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PREFACE 

 
This Student Experiment Document (SED) is produced by the O-Zone team 
(University of Padova – Italy). The various chapters represent descriptive 
sections of the experiment O-Zone (BEXUS 30) have been adapted over time 
to describe the design status of the experiment. The updates coincided with the 
various milestones of the experiment until the latest design was launched on 
board the BEXUS 30. It is necessary to specify that this document has changed 
a lot during versions 4.1, 4.2 and 4.3, because following the postponement of 
the launch campaign (due to the Coronavirus), it was decided to optimise the 
design of the experiment by building a 2.0 prototype. 
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ABSTRACT 

 
The aim of our experiment was the study of air pollutants of anthropogenic 
and natural origin through an economic and easily reproducible device that can 
quickly intervene in the study of restricted areas.  
 
The necessity of being and feel ourselves protagonists of the changes and 
the recent and dramatic events, led us to think about a system that can 
improve, maybe in a small part, the study, and the thought of intervention on 
the environmental situation. 
 
The first step of our experiment consists in collecting, at different altitudes, 
the atmospheric air, trapping, with a system of filters, the solid particles and 
different gaseous substances including pollutants, such as brominated 
compounds.  
 
After the flight of the balloon, we analyzed the samples and, thanks to the 
values of temperature and pressure, in addition to those of altitude, we 
characterized not only the composition of the air at each altitude, but also, we 
build dispersion curves and models for each analyte. This allows us to predict 
possible reactions in situ and to think of solutions for intervention or 
prevention.  
 
To date many of the compounds called Freons have already reached high 
atmospheric stages, the heaviest, the brominated compounds, have a slower 
rise, in anticipation of this, our experiment also aims to theorize models to 
know the rise and predict harmful impacts on the ozone ecosystem.  
 
In addition, having verified the functionality of the device, we can think of 
other possible applications that not only concern the protection of higher 
layers of the atmosphere, but also the monitoring of crops, industries and 
locations affected by natural disasters of anthropogenic and non-anthropogenic 
origin. 
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1 INTRODUCTION 

 

1.1 Scientific/Technical Background  

 
Physical properties of the atmosphere 
The atmosphere, which thickness is equivalent of only 1 per cent (500 Km) of 
the earth radius, is prevalently composed of nitrogen (78.08 %) and oxygen 
(20.95 %). At lower concentrations, other gases are present such as argon 
(0.934 %), carbon dioxide (0.036 %), noble gases in traces and other 
compounds. [1] [on page 171] 
Based on temperature, the atmosphere can be divided into five horizontal 
layers: troposphere, stratosphere, mesosphere, thermosphere, and exosphere. 
The atmosphere’s stratifications and data concerning temperatures and 
pressure’s at different altitudes are reported in (Figure 1.1-1). 
 

 

 

Figure 1.1-1. Temperature dependence (dotted line) and pressure dependence 
(solid line) at different altitudes on the left. Atmosphere’s main layers (not to 
scale) on the right. 
 
Throughout the following sub-sections, the atmosphere’s components relevant 
to the mission statement are introduced. 
 
 
OZONE: general aspect and importance 
Ozone is an oxygen’s allotropic form acknowledged as a toxic gas extremely 
unstable and highly active at ordinary temperature (molecular weight 48.0 
g/mol; melting point 80.65 K; boiling point 161.25 K) [2][on page 171]. It is 
distributed very unevenly with height and altitude as a result of the 
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photochemical processes involved in its production. Ozone is concentrated 
mainly in the stratosphere with a maximum concentration of 5 x 10¹² molecule 
· cm⁻³ at about 25 km [1] [on page 171]. Despite it, in the lower atmosphere’s 
layer, ozone plays a fundamental chemical role regarding the atmospheric 
heating due to its ability to absorb thermal radiation [2] [on page 171]. 
 
In the upper atmosphere, mainly between 30 and 60 km, the ozone is produced 
through the breakup of ground state oxygen molecules by solar ultraviolet 
radiations. The photo dissociation, which yields a singlet oxygen in its triplet 
state (³P), is followed by the addition of a O₂ molecule: 
 

O₂ + hv → 2O (³P)  λ < 242 nm  [2][on page 171] (1) 

O (³P) + O₂ + M → O₃ + M (2) 

 
 
 
Where M is a third body, such as nitrogen, required to absorb the energy 
released in the chemical reaction. 
The reaction’s rate depends on ozone’s temperature, pressure and 
concentration. As instance, low temperature preserves metastable species. 
 
As previously claimed, ozone is unstable and tends to convert itself into 
molecular oxygen according to the following reactions: 
 

O₃ + hv → O (¹D) + O₂ λ < 310 nm [2][on page 171] (3) 

O₃ + hv → O (³P) + O₂ (4) 

 

These steps yield atomic oxygen in either exited (¹D) or ground level electronic 
state (³P). The excited singlet oxygen (¹D) is very reactive and can interact with 
a wide range of molecules. As instance, O (¹D) reacts in the stratosphere and 
troposphere with H₂O and N₂O: 

O (¹D) + H₂O → 2OH· (5) 

O (¹D) + N₂O → 2NO· (6) 

 
The reactive radical species OH· and NO· are extremely involved in the 
atmospheric cycles’ catalytic reactions. Hydroxide radical and nitrogen oxide 
take part in the conversion of pollutants, such as CFCs (chlorofluorocarbons), 
ozone and halogen derivatives, into stables substances. Stratospheric ozone is 
indeed destroyed mainly through cycles involving catalytic reactions in 
presence of nitrogen oxides, monoatomic oxygen and hydroxide and chlorine 
radicals. As instance, nitrogen dioxide’s N-O bond can undergo cleavage at 
398 nm [2][on page 171]: 
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NO₂ + hv → NO· + O (7) 

 
Thus, the NO· generated from reaction (7) can reduce the ozone molecules: 

 

NO· + O₃ → NO₂ + O₂ (8) 

 
The nitrogen dioxide experiences photolysis again and yields new reactive 
NO· radicals. 
 

 
The ozone’s chemical/photochemical equilibrium is extremely delicate, and a 
small variation of its atmospheric concentration leads to important effects. 
Ozone is essential to shield the Biosphere from high energy radiation coming 
from the sun. As a matter of fact, the UV ozone’s absorption spectrum consists 
in a strong continuum band (from 200 to 300 nm) with a maximum at almost 
250 nm [3][on page 171]. Therefore, the ozone’s absorption band quenches the 
Sun’s radiations below 290 nm [3][on page 171]. The substance’s ability of 
shielding is reported in (Figure 1.1-2).  

 
Figure 1.1-2. Solar actinic flux spectra in the ultraviolet region at altitudes of 0, 
20 and 40 km. Data are calculated for a solar zenith angle of 50°, no cloudy 
condition and a surface albedo of 0.3 by using Kylling’s program [4][on page 171]. 
The dotted curve shows the ozone’s absorption cross-section spectrum. 
 
 
 
Understanding how the ozone’s mean concentration changes with altitude is 
extremely important to outline its photochemical active zone. (Figure 1.1-3) 
displays these changes and the atmospheric temperature with height.  
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Figure 1.1-3. Changes in ozone’s mixing ratio and atmospheric temperature 
with height at middle latitudes. 
 
This simple molecule, which is essential to protect the ecosystem of the planet, 
it is threatened by pollutants that, even if in low atmospheric concentration, 
affect the natural ozone’s cycle. These substances are called Ozone Depleting 
Substances. 
 
Ozone-Depleting Substances 
Ozone Depleting Substances (ODSs) are compounds produced by anthropic 
sources which take part in ozone’s destructive reactions [5][on page 171] 
This class of pollutants consist of chlorofluorocarbons (CFCs), 
hydrochlorofluorocarbons (HFCs), halons and other types of organohalides. 
 

CFCs 
Chlorofluorocarbons, commonly called Freons, are volatile 1- and 2-carbon 
compounds containing C-Cl and C-F bonds. These substances are remarkably 
stable and nontoxic. They have been widely used in recent decades to produce 
flexible and rigid foams or fluids for refrigeration processes and air conditioning. 
Among them, the most widely manufactured are CCl₃F (CFC-11, bp 24 ˚C), 

CCl₂F₂ (CFC-12, bp -28 ˚C), C₂Cl₃F₃ (CFC-113), C₂Cl₂F₄ (CFC-114) and 
C₂ClF₅ (CFC-115) [5][on page 171]. 
Due to their thermodynamic properties, these compounds are very stable and 
once released into the atmospheric environment they persist for a long time. 
Although they are quite inert in the lower atmosphere, CFCs undergo 
photodecomposition via high-energy ultraviolet radiations in the stratosphere. 
These radiations need to be energetic enough to break C-Cl bonds. 

 

Cl₂CF₂ + hv → Cl· + ClCF₂· (9) 

 
Chloride radical is a very reactive compound so it may react with the ozone 
present in significant amount in the stratosphere [1][on page 171]. 
 

Cl· + O₃ → ClO + O₂ (10) 
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The graph reported in (Figure 1.1-4) shows the organohalides’ different 
distribution in the atmosphere from 1996 to 2016. The most present 
halogenated compounds are CFC-11 and CFC-12. 
 

 
Figure 1.1-4. Total chlorine and bromine entering the stratosphere from well- 
mixed ODSs and very short-lived substances (VSLSs) [6][on page 171]. 

 
 

HFCs 
Hydrofluorocarbons have been used in refrigeration, air conditioning, thermal 
insulating foam, and miscellaneous applications since the 1990s, replacing the 
CFCs and HCFCs that were traditionally used in these applications [5][on page 

171]. The atmospheric chemistry of hydrofluorocarbons and 
hydrochlorofluorocarbons is important. Indeed, they are powerful greenhouse 
gases even though they don’t contain ozone-depleting chlorine or bromine and 
do not generate much danger to the ozone layer. 
 

SOX  
SOX are sulfur compounds typically identified as SO, SO₂, SO₃, S₂O₂, S₂O and 

other higher sulfur oxides. Nevertheless, the most significant substance is SO₂. 
Sulfur dioxide is a colorless, toxic and non-flammable gas at normal 
temperature and pressure. It is very soluble in water (0.166 mol per 100 g of 
water at 293 K) and it is easily adsorbed onto the solids’ surfaces [2][on page 

171]. SO₂ also finds its way into the atmosphere by several anthropogenic 
pathways. The main sources of sulfur dioxide’s emissions are solid fuels and 
petroleum products’ combustion. About 200 × 106 tons are emitted each year, 
an amount which is equal to the one released from natural processes. 
When sulfur dioxide enters the atmosphere, it can be easily oxidized to sulfur 
trioxide, SO₃,  which dissolves in water to form sulfuric acid [7][on page 171]. This 
process, which is thermodynamically favorable but kinetically slow, is the 
following: 
 

2SO₂ (g) + 2H₂O (l) + O₂ (g) ⇋ 2H₂SO₄ (aq)   
ΔGf ⁰ = -411.4 kJ/mol     [2][on page 171]. 

(11) 

 
In addition, sulfur dioxide interacts with water leading to an acid-base 
equilibrium: 
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SO₂ (g) + H₂O (l) ⇋ H₂SO₃ (aq) (12) 

H₂SO₃ (aq) + H₂O (aq) ⇋ H₃O⁺ 
(aq) + HSO₃⁻ (aq) (13) 

HSO₃⁻ (aq) + H₂O (aq) ⇋ H₃O⁺ (aq) + SO₃²⁻ (aq) (14) 

2HSO₃⁻ (aq) ⇋ S₂O₅²⁻ (aq) + H₂O (l) (15) 

 
On the other hand, sulfur dioxide undergoes oxidation photo chemically too. 
The oxidation of SO₂ can also proceed via catalytic oxidation by employing 
aerosols of metal ions (e.g. Mn²⁺, Fe³⁺ and Cu²⁺) and metal oxides (Cr, Al, Pb 
and Ca) [7][on page 171].  
Heterogeneous reactions on solid particles may also play a role in the removal 
of sulfur dioxide from the atmosphere. Such particles may function as 
nucleation centers thus they act as catalysts and grow in size by collecting 
reaction products. Eventually, the resulting aerosol has a different composition 
from the original particle.  
However, the most important gas-phase reaction leading to the oxidation of 
SO₂ is the addition of hydroxide radical: 
 

HO· + SO₂ → HOSO₂· (16) 

 
The free radical formed is eventually converted into a sulfate.  
 
CO and CO₂ 

Carbon monoxide and carbon dioxide are one of the most common atmospheric 
pollutants.  
Carbon monoxide is a colorless, odorless and flammable gas almost insoluble 
in water. The main sources of carbon monoxide are the oxidation of methane, 
the decomposition of organic matter and the incomplete combustion of fossil 
fuels and wood [8][on page 171]. 
Carbon dioxide is an inert, colorless and powerful greenhouse gas. Indeed, it 
manages to absorb and then emit radiations in the infrared range of the 
electromagnetic spectrum. The absorption of infrared radiations causes the 
molecules to become vibrationally excited; therefore, they can lose their energy 
by either re-emitting it as infrared radiation or by collision with other molecules. 
 
In (Figure 1.1-6) are reported the emission spectra of the Earth and the Sun. 
The carbon dioxide’s absorption regions are widely superimposed on the 
Earth’s emission range. Many of the longer wavelengths emitted by the Earth 
are thus absorbed and re-emitted by the atmosphere’s components and are 
effectively trapped within the atmosphere. Therefore, the thermal dissipation 
window that the planet can exploit is very narrow and the mean global surface 
temperature will thus be increased [2][on page 171]. This effect is referred to as 
the greenhouse effect.  
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Figure 1.1-6. The emission spectra of the Earth and the Sun and the absorption 
regions of CO₂ and H₂O [2][on page 171]. 
 
On the other hand, photo dissociation of CO₂ by ultraviolet radiations in the 
stratosphere is significant and one of the main sources for CO at high altitudes: 
 

CO₂ + hv → CO + O (17) 

 
 
Particulate Matter 
Particulate matter (PM) is defined as single particles or aggregates of particles 
with diameters greater than 2·10⁻¹⁰ m [2][on page 171]. PM is derived from a wide 
range of sources (both natural and anthropogenic) for which each one’s 
contribution changes with location, season and time of day [9][on page 171]. 
These particles can be classified as Total Suspended Particulates (TSP), PM₁₀, 
PM₂ ̣₅ or Ultrafine PM with an aerodynamic diameter respectively smaller than 
30 µm, 10 µm (coarse), 2.5 µm (fire) and 0.1 µm [10][on page 171]. The capability 
to cause health problems is directly linked to the PM’s dimension since smaller 
particles penetrate further down the respiratory tract reaching also the 
extrapulmonary organs such as the central nervous system [11][on page 171].  
PM includes different principal components: organic carbon (OC), black carbon 
(BC), trace metals, crustal material (soil particles), sea-salt and sulfates. 
Carbonaceous particles (BC and OC) are usually the main components of 
primary PM’s emissions. The carbon fraction of PM is identified since it has 
significant impacts on health, climate change, atmospheric photochemistry and 
aerosol–cloud interactions [11][on page 171]. 
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Remarks 

The compounds cited in this short introduction are the most significant and 
diffuse pollutants in the atmospheric environment. Many of them are extremely 
reactive molecules, also relevant as ODSs, whereas CO₂ and other stable 
molecules act merely as greenhouse gases. In order to understand the 
pollutants’ distribution and their peculiar behavior in the atmosphere, sampling 
and in loco measurements at different altitudes are essential. Furthermore, 
models able to predict the dynamics of pollutants are very useful to corroborate 
our data and to make comparisons. The data analysis was performed with the 
purpose of achieving pollutants’ vertical distribution model regarding the area 
close to Kiruna. Potentially, reiterations in various regions of this kind of 
experiment allow to create a three-dimensional distribution diagram to consider 
the spreading of pollutants at different altitude in a well-defined geographical 
area. This approach leads to the same results that nowadays are provided by 
satellite measurements but it’s economically less demanding. 

 

1.2 Mission Statement 

 

The problem of air pollution covers a wide range of sectors, many of them 
related to human health and terrestrial ecosystems in general. The study of the 
phenomenon, for targeted prevention and intervention, is the best response that 
can be sought in favour of the solution or mitigation of this problem. O-Zone 
team intends to develop an innovative device to carry out dynamic sampling in 
areas of interest. This is for the study of air pollutants (artificial and natural), 
their dispersion and possible fallout on the soil. Such knowledge would make 
possible the construction of diagrams defining the concentration of the analytes 
and to compare them with other existing models in order to enrich or confirm 
them. Previous models include satellite missions, in-situ analysis and previous 
innovative experiments (e.g. BEXUS). O-Zone therefore intends to expand the 
possibilities of studying pollutants in order to promote environmental awareness 
and the search for solutions for air pollution that threatens the health of us all. 

 

1.3 Experiment Objectives 

 
The primary objectives of O-Zone were the sampling of some air pollutants 
(CFCs, VOCs, SOx, PM) at different altitudes and the collection of a known 
amount of air above 20km. 
These are closely related to the secondary objectives i.e., the construction of 
dispersion diagrams of the sampled analytes and finally the comparison of our 
model with other existing air analysis methods (satellite missions, in-situ 
sampling, previous innovative experiments). 
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1.4 Experiment Concept 

1.4.1 Overview 

 
The experiment consists in a dynamic sampling system with subsequent 
analysis of the collected samples. In-situ investigations would entail higher 
costs with the risk of employing unsuitable equipment in the atmospheric 
environment under investigation instead, our experiment, seeks to provide an 
innovative and alternative method of dealing with the problem of pollution. 
 

1.4.2 The Device 

 
Our device consists of a box containing a sampling system; the structure at 
the base is an aluminum frame, it’s closed with multi-layer panels that allow the 
thermal insulation of the device and ensure structural integrity. 
 
The sampling system is divided into two different samplers:  
-An arrangement of filters, available according to the altitude, 
-A canister (sampling bag) that gathers air during the last phase.  
 

1.4.3 Functionality 

 
The air is directed inside the device by a pump. Then, thanks to a system of 
valves, the air can be directed into the filters or the canister. 
 
During the flight of the balloon, the experiment was switched on for the 
ascending phase and the floating phase, while on the descending phase the 
device was switched off. 
 
In the ascending phase, depending on altitude, the valves directed the air in the 
filters or in the canister. Each filter then correspond to a different range of 
altitudes. 
 
 
The following values were monitored during the flight: 
 

• The air flow rate, by means of two flowmeters, which allowed to control 
the quantity of air passing through the filters and filling the canister, 

• The temperature, by means of sensors positioned in different spots. 
This is to prevent overheating of critical components and to control the 
temperature of the incoming air by means of a thermal control system, 

• Pressure, to detect possible leakage of the pneumatic subsystem and to 
prevent electronic malfunctions, 

• Altitude, through a GPS System, to enrich the chemical analysis data 
and to allow the autonomy of the device. 

 
Here is a table (Table 1.4-1) with the name of the functional and physical blocks. 



- 23 - 

BX30_O-ZONE_SED_v5-1_10Feb22   

 

 

Table 1.4-1: Components table 

Box It is the box in which the experiment is contained. 

Frame It’s the Bosch profile frame in which the box is held. 

Sampling System All devices capable of sampling or collecting the 
analytes under examination. 

Filters It means all the filters inside the experiment. 

Canister The bag that is filled by the airflow during the last 
phase. 

Pneumatic 
subsystem 

All the systems through which air passes. (Pumps, 
tubes, valves, filters, canisters). 

PCU The computer on board. 

Sensors The set of sensors inside the device. 

Valves Each valve in the pneumatic system. 

Tubes It means any section of tube internal of the box (ex. 
“the tube that connected the valve to the canister). 

Junction box Crossroads between tubes. 

Flowmeter Air flow sensor. 

Outer tubes It means any section of tube connected with the 
external environment. 

Inlet tube The tube that carries air inside. 

On-Board 
Instrumentation 

All the devices that are controlled by the PCU. 

Heaters Heating devices for active thermal control. 

Support 
Instrumentation 

All the devices that are controlled by the PCU that 
are not sensors. 

Flow Regulator The flow regulator calibrated to satisfy the airflow 
requirement. 

 
The following pictures show the components: 
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Figure 1.4-1a. 

 
Figure 1.4-1b. 

 
Figure 1.4-1. Experiment view.  
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1.5 Team Details 

1.5.1 Contact Point 

 

Table 1.5.1-1: Members information 

Team Contacts 

website: www.ozone-team.com 
e-mail: ozone.team.pd@gmail.com  
Address: Via Gradenigo, 6/A, DII, Padova (PD), Italy, 35131 
Team Leader email: federicotoson@gmail.com 

1.5.2 Team Members 

 

Table 1.5.2-1: Members information 

Federico Toson 

 

Master’s degree in aerospace engineering (space engineering curriculum), 
chemical technician (high school),  
Interested in space fields, computer science, chemical fields, and team 
building. 
Team Leader 

Dumitrita Sandu 

 

Bachelor’s degree in aerospace engineering, Scientific high school, now 
student of master’s degree in aerospace engineering (space engineering 
curriculum). 
Interested in space fields, math, physics, chemistry, and electronics. 
Tests, laboratories, and safety 
 

Simone Sandon 

 

Master’s degree in mechanical engineering. Interested in mechanical and 
environmental aspects, nature conservation, green energy management. 
Mechanics 
 

Giovanni Righi 

 

Bachelor’s degree in computer science, now student of Master’s degree in 
computer science (Artificial intelligence and Business system management 
curriculum) 
Interested in space fields and sustainable energy. 
Electronics and software 

http://www.ozone-team.com/
mailto:ozone.team.pd@gmail.com
mailto:federicotoson@gmail.com
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Mauro Pulice 

 

Bachelor’s degree in mechanical engineering, scientific high school, now 
student of the master’s degree in mechanical engineering.  
Mechanics and Thermal 

Carlotta Segna 

 

Bachelor’s degree in computer science, now student of Master’s Degree in 
ICT for Internet and Multimedia 
Interested in cybersecurity, space programming and aircrafts. 
Software 
Master’s Degree Thesis 

Luigi Antoniazzi 

 

Bachelor’s degree in mechanical engineering, Scientific high school, now 
student of the Master’s degree in mechanical degree. 
Mechanics and Thermal 

David Magnani 

 

Bachelor’s degree in mechanical engineering, scientific high school, now 
student of Master degree in mechanical engineering. 
Mechanics and Electronics 

Luca Vitali 

 

Bachelor’s degree in aerospace engineering, Scientific high school, now 
student of Master’s degree in aerospace engineering (space engineering 
curriculum). 
Interested in space fields, math and physics, economic and management 
aspects. 
Management Assistant 
 

Antonino Pitarresi 

  

Bachelor’s degree in Materials science, now student of the Master’s degree 
in Materials science.  
Chemistry 
Interested in materials, space, communication and public relations. 

