Ambientali
SIMG, Societa ltaliana di Medicina Generale

In table 3.3-3 all the components needed for the project are mentioned.
The LOAC Optical Particle Counter has been purchased by FML and DEC
jointly.

As shown in table 3.3-4, ESA is our biggest sponsor regarding Travel and
Accommodation, since it paid for the participation of four team members at
amount

every project-r el at ed event. The estimated

Table 3-4 ESA as Sponsor
Description

Status

Travel and 1000 4
accommodation

(PDR)

4000

Price¢Quant. Tot a Support

ESA

Sponsored

Travel and 350 4
accommodation
(CDR)

1400

ESA

Sponsored

Launch 1500 4
campaign Travel
and

accommodation

6000

ESA

Sponsored

TOTAL

11400

Table 3.3-5 shows a more detailed description of the FML and DEC

contribution.

Green cells represent the funds we already have, instruments already

purchased, or those that have been donated.

Table 3-5 Sponsorship table

Electronics 3857,82
Structure
Already purchased instruments
LOAC 1900 3000
Sioutas 700
BOXER PUMPS
SAFT BATTERIES 1185
SB1, SB1, PCU 600
Air lon Counter 550
Travel & accommodation (CDR)
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3.3.3 Educational support

We were mainly supported by Professor Fabrizio Giulietti, coordinator and
supervisor of Flight Mechanics Laboratory (University of Bologna).

Fabrizio Giulietti

Assistant Professor
ING-IND/03 MECCANICA DEL VOLO (ING-IND/D3)

hitp:/fwwwr unibo itfaculty/fabrizio giulietti

= fabrizio giulietti@unibo_it

& Dipartimento di Ingegneria Industriale
Vfiale Risorgimento, 2 Bologna Goto map

= | Dipariimento di Ingegneria Industriale

Other Contacts

= 390543374424
o +33 0543783245
£, +390543 374477

From the scientific point of view, Professor Laura Tositti from Department of
Environmental Chemistry of the University of Bologna offered support for

the theoretical side, giving to A5Unibo the scientific idea of the project and the
conclusions after post-flight analysis.

Laura Tositti

Associate Professor
CHIM/12 CHIMICA DELL'AMBIENTE E DEI BENI CULTURALI (CHIM/{12)

hitp:{fwww unibo itffaculty/laura tositti

+39 051 20 5 9488
+39 051 20 9 9456

laura tositti@unibo.it

Dipartimento di Chimica «Giacomo Ciamicians
Via Selmi, 2 Bologna Goto map

a8
L=
=

=]

Other Contacts
= +390512059531
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A5-Unibo would like to thank all the experts that offer their kind help in order
to support the team.

From ESTEC:

Figure 3.3-4 Nickolaos Panagiotopoulos

From Forli:

Dario Modenini
Research Fellow at University of Bologna.

Figure 3.3-5 Support from Forli
































































































































































































































































































































































































































































