Matilde Pavan 

 

Bachelor's degree in Industrial Chemistry, scientific high school, now 
master's degree in Chemistry. 
Interested in Inorganic chemistry, Physical chemistry, nanoparticle 
synthesis and colloids. 
Chemistry 
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Marco Furiato 

 

Bachelor's degree in Industrial Chemistry, scientific high school, now 
master's degree in Industrial Chemistry. 
Interested in Analytical Chemistry, Optical Spectroscopy, Industrial 
Chemistry and Environmental Chemistry. 
Chemistry 

Stefano Lopresti 

 

Bachelor’s degree in mechanical engineering, Scientific high school, now 
student of Master’s degree in mechanical engineering (structural 
engineering curriculum). 
Mechanics 

Andrea Conte 

 

Bachelor’s degree in chemistry, scientific high school, now Master’s degree 
in chemistry. 
Born as physical-organic chemist, he is interested in optical spectroscopy, 
computational chemistry, and analytical chemistry. 
Chemistry 

Daniele Panariti 

 

Bachelor’s degree in chemistry, scientific high school, now Master’s degree 
in chemistry. 
Interested in Physical Chemistry, Magnetic and Optical Spectroscopy, 
Computational Chemistry and Quantum Mechanics, Math, Particle Physics, 
Environmental awareness and Sustainability. 
Chemistry 

Gasperino Kamsi 

 

Student of Bachelor’s degree in sciences and techniques of graphic and 
multimedia communication. 
Marketing 

Federico Palisca 

 

Bachelor’s degree in sciences and techniques of graphic and multimedia 
communication. 
Marketing 

Koen De Beule 

 

Team Mentor 
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2 EXPERIMENT REQUIREMENTS AND CONSTRAINTS 

 

In this chapter are listed requirements that guarantee functionalities of the 
experiment. They are divided into four categories: functional, performance, 
design, and operational requirements. 

F= functional 

P= performance 

D = design 

O = operational 

 

2.1 Functional Requirements  

F.1 The experiment shall suck in the atmospheric air by means of a pump. 

F.2 The experiment shall sample analytes at different altitudes with a system of 
filters. 

F.3 The experiment shall collect a volume of atmospheric air with a canister. 

F.4 The experiment shall measure the air flow. 

F.5 The experiment shall control the air flow. 

F.6 The experiment shall measure as minimum the temperature of the pump, 
the air of the junction box and the air inside the experiment box. 

F.7 The experiment shall be able to control the temperature of the inlet flux by 
means of a heater system. 

F.8 The experiment shall measure the pressure inside the box. 

F.9 The experiment should determine its altitude. 

 

2.2 Performance Requirements 

P.1 The airflow shall be measured with an accuracy of at least ± 0.01 L/min.  

P.2 The airflow shall be measured with a frequency of at least 1 Hz.  

P.3 The minimum air flow value through the filters shall be minimum 0.05 
L/min.  

P.4 The temperature measurement range shall be -10 °C and + 50 °C. 
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P.5 The temperature measurements shall be with an interval of 5 seconds. 

P.6 Accuracy in the measurement of the pressure inside the experiment shall 
be ±1 hPa. 

P.7 The pressure inside the experiment shall be in the range of +10hPa and 
+1200 hPa. 

P.8 The pressure shall be measured with a frequency of at least 1 Hz. 

P.9 Accuracy in the measurement of the gondola height through the GPS shall 
be at least ±0,2 km [12][on page 171]. 

P.10 The altitude measurements shall be with an interval of 20 seconds. 

2.3 Design Requirements  

D.1 The experiment shall operate in the temperature profile of the BEXUS flight 
[12][on page 171]. 

D.2 The experiment shall operate in the pressure profile of the BEXUS flight 
[12][on page 171]. 

D.3 The experiment shall operate in the vibration profile of the BEXUS flight 
[12][on page 171]. 

D.4 The pump shall operate for a minimum period of 60 minutes. 

D.5 The minimum volume of air collected in the canister shall be at least 0.5 
liters at ground level. 

D.6 The maximum airflow value through the filters shall be a maximum of 0.10 
L/min. 

D.7 General accuracy of mass analyser shall be less than or equal to 5 ppb at 
ground level. 

D.8 Tubes between valves and filters shall not have leaks.  

D.9 The valves shall be closed at landing. 

D.10 The system shall switch off the pump in case of overheating. 

D.11 Accuracy in the measurement of temperature shall be ± 1 °C. 

D.12 The temperature of the air passing through filters shall be kept between + 
10 °C and + 25 °C during the sampling. 

D.13 The temperature of the pump shall be kept between +5 °C and + 40 °C. 

D.14 The altitude from which a filter will start/stop sampling shall be 
programmable. 
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D.15 The flow path shall be chosen independently. 

D.16 The altitude from which the canister will start/stop sampling shall be 
programmable. 

D.17 The experiment box shall be placed with at least one face exposed to the 
outside. 

D.18 The total weight of the experiment shall be less than 14 kg. 

D.19 The dimensions of the experiment shall be 0.40mx0.40mx0.45m. 

D.20 The experiment shall not disturb or harm the gondola. 

D.21 The experiment shall not disturb or harm other experiments. 

D.22 The experiment’s supply voltage shall be compatible with the 28.8V 
provided by the gondola [12][on page 171]. 

D.23 The experiment’s current draw shall be below 1A [12][on page 171]. 

D.24 The experiment’s peak current draw shall be below than 1.8A [12][on page 

171]. 

D.25 The experiment’s total energy consumption should be below 170Wh. 

D.26 The experiment’s total energy consumption shall be below 374Wh [12][on 

page 171]. 

2.4 Operational Requirements 

O.1 The experiment shall work with telecommands. 

O.2 The experiment shall work autonomously. 

O.3 The selection of the filters shall change at 4.5, 9, 13.5, 18, 22.5, 25 km and 
at the maximum altitude reached by the experiment, with an accuracy of +/- 1 
km. 

O.4 The sampling equipment for the collector unit shall be stored and equipped 
under clean conditions in order to avoid sample contamination. 

O.5 The inlet cover shall be removed before the flight. 
 

2.5 Constraints 

C.1 Coronavirus (COVID-19): Access to the facilities is limited and varies from 
week to week and according to Italian regional areas. (More information in 
Appendix H ). 
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3 PROJECT PLANNING  

 

3.1 Work Breakdown Structure (WBS) 

 
The O-Zone TEAM was structured in several divisions. The referents 
coordinate with the Team Leader in order to follow the scheduling. To make the 
work easier and ensure the collaboration between members, we chose them to 
be expert in a specific field. The work breakdown structure is illustrated in 
Figure 3.1-1. Every department wass divided in work packages. Those are the 
following: 
 
· MANAGEMENT (T) 
· MARKETING (M) 
· CHEMISTRY (C) 
· THERMOMECHANICAL (S) 
· ELECTRONICS (El) 
· SOFTWARE (I) 
 

1. MANAGEMENT: responsible for the team coordination and the project 
management. The most important tasks are planning, scheduling and all 
the aspects regarding the team coordination. The Management was 
composed of the Management Assistant and the Team leader. The 
Team Leader acted as Systems Engineer and managed the overall 
implementation of the project.  

 
2. MARKETING: they had to find sponsors and make partnerships. The 

division leader job is to coordinate, but everyone acted independently 
regarding their capabilities and field of interest. In addition to this, they 
had to handle the budget and the purchasing of components. The 
outreach program is divided into website and social management. 

 
3. CHEMISTRY: composed of engineers, and chemists. The vast 

knowledge makes it simple to consider all the possible aspect of the 
analysis. They had to ensure all the aspects regarding the data analysis, 
from the design of the chemical devices to the data elaboration. 

 
4. THERMOMECHANICAL: it was divided into a thermal and a mechanical 

group. The thermal one chose the right materials and makes sure all the 
part of the experiment were at the optimal range of temperature. The 
mechanical group was in charge of the design, manufacturing, assembly 
and integration and chose the right components to maximise the 
possibility of success of the experiment. 

 
5. ELECTRONICS: was responsible for electronics design and taking care 

of the electrical part (circuits, how to power the components, power 
budget, electronics interfaces). 
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6. SOFTWARE: was responsible for on board data system and ground 
station. They had to ensure all the aspects regarding the design, coding 
and testing. 

 

Table 3.1-1: Task description 

WP NAME DESCRIPTION 

1.2 TEAM COORDINATION 
 

1.2.1 LABORATORIES Management of all aspects related to the labs. Scheduling of the laboratories, 
contacts with the laboratory manager, contacts with those in charge of the team, 
safety sheets and protective devices and manufacturing knowledge. 

1.2.2 MEETING Management of all aspects related to the meeting: -Facilities and social groups; 
-Each subteam must report, through a responsible person, dates and places of 
meetings; 
-Bureaucracy. 

1.2.3 COORDINATION 
STAKEHOLDERS 

Direct contact for the team with stakeholders and all entities outside the project: 
professor, ESA education office, companies. 

1.2.4 DOCUMENTATION Documents, bureaucracy, SED:  
-Individual documents; 
-Safety Data Sheets; 
-SED; 
-Internal University bureaucracy; 
-Confirmation signature for the team. 

1.2.5 TEST COORDINATION Organize tests, enforce the procedures described, note changes, communicate 
possible relevant problems and taking note of each individual phase of the test. 
The description of each test will be integrated into the SED. 

1.2.6 MANUFACTURING 
COORDINATION 

Organize and prepare to build our experiment, particular attention has been given 
to: 
-Knowledge of laboratories scheduling; 
-Knowledge of the purchasing aspects; 
-Safety; 
-Mounting procedures. 

2.1 OUTREACH 
 

2.1.1 WEBSITE  keep the website up to date, this consists in: 
-Articles management; 
-Pages management; 
-General website structure management; 
-Research diary page; 
-Design page. 

2.1.2 SOCIAL MEDIA  Be active on social media, in particular by creating new content, planning the 
release of new posts and doing social media analytics. 

2.1.3 PRESS AND EVENTS  Public Relations and events management. 

2.2 FUNDRAISING AND 
FINANCIAL  

 

2.2.1 SPONSORSHIP 
PROGRAM 

Maintain contact with sponsors and deal with them. 
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2.2.2 BUDGET In order to better manage the budget, special attention has been focused on: 
-Contacts with supporters; 
-Bureaucracy for purchasing; 
-Components knowledge; 
-strategies for saving.  

2.2.3 PURCHASING -Purchasing procedure for the university 
-Budget redistribution knowledge 
-Components knowledge 
-Scheduling for shipping 

3.1 DATA ANALYSIS 
 

3.1.1 DATA ANALYSIS 
DEVELOPING 

Data from instrumental analysis will be recovered and organized in a clear way. 

3.1.2 DATA ELABORATION  Data elaboration will be carried out using typical programs such as Origin Pro to 
create the graphics. 

3.1.3 DOCUMENTATION Research of the needed information by company documentation, by talking to 
company exponents and by scientific paper. 

3.2 BACKGROUND 
RESEARCH 

 

3.2.1 RESEARCH 
DOCUMENTATION 

Literature search about sampling filters, canister and analysis methodology. 

3.2.2 CONTACT WITH 
EXPERTS 

The Chemistry team has taken into account the advice on sampling filters by Dott. 
Stefano Ongarato (Restek), Dr. Luca Cappellin and Professor Roberta Bertani. 

3.2.3 EXPERTS VALIDATION After the experiment and the data manipulation experts as Dr. Luca Cappellin and 
Professor Roberta Bertani will check the work done. 

3.3 FILTERS 
 

3.3.1 DESIGN Choice of sampling instrument set-up. Search for the best solution balancing 
budget, feasibility and structural constraints. 

3.3.2 TEST Filters testing and analysis. 

 
Test 8: Sample analysis Test 8: Determine the concentration of analytes through laboratory analysis (gas 

chromatography, mass spectroscopy). 

3.3.3 IMPLEMENTATION Sharing of information with other departments and implementation of the filters in 
the experiment regarding all the aspects. 

3.3.4 DOCUMENTATION Research of the performance of the filters chosen in the literature. 

3.4 CANISTER 
 

3.4.1 DESIGN Choice of the canister that best suits our needs. Search for products with weight, 
performance and volume ranges suitable for our experiment. 
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Evaluate the products found trying to identify the one that offers the best 
quality/price ratio. 

3.4.2 TEST Canister testing and analysis. 

 
Test 7: Canister holding 
test 
Test 8: Sample analysis 

Test 7: Define how the canister bursts. 
Test 8: Determine the concentration of analytes through laboratory analysis (gas 
chromatography, mass spectroscopy).  

3.4.3 IMPLEMENTATION Sharing of information with other departments and implementation of the canister 
in the experiment regarding all the aspects. 

3.4.4 DOCUMENTATION Research of the needed information by company documentation, by talking to 
company exponents and by scientific papers. 

4.1 THERMAL 
 

4.1.1 DESIGN Implementation of the experiment design: 

 
4.1.1.1) position of 
heaters 
4.1.1.2) Size the copper 
braid  
4.1.1.3) Insulating 
panels layout;  

4.1.11) How to measure the dissipated power from the various components to 
correctly place the heaters in the key points. 
4.1.1.2)Size the copper braid (phase change capacitor). 
4.1.1.3)Confirm the layout of the insulating panels. 

4.1.2 SIMULATIONS Implementation of the MatLab simulation, get a better understanding of the Matlab 
code in order to write a custom code for our needs. 

4.1.3 ELECTRICAL 
COMPONENTS 
ANALYSIS 

Obtain relevant data for the thermal I simulation. 

4.1.4 TEST Thermal control system tests. 

 
Test 3: Low pressure 
test 
Test 4: Thermal test 
Test 14: Software and 
electronics integration 

Test 3: Check how much power is dissipated by the pump, valves and Arduino. 
Test 4: Verify all components remain within their range of survival temperature and 
the temperature control of all critical components. 
Test 14: The interface between heaters and software will be tested. 

4.1.5 DOCUMENTATION Implement the documentation of the main components studied for the thermal I. 

4.2 MECHANIC 
 

4.2.1 PNEUMATIC DESIGN Implement and finalize the design of the pneumatic scheme. 

 
4.2.2.1) Junction box 
4.2.2.2) Fittings layout 
4.2.2.3) Sealing 
materials  
4.2.2.4) Flowmeter 
analysis 
4.2.2.5) Protection and 
insulation 
4.2.2.6) Secure the 
filters 
4.2.2.7) Return of airflow 
4.2.2.8) Pump analysis 

4.2.2.1) Decide whether the pump-junction box tube should be in rubber or 
aluminium. 
4.2.2.2) Confirm the correct fittings for each tube; 
4.2.2.3) Decide the sealing material for the junction box exit that will host the 
temperature sensor. 
4.2.2.4) Make sure the flowmeter works at low pressures; 
4.2.2.5) Size the protective layer of polystyrene for the filters and the canister. 
4.2.2.6) Make sure the filters are secured into the tubes with hose clamps. 
4.2.2.7) Study the possibility of introducing a non-return valve at the end of the 
outlet tube or filling the outlet tube with a porous material to limit the possibility of 
having an inflow of air from the second junction box. 
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4.2.2.8) Determine, if the pump can’t be modulated, how to guarantee the correct 
airflow: one solution would be frequently alternating the opening/closing of the 
flushing tube with the filters to avoid letting the junction box getting filled. 

4.2.2 CAD DESIGN Implementation of CAD. 

 
4.2.2.1) Pneumatic 
design 
4.2.2.2 ) Electrical 
interface 
4.2.2.3) Heaters 
implementation 
4.2.2.4) Dissipation 
system 
4.2.2.5) Impact analysis 

4.2.2.1) Complete the pneumatic design (inlet and outlet tubes). 
4.2.2.2) Introduce the electrical subsystem and verify if it is suitable or not due to 
the small spaces. 
4.2.2.3) Design of the heaters system of the inlet pipe and the pump. 
4.2.2.4) Design of the dissipation system to reduce the pump overheating. 
4.2.2.5) Calculate the impact forces acting on the screws, which connect the 
experiment to the gondola rails, in order to justify the decision to use 8 rubber 
bumpers instead of 4.  

4.2.3 MECHANICAL 
INTERFACES 

Define and control all the mechanical interfaces of the experiment. 

 
4.2.3.1) interface check 
4.2.3.2) link between 
mechanics and 
chemistry 

4.2.3.1) Ensure that all components are connected properly. 
4.2.3.2) link the mechanics and the chemistry group and find compromises that 
meet their respective needs. 

4.2.4 MANUFACTURING Construct a support for the particulate filter and integrate it into the pneumatic 
system. 

4.2.5 ASSEMBLY Assembly procedures, scheduling, knowledge of laboratories. 

4.2.6 INTEGRATION Integration procedures, scheduling, knowledge of laboratories, availability of 
facilities. 

4.2.7 FEM SIMULATIONS Planning FEM simulations and performing simulations considering best and worst 
case, and considering air density inside the box 

4.2.8 MECHANICAL TEST Verification of the rigidity of the structure. 

 
Test 15: Mechanical 
structural test 
Test 16: Vibration test 
Test 17: Experiment 
removal test 
Test 18: Weight 
verification 
Test 19: Dimensions 
verification 

Test 15: Stress the walls with distributed and concentrated efforts. 
Test 16: The test consists of a long car ride on rough terrain. 
Test 17: Test the extraction procedure of filters and canister. 
Test 18: Weight the experiment. 
Test 19: Measure external dimensions. 

4.2.9 PNEUMATIC TESTS Planning and performing pneumatic tests. 

 
Test 1: Pump low 
pressure test 
Test 2: Pneumatic 
system test 
Test 3: Low pressure 
test 

Test 1: Check the flow rate at different pressures, the current draw and the 
possibility of switching the pump on and off.  
Test 2: Test the pneumatic system: valves, pump, flowmeter, the flow rate through 
the filters and the inflating of the canister. 
Test 3: Ensure the flow rate in the filters is as expected. 

4.2.10 DOCUMENTATION Implement the results of the carried out tests and report the results of the 
significant tests carried out by previous BEXUS experiments. 

5.1 ELECTRONICS 
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5.1.1 DESIGN   
 
5.1.1.1) Design global 
electric schematic 
5.1.1.2) Design PCBs 
schematic  

 
5.1.1.1) Design the global electric schematic of the experiment. 
5.1.1.2) Design the two PCBs schematic. 

5.1.2 COMPONENTS Selection and supply of components, define the component that will be used on 
the experiment and coordinate with vendors for the supply of the components. 

5.1.3 ELECTRONIC 
INTERFACES 

Define how the components will be connected to each other and the protocols 
used for communication between components. 

5.1.4 CIRCUIT ASSEMBLY -Check the single components; 
-Assembly the circuit on a breadboard; 
-Test the circuit on the breadboard; 
-Assembly the final circuit; 
-Test the final circuit. 

5.1.5 POWER BUDGET Estimate the power needs of the experiment:  
-Calculate the power consumption of the experiment; 
-Calculate average and peak current; 
-Calculate energy consumption; 
-Show power consumption linked to time. 

5.1.6 TEST Check the functionality of electrical components. 

 
Test 13: Electrical 
Components 
Test 14: Software and 
electronics integration 
test 
Test 3: Low pressure 
test 
Test 4: Thermal test 

Test 13: Check the current and voltage required. Make sure each component 
works as expected. 
Test 14: Electrical components and software interface test. 
Test 3: Ensure all the electronic systems perform as intended. Check the power 
dissipated. 
Test 4: Verify all components remain within their range of survival temperature. 

5.1.7 DOCUMENTATION  Implement the documentation of the electric circuit. 

6.1 ON BOARD DATA 
SYSTEM 

 

6.1.1 CODING 
6.1.1.1) Preliminary 
analysis 
6.1.1.2) 

6.1.1.1) Analysis of the component to understand the correct development of the 
code. 
6.1.1.2) Design of the block diagram to define the I of the experiment. 

6.1.2 SOFTWARE 
INTERFACES 

Implementation of the interfaces for the different components (on-board 
instrumentation and sensors) of the experiment. 

6.1.3 ASSEMBLY Combination of the different parts of code related to the individual components 
and insertion of watchdogs. 

6.1.4 INTEGRATION WITH 
GROUND STATION  

Understand how to connect the ground station with the gondola to send and 
receive the signal and design of the communication between the experiment and 
the ground Station. 

6.1.5 TEST Check the interfaces with the software. 

 
Test 9: Data collection 
test  

Test 9: Ensure data collection to be as expected. 
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Test 10: E-Link test 
Test 14: Software and 
electronics integration 
test 

Test 10: Let the elements work for the entire duration of the experiment, simulating 
the countdown, the launch and the flight, including E-link dropouts. 
Test 14: Electrical components and software interface test. 

6.1.6 DOCUMENTATION Definition of the user interface and design the user interface of the ground station. 

6.2 GROUND STATION 
 

6.2.1 SOFTWARE 
ARCHITECTURE 

Define the fundamental structural choices for the creation of the user interface. 

6.2.2 CODING Implementation of the user interface of the ground station. 

6.2.3 INTEGRATION WITH 
ON BOARD DATA 

Design of the communication between the ground station and the experiment, 
understand how to connect the ground station with the gondola to send and 
receive the signal.  

6.2.4 SOFTWARE 
INTERFACES 

Implement an interface for every component of the user interface at the ground 
station.  

6.2.5 TESTS Build the software and check the functionality. 

 
Test 11: Software 
operation test 
Test 12: Software failure 
test 

Test 11: Execute the software for the control of the experiment to test all the 
electronic components, check if commands are correctly handled and test manual 
shutdown of the experiment. 
Test 12: Test possible failures in the software.  

6.2.6 DOCUMENTATION Develop a guide to help with the correct execution of the code, insert comments in 
the code and/or develop a file which explains the I of the code. 

1.1.3  RISK ASSESSMENT -Identify and tabulate problems that could be caused by pressure and temperature 
on sensors and Software. 
-Identify and tabulate the problems that could lead us to have difficulty controlling 
the experiment, both in automatic mode and in connection with the ground station. 
-Identify and tabulate the problems that may arise from the failure or malfunction 
of some components of our experiment. 
-Identify and tabulate possible causes that could compromise the analysis of the 
filters and the air sample collected by the canister. 
-Identify and tabulate the risks that could arise from the high acceleration during 
the landing phase. 
-Identify and tabulate complications due to the current world situation caused by 
COVID-19. (More information in Appendix H ). 
-Discuss individually with team members to find the best way to mitigate the risks 
identified, either by deciding to test some components or by changing the layout of 
the experiment. 

 
When reading the table of tasks, remember that they were given before the 
project was carried out and therefore, like the requirements, remain sentences 
relating to instructions to be carried out in the future. These remain unchanged 
in order not to compromise the meaning and to keep track of the work done.
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Figure 3.1-1. The WBS diagram. 
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Table 3.1-1 describes the various tasks reported both in the GANTT Chart and 
in the WBS. Each member is identified by a colour and an abbreviation as we 
can see in the Figure 3.1-2. Figure 3.1-3 describes a part of the typical weekly 
division of work of the various tasks. This is done for a greater clarity of each 
one’s task and to simplify the communication between the departments. This 
document is updated weekly by the Management Assistant, following the 
information written in the GANTT Chart. 
 

 

Figure 3.1-2. Colors table. 

 

Figure 3.1-3. (Work division 1-8 March 2020). 

TABELLA COLORI

Federico T. FT

Luca LV

Dumitrita DS

Antonino AP

Andrea AC

Simone SS

Luigi LA

Carlotta CS

David DM

Mauro MPu

Stefano SL

Giovanni GR

Gasperino GK

Federico P. FP

Daniele P. DP

Marco F. MF

Matilde P. MPa

Francesconi AF

Koen KD
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3.2 Schedule 

 
To achieve certain goals in a short period of time, we divided the amount of 
work and put deadlines. A detailed planning and project management was very 
important. In our GANTT Chart we underlined all the important deadlines. 
Scheduling of the project presents a GANTT Chart overview in Figure 3.2-1. In 
this timeline we’re maintaining the work time right to the tasks. To be 
comprehensive, in the upper side there is current weekly period. The 
scheduling was divided into the work-packages present in the WBS. They were 
organized in more general groups: 
 
• Design;  
• Simulations; 
• MAIT; 
• Operational; 
• Management; 
• Marketing;  
 
This GANTT chart (Figure 3.2-1) has been the best tool to overview the work 
of the whole team by the external stakeholders. It was used and issued by the 
Management Assistant in order to follow the phase of the project and to 
organize the weekly work of the various departments. 
 
There are red and green areas in the GANTT chart. The green zones are the 
ones where the activity actually took place, and the red zones represent the 
delay so when the activity should have started. 
 
Looking at the chart, the project is visibly affected by delays in work packages 
that include activities stopped by the COVID emergency (More information in 
Appendix H . 
 
After the postponement of the launch, we presented the list of possible updates.  
These updates required a reschedule of the work, so we have sketched out a 
new GANTT chart until the new launch date. 
the WBS was maintained as for the first version of the experiment in order to 
understand the feasibility of implementations and to provide a more dynamic 
way of working. 



- 41 - 

BX30_O-ZONE_SED_v5-1_10Feb22   

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

B
X

3
0

_
O

-Z
O

N
E

_
S

E
D

_
v5

-1
_
1
0

F
eb

2
2
 

 

-4
1

- 



- 42 - 

 

 BX30_O-ZONE_SED_v5-1_10Feb22 

 

Figure 3.2-1. GANTT chart. 
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Figure 3.2-2. New GANTT chart. 
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WP NAME LEADER % STATUS DEC JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT OTT-JAN 

23-29 30-6 7-13 14-20 21-27 28-3 4-10 11-17 18-24 25-31 1-7 8-14 15-21 22-28 1-7 8-14 15-21 22-28 29-4 5-11 12-18 19-25 26-2 3-9 10-16 17-23 24-30 31-6 7-13 14-27 28-4 5-11 12-18 19-25 26-1 2-8 9-15 16-22 23-29 30-5 6-12 13-19 20-26 27-3 4-10 DATA ANALYSIS

PM FITLER AC

3D MODEL DESIGN AC 100% R P P E S L

CAD SS 100% E R R A H A

HEATERS LA 60% V 3 3 R I U

HEATERS ORDER LA 30% I P N

HEATERS DELIVERY LA 0% E M C

HEATERS IMPLEMENTATION LA 0% W E H

DISSIPATION SYSTEM DESIGN MP 100% N

DISSIPATION SYSTEM INTEGRATION MP T C

PUMP SS A

PUMP ORDER GR/FT 100% M

PUMP DELIVERY GR 0% P

PUMP TEST GR 0% A

PUMP INTEGRATION (ELECTRONIC) GR 0% I

PUMP INTEGRATION (MECHANICAL) SS 0% G

INTERFACE CHECK SS 0% N

ELECTRONICS GR

NEW DESING GR 100%

PCBs DESIGN GR 100%

PCBs ORDER GR 0%

PCBs DELIVERY GR 0%

PCBs SOLDERING GR 0%

MECHANICAL COMPONENTS FT

CHECK MISSING COMPONENTS FT/LV/SS 30%

MECHANICAL COMPONENTS ORDER FT 0%

MECHANICAL COMPONENTS DELIVERY FT 0%

NEW POWER BUDGET DM 80%

CODING CS 80%

MAIT

MANUFACTURING FT

PARTICULATE FILTER FT/SL

3D PRINTED SUPPORT FT/SL

FINAL ASSEMBLY SS

FINAL INTEGRATION SS

TESTING DS R P P E S L

PROJECT MANAGEMENT E R R A H A

PROJECT MANAGEMENT FT V 3 3 R I U

SCHEDULING FT I P N

DISPATCHING TASKS FT E M C

RISK ASSESMENT SL W E H

LAUNCH CAMPAIGN DS N

MARKETING T C

OUTREACH A

WEBSITE FP M

SOCIAL MEDIA GK P

PRESS AND EVENTS GK A

FUNDRAISING AND 
FINANCIAL FT I

SPONSORSHIP PROGRAM FP G

PURCHASING FT N
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3.3 Resources  

3.3.1 Manpower 

 
In order to fulfill all the work packages following the scheduling, each team 
member has been assigned to set of tasks. Level of difficulty and time effort 
may vary depending on the task. Availability of each person was determined by 
weekly workload. In particular, the color code was: 
 
• RED – 0 hours per week 
• BROWN – 3-5 hours per week 
• YELLOW – 5-10 hours per week 
• LIGHT GREEN – 10-15 hours per week 
• GREEN – 15-20 hours per week 
 
 
The Team Leader can follow this table to be sure that all the team members 
are available in the right time. The available manpower distribution is shown in 
the Figure 3.3.1-1 below. The team members didn’t get academic credit for O-
Zone project, so they were able to work only during free time. At least 7 
members of the team were able to work more than 15 h/week during the most 
important period of the project.  

We also updated the availability of the various members afterwards. As you can 
see from Figure 3.3.1-1 below, many found it difficult to define their commitment 
at the end of 2021 as the launch had been delayed. In any case, the workload 
was perfectly accessible to the manpower. 

 

Figure 3.3.1-1. New work chart. 

At the same time the availability given by members for the past year was 
confirmed. 
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Figure 3.3.1-2. Work chart. 
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DEPARTMENT NAME SURNAME MAY-OCT 19 NOV DEC JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT OTT-JAN

25-28 8-14 15-21 22-28 29/4 05-11 12-18 19-25 26-01 2/8 9-15 16-22 23-29 1-8 9-15 16-22 23-29 30-5 6-12 13-19 20-26 27-3 4-10 11-17 11-15 18-24 25-31 1-7 8-14 15-21 22-28 29-5 6-12 13-19 20-26 27-2 3-9 10-16 17-23 24-30 31-6 7-13 14-20 21-27 28-4 9-19 DATA ANALYSIS

M,T LUCA VITALI

M GASPERINO KAMSI

C,M ANTONINO PITARRESI

S LUIGI ANTONIAZZI

EL/S DAVID MAGNANI

S

E L

S MAURO PULICE

L A

E U

C N

S SIMONE SANDON

P T P C I E C

R I D D P A H

O O R R R R

S STEFANO LOPRESTI

P N

O C

S A

C DUMITRITA SANDU

A W M

L O P

R A

C ANDREA CONTE

K I

S G

H N

C DANIELE PANARITI

O

P

M,T FEDERICO TOSON

I CARLOTTA SEGNA

EL/I GIOVANNI RIGHI

M FEDERICO PALISCA
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Table 3.3.1-1: Role’s description 

Team Member Role Description 

Federico Toson  Team Leader Management of internal team relations and redistribution of resources. 
Management of relations with stakeholders and entities outside the team, 
management of documentation, laboratories, bureaucratic and monetary 
aspects, SED editing, technical support in MAIT, support for the outreach. 

Luca Vitali Management 
Assistant 

Important management support for the 1.0 prototype of the experiment, task 
distribution, scheduling and planning. Technical support for the design. 

Dumitrita Sandu 
 
  

Tests, 
laboratories and 
safety 

Coordination of security aspects for laboratories and payload. Management of 
tests and launch campaign aspects. 
Support in relations with stakeholders, contact person for other team with 
experiments on the gondola. Support of management of the chemical sub 
team. 

Mauro Pulice   Mechanics and 
Thermal 

Management of the pneumatic part and related mechanical systems. Contact 
person for the thermal aspects. 
Important support in SED and papers editing.  

Andrea Conte  
Daniele Panariti 

Chemistry Essential contribution to state-of-the-art research, management of the 
chemistry department and contact with reference teachers. 

Antonino Pitarresi   Chemistry Expert in the choice of materials and the devices related to sampling aspects. 
Support for marketing contacts with chemical companies. Support in SED 
editing. 

Carlotta Segna   Software Management of the IT team and in charge of coding aspects. Contact person 
for the telecommunications and the ground station activities. 

Simone Sandon   Mechanics Management of the experiment interfaces and responsible for the internal 
configurations of the device box. CAD operator and contact person for 
mechanical assembly. Essential support in design, MAIT and editing 
documentation. 

Luigi Antoniazzi   Mechanics and 
Thermal 

Management of pneumatic and thermal aspects. Support for the integration part 
of the device. In charge for cataloguing the components. 

David Magnani  Mechanics and 
Electronics 

Definition of the power budget and responsible for the electrical part. 
Mechanical consultancy for structural analysis and integration. 

Stefano Lopresti   Mechanics Mechanical consultancy for structural analysis. Intermediary between the 
chemical and the mechanical part. In charge for the risk assessment. 

Giovanni Righi  Electronics and 
Software 

Management of electronic aspects and dimensioning of electronic interfaces. 
Support for the coding part. Essential support in integration especially about 
electrical and electronic interfaces. 

Gasperino Kamsi Marketing Support in graphics, management of the outreach and in the marketing fields. 

Federico Palisca Marketing Support in outreach aspects, video maker and support for the graphics. 

Matilde Pavan 
Marco Furiato 

Chemistry Experts in chemistry analysis and environmental chemistry. Support for the 
technical background and the laboratories. Important contribute in editing 
technical documents. 
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3.3.2 Budget 

Following the postponement of the launch, it was decided to develop a 2.0 
prototype of O-Zone. 
For this reason, in order to avoid possible confusion between what was spent 
in the year 2019-2020 and 2020-2021, this section will clearly define the 
expenses related to the final prototype (2.0) which is the one described in this 
SED. 
In any case, the funds available to the team during the first year and during the 
second year will be highlighted. 
The expenditure table (Figure 3.3.2-2) obviously also considers the material 
and components already at the team's disposal, but these expenses are not 
deducted from the second-year funds as they are bought with money from the 
year 2019-2020.  
 
The funds available to us during the two years of prototyping are defined below: 
 

• Funds available at start of year 2019-2020: 
o 1000 Euros from the call for proposals of March 2019 of the 

industrial engineering department of the University of Padova; 
o 2000 Euros From the call for proposals of September 2019 of the 

University of Padova; 
o 1000 Euros from Professor Roberta Bertani research group; 
o 1000 Euros from the call for proposals of June 2020 of the 

industrial engineering department of the University of Padova; 
o 2000 Euros from the Rotary Club Abano-Montegrotto (Only for 

travels). 
 

• Funds available at start of year 2020-2021: 
o 5500 Euros from the call for proposals of November 2020 of the 

University of Padova; 
o 900 Euros remaining from the call for proposals of June 2020 of 

the industrial engineering department of the University of Padova; 
o 3000 Euros from the Rotary Club Abano-Montegrotto  (Only for 

travels). 
 

 
A special mention should be made of the Rotary Club of Abano - Montegrotto 
(Figure 3.2.2-1); although the launch was postponed, they were willing not only 
to renew their support, but to extend it from 2000 to 3000 Euros. 
 

 

Figure 3.3.2-1. Rotary Club Abano-Montegrotto logo 
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Travel expenses (for non-sponsored members) have been reduced as a result 
of COVID-19. (Appendix H ). 
 
Thanks to various companies and organisations, we have been able to obtain 
discounts and free materials over the last two years, which has led to a 
considerable reduction in costs.  
Below is a list of our most important collaborators and supporters, thanks to 
whom our prototypes have cost considerably less: 
 

• KNF (Pump company); 
• Zoppass Rica (for the heaters); 
• SMC (for the valves and the flowmeter); 
• RESTEK (canister company); 
• FIA-automazioni (for BOSCH components); 
• STRATO FLIGHTS (for the gps); 
• Centro copie Berchet (for the device that holds the PM filter); 
• Idea stampa (for the T-shirts); 
• Metalco (for the aluminium plates and panels); 
• General fluidi (for the flow regulator); 
• Chefyouwant (for the blast chiller facility); 
• DII (3D Printing components) 

 
It has not been easy to keep in touch with these companies who, although in 
difficulty following the COVID-19. (Appendix H ) have supported the O-Zone 
project from start to finish. 
 
The Figure 3.3.2-2 below shows the costs incurred divided into the various sub-
sectors: Pneumatic, Mechanical-structural, Chemical, Thermal, Electronic, 
Transport, Travel, Conferences. 
A few words must be spent on the sub-sectors of Symposia and Conferences. 
In order to better develop outreach, to take advantage of the "extra" year due 
to COVID-19 and to fix the work done, it was decided to participate in several 
conferences and symposia; the savings on the prototype made it possible to 
reimburse registrations to these initiatives. 
 
A better overview of the expenditures and forecasts, with the resulting savings, 
is described in Figure 3.3.2-3 where the sources of the funds are also described 
(divided between the two responsible professors and the other entities that 
supported us monetarily). 
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Figure 3.3.2-2. Budget breakdown. 
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Figure 3.3.2-3. Total effective costs for 2021. 
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3.3.2.1 Marketing Plan 

 
We have added this section to describe in more detail the marketing plan used, 
and the decisions made to improve budget coverage. 
 
When looking for companies interested in supporting the O-Zone project, we 
realised that it was necessary to contact organisations that shared our ideals, 
objectives and fields of application. 
However, we cannot exclude other personalities who believed in us, regardless 
of the lack of compatibility with the technical aspects addressed by our team. 
 
Therefore, in the following lines, the collaborations and contacts built during the 
two years of the project are described. 
 
The first search for collaboration was with the company ATP environment, a 
group dedicated to the production of industrial purification plants and which 
shares our ideals and technology. Unfortunately, however, this collaboration did 
not prove successful as the company did not decide to invest in the team. 
 
We had a successful first relationship with RESTEK; thanks to Dr Stefano 
Ongrato we built a strong network that allowed us to improve our research on 
pollutants and sampling devices. In addition, RESTEK supplied us with several 
components at a favourable price and was therefore an active supporter of O-
Zone from the outset. 
 
Another fundamental collaboration is with SMC, through the figure of Riccardo 
Zanaga. Here too, we had the opportunity to improve our understanding of the 
development of the pneumatic system, and we also received many components 
at a discounted price. 
We were also able to define a collaboration with our department and therefore 
the University to fix this important supporter. 
 
Other companies such as: Metalco, FIA Automazioni, Stratoflights, Metalco, 
Idea Stampa, General Fluidi, Chefyouwant provided technical support with 
discounts and suggestions that allowed the O-Zone project to be successfully 
developed. 
 
The Rotary Club Abano - Montegrotto then believed in our project and 
supported us with a donation to bring extra members not sponsored by ESA to 
Kiruna. 
 
By bringing together our outreach efforts and our search for sponsors, we have 
built a strong network that has made O-Zone a popular initiative with many and 
allowed us to satisfy our supporters while saving considerably on the 
construction of the prototype. 
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3.3.2.2 Marketing for outreach improvements 

 
To define an identity in O-Zone, it was decided to carry out a Brand in order to 
obtain a greater amount of consent from the public opinion. The results of the 
diagnosis were numerous and the procedure was: 
 
1. Analyze the state of affairs of existing social media marketing activities, logos 
and payoffs 
2. Study positioning with due instrumentation such as “S.W.O.T. analysis”, the 
“Semiotic square” and the “Unique Selling Proposition” 
3. Analysis of Mission, Vision and Values 
4. The study of the Archetypes 
5. The Tone of Voice analysis 
6. Perception analysis with “Kapferer’s Prism” 
7. The online media plan 
8. The Brand Image guidelines. 
 
After the analysis, we concluded the strategy focused on the following eight 
points: 
 
1. Align the communication present with the analysis and the graphic proposal 
2. Align the communication with the graphic proposal 
3. Review the copy of the socials, the website and the poster 
4. Create an illustrated poster 
5. Create order in reading the Web Page 
6. Apply a theme more suitable to the site 
7. Implement a pull marketing strategy 
7.1 Post updates twice a week on the general work process 
8. Create an AR filter for Instagram to create engagement 
 
 
In March 2020 we contacted some influencers that we thought could be 
interested and help us. Unfortunately, they didn’t react, even if the topic was 
similar. 
 
During May, June and July 2020 we started to use ad hoc graphic templates 
created by us to share content on our social networks in order to give a more 
formalized and professional image to our project, thinking like a real brand. 
 
To reinforce O-Zone's image we have prepared a few videos that describe our 
project in a few minutes. In addition, other videos of about 10 minutes in length 
are produced to present the O-Zone project at the conferences: ing4future and 
IEEE Metrology for Aerospace. 
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3.3.3 External Support 

• Our endorsing Professor was Alessandro Francesconi, associate 
Professor of Space Systems at University of Padova. 
With his help we have obtained part of the funds we had, and he supports 
us with his knowledge in the aerospace field. He also provided the areas 
for AIT. 
 

• Another important support was provided by Professor Roberta Bertani 
(Chemistry Professor) regarding chemical aspects and the 
implementation of sampling systems. The professor also obtained the 
remaining funds for the implementation of the project. 
 

• Professor Luca Cappellin was helping us with the analysis labs and his 
knowledge in the chemical aspects. 
 

• Doctor Lorenzo Olivieri was giving us some advice and his heritage 
background in BEXUS experiments. 
 

• Doctor Stefano Ongarato was giving us his support, with components 
(filters and canister), and lots of advices and help. 
 

• Doctor Pistore Stefano for chemical analysis and chemical support. 
 

• Doctor Mirco Bartolomei help us with the 3D print of the collectors and 
the PM filter holder. 
 
 

List of laboratories: 
 

• University workshop for manufacturing and integration, 
• Space system activities lab for system assembly, 
• Informatics area for software developing, 
• CISAS Laboratory for testing, 
• Chefyouwant for the blast chiller facility for the thermal test, 
• CEASC chemical Lab for PM analysis, 
• Pistore Stefano company. 

 

3.4 Outreach Approach 

 
 
The outreach was important to us, especially because one of our objectives is 
to raise awareness of environmental problems. 
 
We improve the outreach aspects after the selection of the marketing plan and 
the marketing strategies. 
 
For the outreach program we decided to divide our audience into sectors so as 
to more easily describe our intentions for dissemination and awareness. In each 
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table (Table 3.4-1,-2,-3,-4,-5,-6 and -7) are written the various contacts, already 
in place or programmed with their descriptions. 

 
Table 3.4-1: Outreach: Website 

Web site 

https://ozone-
team.com  

Our website contained all the latest news until January 2022. It allowed us to interact 
with our audience, inform them of our movements, deadlines, and goals. It was 
completed with a blog section describing our travels and increasing the interest of 
those who follow us. 
In July 2021 we did a structural redesign of the site to make it more easily usable. 
The site is down since February 2022.  

 
Table 3.4-2: Outreach: University 

University 

University 
website 

Our university is a very important entity in Padua, Veneto and Italy. It is one of the oldest 
in the world (800 years were celebrated in 2022). The site is therefore a great way to 
be known. The University of Padova supported us with its large audience. 
www.unipd.it  
https://www.dii.unipd.it/didattica/progetti/rexusbexus 

Il Bo Live This is the university newspaper, below is the link that advertises our project. 
 
https://ilbolive.unipd.it/it/podcast/progetto-ingegneria-aerospaziale-salvaguardia   

Fundraising 
office 

The fundraising office is used for contacts with sponsors and supporters of university 
projects. We were in direct contact with President Brunella Santi who helped us. The 
meeting had taken place Friday, January 30, 2020. 
 
https://www.unipd.it/contatti-fundraising  

Students Our project was advertised in various courses during the recruitment and many students 
have shown interest. They followed us on the site and helped us build a very large 
network of people. We placed on the notice boards several flyers during the various 
milestones of the scheduling in order to inform our audience of our work. 

GreenNet GreenNet was a university project that allows to involve hundreds of students from 
various engineering firms in Padua through a didactic initiative. Students learned about 
our experiment and to think about environmental solutions. As well as being an 
awareness-raising activity, was a way of making ourselves widely known. 

 
Table 3.4-3: Outreach: Press and TV 

Press and TV 

Il Mattino di 
Padova 

This newspaper is one of the most important city newspapers in our city. It has made 
it possible to reach a wide audience by involving even older people (less accustomed 
to technology). A photo of the article can be viewed in the media appendix. 
(Appendix B ) 

https://ozone-team.com/
https://ozone-team.com/
http://www.unipd.it/
https://www.dii.unipd.it/didattica/progetti/rexusbexus
https://ilbolive.unipd.it/it/podcast/progetto-ingegneria-aerospaziale-salvaguardia
https://www.unipd.it/contatti-fundraising
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Il Corriere del 
Veneto 

“Il Corriere del Veneto” (The Courier of Veneto region) is an important newspaper that 
involves the regional public. We were in contact with Federico Nicoletti, an economic 
journalist who was able to help us to make our project even more marketable in order 
to publicize it on a larger scale and contact other supporters. 
 
https://corrieredelveneto.corriere.it  

TelePadova We contacted the local television station to involve the citizens in our project in the best 
possible way.  
 
https://www.7goldtelepadova.tv  

TGR TGR means Regional Newsreel. We were in contact with Giorgio Bonomi, a journalist 
who has been involved in publicizing other innovative experiments in our region. 
 
https://www.rainews.it/tgr/veneto/  

TG5 TG5 is one of the most important news reports nationwide. We were in contact with 
Paolo Brinis, a journalist from the Northeast who deals with issues of social interest. 
 
https://www.mediasetplay.mediaset.it/programmi-tv/tg5  

Ong2.0 Ong2.0 is an NGO with environmental interests that publicised us with an article telling 
our story. 
https://www.ong2zero.org/blog/o-zone-team-una-soluzione-innovativa-per-
combattere-linquinamento-atmosferico/ 

 

Table 3.4-3: Outreach: Radio 

Radio 

RadioBue RadioBue is the radio of the University of Padua. We went on air on this radio with a 
short description of our project with the promise to appear before and after the end of 
the experiment to tell all our experiences. 
https://ilbolive.unipd.it/it/podcast/progetto-ingegneria-aerospaziale-salvaguardia  

Tele Radio 
Sciacca 

TeleRadioSciacca also talked about us with a short explanatory video. We are waiting 
for confirmation to know the date of publication.  
http://www.teleradiosciacca.it  

Radio 
BlueTu 

Radio BlueTu is a radio in the Veneto region, during the program “Non solo nebbia” 
which means “Not only fog”, one of the guys of the O-Zone team, David Magnani, 
presented our project.  
http://radio.bluetu.it/podcast/non-solo-nebbia-puntata-
2/?fbclid=IwAR2VhUuxSMjK6AngT_wFSxJp5BtxgIG8BI1gf2Oy1-
7XBYaCnpwF19ocehU 

https://corrieredelveneto.corriere.it/
https://www.7goldtelepadova.tv/
https://www.rainews.it/tgr/veneto/
https://www.mediasetplay.mediaset.it/programmi-tv/tg5_b640991
https://www.ong2zero.org/blog/o-zone-team-una-soluzione-innovativa-per-combattere-linquinamento-atmosferico/
https://www.ong2zero.org/blog/o-zone-team-una-soluzione-innovativa-per-combattere-linquinamento-atmosferico/
https://ilbolive.unipd.it/it/podcast/progetto-ingegneria-aerospaziale-salvaguardia
http://www.teleradiosciacca.it/
http://radio.bluetu.it/podcast/non-solo-nebbia-puntata-2/?fbclid=IwAR2VhUuxSMjK6AngT_wFSxJp5BtxgIG8BI1gf2Oy1-7XBYaCnpwF19ocehU
http://radio.bluetu.it/podcast/non-solo-nebbia-puntata-2/?fbclid=IwAR2VhUuxSMjK6AngT_wFSxJp5BtxgIG8BI1gf2Oy1-7XBYaCnpwF19ocehU
http://radio.bluetu.it/podcast/non-solo-nebbia-puntata-2/?fbclid=IwAR2VhUuxSMjK6AngT_wFSxJp5BtxgIG8BI1gf2Oy1-7XBYaCnpwF19ocehU
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Table 3.4-4: Outreach: Schools 

Schools 

Pietro 
Scalcerle 
High 
School 

Pietro Scalcerle is a school where teenagers have the opportunity to learn chemistry 
subjects experimentally. In particular, the environmental guideline deals with pollution 
and sampling of pollutants. We wanted to spread our interest in the environment to new 
generations by demonstrating that what they study can have fields of spatial applications.  
The meeting was supposed to be on March 18th 2020 at the school. Due to the ongoing 
health emergency, it took place on the morning of March 23 2020 using the video call 
platform Zoom. Despite the change of program the result was satisfactory: the meeting 
lasted about an hour, we exposed our experiment to almost 100 students. During the 
exhibition we inserted small quizzes using the tools of the platform in order to make it 
lighter and more interactive for the students, who then showed great interest by asking 
questions in real time during the meeting and also later on our Instagram profile. 
http://www.istituto-scalcerle.it  

Enrico 
Fermi High 
School 

Enrico Fermi is the other important school in Padua from which most of the future 
students of engineering, medicine and scientific subjects come. Because of the 
pandemic, we could not publicise our project. 
https://www.liceofermipadova.gov.it  

Ippolito 
Nievo High 
School 

Thanks to Professor Luigi Boscardin, from the Ippolito Nievo school in Padua, we had 
the opportunity to talk to the students at this important high school and improve our 
dissemination. 
http://www.liceonievo.gov.it/pvw/app/PDLS0003/pvw_sito.php 

Don Bosco 
Primary 
School 

This school is a school to involve even the youngest children in our project linked with 
ESA. It was a way to introduce families to the environmental theme of pollution to raise 
awareness of environmental protection technologies among children. 
https://www.donboscopadova.it  

 
Table 3.4-5: Outreach: Social Media 

Social Media 

Instagram Our Instagram account has always been active, we now (February 2022) have 568 
followers who increase every week. We were proud to involve users of all kinds who 
update themselves, through posts and stories, on our path. 
In this social media we have planned different formats such as the presentation of each 
single team member, the presentation of the experiment in general and the various 
components with dedicated posts. 
In addition to institutional and ordinary communication we have decided to activate a 
lighter and viral communication in order to reach a wider and less experienced 
audience. 
We have also activated a scientific divulgation column about the topics related to our 
project in order to provide an extra service to those who decide to follow us and to better 
explain its importance. 

http://www.istituto-scalcerle.it/
https://www.liceofermipadova.gov.it/
http://www.liceonievo.gov.it/pvw/app/PDLS0003/pvw_sito.php
https://www.donboscopadova.it/
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We also decided to try a different approach and we noticed that posts with professional 
photos (made with a dslr) and an ispirational caption are more engaging since they get 
more likes and comments 
Once a week we have posted a video from the “O-Zone Pills” series. (More info on 
Video Section). 
After the launch we were interviewed on our University's social channels and a short 
Podcast about us was published on the Instagram page of Unipd. 
https://www.instagram.com/tv/CY85TG5qHsJ/?utm_source=ig_web_copy_link 
https://www.instagram.com/ozoneteampd/  

Facebook We are also active on our Facebook page through which we inform our audience.  
We use the facebook platform to share, in addition to the ordinary posts that we also 
upload on Instagram, news about the environment, pollution and sustainable 
development. 
We have also activated a scientific divulgation column about the topics related to our 
project in order to provide an extra service to those who decide to follow us and to better 
explain its importance. 
In February 2021 we decided to try a different approach and we noticed that posts with 
a professional photo (made with a dslr) and an inspirational caption are more engaging 
since they get more likes and comments. 
Once a week we have posted a video from the “O-Zone Pills” series. (More info on 
Video Section) 
https://www.facebook.com/ozoneteampd/  

Linkedin Company profile for the O-Zone project is active on Linkedin. 
Due to the more serious and professional nature of the platform we do not share the 
content we prepare for Instagram. 
On this page we simply share news about the progress of the project and our 
experiment, as well as news about the environment and sustainable development 
related to the topics we are dealing with. In addition we’re keeping our followers updated 
with news and in-house videos such as O-Zone pills. 
https://www.linkedin.com/company/ozonepd/about/ 

 
Table 3.4-6: Outreach: Events 

Events and conferences 

PINK ING PINK ING was an event organized by the order of engineers of Vicenza (city near 
Padua). This was a meeting open to the public, scheduled for next March 6 2020(but 
move to a date to define), in Vicenza. In particular, the female representatives of our 
team are invited to be the speakers of our project, in the context dedicated to female 
engineering. It was an excellent opportunity to advertise and to break down barriers 
related to gender work. The presenter of the last edition was Francesca Cheyenne, 
journalist and speaker at RTL 102. 5 (a very important Italian radio station). The last 
edition was also attended by Professor Stefania Bruschi, first female president of the 
Department of Industrial Engineering in Padua. 
https://ordine.ingegneri.vi.it  

University 
open-days 

Thanks to our professors we had the possibility to have dedicated spaces during the 
presentation of the courses so that in the future we were able to give students the 

https://www.instagram.com/tv/CY85TG5qHsJ/?utm_source=ig_web_copy_link
https://www.instagram.com/ozoneteampd/
https://www.facebook.com/ozoneteampd/
https://www.linkedin.com/company/ozonepd/about/
https://ordine.ingegneri.vi.it/
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opportunity to carry out these projects with ease and with a more considerable 
academic return. 

Ing4Future Ing4Future is a meeting organized by the Order of Engineers of Vicenza to testify 
stories and projects relating to the care of the environment and the territory: a topical 
topic in the present, an effective future for the next generations. We made a video 
for this event with the marketing team to encourage the care for the environment with 
the O-Zone as guide for the month of December 2020. 

IEEE 
Metrology for 
Aerospace 

Metrology for Aerospace is an international journal covering research in the field of 
aerospace. O-Zone participated in the conference with a paper presentation. 
https://www.metroaerospace.org 

AIDAA  AIDAA is also an important Italian conference in the field of aerospace. On 31 August 
2021, we exhibited O-Zone with our paper. 

IAC Our paper was approved for the most important conference in the field of aeronautics 
and space. In October 2021, we presented the conference paper on the O-Zone 
project in the student session (Dubai). 

Job&Orienta “Job&Orienta” is an orientation event for young high school graduates who have to 
choose what to do in the future. At the biggest stand of the fair in Verona (the one of 
the Veneto Region) we told some young students about O-Zone. 

2021 ESW We were pleased to report on our experience on board the BEXUS30 to future 
members of the 'RX/BX family' during the Selection Workshop. 

Future events We planned to attend the following conferences in 2022: 
PAC Symposium (Biarritz), 4th SSEA (Barcelona). 

 
Table 3.4-7: Outreach: Videos 

Videos We started by creating a first video diary of the experience at the base of Esrange for 
PDR. 
The idea behind the Youtube channel wass to create informative but entertaining and 
youthful videos about what we done, such as the creation of a space mission and 
participation in a program like BEXUS, in order to reach a wider audience and stimulate 
the imagination of students younger than us who might be interested in taking the same 
path. 
On our Youtube channel we posted some videos we called O-Zone Pills, the goal was 
to create very short video of 2-3 minutes where we explained a concept of the 
experiment very clearly and quickly. In 2022 we will try to publish all the content filmed 
during the launch campaign and during the trips to the conferences so that we can 
preserve these experiences and share what we have done. 
https://www.youtube.com/channel/UCHnUuwEJWdi-eKmAZwFLyrg 

 
*For other information about the outreach look at Appendix B . 
 
 
 
 

https://www.metroaerospace.org/
https://www.youtube.com/channel/UCHnUuwEJWdi-eKmAZwFLyrg


- 59 - 

BX30_O-ZONE_SED_v5-1_10Feb22   

 

3.5 Risk Register 

 

Risk ID  
TC – technical/implementation  
MS – mission (operational performance)  
SF – safety  
VE – vehicle  
PE – personnel  
EN – environmental  
BG – budget 
MG – Management 

Probability (P)  
A. Minimum – Almost impossible to occur  
B. Low – Small chance to occur  
C. Medium – Reasonable chance to occur  
D. High – Quite likely to occur  
E. Maximum – Certain to occur, maybe more than once 

Severity (S)  
1. Negligible – Minimal or no impact  
2. Significant – Leads to reduced experiment performance  
3. Major – Leads to failure of subsystem or loss of flight data  
4. Critical – Leads to experiment failure or creates minor health hazards  
5. Catastrophic – Leads to termination of the REXUS and/or BEXUS 
programme, damage to the vehicle or injury to personnel  
 

Table 3.5-1: Risk Register 

TC10 
Connection loss with ground 
stations. B 3 low 

An “automatic mode” was specially developed 

TC11 
Automatic mode fails. 

B 3 low 

The automatic mode was tested properly and we 
were also able to control the device from the 
ground station.  

TC20 

Software fails to store data on-
board. 

B 2 
very 
low 

The system was tested extensively. All data 
gathered from the sensor were also sent to the 
ground station. 

TC30 

Software fails to control on-board 
instrumentation. 

B 4 low 
The system was tested extensively. 

TC40 
Experiment electronics fail due to 
cold temperatures. B 3 low 

Thermal solutions were tested to prevent this to 
happening. 

TC50 
Internal temperature sensor 
failure. B 2 

very 
low 

Thermal solutions were tested/ redundant sensors 
placed. 

TC60 
The pump’s overheating and we 
have difficulty switching it off. B 3 low 

Active thermal control systems were extensively 
tested/ redundant sensors. 

TC70 

Software fails to 
enter safe mode 
during the 
descending 
phase. B 2 

very 
low 

We tested the system extensively. 

TC80 
Software fails to manage the 
thermal control system. B 3 low 

We tested the system extensively. 
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TC90 
Critical component is destroyed 
in testing. B 2 

very 
low 

Spare components were ordered, and we didn’t 
stress the more expensive ones too much. 

TC100 
One of the two flowmeters is not 
working. B 3 low 

We tested the flowmeters to avoid this to happen. 

TC101 

When the flow rate is low, the 
flowmeters cannot collect the 
data accurately enough. B 3 low 

We decided to use flowmeters to prevent this from 
happening. 

TC110 

On-board instrumentation failure 
due to pressure (too high or too 
low).  B 3 low 

The system was tested in a vacuum chamber. 

MS10 
Complete lost of connection with 
ground station. B 3 low 

Data were stored on the on-board memory. 

MS20 
Pump failure. 

B 4 low 

The pump was tested in a low-pressure chamber. 
We bought a new pump to reduce the risk of this 
happening. 

MS21 

Pump failure due to low 
temperature. 

B 3 low 

The pump heats up during operation, in addition 
there were also the heaters. We bought a new 
pump to reduce the risk of this happening 

MS30 
Filters do not adsorb a significant 
amount of analytes. C 3 low 

We are testing the filters. 

MS40 

Sampling compromised by the 
wrong amount of incoming air. 

B 4 low 

The pump was regulated by the “PWM” port of the 
Arduino. Based on the data generated by the 
flowmeter we varied the number of rotations of the 
pump and therefore the flow rate. 

MS50 
The air temperature is not within 
the range required for sampling. C 3 low 

An appropriate thermal control was carried out, wh
ich will be tested in the laboratory. 

MS60 
The canister could rupture due to 
a pressure gradient. B 3 low 

Canister was filled with only 80% of the total 
volume/ we tested it. 

MS70 

Some reactions could be 
activated in the canister by light 
because of its transparency. A 3 

very 
low 

The canister wasn’t directly exposed to sunlight 
during transport before and after the flight. 

MS80 

The low water vapor permeability 
of the canister (12-15g/m2/day) 
could compromise the results. C 3 low 

We analyzed a filled canister. 

MS90 

Canister data may be 
compromised if they are not 
analyzed within three days. D 3 

me
diu
m 

We found labs that allowed us to do the analysis 
as soon as possible. We analyzed a filled canister. 

MS91 

The canister could fill with the air 
in the tubes at the beginning of 
the launch instead of the air at 
high altitude. B 3 low 

We designed a system consisting of a T-joint and 
a non-return valve to prevent this from happening. 

MS92 
Non-return valve does not open 
when it should. B 3 low 

We tested this solution to prevent this from 
happening. 

MS100 
Intake tubes blocked by external 
element. A 2 

very 
low 

A cap has closed the intake of the tubes before 
take-off and after landing. 

MS110 

Filters contamination after 
launch. 

B 4 low 

We placed valves before and after every filter and 
test them (to protect from both air and water). We 
have successfully tested the extraction procedure. 

MS120 
The sampling system may be 
contaminated before flight. C 3 low 

We were careful to adequately handle filters and 
canister during the assembly phase. 

SF10 

The team is unable to meet due 
to the COVID19 emergency. 

B 2 
very 
low 

Online meetings were scheduled weekly both 
among the various subgroups and individual team 
members. 
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SF20 

Delays in testing due to limited 
access to laboratories in terms of 
number of visitors and opening 
times because of the emergency 
caused by the COVID19. C 3 low 

We entered the laboratories in accordance with 
previous regulations. For chemical analysis we 
worked with laboratories outside the university.  

SF30 

Testing and assembly operations 
are slowed down by the 
impossibility of being all together 
due to current situation. C 3 low 

We're distributed the work among the various 
subdepartments. All the team members were 
always updated about the state of the experiment. 

VE10 

SD-card is irreparably 
damaged at the impact. 

B 2 
very 
low 

All data were transmitted to the ground station. 
Data were saved in 2 external memories. 
Also, an SD card tested for low temperature and 
impact-resistant was chosen. 

VE20 
Experiment detaches from rails. 

A 3 
very 
low 

The box was mounted to the gondola with multiple 
fixings. 

VE30 

Experiment can have high 
accelerations due to landing 
impacts. C 3 low 

Structural solutions were designed to prevent this 
from happening. 

VE40 

The sensors are damaged by 
high accelerations due to landing 
impacts. B 2 

very 
low 

Structural analysis has been done to confirm the 
structural solutions. 

VE50 

The canister is damaged by high 
accelerations due to landing 
impacts. B 3 low 

A personal compartment for the canister was build. 

VE60 

The filters are damaged by high 
accelerations due to landing 
impacts. B 4 low 

Structural analysis has been done to confirm the 
structural solutions. 

MG10 

A team member decides to leave 
the project. 

B 3 low 

All departments (except software and electrical) 
were composed of more than one person, for each 
test a manager and a deputy manager have been 
designated and there was a continuous exchange 
of knowledge between departments. 

BG10 
Money raised is not enough to 
build the whole experiment. A 4 

very 
low 

The outreach approach has been changed and 
possible sponsors were contacted. 

 
 
In the Table 3.5-1 above there are several risks with a high probability of 
happening. 
This was due to the emergency caused by COVID-19 (More information in 
Appendix H ). 
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4 EXPERIMENT DESCRIPTION 

 

4.1 Experiment Setup 

 
 
The first system of this experiment holds five filters attached on the bottom 
plate, where also the diaphragm pump and the valves, while the electronics are 
installed on the intermediate plate. 
The second system is a canister (sampling bag) connected to the upper plate. 
These two systems worked independently of each other, as the pump and the 
valves allowed the air to flow through the filters during the ascending phase; 
once the last filter’s sampling phase is completed, the valve leading to the 
canister opened while all the other valves were closed, thus letting the air flow 
directly into the canister. 
With these two systems (filters and canister) we were able to collect CFCs, 
VOCs, PM and then analysed them in the laboratory. 
 

  
Figure 4.1-1a. Box and all subsystems (CAD and real). 

 

 
Figure 4.1-1b. Internal systems. 

 
Figure 4.1-1. Device view. 
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Before reaching the filters, the air flow passed through a heated aluminium tube 
to ensure that the air’s temperature respected the requirements. In order to 
correctly guarantee an appropriate flow rate value, pump regulation was carried 
on, thanks to the airflow data provided by the flowmeter.  
During the flight, thanks to the valves and the pneumatic system, the air passed 
through each of the 5 filters depending on the altitude. 
 
 
We can define the process flow as follow: 
 
- Between 0 and 4.5 km the air flow passed through a filter collecting 
particulate matter; 
 
- Between 4.5 and 9 km the air flow passed through the second pollutants 
collecting filter; 
 
- Between 9 and 13.5 km the air flow passed through the third pollutants 
collecting filter; 
 
- Between 13.5 and 18 km the air flow passed through the fourth pollutants 
collecting filter; 
 
- Between 18 and 22.5 km the air flow passed through the fifth pollutants 
collecting filter; 
 
- Between 22.5 and 25 km the air flow filled the canister. 
 

 
 

Figure 4.1-2. Experiment process flow. 

 
The device is made of different subsystems: mechanical, pneumatic, thermal, 
electrical and lastly chemical, the core of our experiment. 
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The chemical subsystem is intended as the presence of the filters and of the 
sampling bag, which were analysed after landing. 
The chemical subsystem is tied to our experiment by connecting the sampling 
bag directly to the first junction box and by placing the filter inside the tube that 
are connected to the junction box itself. 
 
Each filter is hermetically sealed by two valves. The valve pairs were opened 
at the altitude required to sample a precise filter. The filter that samples the air 
in the first 4.5 km will sample the particulate matter, while all the other tubes will 
be dedicated to pollutants sampling. Between each altitude range the air will 
pass through an exhaust tube without a filter so that the conditions can be 
optimised for the next stage. The last phase will be the filling of the canister, 
which will take maximum 30 minutes. 
Once the sampling bag was filled, it was sealed just as it was done for each 
filter after the sampling stage. The device then switched off the pump and kept 
active, in addition to the connection with the ground station, also the thermal 
control to guarantee the temperature range necessary for the preservation of 
the filters. 
 
The pneumatic subsystem is linked to the structural/mechanical subsystem, 
since all of the components of the pneumatic system are directly connected to 
the aluminium panel that serves a base for the components’ installation. The 
inlet tube is also firmly joint to the outside aluminium panel. 
 
The electrical subsystem’s core is the on-board PC, an Arduino2. This 
subsystem is linked with every other subsystem: the arduino2 issues orders for 
both the pump and the valves, while also regulating the thermal active control 
based on the information it receives from the thermocouples and the internal 
temperature sensors.  
The Arduino2 also had the key role of keeping the aluminium tube’s heater at 
the correct temperature as this was very important to heat the airflow to a 
correct temperature range for the filters (10-25°C). 
 
The structural subsystem takes care in allocating all the cables and connections 
needed to the device, both the internal and external cables. 
 
The thermal subsystem is made of both heaters and thermal control devices. 
Other thermal sensors are placed in key spots in the box, like the junction box 
and the pump to make sure no other components risk overheating or excessive 
cooling. 
The temperature sensor in the junction box is placed through an appropriate 
hole on the structure: this exit is sealed with silicone. 
This subsystem is also connected to the pneumatic system: when the pump 
overheats and needs to slow down, the thermal sensor lets the Arduino2 issue 
an order to modulate the airflow and let the pump work at a blander rhythm. 
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Figure 4.1-3a. Pneumatical subsystem view. 

 

 

Figure 4.1-3b. Pneumatical subsystem connections diagram. 

Figure 4.1-3. Pneumatical subsystem. 
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4.2 Experiment Interfaces 

 
Mechanical subsystem: 

• Interfaces and attachment system 

• Frame 

• Panels 
 
Electrical subsystem: 

• PCU 

• Sensors 

• E-link connection 
 
Pneumatic subsystem: 

• Pump 

• Valves 

• Tubes 
 
Thermal subsystem: 

• PTCS 

• ATCS 
 
Chemical subsystem: 

• Pollutants filters 

• PM filters 

• Canister 
 

4.2.1 Mechanical 

 
The experiment box was mounted to the gondola rails using a system made of 
aluminium Bosch profiles and 4 rubber bumpers (similar to FIBET 2520VV18-
45), as shown in the “BEXUS User Manual” [12][on page 171], to reduce the 
forces experienced during landing and to damp the vibrations. The box was 
located on the bottom left corner of the gondola while the rubber bumpers were 
fixed to the gondola rails according to what the user manual says. The model 
in detail is represented in Figure 4.2.1-1. Rubber bumpers have been provided 
to us thanks to the support of BEXUS organization. 
 
As you can see from the image, the Bosch profiles used to connect the box to 
the rails are also linked to the frame by using four M4X65 screws; this implies 
that the aluminium profiles need to be drilled to allow the screws connection. 
Furthermore, spacers were used in order to help the screws to handle the 
experiment weight during the impact with the ground (Fig. 4.2.1-1c). 
We had firstly considered to mount the experiment using four Enidine® 
Compact wire rope springs instead of rubber bumpers, but after some 
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calculations we found out that none of them would have been suitable for our 
experiment due to our weight value (estimated to be around 14Kg = 140N); 
Furthermore, the rubber bumpers showed to be cheaper and easier to mount. 
 
In Appendix C it is explained the procedure we used to calculate the impact 
force that each one of the 4 M4 screws has to withstand. 
 

 
Figure 4.2.1-1a. Top Gondola view. 

 
Figure 4.2.1-1b. Rubber bumpers view. 
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Figure 4.2.1-1c. Bottom view. 

Figure 4.2.1-1. Experiment box position. 

4.2.2 Electrical 

 
The experiment was electrically connected to the gondola:  

- Connection to the batteries pack was made via 4 pin, male connector 
placed on one of the outside faces of the box. Connector used was 
Amphenol PT02E8-4P mounted in the upper side of the box;  

- As stated in “BEXUS User Manual” [12][on page 171]., power was provided 
by SSC from Gondola’s battery pack composed of eight SAFT LSH20 
battery in series. Voltage of battery pack is 28.8 V, and the capacity was 
13 Ah at sea level temperature. Must be considered that temperature at 
altitude decreased, and battery pack’s features were altered. It was 
considered 25 V to calculate the peak current, an verify that it was within 
the acceptable limit; 

- Grounding was achieved through the frame; 
- Expected peak current was 1,4 A and expected average current was 

1,3A considering 28.8 V. If voltage decreases to 25 V peak current was 
1.6A; 

- Electrically connection to the Hercules was necessary to provide pre-
heating during pre-flight phase, when the experiment was not connected 
to the battery pack.  

 
Internal interfaces: 

- Two converters from 28.8V to 24V and from 28.8V to 12V assured that 
component like Arduino, valves, pump were powered with an 
appropriate voltage; 

- Capacitors were used to avoid high peak current due to opening the 
valves and to eventual restart of the pump; 

- A converter from 12V to 9V and 5V assure that component like sensors 
and GPS were powered with an appropriate voltage; 

- Heaters didn’t need a converter; 
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- MOSFETs were used to turn on and off the components, and to regulate 
them. Components controlled with MOSFETs were pump, valves, 
heaters; 

- Pump was connected to Arduino by MOSFET and optocoupler. A 
capacitor prevented peak current; 

- Electronic circuit was placed on a PCB.   
 
The communication through the E-Link channel had the following 
characteristics: 
 

- The communication to the ground station used the UDP protocol. The 
packet was composed of the header (8 Byte), data and the checksum. 

- The communication from the ground station used the TCP/IP protocol. 
- The communication used 1,2 kbits/s average in uplink and 1,4 kbits/s 

average in downlink. 
- The connection between the experiment and the E-Link system was 

made using the RJ45 connection. The connector RJF21B was mounted 
on the upper side of the experiment.  
 

 
Figure 4.2.2-1. Electric subsystem. 



- 70 - 

 

 BX30_O-ZONE_SED_v5-1_10Feb22 

 

The internal connection was related to the PCU, which should had be 
connected to all the elements of the experiment. The PCU had to open and 
close the filters’ valves, according to the altitude, activate or deactivate the 
heaters according to the temperature inside the experiment and control the 
pump. 
 

 
 

 

Figure 4.2.2-2. Position of the Power Outlet and E-link connections (CAD and 
real). 

4.2.3 Chemical 

 
The sampling of chemical pollutants, which represented the aim of this 
experiment, required several foresights. To collect chemical information about 
CFCs, VOCs, it was necessary to sample these compounds. Since these are 
volatile and are present in very low concentration in the atmosphere, it was 
chosen a microporous solid to entrap the analytes. Various commercial 
solutions were available, one of these was Tenax TA/Graphitized Carbon 
Black/Carboxen 1000 stainless steel TD tube. This consists in a tube in which 
are present three different types of adsorbent materials: the first one is Tenax 
® TA often, referred simply as Tenax, which consists in a macro-porous semi-
crystalline polymer obtained from diphenyl-p-phenylene oxide (DPPO). 
Because of its high thermal stability Tenax could also be combined with 
carbonaceous sorbents in sorbent tubes containing multiple beds. Tenax is 
relatively hydrophobic even if the capacity to adsorb polar compounds, such as 
alcohols, appears to increase at high humidity suggesting some minor water 
uptake. The relatively inert nature, high thermal stability and rapid desorption 
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kinetics make it a very suitable sorbent; it was extensively used in 
environmental pollution determinations, as instance for trace pollutants, as well. 
The second layer of the tube is formed by Graphitized Carbon Black. The latter 
is a non-porous adsorbent which interacts with molecules by means of non-
specific, non-directional Van der Waals’ forces depending on the polarizability, 
molecular weight and geometric structure of the analytes. 
The third component in the absorbent tube is Carboxen, which is a peculiar 
Carbon Molecular Sieve. This microporous polymer takes advantage from the 
size of its three-dimensional structure. Molecular sieves have an abundance of 
micropores in the size range of molecular dimensions. Molecules larger than 
the pores will pass straight through the material and hence “sieve” effect can 
be achieved. Carbon molecular sieves have very high capacities for small and 
volatile molecules such as methyl chloride, dichloro-methane, and vinyl 
chloride. 
The arrangement of the sorbents is such that the least volatile compounds are 
trapped on the weakest sorbent at the front end of the tube, and successively 
more volatile compounds are trapped by increasingly strong sorbents further 
down the tube, with the most volatile being trapped at the end.  
The analytes can be recovered via solvent extraction, using CS₂ for example, 
or via thermal desorption. In this latter case desorption takes place in the 
reverse direction, as with single-bed tubes. These tubes had the advantage of 
potentially being able to collect most volatile compounds of interest in a single 
sample and, with suitable gas chromatographic column and temperature 
program, obtain a result with a single analysis. 
These types of TD tubes are very tested sampling method, as literature data 
confirms. In particular, remarkable studies show that the quantification limit for 
a wide range of CFCs and VOCs is about 0.10 ppb. [13] [14] [15] [16][on page 

171] 
 

Table 4.2.3-1: VOC’s filters: technical physical-chemical parameters 

Absorbent 
Surface 

Area 
(m²/g) 

Density 
(g/mL) 

Porosity 
(cc/g) 

Micropore 
diameter 

(Å) 

Desorption 
temperature 

(°C) 

Tenax TA 35 0.29 // // 300 

Graphitized 
Carbon Black 
(Carbopack) 

5-100 0.4-0.7 // // 330 

Carboxen 
1018 

675 0.60 0.35 6-8 330 

 
PM filter 
The last type of filter system was a PM homemade filter. The particulate filter 
we decided to buy consists of a Whatman® QM-A quartz filter that, if crossed 
by a current of air, it traps, via inertial impact, the particulate matter inside it. 
The latter was a disc of microporous quartz (SiO₂) commercially used for air 
sampling in acid gases, stacks, flues and aerosols and particularly tested for 
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PM-10 up to 500°C. Microfiber filters have an average pore size. In this case, 
Whatman® QM-A quartz filters have a typical pore dimension of 2.2 µm. 
In addition to the previous filter, it was implemented a second one, a 
microporous polycarbonate filter, characterized by different features. This 
membrane is an high-quality polycarbonate film and has sharply defined pore 
sizes (0.8 µm diameter), high flow rates, and excellent chemical and thermal 
resistance. Besides, the membrane has a smooth flat surface and exhibits very 
low levels of extractables. 
In order to incorporate both PM filters into the same slot, it become essential to 
build an adequate support to integrate them into our experiment. The support 
was 3D printed and inside of that was accommodated the PM filter through a 
specific slot. 
 
The PM filters needed to be exposed to an abundant and known flow rate (EU 
guidelines indicate 2.3 m3/h) in order to gather enough particles from the air. 
On the other hand, it was important to have a definite and constant flux for the 
TD tube to make comparisons with the other VOC filters employed during the 
following phases. The unidentified drop of pressure experienced in the two 
pipes justified the decision of changing the previous sampling system’s 
arrangement (one PM filter and one VOC filter in parallel) only focusing on PM 
in the first launch’s phase. 
For these reasons, Dr. Zorzi, an expert in particulate matter sampling at the 
University of Padova, advised us to improve the PM support filter by taking 
inspiration from a commercial one. So, to stabilize the quartz filter even better, 
we choose a typical case used in indoor asbestos samplings as a template and 
duplicated it with the 3D printer. The 3D printer was chosen to minimize the 
cost and the overall dimensions of the component. The support system was 
made in an inert polymer which guaranteed an excellent seal of the threads 
even at very low pressures. 
In Figure 4.2.3-1 and Figure 4.2.3-2, the filter perfectly fits the default allocation 
in the standard asbestos collector. This solution limits the after-sampling 
manipulation and overcomes the problem of unknown airflow the PM filter 
would experience (Figure 4.2.3.1). A cross-section of the designed tube system 
which has been developed is shown in Figure 4.2.3-3. The pipes were cleaned 
with high purity nitrogen before assembling the experiment. 
 
 

 
Figure 4.2.3-1. PM collector used in indoor asbestos sampling 
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Figure 4.2.3-2. Longitudinal cross section of PM filter system. 
 

 
Figure 4.2.3-3. 3D printed components: PM filter case and manifolds. 

 
Canister 
The last device employed in the sampling experiment was the canister. 
It was a polyvinylidene fluoride (PVDF) bag that is commercially available in 
different size. In this experiment we used a 3 liters sampling bag. This bag is 
characterized by very good technical properties that are summarized in (Table 
4.2.3-2). 
 

Table 4.2.3-2: Canister technical features 

Canister ELTEF 

Material PVDF film 

Volume 3L 

Thickness 0,0762 mm 
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Tensile Strength 6,100 psi 

Max. Pressure ~ 0.14 bar or ≤ 80% filled 

Max. Operating 
Temperature 

82 °C 

Min. Operating 
Temperature 

 0 °C 

Density 1,78 g/mL 

Oxygen 
Permeability 

58 cc/m²/day 

Water Vapor 
Permeability 

12–15 g/m²/day 

Carbon Dioxide 
Permeability 

172 cc/m²/day 

Valve PP, height, diameter 

Hose Connection 4,7 mm ID tubing 

Advantages 

Excellent for collection of most VOCs compared to other sampling bags. 
[17][on page 171] 

Do not produce background levels of DMAC or phenol. 

The PVDF film is resistant to abrasion and chemicals. 

Low VOC background. 

Disadvantages  
Not suitable for sampling ketones and esters in high concentration.  

Some sulphur compounds should be analysed within 24 hours. 

Risks 

a) If pressure decrease the bag could explode 
b) The bag is transparent, and light could activate some reactions [18][on 

page 171] 
c) Contaminations form tubes, pumps and bag materials [19][on page 171] 
d) The bag is not resistant to collisions 
e) Water vapor permeability is 12-15g/m2/day. This could compromise 

the results 
f) The bag doesn’t inflate 

Solutions 

a) Filling it with only 80% of the total volume 
b) Not exposing it to light while transporting 
c) Flushing the bag with purified air or nitrogen before sampling 
d) Making a personal compartment 
e) Making lab analysis and testing it 
f) Putting more than one bag inside the device 
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4.3 Experiment Components 

Table 4.3-1: Experiment summary table 

 Experiment Box Box + attachment system 

Experiment mass (kg): 10 10.3 

Experiment dimensions (m): 0.382X0.382X0.385 0.382X0.390X0.0445 

Experiment Volume (m3) 0.0562 0.0663 

Table 4.3-2: Experiment components summary table – Structural 

ID Component Supplier Manufactu
rer Code 

Quantity Total 
Mass[Kg] 

Total 
cost 
(Euro) 

Status 

S1 Aluminium profiles 
FIA Automazioni   0.4 10 

Assembled 

S2 Screws 
Ferramenta Bedin   <0.2 13.63 

Assembled 

S3 Fixings 
Ferramenta Bedin   <0.2 3 

Assembled 

S4 Spacers for PCBs and valves 
RS  50 <0.1 14.46 

Assembled 

S5 Valves screws 
ERREBI SNC   <0.1 6 

Assembled  

S6 Screws for electronics 
Ferramenta Bedin   <0.1 12 

Assembled 

S7 Aluminium sheets 
Metalco   0.2 0 

Assembled 

S8 Nut with hammer head 
FIA Automazioni  80  0 

Assembled 

S9 Angle bracket for Bosch profiles 
FIA Automazioni  16  0 

Assembled 

S10 Extruded Polystyrene, thickness 
40 mm 

F.lli Badon Sas   <0.2 21.96 
Assembled 

S11 Rubber bumpers 
FIBET  10 <0.1 30 

Assembled 

S12 Sliding block for Bosch profiles 
FIA Automazioni  10 <0.1 0 

Assembled 

S13 Building Glue  
Brico Center    6 

Assembled 

S14 Two-component glue for 
manifold 

    5 
Assembled 

S15 Glue Sugru 
Amazon    12 

Assembled 

S16 Pen for metals 
Aliexpress    9.15 

In 
warehouse 

S17 Screws (spare) Tiberto 
Ferramenta 

   8 
In 
warehouse 

S18 Sugru 
Amazon    5.99 

Assembled 
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Table 4.3-3: Experiment components summary table – Electronics 

ID 

 

 

Component Supplier Manufacturer 

Code 

Quantity Total 
Mass 
[Kg] 

Total 
cost 
(Euro) 

Status 

E1 Arduino® 2 + Arduino ethernet 
shield 

RS  1 0,036 64.93 
Assembled 

E2 
Generic Components  RS   <0.2 121.24 

Assembled 

E3 
PCB JLCPCB   <0.1 32.5 

Assembled 

E4 
DCDC Converter AMAZON   <0.1 9.99 

Assembled 

E5 
Batteries 

Ferramenta 
Ghinaldo 

  <0.1 6 
Assembled  

E6 Capacitors+other basic 
componetns 

Elfe Elettronica    27.9 
Assembled 

E7 
Current cables and terminals  

Limena 
Ferramenta 

   35 
Assembled 

E8 
Connectors RS    52.48 

Assembled 

E9 
GPS Series 4 Stratoflights   <0.1 200 

Not 
ordered* 

E10 
Temperature sensors    <0.1 4.25 

Assembled 

E11 
Etched foil Zoppas Rica   <0.1 0 

Assembled 

E12 
LEDs Elettronica    1 

Assembled 

E13 
Universal Power Supply     0 

In 
warehouse 

E14 
SD Card Sara Store    9.9 

Assembled 

E15 
Arduino® 2 Elfe Elettronica    45.58 

In 
warehouse 

E16 
Connectors RS    25.74 

In 
warehouse 

E17 
Adapter Capi    20.70 

In 
warehouse 

* The redundancy GPS was not purchased as, although it was an upgrade of 
our model, it would have required different programming protocols and 
therefore we decided not to purchase this redundant component. It is 
specified that having a GPS on board was in any case a redundancy action as 
there is already a GPS on board the gondola. 
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Table 4.3-4: Experiment components summary table – Chemical 

ID Component Supplier  Manufacturer 

Code 

Quantity Total 
Mass 
[Kg] 

Total 
cost 
(Euro) 

Status 

C
1 

Filters- Tenax TA (35/60 
mesh)/Graphitized Carbon (40/60 
mesh)/Carboxen 1000 (60/80 
mesh) 

Restek 24084 10 0,5 0 

Assembled 

C
2 

Whatman® QM-A quartz filters Sigmaaldrich WHA1851047 100  179 
Assembled 

C
3 

Polycarbonate Filters Recom    100 
Assembled 

Table 4.3-5: Experiment components summary table – Pneumatic 

ID Component Supplier Manufacture
r 

Code 

Quantity Total Mass 
[Kg] 

Total 
cost 
(Eur
o) 

Status 

P
1 

Pump KNF 
N85.3 
KPDCB 

1 1.6 450 
Assembled 

P
2 

Rubber Pipes ERREBI SNC   <0.2 33 
Assembled 

P
3 

Valves VDW20QAMXB+2 
flowmeters 

SMC  21  62 
Assembled 

P
4 

Gaskets    <0.2 31 
Assembled 

P
5 

Ronde extruded aluminium pipe 5x1 Aluveneta    0 
In 
warehouse 

P
6 

Teflon for threads and hydraulic 
joints 

Supersamastore TFL.10 1  11,7 
Assembled 

P
7 

Junction boxes DII   <0.2 0 
Assembled 

P
8 

Canisters  Restek  10 <0.1 0 Assembled 

P
9 

Copper braid for Al tube 

 
  1   

Not 
ordered** 

**The aluminium tube as an inlet was not used in the end so we did not buy 
the conductive braid 

4.3.1 Purchasing 

 
Following the decision to build a second prototype of the experiment, due to the 
problems with COVID-19 (More information in Appendix H ), we were able to 
purchase goods and services without too many complications, and as a result 
the initial problems encountered in purchasing were reduced in this project 
year. 
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4.4 Mechanical Design 

 
O-ZONE experiment set-up consists of a frame made using 20*20 grade 6061 
aluminium Bosch Rexroth profiles, of different lengths, with which we were able 
to reduce the weight of the structure and to respect the dimensions’ constraints. 
Going into detail, the frame structure is a 30cm wide, 30cm long and 30cm high 
box where the profiles have been connected using brackets with centering lugs 
and M4 screws, as shown in Figure 4.4-1. Moreover, the whole structure is 
divided into three different planes: two 2mm thick aluminium 
plates, which are connected to the Bosch profiles by M4 screws and sliding 
blocks N6 (as for the external panels), are used to plug all the mechanical and 
pneumatic components of the experiment, plus an intermediate small plate, 
used for the electrical components. In this way the mechanical assembly results 
simple to mount and also to dismount. 

  
Figure 4.4-1a. 

 
Figure 4.4-1b. 

 
Figure 4.4-1.  Experiment frame. 
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Table 4.4-1: Properties of profiles (main mechanical properties of the Bosch Rexroth 
20X20 pro files used for the frame) 

Section surface Mass Moment of inertia Moment of 
resistance 

1.6 cm2 0.4 kg 0.7 cm4 0.7 cm3 

 

4.4.1 Panels design 

 
Since the experiment was placed close to the outside of the gondola, it was 
exposed directly on two sides to both external elements during the impact and 
to low temperature problems. To face these problems the panels were made of 
three different layers as it can be seen in Figure 4.4.1-1; in particular, starting 
from the outside, the first layer is made of 0.1mm of aluminium to prevent the 
experiment overheating due to the sun irradiation; then a 40mm polystyrene 
panel was used to protect the components from the impact and to insulate them 
from the low external temperature; lastly another aluminium layer of 0.5mm is 
placed inside the experiment to protect the components in case of a hard 
landing (It actually protected the experiment because, as described in Chapter 
7.2.3, the landing was not perpendicular to the ground). 
The two different aluminium layers were glued to the surface of the polystyrene 
by using a multi-component glue. The decision to place the polystyrene layer 
outside was due to the high temperatures that the experiment could have 
reached if we had positioned the 0.5mm aluminium outside; furthermore, using 
a very thin layer of aluminium just outside the polystyrene not compromised the 
experiment temperature and, in addition, reflected the sun irradiation. 

 
Figure 4.4.1-1. Side panels setup 
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Figure 4.4.1-2. Polystyrene box 

 
Five of the six panels were pre-assembled together to form a box which was 
then closed and sealed by the sixth panel using 4 M6 nylon screws and 
handmade connectors, which were linked directly to the Bosch profiles thanks 
to 2XM4 screws and sliding blocks in order to made assembly and maintenance 
easier to carry out. (Figure 4.4.1-2 and 4.4.1-3a). 
Considering the box assembly method, this was connected from the bottom of 
the experiment thanks to 4 60*M4 screws that also allowed the connection of 
the attachment system. 

  
Figure 4.4.1-3a. Details. 
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Figure 4.4.1-3b. Exploded view. 

Figure 4.4.1-3. Panels connections. 

4.4.2 Pneumatic subsystem design 

 
In order to sample analytes at different altitudes, a pneumatic system was 
developed. 
The chosen tubes differed for the use that they’re going to serve. 
 
After the first vacuum chamber test we realised that it was not necessary to 
preheat the air by an etched foil heater before entering the pump N85.3 KPDCB 
(but after the tests we decided to change the model of the pump; 
NMP850.1.2KPDC-B was unable to guarantee the correct value of the flow. 
Even at low pressure the pump was oversized).  
 
To guarantee the correct pick-up signal range for the expected flow rate, two 
flowmeters with different pick-up signal ranges have been implemented. 
Further details about the decision to adopt 2 different flowmeters is provided in 
paragraphs 4.4.2.5. 
 
The air was processed by the pump and entered the first junction box with 
seven possible outing paths.  
 



- 82 - 

 

 BX30_O-ZONE_SED_v5-1_10Feb22 

 

The air then went:  
 
-through the filters, reached the second junction box and then into the outing 
tube that left the air flow outside again; 
 
-into the sampling bag (after the filters’ collecting phase was over); 
 
-through an exhaust tube (for example in between the filter switching in order 
to empty the junction box from the previous interval air). 
 
Once in the first junction box, the path the air taked was determined by the 
opening and closing of solenoid valves VDWQAM put right before the filters. 
All valves were placed on a specially cut aluminium plate which was then fixed 
to the base table. 
 
In the first altitude interval (0-4.5 km) all the valves were closed but the one 
leading to the particulate filter and the one that allowed the air flow to reach the 
second junction box after going through the filters. 
 
At the beginning of the second phase (4.5-9 km), the pair of valves that allowed 
the sampling of the first filter was closed. At the same time, the flush valve was 
opened in order to clean the junction box; at this point, after appropriate 
cleaning, the pair of valves corresponding to the second filter was opened and 
the flush valve was obviously closed. 
 
The third, fourth and fifth filters worked in a similar way. 
 
Once the filters completed their collecting, all the filter related valves closed, 
effectively sealing all the filters, and the valve leading to the sampling bag 
opened to fill the bag itself. 
 
The flushing system consists of an additional tube connected to the first 
junction box via valve number FLUSH and to the second junction box directly.  
To summarize, starting from the situation where all the valves are closed, the 
opening sequence will be: 
 
- [0 km]: Valve FLUSH opened (flushed the residual air that could have been 
in the junction boxes and into the pipes, ensuring that the air processed 
wasn’t contaminated); 
 
- [0 – 4.5 km] Valve FLUSH closed, valves 1a and 1b opened; 
 
- [4.5 km] Valves 1a and 1b closed, valve FLUSH opened; 
 
- [4.5 – 9 km] Valve FLUSH closed, valves 2a and 2b opened; 
 
- [9 km] Valves 2a and 2b closed, valve FLUSH opened; 
 
- [9 – 13.5 km] Valve FLUSH closed, valves 3a and 3b opened; 
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- [13.5 km] Valves 3a and 3b closed, valve FLUSH opened; 
 
- [13.5 – 18 km] Valve FLUSH closed, valves 4a and 4b opened; 
 
- [18 km] Valves 4a and 4b closed, valve FLUSH opened; 
 
- [18 – 22.5 km,first phase] Valve FLUSH closed, valves 5a and 5b opened; 
 
- [22.5 - 25 km, after the last filter’s sampling phase was completed] Valves 5a 
and 5b closed, valve CAN opened. 
 
Whenever the valve FLUSH opened, the air inside the system was flushed, and 
it would be closed only once the gondola was fully inside the next stage’s 
altitude interval. 
The altitude was determined through the use of a GPS, thus allowing the PCU 
to triggered the opening and closing of the valves in the predetermined 
sequence. 
As the optimal airflow to allow a correct sampling by the filters was 
predetermined, the pump’s power was modulated thanks to the PCU to keep 
the airflow in the wanted range. 
 
Once the sampling bag collecting phase was over, the pump was switched off, 
the bag’s dedicated valve was closed, thus sealing the bag and completing the 
experiment collecting phase. 
 
All the components were mounted on an aluminium plate covered in specific 
locations (e.g., under the junction boxes) with rubber for vibrations absorption 
purpose and all the tubes are secured with hose clamps.  
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Figure 4.4.2-1a. Pneumatic subsystem top view (CAD and real). 

 

 
 

Figure 4.4.2-1b. Pneumatic subsystem scheme. 
 

Figure 4.4.2-1. Pneumatic subsystem description. 
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4.4.2.1 Diaphragm Pump 

The functioning of the pneumatic system is guaranteed by a diaphragm pump. 
This kind of pump doesn’t allow contamination between gas and lubricating oils 
ensuring a clean air flow.  
The system contains two flowmeters, they were used to measure the flow rate 
accurately. The pump has four electrical wires, so it may be controlled by 
changing the values of the power. 
 
Initially NMP850.1.2KPDC-B (KNF®) was chosen. Its data were reported in 
Table 4.4.2-1 and the nominal flow rate at different pressures is shown in Figure 
4.4.2-2. After the first low pressure test, we realized that the flow that it provided 
was excessive and the pump couldn’t work below 100 mbar in fact its ultimate 
vacuum is 250 mbar. 
 

Table 4.4.2-1: Technical information of the pump 

Flow rate at atm. Pressure (l/min) 8 

Ultimate vacuum (mbar) 250 

Max. operating pressure (bar rel) 2.3 

Weight (g) 412 

Voltage (V) 24 

Motor Brushless DC 

Imax (A) 0.49 

Diaphragm EPDM 

Valves EPDM 

Permissible media and ambient 
temperature (ºC ) 

+5º C to +40º C 

 
 EPDM rubber (ethylene propylene diene monomer rubber) is a type of synthetic rubber that 
is used in many applications. EPDM has good low temperature properties, with elastic 
properties to temperatures as low as -40°C depending on the grade and the formulation. 
Maximum service 
temperature  

150 
°C  

 

Minimum service 
temperature  

−50 
°C  

 

 
Figure 4.4.2-2. Performance of the pump in relation to pressure (KNF® Data 
Sheet) 
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Figure 4.4.2-3. Pump’s dimensions 

 
The NMP850.1.2KPDC-B has already been used for other experiments in 
previous BEXUS flights, like TUBULAR (BEXUS 26). It is a very compact 
model, but it doesn’t satisfy all our requirements. 
 
But pump’s flow rate is too higher than the design’s flow rate to guarantee an 
optimal sampling. 
For this reason, a new pump has been chosen; thanks to the advice of KNF 
technicians it has been decided to adopt the model N85.3 KPDCB. 

 
Figure 4.4.2-4. Pump (on the left and in the upper part of the imagine) in the 

experiment. 
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Table 4.4.2-2: Technical informations of the pump 

Flow rate at atm. Pressure (l/min) 5 

Ultimate vacuum (mbar) 25 

Max. operating pressure (bar rel) 0.3 

Weight (g) 1.6 

Voltage (V) 24 

Motor Brushless 4 wires 

Imax (A) 0.7 

Diaphragm EPDM 

Valves CR 

Permissible media and ambient 
temperature (ºC ) 

+5º C to +40º C 

 

 

 
Figure 4.4.2-5. Performance of the pump in relation to pressure (KNF® Data 
Sheet) 
 
 
In the second pneumatic test, all requirements were met. The pump ensures 
an adequate flow rate during the sampling phases. Furthermore, even at low 
pressures (and at room temperature) no overheating was noted. This is also 
true in the thermo-vacuum test: the plate where the pump is fixed reaches a 
condition of thermal equilibrium. 
So, this pump was able to ensure the correct flow during the ascent phase, 
maintaining the rate values approximately inside the range defined by 
requirements. 
Not only during tests but also during the launch campaign flow requirements 
were also met. 
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Figure 4.4.2-6. Pump’s dimensions 

 

4.4.2.2 Solenoid valves 

 
Overview 
 
The air flow’s direction is controlled by 12 solenoid valves. The solenoid valves 
chosen are model VDW20QAM produced by SMC (Figure 4.4.2-5). These 
valves are normally closed. While the valves are closed, they don’t require any 
power consumption, but while they’re open, they require 3W each, so that the 
air flow is allowed to pass through the filters or fill the sampling bag. Solenoid 
valves are characterized by high consumes while they open. This peak can be 
dangerous because of high value of peak current that derives from it. To avoid 
high value of peak current, that can be higher than the limit value, capacitors 
are used in the valves switching circuit. The valves are located before and after 
each filter (so that the filters can be sealed once the collecting phase is over) 
and before the sampling bag, so that the path that the air flow takes is always 
univocal. The valves’ port is wide 1/8”, compatible with the tubes used, while 
the ambient temperature range admitted by the coil is from -10°C to 50°C, 
compatible with the experiment’s temperature. The air passing through the 
filters, on the other hand, has to comply with the sampling range, but this proved 
to be satisfied during testing and therefore no active air heaters were integrated. 
These valves are oil free and ozone resistant. Valves form the same series 
were flown in previous BEXUS campaign with successful results. Nonetheless, 
several tests have been carried out in order to make sure that the valves 
perfectly seal their assigned paths and that they executed the orders issued to 
them without fail. 
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Figure 4.4.2-5. Valve VDW20QAP by SMC 
 
 

Connections 
 
Many changes have been made to the connections of the valves to the base 
plate. More information can be found in the dedicated appendix (Appendix C 
.3) 
 
All these possibilities were examined before having the valves physically; 
however, on 20Th of July 2020 the valves arrived, and we decided to reconsider 
the possibility of using a rail to connect them: having them in our hands allowed 
us to make better considerations, and in the end we arrived to the final solution 
shown in figure 4.4.2-6. 
As can be seen we are going to adopt a 1mm thick base plate to connect the 
valves by using M2 screws that are screwed directly on the bottom holes of the 
valves; this plate is then connected to the 2mm thick aluminium plate thanks to 
6 M3 screws and 4mm high spacers. 
 
This solution allowed to: 

• Reduce the assembly time. 

• Reduce the weight. 

• Facilitate the substitution of a valve in case failure. 
 
 

 
Figure 4.4.2-6. Final solution 
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4.4.2.3 PM filter design 

 
Currently we have found a support for the filter that best suits our needs 
(described in Chapter 4.2.3). We will print one in 3D that will solve any space 
problems. The previous design will not be used. 
 

4.4.2.4 Switching circuit 

 
Power to valves, pump and heaters couldn’t be supplied directly from Arduino. 
Power was supplied from DCDC converter or directly from the gondola’s power 
system. Anyway, these components had to be controlled by the Arduino, using 
a switching circuit. The switching circuit used MOSFET model IRLU3103, to 
select which component should be turned on or off. 
 

4.4.2.5 Flow Regulation 

 
Thanks to the 4-wire pump, it was possible to regulate the flow without the aid 
of a mechanical regulator that was considered for the previous prototype. 
 
The use of two different types of flowmeters could be seen as a factor in 
increasing risks, since having an additional component means that it can block 
or break. in reality, in order to obtain reliable flow rate data at various altitudes, 
it was necessary to adopt two flowmeters with different flow ranges:  
 

• 0-3 l/min. 

• 0-0.5 l/min. 
 
The 0-3 l/min is able to perfectly detect the pump’s flow rate full range but it is 
not very accurate when it comes to lower flow rates at higher altitudes. For this 
reason, the 0-0.5 l/min flowmeter was used to gather more accurate information 
about the flow rate values in the lower ranges. 
 
This topic is of paramount importance since the flow rate range of the filters 
must be between 0.05-0.2 l/min as said in the previous chapter. 
 

4.4.2.6 Canister filling 

 
During the test in the vacuum chamber, in which the functioning of the various 
subsystems was validated, a problem regarding the filling of the canister 
occurred: this was already swollen well before reaching the desired sampling 
height (stationary phase) and at the end of the test, when the pressure has 
returned equal to that of the environment, the canister deflated. 
 
This problem is due to the air trapped between the valve and the canister which, 
being at ambient pressure, expands once the low pressures are reached 
causing unwanted filling of the canister and not allowing correct sampling at the 
desired altitude. 
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To solve this issue a three-way joint has been implemented immediately before 
the canister valve, with the addition of a non-return valve located in the third 
way of the joint. Right before the launch of the experiment the inlet pipe was 
temporary connected to the non-return valve (Figure 4.4.2-8) and the pump 
started; the action of the pump created a pressure drop between the two side 
of the valves which will open allowing the air trapped inside the tube to go out 
of it. After this procedure was concluded the inlet pipe was reattached to the 
pump and the non-return valve remained closed for the whole launch period, 
during which the canister was no longer affected by the inflation problem since 
non residual air was contained in the tube from the valve to the canister. 
 
We also managed to install the non-return valve right before the canister valve, 
but since it opens only when difference in pressure of 1bar is reached it would 
have remained closed for the whole experiment launch because of the inability 
to reach to pressure difference since the external one is too low. 
 
Below two picture of the pneumatic circuit placed before the canister (Figure 
4.4.2-7) 
 

 
Figure 4.4.2-7. Three-way Canister Circuit.  

 
Figure 4.4.2-8. Circuit when emptying the air in the last section of pipe before 

the canister. 
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4.5 Electronics Design 

4.5.1 Overview and blocks diagram 

 

The electrical design can be seen in the following image shows the 
connections, grounding, voltages, and signals. 

 
Figure 4.5.1-1. Power system sketch. 

There are three different areas on the experiment box: 
 

1. The Main PCB where are located, two 24V DC-DC, two 12 V DC-
DC,The Arduino Due Board + Ethernet Shield, one digital 
temperature sensor, the 3 heaters connector, the GPS connector, 
the pump connector, the flowmeters connector. 

2. The Valves PCB where the connectors for the 12 valves are 
located. 

3. The GPS module which also includes 2 temperature sensors and 
a pressure sensor 

 
Because the components have different power requirements two 28.8 V to 24 
V DC-DC converters and two 28.8 V to 12 V DC-DC converters are used, in 
parallel, to step down the voltage. 

The GPS has a power requirement of 9V so a L7809CV is used to step down 
the voltage. 

The temperature sensors, which require 5V, are not powered through the 
83nclude so a L7805CV is used to step down the voltage. 

The heaters don’t require the voltage to be stepped down and so it is powered 
directly from the gondola battery. 
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The Arduino is used to control all the components of the experiment. The 
temperature and pressure sensors and the GPS are directly connected to the 
Arduino while valves, heaters and the pump are connected through a switching 
circuit. 

The LEDs are used to have visual indications about the status of the valves, 
the pump, the heaters, and the DC-DC converters.  

A 100uF capacitor is used on the valves switching circuit in order to prevent 
current absorption peaks when the valves are opened/closed. 

Grounding is done by connecting all the ground connections in a single star 
point placed on the main PCB and connected to the experiment box. 

 

4.5.2 Electronic Components 

Temperature sensor 

The temperature sensors are used to control the internal temperature of the 
experiment, the critical component such as the pump, valves, and filters and 
the temperature of the air in the tubes. 

There are two different types of temperature sensors used  

1. The first temperature sensor is the DS1631 which has temperature 
measurement range from -55°C to +125°C and it’s used to check the 
internal temperature and the components temperature.  
 

Figure 4.5.2-1. Temperature sensor type 1. 
 

2. The second temperature sensor is the TMP36GT9Z which has 
temperature measurement range from -40°C to +125°C and it’s used to 
measure the temperature of the air in the tubes. 

 Figure 4.5.2-2. Temperature sensor type 2. 

 
 
 

https://www.maximintegrated.com/en/products/sensors/DS1631.html
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Flowmeter 

The flowmeters are used to check the air flow in the tubes and adjust the air 
pump power according to it. 

The chosen flowmeters are the PFMV5** manufactured by SMC, one flowmeter 
can measure the airflow from 0 to 3 L/min while the second one from 0 to 0.5 
L/min. 

The reason why we decided of using two flowmeters is because the canister 
and the PM filter need an airflow of 3 L/min so we must know when this capacity 
is reached, while the other filters need an airflow of maximum 0.2 L/min. 

So, the first flowmeter is used for measuring high flow rates while the second 
one is used for the lower flow rates. Also combining two measures of the airflow 
gives us a better estimation of the actual airflow. 

The two flowmeters have the following properties: 

● Operating pressure range: -100kPa to 400kPa 

● Proof pressure: 500kPa 

● Operating temp. Range: 0 to 50 °C 

● Storage: -10 to 60 °C (no freezing or condensation) 

● Weight: 30 g (with lead wire). 

Figure 4.5.2-3. Flowmeter. 

 

Figure 4.5.2-4. Flowmeter behavior. 
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GPS 

The GPS is used to get the position of the gondola in real time, it’s used to get 
the altitude to open the valves at the correct height. 

The chosen GPS module is the Datalogger strato3 manufactured by stratoFlight 
which can reach 50,000m of altitude. 

This module also includes two temperature sensors, a pressure sensor and a 
humidity sensor which are used to get information about the experiment state. 

The temperature measurement range is from -55°C to +85°C. 

The pressure measurement range is between 10 – 2000 mbar. 

The humidity measurement range is between 0 – 100 %. 

The module also includes a microSD slot for a backup of the measured data. 

 

 

 

 

 

Figure 4.5.2-5. GPS. 

 
Switching circuits 

The switching circuit uses MOSFETs to connect the Arduino to the components 
in order to control the switching on and off of them. The chosen MOSFET are 
the IRLU3103. 

   

Figure 4.5.2-6. MOSFET. 

 
 

 

Figure 4.5.2-7. Electronic sketch: heaters. 
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4.5.3 Schematic 

 
The schematic shows the connections between all the components, the full 
schematic can be seen in the following image.  

 

 
 

Figure 4.5.3-1. Electronic scheme. 
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The power requirements of the components are the following: 

• 28.8V for the heaters. 

• 24V for the pump and valves. 

• 12V for the flowmeter and the Arduino due. 

• 5V for the temperature sensors. 

• 9V for the GPS. 

Note: 12C pull up resistors are already included in the Arduino Due Board 

 

 

4.5.4 PCB layout 

All electronic control circuits are gathered on two PCBs. 
 
The first PCB is called Main_Board. 
 
This PCB contains the DC-DC converters, the Arduino Due Board + Ethernet 
shield, a digital temperature sensor (DS1631), connectors for the GPS, the 
analog temperature sensors, and the flowmeters, it also contains switching 
circuit for the pump and the heaters and the state LEDs of both heaters and 
pump. 
 
It also contains the L7809CV and L7805CV for stepping down the 12V to 9V 
and 5V. On one face of the board there is a copper area for the GND. 
 
The second PCB called “Valves_board” is in the center of the valves system. 
This PCB contains the switching circuit for the valves and the state leds of the 
valves. 
 
The main_board is connected to the valves_board through a 9 pins D-SUB 
connector.  
On one face of the board there is a copper area for the GND. 
 
In addition to the diagrams, we also provide images of the PCBs in question to 
show the result obtained. 
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Figure 4.5.4-1. Main_Board. 

 

 
Figure 4.5.4-2. Valves_Board. 
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Figure 4.5.4-3. PCBs and Arduino with shield. 

 

 
Figure 4.5.4-4. Electronics connected to pump and valves. 
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Figure 4.5.4-5. Electronics mounted on the Experiment. 
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4.6 Thermal Design 

 

4.6.1 Overview 

The main objective of the thermal design was to guarantee the desired 
temperature of the components inside the box during a BEXUS balloon flight. 
Around 15 Celsius degree would be the ideal room temperature to keep every 
component working, with particular care given to the filters, the core of the 
experiment and also the components with the most severe operating 
temperature range. The harsh environmental conditions encountered in the 
stratosphere had to be mitigated to maintain the parts at a safe working 
temperature. The thermal design included both active and passive solutions to 
shield the experiment from harsh work conditions. The box, made with 0,5mm 
thick Al6082 T6 walls, was insulated by a layer made of extruded polystyrene 
(40 mm). The approach took into consideration the possible heat fluxes that 
could have influence the experiment (conduction and irradiation, as convection 
ceases to be relevant at high altitudes) to analyse the thermal status of the 
experiment at different altitudes. A thermal balance was used to gain values of 
the device’s internal components temperature values, so that the team knew 
when the heaters were expected to be switched on and off or whether their 
power should be increased. Additionally, heaters were employed for some 
critical components like the pumps and the filters, which have restricted 
temperature ranges to function correctly. As some components risked 
overheating, a countermeasure of heat sinks was taken.  

The filters were insulated with polystyrene to provide another defence against 
the hard landing and to ensure that their temperature didn’t drop to critical 
values after the landing: during the flight was mandatory that their temperature 
stayed in the 10-25 °C range, it’s preferred to have much colder temperatures 
(about 0-4°C) after the collecting phase was over. This was because an influx 
of heat would favour the desorption of the filters. 

4.6.2 Thermal requirements 

 

The operating temperature ranges of the experiment’s components were 
established individually for each of the specified groups. The data is presented 
in the following table (Table 4.6.2-1). 

Table 4.6.2-1: Thermal requirements 

Component Operative temperature range (°C) 

Pump N85.3 KPDCB +5/+40 

Valve VDW20QAP         -10/+50 (ambient) 
 +1/+50 (avoid freezing fluids) 

Arduino Due -40/80 

Arduino Ethernet Shield 2 -20/70 
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DCDC Converter LM2596 -45/85  

Breadboard 0/45 

PFMV505 (Flowmeter) -10/60 

Circular Connector -55/125 

Glass Thermal Desorption Tubes filters 10/25  

Whatman® QM-A quartz filters  Up to 500°C 

SBR rubber (Elastomeric) -20/70 

Canister Max 82 

GPS -40 /+85 

Pressure sensor -40 /+85 

Temperature sensor DS1631 -55/125 

 
It can be noticed from the components temperature ranges that some 
components have strict ranges. Therefore, it proved necessary to cope with 
their requirements by applying some heaters to both the components at risk of 
cooling too much, to maintain an adequate internal temperature and a proper 
sampling. 
 
The thickness of the outer shell insulation was heavily tampering the needed 
heat flux so that the maximum potency of the heaters won’t be needed unless 
the box experienced unexpected temperature drops. When it happened, an 
internal temperature sensor issued an order to heighten the potency of the 
heaters. 
 

4.6.3 General framework 

 
The thermal analysis was conducted considering the impact of each heat flux 
that could influence the experiment. 
The energy balance equation that was applied to the whole shell included these 
fluxes: 
 
• Conduction flux; 
• Earth radiation flux; 
• Experiment’s radiation flux; 
• Albedo flux; 
• Sun flux; 
• Dissipated inside energy; 
• Internal heater flux (adjustable). 
 
Two cases were chosen for analysis – the worst hot case and worst cold case, 
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resembling the two harshest conditions that the experiment may encounter. 
Based on a review of previous BEXUS flights’ thermal profiles, it was found that 
the cold case corresponds to the state obtained just after leaving the 
troposphere, where the outside temperature was about -60° C (day launch). 
The hot case would take place during the ascent of the balloon, at a height high 
enough to be fully affected by the albedo and sun fluxes (about -25° C). 
 

4.6.4 Thermal solutions 

 
To guard the experiment appropriately, several defences have been chosen to 
shield the proper operating conditions in both passive and active ways. A 
MATLAB code had been written to try and simulate the expected behaviour of 
the components’ temperature during the flight, but the obtained results were not 
reliable, so it’s been decided to fully rely on tests. 
 
Passive components: 
The thermal barrier of the experiment consists of a layer made of extruded 
polystyrene (40 mm thickness). 
 
An additional external layer will be made of an aluminium foil to reduce the 
influence of the irradiation. 
 
Active components: 
 
Etched foil heater  

This kind of heater was studied to be applied on a hypothetical aluminium 
tube through a thermal bridge connected to the base plate, where the heater 
would be attached, so that the air flowing inside would be heated. This was 
a possible solution to allow better sampling by the chemical filters, as the 
temperature of the filters should be between 10 °C and 25 °C for reliable 
results during the sampling. The actual use in the case of the aluminium 
tube was not necessary in test phases so it was decided to apply one on the 
base plate and one on the pump to better control those temperatures, avoid 
freezing when the pump was switched off and keep the temperatures in the 
necessary range. For their application we used the recommended materials 
namely Kapton: its low thickness guarantees large deformations to 
effectively wrap the surfaces. They have a pressure-sensitive adhesive 
(PSA) wall to make its application easier. These heaters are built to work 
between -65°C to 200°C. Peak temperature can be higher than these 
values: for this reason, during gluing bubbles must not be created to avoid 
hot spots (damage the surface where the heater is glued and also 
themselves). 
To heat the plate, we adopted a heater with a resistance of 127 Ω (see 
Figure 4.6.4-1). 
To ensure a good bonding we used a plastic spatula: it is important to apply 
intense pressure by allowing glue to crosslink. 
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Figure 4.6.4-1. 127 Ω, it is applied on the inlet pipe. 

 
The second heater (Figure 4.6.4-2) was used to avoid subcooling of the pump: 
it was switched when the temperature of the pump drops below dangerous 
levels. 
 
After the thermal test (Test n. 4), we realized that the temperature of the pump 
could have drop dangerously when the external environment was at low 
temperatures for a long time, even if the heater, that was glued on the base 
plate, worked. For this reason, we decided to add the heater on the pump, as 
the new pump’s structure allowed us to directly glue it on its top. 
 

 
Figure 4.6.4-2. Graph: Watt/square cm in relationship with surface 

temperature 
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Thermal monitoring 
The critical components’ temperatures were measured through the use of 
temperature sensors (DS1631), which also were placed in the box’s key 
locations. 

Pre-heating phase 
To set good values of the components’ starting temperature, a pre-heating 
phase wass held before launch through the use of the heater on the base 
plate. 
 

4.6.5 Worst hot case and Worst cold case 

 
The expected Worst Cold Case correspond to a scenario where the weather 
was cloudy and the experiment was not invested by the Sun’s heat flux, thus 
removing from the balance the albedo and the Sun’s heat fluxes. The 
temperature variation could have been influenced by: 
 
-Internal dissipated power; 
-Earth heat flux. 
 
After some preliminary calculations (Appendix E ), to keep the box’s 
temperature at the desired value of 15° C, a heat flux of about 9,19 W was 
found to be the one released from the box. 
 
The expected Worst Hot case correspond to 11 km of height in a scenario 
where there were no clouds, the experiment could have been fully exposed to 
the Sun and thus all the possible heat fluxes are involved: 
 
-Albedo flux; 
-Sun’s heat flux; 
-Earth heat flux; 
-Internal dissipated power. 
 
The preliminary calculations (Appendix E ) shown a case in which the box 
needs to release a heat flux of about 10,6 W by connecting the overheating 
components (Pump) to the gondola’s structure with a copper braid. 
 
Valves needed 3W when they were activated. The high dissipated power could 
have created overheating especially if they were open for a long time. Hotspots 
can damage nearby components and affect the sampling of chemical filters. 
For a good estimate of dissipated power, according to the experimental data 
and previous BEXUS, it was necessary to put almost all the electric power as 
thermal one, as we calculated in (Appendix E ). With a test, we checked the 
temperature, so we verified the validity of these hypotheses. 
The connectors on the PCB were also connected to the BOSCH profiles with a 
copper braid, as they tended to reach a considerably high temperature. 
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4.6.6 Inlet air heating 

 
During the sampling for accurate results the inlet air had to be between 10 and 
20°C. For this reason, initially, we considered heating the incoming air, and this 
section explains the solution, even though it was not actually used in the final 
prototype but only in the initial one. 
The heater was an etched foil type that ensures thermal uniformity, with PSA 
adhesive. It could have guaranteed a good adherence and a quick assembly. 
If the bonding was not perfect, the heat exchange could be locally different and 
if there had been a hotspot it would have been a big problem for the health of 
the heater.  
The thermal exchange between air and pipe was difficult to estimate: the air 
convection coefficient α changes with properties of the fluid. During the ascent 
phase the air characteristics are in continuous change.  
Two correlations were used to estimate α: Sieder and Tate and Gnielinski one. 
 
The air proprieties depend on temperature and pressure (altitude). Using 
REFPROP software (NIST) is found:  
 

 
 

Figure 4.6.6-1. Air proprieties correlation 
 

 
The heated pipe sizes were: L = 0,12 m, d = 0,004 m (internal), λ = 290 W/mK. 
Even if the heater had shortest dimensions, thanks to aluminium conduction, 
the pipe would have been a largest area of diffusion. 
The necessary airflow to guarantee was: 0,09 l/min = 0,0000015 m3/s. 
 

• Sieder and Tate 

The hypotheses of validity are:  - t uniform 
            -0,48<Pr<16700 
            -Re<2300 

𝑁𝑢 = 1,86 ∙ (𝑅𝑒 ∙ 𝑃𝑟
𝐷

𝐿
)

1
3
∙ (

𝜇

𝜇𝑆
)
0,14

 

 

 
Figure 4.6.6-2. Nusselt correlation 

 

T p [MPa] Density[kg/m^3] Entalpy  [kj/kg] Enttropy  [kJ/kg] cp [kJ/kg-K] Lambda [mW/mK]Viscosità [microPa-s] Prandlt Reynolds

273 0,10133 1,294 399,13 3,7918 1,0057 24,349 17,211 0,71085 35,895

253 0,053 0,730 379,18 3,9018 1,0044 22,782 16,186 0,71359 21,538

220 0,027 0,428 346,14 3,9554 1,0035 20,127 14,43 0,71948 14,153

220 0,012 0,190 346,2 4,1884 1,003 20,12 14,428 0,71923 6,290

220 0,005 0,079 346,23 4,4398 1,0027 20,117 14,427 0,71911 2,621

220 0,0025 0,040 346,24 4,6388 1,0027 20,116 14,426 0,71907 1,310

220 0,0012 0,019 346,25 4,8495 1,0026 20,115 14,426 0,71904 0,629

Nusselt Kint

1,762 10,73

1,488 8,48

1,297 6,53

0,990 4,98

0,739 3,72

0,587 2,95

0,459 2,31

Convection coefficient [W/m^2 K]

2,31

2,95

3,72

4,98

6,53

8,48

10,73
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The external surface of the pipe has been considered with uniform 
temperature.  
 

 
 

Figure 4.6.6-3. Temperature profile: the air one grows during the route. 
 

Kint = equivalent thermal resistance (convective and conductive). 
As the altitude changes, the temperature of the external pipe surface 
changes little: this value, calculated with the “logarithmic mean delta 
method”, is similar at the value of the ideal air temperature (20°-22°C). 
This result was increased by a factor to consider the influences of cold 
outside atmosphere, for example at the end of the pipe. 
 

• Gnielinski 

This method allowed to make an estimate even if the number of 
Reynolds is low. The results are similar to Sieder and Tates method 
ones. The gnielinski method has been implemented in Matlab 
(Appendix E ). The values of Nusselt number change from 3,66 to 3,69 
so α vary from 14 to 17 W/m2K. 
 
 

 
 

4.6.7 Condensation 

It was investigated whether condensation inside the pipes and on the 
temperature sensors could be an issue during the flight. 

The process of condensation begins when the humid air’s temperature drops 
below the dew point temperature. This process is well portrayed on Mollier’s 
graph (fig. 4.6.7-1) representing h (specific enthalpy) and x (specific humidity). 
Such situation is common when a flow of humid air invests or flows inside a 
pipe that has a surface temperature lower than the dew point temperature of 
the air in the given thermodynamic conditions, thus the means to reach an 
answer to our investigation were to determine the thermodynamical conditions 
of the processed air and to evaluate the temperature of the pipes to make sure 
that they’re above the dew point temperature.  
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Figure 4.6.7-1. Mollier’s graph. 

4.6.7.1 Dew point temperature 

To determine the expected dew point temperature at the time of launch in 
October, statistical data based on the past years was used. 

It was registered that the relative humidity in the month of October in Kiruna is 
around 90% with temperatures in the [-8; 5] °C range. From these values it is 
possible to get a rough estimation of the dew point temperature from either a 
graph or a table. It must be noted that this kind of estimation is possible given 
the quasi-linear progression of the dew point temperature in the graph. Upon 
inspection of the graph, it can be stated with a certain degree of confidence that 
the dew point temperature is around the 0 °C mark. 

 

Fig. 4.6.7-2. Dew point at different relative humidity. 
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Fig. 4.6.7-3. Dew Point curves.  

4.6.7.2 Pipes’ surface temperature 

We have considered different tubes for the pneumatic system: an aluminium 
inlet tube, rubber pipes and plastic alimentary pipes, as well as a nylon pipe. 

We then calculated how to deal with the different types under consideration, 
even in the case of using the aluminium tube as an air inlet. This tube should 
have been preheated to circa 25°C and constantly heated during the 
experiment to ensure that the airflow satisfied its temperature requirement, 
therefore the tube’s temperature won’t always be way higher than the dew point 
temperature and the condensation phenomenon shouldn’t happen. 

The other tubes weren’t directly heated by heaters, and they never approached 
the dew point temperature as they’re shielded by the external passive thermal 
control and heated by other components in the experiment. As the temperature 
monitoring of the airflow happens in the first junction box, the Arduino was to 
counter an unexpected temperature drop of temperature of the airflow by 
increasing the power of the heaters applied to the aluminium tube, thus also 
raising by forced convection the temperature of the pipes. This way, the surface 
temperature of the pipes was always kept well higher than the dew point 
temperature. 

4.6.7.3 Temperature sensor and final considerations 

The airflow reaching the temperature sensor placed in the first junction box was 
in the temperature range needed to satisfy its temperature requirement, so well 
higher than the dew point temperature. The thermal sensor had a very limited 
heat capacity, which, combined with the high thermal conductivity of the pins, 
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allowed it to change its surface temperature quickly, thus enabling it to reach 
the temperature of the airflow. This means that the surface temperature was 
always higher than the dew point temperature. 

Given the quasi-linearity of the progressing of the dew point temperature with 
the external air, it was expected that at higher altitudes with much lower outside 
temperatures the dew point temperature would have drop even further below 
the one estimated at the start of this section, while all the internal temperatures 
will be kept constant by the heaters. This means that even at higher altitudes 
the condensation phenomenon shouldn’t have happen. 
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4.7 Power System 

 
Power was provided from Gondola batteries. Gondola battery pack consist in 
eight SAFT LSH20 batteries in series, that guaranteed 28.8 V and a capacity 
of 13 Ah or 374 Wh in optimal condition. Recommended maximum current was 
1.8 A.  
 
Battery pack performance decreased because of current and low temperature, 
and a realistic value has to be considered. An appropriate voltage in low 
temperature conditions was 25 V, especially to calculate value of peak current. 
 
Time considered for flight was five hours, one and half for ascendant phase and 
three and half for the floating phase, and two hours for the pre-flight phase, 
during which some component like Arduino, shield, GPS and every sensor 
electrically were always turned on. Other components were turned on for a 
valued time of 0,1 hours only for test. During flight pump and valves were turned 
on only during the ascendant phase, due to the appropriate pressure range of 
the pump, while during floating phase it’s necessary only to keep an appropriate 
tempetature inside the experiment, so only heaters were turned on. After flight 
everything was turned off. 
Two etched (6.5W and 10W) foil heaters were used to heat up the aluminium 
plate in case its temperature was too low to guarantee a correct functioning of 
pump, or heat dissipated by the radiator was too high.  
One etched foil heater was used to heat up air that was sucked by the pump, 
and it considered turned on for all the flight duration, even if during test 
temperature was kept withing appropriate range without the use of heaters.  
 

Table 4.7-1: Average power and current 

 N Component Voltage Current Loss [W]* Power 

  1 Arduino and shield 12 300 0,15 3,75 

  1 Gps 5 30 - 0,15 

  1 Pump 24 325 0,7 8,5 

  2 Valves 24 220 0,7 5,98 

  1 Heater 28,8 226 - 6,5088 

  1 Heater 28,8 350   10,08 

  2 Flowmeter 12 20 - 0,24 

  

4 Temperature sensor 5 4 - 0,02 

1 Pressure sensor 3,3 0,004 - 0,0000132 

 
(1) Power loss due to conversion from 28.8V to 24V and 12V. Power losses of the Arduino and 
its shield also include the power losses of the components electrically powered by the Arduino 
(sensors). A power loss of 10% is considered. In pump’s power loss is considered also losses 
due to optocoupler. 
(2) 2,4 W power is due to converter, always needed when any component is turned on. For this 
reason, this component of consumption in considered with Arduino consumption. 
 (3) Values referred to valves consider two valves that operate simultaneously.  
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Following graphs show which components were turned on during each phase, 
and gave the total power needed by the experiment in each phase, considering 
environmental pressure at sea level. In the first case heaters were turned on 
for the half of time, the second represent the worst case, where heater were 
always on. Heaters could have be turned on in a cyclic manner, but to simplify 
in the graphs are represented turned on in a continuous manner. 

 
Figure 4.7-1. Graphs: time (hours) in relationship with Power (Watts) 
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Considering the duration of each phase following graphs show total power 
consumption in each phase and for the same both cases, with etched foil heater 
for the pump turned on for half time and always turned on while the pump is 
working.  

 
 

Figure 4.7-2. Graphs: time in relationship with Energy consumptions 
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In the first case total power consumption, adding the 20% of total consumption 
to consider possible delay of launch, was 135 Wh, in the worst case 165 Wh. 
Safety factor, calculated with the ratio between normal and worst-case 
consumption was 1,23. 
 
All value referred to energy consumption were calculated considering larger 
time and always two open valves. 
Average, maximum, and minimum power were respectively 38 W, 40 W and 19 
W. Average (considering all component turned on), maximum and minimum 
current were respectively 1,3 A, 1,4 A and 0,8 A.  
 
At low temperature the voltage could have approach 25V. in this case peak 
current would have been 1.6 A, that was under the limit value of 2 A. 
Capacitors were used to guarantee that peak current, when valves open and if 
pump needed to restart, didn’t exceed the maximum current supported by 
converter. Capacity of capacitor was 100 µF. 
 
Table 4.7-2: Power for each component 

Component Power [W] 

Arduino and shield 3,75 

Gps 0,15 

Pump 10 

Valves 6 

Heaters for pump 16,5 

Heater for air 3,5 

Flowmeter 0,19 

Temperature sensor 0,02 

Pressure sensor 0,0000132 

 
An estimate of power dissipation was 3 W for the pump and 2.5 for each valve. 
These components were those who dissipate more power. 
 
After the test in the vacuum chamber, it was possible to evaluate how the power 
change with the pressure, keeping the required flow rate for each phase of the 
flight. In the figure 4.7-3 it’s shown the power required from the pump and from 
Arduino, in relation with pressure and the flow rate required.  
 
Decreasing pressure, except for the last phase during which the canister was 
filled, power required decrease from the power required at a pressure of 1 bar, 
so the power budget considered safety conditions. 
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 Figure 4.7-3. Graphs: power in relationship with pressure 
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4.8 Software Design 

4.8.1 Purpose 

 
The purpose of the software was to control the inner elements of the 
experiment. The software had to control the valves, i.e., open it at the correct 
altitude. Also, it had to save data from the sensors and send them to the ground 
and control pump and heaters.  
 
The data sent to the ground were necessary to control the evolution of the 
experiment and to send telecommands, necessary to carry out the sampling. 
 

4.8.2 Design 

 
(a) Process Overview: 
 
Arduino collected data from the sensors, taking them persistently through the 
I2C interface on an SD card. The sensors measured temperature, airflow, 
pressure and the location, in terms of height, of the experiment with a GPS 
sensor.  
The data were sent to the ground station through the E-Link system and 
telecommands were sent to the experiment, to control it remotely. 
The Figure below explain the process flow: 
  

 
Figure 4.8.2-1. Connections functional scheme. 

 
 
 
 
 



- 117 - 

BX30_O-ZONE_SED_v5-1_10Feb22   

 

(b) General and Safety related concepts 
 
The failure could have been related to:  
 
1. If the data reading had failed, it would have reported the error to the ground 

station and recorded on the SD card, with a timestamp; 
2. If there was a lack of connection through the E-Link system, a restore of the 

connection would be tried until succeed. In the meantime, the data were 
stored inside the SD card; in case of completely lack of connection, the 
experiment would have passed to the autonomous mode; 

3. A watchdog timer has been inserted at the beginning of the process flow. If 
the time exceeded the one setted in the watchdog timer, all system would 
have been restored in to start again the normal process flow of the 
experiment, making sure to start at the correct stage by using altitude data 
from the GPS. 

 
(c) Interfaces 
 
In Table 4.8.2-1 below, the components of the experiment, their communication 
protocol and the interfaces are listed: 

Table 4.8.2-1: Software interfaces 

Components Communication 
Protocol 

Interface 

Heaters – PCU Digital GPIO 

Valves – PCU Digital GPIO 

Pump – PCU Digital GPIO 

Pressure – PCU I2C Arduino I2C 

Temperature – PCU I2C Arduino I2C 

Airflow – PCU Analog Arduino Analog Pin 

GPS UART Rx tx pins 

PCU – SD Card SPI On-Board microSD Card Slot 

PCU – Ethernet Ethernet Ethernet Port 

 
Data transmission was through E-link system. The used packet was the 
Ethernet one and sent using the UDP protocol for downlink connection 
(telemetry) and uplink connection (telecommands). This kind of approach 
assured the non-overloading of the transmission link. The included data 
included: 

• Measured data: Temperature, pressure, airflow and GPS data; 
• Status data of the onboard instrumentations. 
• Telecommands to control the experiment. 

 

Table 4.8.2-2: Uplink and Downlink 

 Minimum (Kbit/s) Avg (Kbit/s) Maximum (Kbit/s) 

Uplink 0 Kbit/s 0.9 Kbit/s 1.5Kbit/s 

Downlink 1 Kbit/s 1.4 Kbit/s 1.70 Kbit/s 
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Telecommands were used to manually control the valves, pump and heaters 
and mode. 
Below it was present the list of telecommands that were implemented:  

- Valves: an integer between 1 and 7 corresponded to the couples of 
valves to be open. Automatically, the valves currently open were closed.  

- Heaters: an integer between 8 and 9 corresponded to the switching on 
and off the two heaters separately. 

- Pump: an integer between 10 and 11 was sent to turn the pump on or 
off respectively.  

- Pump power: an integer between 12 and 17 was used to change the 
power of the pump, this was controlled with a PWM signal which could 
have a value between 0 and 255. 

- Mode: an integer between 18 and 21 was sent to check the mode of the 
experiment. The values corresponded to: 

- "Descendent mode", operated in the moment of descent to 
ground.  

- "Manual mode” when the experiment was controlled by the 
ground station. 

- “Autonomous mode” when the experiment was running 
autonomously in case of lack of connection. 

- "Switch off" in case it was necessary to switch off the experiment 
completely. 

- Phase: the integer 22 corresponded to an increase of the actual phase 
of the experiment. The process flow was divided into 6 phase one for 
each filter and the cannister. 

- Operation: the integer 23 corresponded to an increase of the actual 
operation, each phase was divided into smaller operations. 

 
(d) Data Acquisition and Storage 
 
Data, obtained from the sensors, were stored on the SD memory card, located 
on the Arduino Ethernet Shield. The data were stored in a “.csv” file, where in 
the first column there was the timestamp, and the other columns were 
composed with the data from the sensors. The data were saved into different 
files: every 120 seconds the file was closed, saved and another file was opened 
and written. Each file was saved with a value between 0 and N, where 0 is the 
first file and N is the last file. 
 
Data were sent to the ground continuously, for a total amount of 540KB for 10 
hours of flight. For the telecommand, the idea was to send at maximum one 
command every second and the total amount of bandwidth necessary would 
have been of 1.5Kbits/s, maximum.  
 
(e) Process Flow 
 
The whole system was implemented in manual mode, so all commands needed 
to be received from the ground through the telecommunication channel and the 
experiment could operate.  
Four different thread/flows can explain the overall process of the experiment:  
1. Main Thread 
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2. Sensor’s activation Thread 
3. Communication Thread 
 

- Main Thread: the main thread was the one which controls the main 
operations. It gave the order to open and close the designated valves at 
the designated heights, controlled the amount of air passing through the 
flowmeter and increased or decreased the power of the pump in case 
the collected air was not sufficient or was excessive, it controlled the 
cleaning of the valves every time a switch from one filter to another 
happened. The opening and closing process of the valves took place 
when this thread controlled the presence of ground signals. The height 
reached by the experiment was read by the GPS sensor and sent to the 
ground. Since it was necessary to have the same amount of air in every 
filter and since the amount of air needed to be between 0.05 and 
0.1L/min in every filter, through the use of pump’s PWM it was possible 
to increase or decrease the flow rate according to the needs dictated by 
the filters or the canister.The amount of air passed through the first filter 
was saved, calculated through the use of the flowmeter, so that the next 
filters could have been closed when the same level of air was reached. 
As the height increased, and consequently the pressure increased, the 
air flow, as was predicted by the thermal-vacum chamber test, 
decreased.  

 
- Sensor’s activation Thread: heaters were used to control the internal 

temperature of the experiment. In this case, thanks to the use of 
temperature sensors, the environment temperature and the airflow’s 
temperature were controlled inside the experiment. If needed, the 
heaters would have been switched on or off.  
In this thread the data gained from the sensors were saved and stored 
with the creation of a “.csv” file.  
 

- Communication Thread: the telecommunications thread received the 
data from the sensors, packed them and sent them to the ground station. 
It also received the telecommand from the ground station and perform 
the action required. 

 
Due to the possible loss of ground connection, the experiment was also 
designed to operate in autonomous mode. In this mode, the process follow the 
same logic, with variables that records the actual position of the experiment 
(e.g., which filter is open) in order to move from the manual to the autonomous 
mode without any problem.  
The process flow of the experiment is present in 0. 
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(f) Modularisation and Pseudo Code  

 
Figure 4.8.2-2. System modules breakdown structure. 

  
The Figure 4.8.2-3 shows how the system is structured in independent 
modules, which roles are the following: 
 

• Base Station Commands Endpoint Module: this was the module which 
managed the communication with the base. It transmitted the actuation 
to the Command Actuation Module which role was about executing the 
commands. 
 

• Sensors reading Module: this was the module whose task was about 
reading data from all the sensors (both digital and analogic); 
 

• SD-Card Management Module: this was the module to which were 
delegated the I/O operation with the SD-Card. The operation was 
correlated to the data saving. 
 

• Ethernet Connection Module: this was the module to whom was 
delegated the connection management. Its role was about checking the 
connection, transmit data throw it and receive data from the ground. 
 

• Error and Failure Management Module: was the module whose role was 
about managing all the possible errors and failures. 

 

The modules were interdependent. The “Base Station Commands Endpoint 
Module” was closely connected to the “Ethernet Communication Module”, as 
the reception of data from the ground was necessary to give the input of the 
operations to be performed and the sending of information to the sensors and 
to the on-board instrumentation was fundamental to understand the progress 
of the experiment and sending any commands. The “Sensor Reading Module” 
had the task to read the data from the sensors that would then have been saved 
thanks to the “SD-Card Management Module” and sent through the “Ethernet 
Communication Module”.  

The “Error and Failure Management Module” was dedicated to the insertion of 
watchdogs to avoid blocking the progress of the experiment and was used by 
all other modules. 
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4.8.3 Implementation 

The chosen programming language was C/C++ and the Arduino IDE was used 
and.  

The software were developed in the following system:  

• MacBook Pro, 2017 
o macOS BigSur, v.11.2 
o C compiler Apple clang version 11.0.0 
o Intel Core i5 – 7360 CPU 2.30GHz, RAM 8GB 

• MacBook Pro, 2017 
o macOS BigSur, v.11.2 
o Xcode v.11.31.1 
o Intel Core i7 – 7660 CPU 2.50GHz, RAM 16GB 

• Dell inspiron 15 7570 
o Windows 10 Home 
o gcc (Debian 8.3.0-6) 8.3.0 
o Intel Core i5 – 8250U CPU 3.4GHz, RAM 8GB 

 
The libraries used were the one necessary to the correct functioning of the 
Arduino Due and the sensors libraries. During the development of the code all 
the needed libraries were used. 
Python3 was used in addition the C/C++ programming language. 
 
Table 4.8.3-1: Implementation Tools 

 Programming Language IDE 

Implementation C/C++ Visual Studio code w. 
PlatformIO 

Ground Station Python PyCharm 

 

4.9 Ground Support Equipment 

 
The purpose of the ground station was to monitor the experiment and to provide 
manual commands, necessary to control the on-board instrumentation. 
 
At the ground level, a computer was used to control the experiment and read 
the data in live view. A GUI was created to interact with the data received from 
the E-Link and to interact with the experiment. 
 
Python3 was used for the implementation of the GUI and PyCharm was used 
as IDE to implement it. The interface shown the main elements of the 
experiment:  
 

● The state of the pump, valves, heaters, and sensors; 
● 3 switches for the heaters 
● 7 switches to open and close the valves; 
● The state of the airflow to the filters; 
● 6 buttons to regulate the flow rate with the pump; 
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Thanks to the airflow it was possible to check whether the pump was running, 
the position of the valves, given by a binary value (1 if open, 0 otherwise), and 
whether the heaters were running or not. 
 

 
                                          Figure 4.9-1 Ground Station 
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5 EXPERIMENT VERIFICATION AND TESTING 

 

5.1 Verification Matrix 

The verification matrix was arranged according to the requirements presented 
in section 2 and the verification methods are indicated as follows: 
 
• T: verification by test 
• I: verification by inspection 
• A: verification by analysis  
• S: verification by similarity 
• R: verification by review-of-design 
 

Table 5.1-1: Verification table 
ID Requirement text Method Reference Status Verification 

Result 

F.1 The experiment shall suck in the atmospheric 
air by means of a pump. 

T 
1, 2 

 
T – Done 

Verified 

F.2 The experiment shall sample analytes at 
different altitudes with a system of filters. 

T, R 

2, 13 

T – Done 

R – Done 
 

Verified 

F.3 The experiment shall collect a volume of 
atmospheric air with a canister. 

T, I 2, 6 T – Done 
I – Done 

Verified 

F.4 The experiment shall measure the airflow. R, T 2, 9, 13 R – Done 

T – Done 

Verified 

F.5 The experiment shall control the airflow. R, T 2, 14 R – Done 

T – Done 

Verified 

F.6 The experiment shall measure as a minimum 
the temperature of the pump, the air of the 
junction box, and the air inside the experiment 
box. 

R, T 9, 13 R – Done 

T – Done 

Verified 

F.7 The experiment shall be able to control the 
temperature of the inlet flux by means of a 
heater system. 

R, T 4, 14 R – Done 

T – Done 

Verified 

F.8 The experiment shall measure the pressure 
inside the box. 

R, T 9, 13 R – Done 

T – Done 

Verified 

F.9 The experiment should determine its altitude. R, T 9, 13 R – Done 

T – Done 

Verified 

P.1 The airflow shall be measured with an 
accuracy of at least ± 0.01 L/min. 

R - R – Done Verified 

P.2 The airflow shall be measured with a frequency 
of at least 1 Hz. 

R, T 9, 14 R – Done 

T – Done 

Verified 

P.3 The minimum airflow value through the filters 
shall be minimum 0.05 L/min. 

A, T 2, 3 A – Done 

T –Done 

Verified 

P.4 The temperature measurement range shall be -
10 °C and + 50 °C. 

R, T 3, 4 R – Done 

T – Done 

Verified 

P.5 The temperature measurements shall be with 
an interval of 5 seconds. 

R, T 9, 14 R – Done 

T – Done 

Verified 

P.6 Accuracy in the measurement of the pressure 
inside the experiment shall be ±1 hPa. 

R - R – Done Verified 
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P.7 The pressure inside the experiment shall be in 
the range of +10 hPa and + 1200 hPa. 

T 3 T – Done Verified 

P.8 The pressure shall be measured with a 
frequency of at least 1 Hz. 

R, T 9, 14 R – Done 

T – Done 

Verified 
 

P.9 Accuracy in the measurement of the gondola 
height through the GPS shall be at least ±0,2 
km [12][on page 171]. 

R - R – Done Verified 
 

P.10 The altitude measurements shall be with an 
interval of 20 seconds. 

R, T 9, 14 R – Done 

T – Done 

Verified 

D.1 The experiment shall operate in the 
temperature profile of the BEXUS flight [12][on 
page 171]. 

A, T 4 A – Done 

T –  Done 

Verified 

D.2 The experiment shall operate in the pressure 
profile of the BEXUS flight [12][on page 171]. 

R, T 3 R –  Done 

T –  Done 

Verified 

D.3 The experiment shall operate in the vibration 
profile of the BEXUS flight [12][on page 171]. 

A, T 16 A – Done 

T –  Done 

Verified 

D.4 The pump shall operate for a minimum period 
of 60 minutes. 

T 2 T –  Done Verified 

D.5 The minimum volume of air collected in the 
canister shall be at least 0.5 liters at ground 
level. 

T 2, 6 T –  Done Verified 

D.6 The maximum airflow value through the filters 
shall be a maximum of 0.10 L/min. 

A, T 2, 3 A – Done 

T –  Done 

Verified 

D.7 General accuracy of mass analyzer shall be 
less than or equal to 5 ppb at ground level. 

R - R – Done Verified 

D.8 Tubes between valves and filters shall not have 
leaks. 

T 2, 17 T –  Done Verified 

D.9 The valves shall be closed at landing. R, T 2 R – Done 

T – Done 

Verified 

D.10 The system shall switch off the pump in case of 
overheating. 

T, A 11 A – Done 

T – Done 

Verified 

D.11 Accuracy in the measurement of temperature 
shall be ± 1 °C. 

R - R – Done 
 

Verified 

D.12 The temperature of the air passing through 
filters shall be kept between + 10 °C and + 25 
°C during the sampling. 

A, T 4, 14 A – Done 

T – Done 

Verified 

D.13 The temperature of the pump shall be kept 
between +5 °C and + 40 °C. 

A, T 3, 4, 14 A –  Done 

T –  Done 

Verified 

D.14 The altitude from which a filter will start/stop 
sampling shall be programmable. 

R, T, A 11, 12 R – Done 

T – Done 

A – Done 

Verified 

D.15 The flow path shall be chosen independently. R, T 2, 11 R – Done 

T – Done 

Verified 

D.16 The altitude from which the canister will 
start/stop sampling shall be programmable. 

R, T, A 11, 12 R – Done 

T – Done 

A – Done 

Verified 

D.17 The experiment box shall be placed with at 
least one face exposed to the outside. 

R - R – Done Verified 

D.18 The total weight of the experiment shall be less 
than 14 kg. 

A, T 18 A – Done 
T – Done 

Verified 

D.19 The dimensions of the experiment shall be 
0.40mx0.40mx0.45m. 

R, T 19 R – Done 

T – Done 

Verified 
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D.20 The experiment shall not disturb or harm the 
gondola. 

R - R – Done Verified 

D.21 The experiment shall not disturb or harm other 
experiments. 

R - R – Done Verified 

D.22 The experiment’s supply voltage shall be 
compatible with the 28.8V provided by the 
gondola [12][on page 171]. 

R, T 13 R – Done 

T – Done 

Verified 

D.23 The experiment’s current draw shall be below 
1A [12][on page 171]. 

A, T 1, 3, 13 T –  Done 

A – Done 

Verified 

D.24 The experiment’s peak current draw shall be 
below than 1.8A [12][on page 171]. 

T 1, 3, 13 T –  Done 
 

Verified 

D.25 The experiment’s total energy consumption 
should be below 170Wh. 

A, T 13 A – Done 

T –  Done 

Verified 

D.26 The experiment’s total energy consumption 
shall be below 374Wh [12][on page 171]. 

A, T 13 A – Done 

T –  Done 

Verified 

O.1 The experiment shall work with telecommands. T, R 10, 12 T – Done 

R – Done 

Verified 

O.2 The experiment shall work autonomously. R, T, A 11, 12 R – Done 

A – Done 

T – Done 

Verified 
Not achieved 
during flight  

O.3 The selection of the filters shall change at 4.5, 
9, 13.5, 18, 22.5, 25 km, and at the maximum 
altitude reached by the experiment, with an 
accuracy of +/- 1 km. 

T, A, R 10, 11 A – Done 

T – Done 

R – Done 
 

Verified 

O.4 The inlet cover shall be removed before the 
flight. 

I - I – Done Verified 

C.1 Coronavirus (COVID-19): Access to the 
facilities is limited and varies from week to 
week and according to Italian regional areas. 
(Appendix H ) 

- - 
  

 

5.2 Verification Plan 

 

All planned tests are kept as future activities as verbal time. 

5.2.1 Planned Tests 

 
The planned tests were as follows:  
 
Pump vacuum test in Table 5.2.2-1 
Pneumatic system test in Table 5.2.2-2 
 
Low-pressure test in Table 5.2.2-3 
Thermal test in Table 5.2.2-4 
 
Filters sampling test in Table 5.2.2-5  
Canister holding time test in Table 5.2.2-6  
Canister sampling test in Table 5.2.2-7  
Samples analysis in Table 5.2.2-8 
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 Data collection in Table 5.2.2-9 
 E-Link test in Table 5.2.2-10 
 Software operation test in Table 5.2.2-11 
 Software failure test in Table 5.2.2-12 
 
Electrical component test in Table 5.2.2-13 
Software and electronics integration test in Table 5.2.2-14 
 
Mechanical structural test in Table 5.2.2-15 
Vibration test in Table 5.2.2-16 
Experiment removal test in Table 5.2.2-17 
Weight verification in Table 5.2.2-18 
Dimensions verification in Table 5.2.2-19 
 

5.2.2 Tests Tables 

 
Table 5.2.2-1: Test 1: Pump vacuum test.  

Test number  1 

Test type  Vacuum  

Test facility University of Padova, Padua 

Tested item Pump  

Model Flight Model 

Procedure, Test level and duration  Test procedure:  

It will test the pump. 

• The pump will be connected to the pmw port of the Arduino to check the 
airflow as the outside air pressure changes by measuring it using the 
flowmeter.  

• The pump temperature will be monitored by a temperature sensor. 

• The pump will be switched on and off during the decreasing of the pressure.  

• The pump will work for at least 30 minutes. 

Test duration: 1.30 hour. 

Test campaign duration  1 day  

Test campaign date 3 August 2021 

Test completed YES 

Requirements verified  YES 

 
Table 5.2.2-2: Test 2: Pneumatic system test.  
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Test number  2 

Test type  Vacuum  

Test facility University of Padova, Padua 

Tested item Pneumatic system  

Model Flight Model 

Procedure, Test level and duration  Test procedure:  

It will test the entire pneumatic system. 

• The pump will be connected to the pmw port of the Arduino to check how the 
airflow will be adjusted as the outside air pressure changes by measuring it 
using the flowmeter.  

• Ensure there are no leaks in the valves. 

• Verify that valves and sensors perform by making an opening and closing test.  

• Control the airflow through the filters system.  

• Control the inflation of the canister (at the beginning the canister shall be 
empty). 

• Test of the pneumatic system assembling procedure. 

• Control there are no leaks in the entire pneumatic system using one canister 
as a verification tool.  

Test duration: 1 hour. 

Test campaign duration  2 days 

Test campaign date 3-4 August 2021 - August 2021 

Test completed YES 

Requirements verified  YES 

 
Table 5.2.2-3: Test 3: Low-Pressure test. 

Test number  3 

Test type  Vacuum  

Test facility University of Padova, Padua 

Tested item Pneumatic system, electronic system, insulating foam 

Model Flight Model 

Procedure, Test level and duration  Test procedure:  
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• Place all systems in the vacuum chamber, the pressure will be taken down 
from 1200 hPa to 5 hPa in steps. 

• Ensure that all the electronic systems perform as intended. Check how much 
power is dissipated by the pump, valves, and Arduino using an infrared 
thermometer. 

• Check the insulating foam to ensure it does not deform when exposed to low 
pressure and that there is no outgassing.  

Test duration: 2  hours. 

Test campaign duration  1 day 

Test campaign date 3-4 August 2021 

Test completed YES 

Requirements verified  YES 

 
Table 5.2.2-4: Test 4: Thermal test.  

Test number  4 

Test type  Thermal  

Test facility University of Padova, Padua 

Tested item Pneumatic system, electronic system 

Model Flight Model 

Procedure, Test level and duration  Test procedure . 

• Place all components into a thermal chamber and take the temperature down 
to at least -40°C (assuming the flight will be during the day as requested).  

• Check all systems work as expected.  

• Verify all components remain within their range of survival temperature. Verify 
the temperature control of all critical components: pump, filters, PCU. 

Test duration: 4 hours. 

Test campaign duration  1 day  

Test campaign date 4 August 2021 

Test completed YES 

Requirements verified  YES 
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Table 5.2.2-5: Test 5: Filters sampling system verification.  

Test number  5 

Test type  Verification  

Test facility University of Padova, Padua 

Tested item Sampling filters 

Model Qualification Model 

Procedure, Test level and duration  Test procedure:  

• Test 2 filters (1 for VOC and CFC and 1 for PM) connected to the pump. The 
test will be carried out on the side of a very busy road. 

• Analyze each filter 72 hours after sampling (Test 8). 

The aim is to determine by chemical analysis the number of pollutants the filters will 
retain. 
Detailed description in the Appendix F  
 
Test duration: 1 hour. 

Test campaign duration  1 day 

Test campaign date 26 June 2021 

Test completed YES 

Requirements verified  YES 

 

Table 5.2.2-6: Test 6: Canister holding time test. 

Test number  6 

Test type  Pneumatic 

Test facility University of Padova, Padua 

Tested item Canister sampling system 

Model Flight Model 

Procedure, Test level and duration  Test procedure:  

• Connect the canister to the pneumatic system. 

• Check the canister filling time as the flow rate changes. 

• Fill the canister to the maximum and wait 3 minutes before turning off the 
pump, then check that the canister is not damaged. 
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• Using a bike pump, fill the canister until it explodes and then check the 
failure points and failure pressure of the structure. 

 
Test duration: 30 minutes. 

Test campaign duration  1 hour 

Test campaign date July 2020 

Test completed YES 

Requirements verified  YES 

 
Table 5.2.2-7: Test 7: Canister sampling system verification.  

Test number  7 

Test type  Verification 

Test facility University of Padova, Padua 

Tested item Canister sampling system 

Model Flight Model 

Procedure, Test level and duration  Test procedure:  

• The canister will be connected to the pump and will be filled with air. The 
test will be carried out on the side of a very busy road.  

Detailed description in the Appendix F  

Test campaign duration  1 day 

Test campaign date 26 June 2021 

Test completed YES 

Requirements verified  YES 

 
Table 5.2.2-8: Test 8: Samples analysis.  

Test number  8 

Test type  Analysis  

Test facility SGS Italia S. p. A. 

Tested item Sampling system 
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Model Flight Model  

Procedure, Test level and 
duration  

Test procedure:  

• The particulate matter filters are studied qualitatively via Energy Dispersive X-Ray 
(EDX) and by Environmental Scanning Electron Microscopy (ESEM) at the 
University of Padova out in order to identify organic particulates.  

• The adsorption filters are investigated by GC-MS coupled with a thermal 
desorption program.  

Analysis method: NIOSH 2549 1996 

• The air contained in the canister will be investigated via GC-MS.  

Analysis method: EPA 3C 2017 and EPA TO 15 1999 

Detailed description in the Appendix F   

 
Test duration: 1 day 

Test campaign duration  1 day 

Test campaign date 26 June 2021 

Test completed YES 

Requirements verified  YES 

 
Table 5.2.2-9: Test 9: Data collection test. 

Test number  9 

Test type  Software 

Test facility DII Laboratory 

Tested item Arduino, electronic system, software 

Model Flight Model 

Procedure, Test level and duration  Test procedure:  

• Load the correct code in the PCU and turn it on after the connection of 
sensors and pump.  

• Let the elements work for the entire duration of the experiment to ensure 
data collection to be as expected. 

Test duration: 3 hours.  

Test campaign duration  1 day 

Test campaign date June 2021 
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Test completed YES 

Requirements verified  YES 

 
Table 5.2.2-10: Test 10: E-Link test. 

Test number  10 

Test type  Verification 

Test facility DII Laboratory 

Tested item Software, electronic system 

Model Flight Model 

Procedure, Test level and duration  Test procedure:  

• Load the correct code in the PCU and turn it on after the connection of all 
sensors, valves and pump. 

• Let the elements work for the entire duration of the experiment, simulating the 
countdown, the launch and the flight, including E-link dropouts (using previous 
BEXUS flight data).  

Test duration: 4 hours. 

Test campaign duration  1 day 

Test campaign date August 2021 

Test completed YES 

Requirements verified  YES 

 
Table 5.2.2-11: Test 11: Software operation test. 

Test number  11 

Test type  Verification 

Test facility DII Laboratory 

Tested item Software  

Model Flight Model 

Procedure, Test level and duration  Test procedure:  

• Execute the software for the control of the experiment to test all the 
electronic elements.  
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• Send commands to the experiment to check if they are correctly handled 
and the electronics component responds correctly to it. 

• Test manual shutdown of the experiment. 

• Perform simulated flight using previous BEXUS flight data.  

Test duration: 5 hours.  

Test campaign duration  1 day 

Test campaign date August 2021 

Test completed YES 

Requirements verified  YES 

 
Table 5.2.2-12: Test 12: Software failure test. 

Test number  12 

Test type  Verification 

Test facility DII Laboratory 

Tested item On-board software and Arduino 

Model Flight Model 

Procedure, Test level and duration  Test procedure:  

• Test possible failure in the software.  

• Remove the communication between the PCU and the computer to check if 
Init is able to automatically reconnect when the connection is up again.  

• Simulate loss of SD card during flight. 

• Unit test cases will be built to test the functionality of the software. 

Test campaign duration  1 day 

Test campaign date August 2021 

Test completed YES 

Requirements verified  YES 

 
Table 5.2.2-13: Test 13: Electrical component test. 

Test number  13 

Test type  Electrical 
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Test facility DII Laboratory 

Tested item Electrical Components 

Model Qualification Model and Flight Model 

Procedure, Test level and duration  Test procedure:  

• Connect components on a breadboard as part of the schematic and test 
them partwise.  

• Check the current required and voltage.  

• Ensure all the sensors perform as expected. 

• Perform calculations to determine energy consumption. 

Test duration: 1 hour. 

Test campaign duration  1 day 

Test campaign date June 2021 

Test completed YES 

Requirements verified  YES 

 
Table 5.2.2-14: Test 14: Software and electronics integration test. 

Test number  14 

Test type  Verification 

Test facility DII Laboratory 

Tested item All electronics, ground station and Arduino 

Model Flight Model 

Procedure, Test level and 
duration  

Test procedure:  

• The sensors will be checked then they will be connected to the Arduino and 
performance checked.  

• Once the switching circuits have been completed for the valves, pump, and 
heaters the software to them correlated will be tested. The test will be repeated 
iteratively until all the components behave as expected. This test will take place 
two times: the first time with the breadboards and when the experiment is 
assembled. 

• If any of the responses from the electronics are not what was expected from the 
input from the software then the electronic connections will be checked and the 
software refined and the test will repeat.  
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Test campaign duration  Until the finish of the assembling phase  

Test campaign date June 2021 

Test completed YES 

Requirements verified  YES 

 
Table 5.2.2-15: Test 15: Mechanical structural test.  

Test number  15 

Test type  Mechanical structural test 

Test facility DII Laboratory 

Tested item Box, wall panels 

Model Flight Model 

Procedure, Test level and duration  Test procedure:  

• Perform calculations to check whether the screws connected to the gondola 
resist shear forces during the fall (Appendix C ). 

• Subject the chassis to a static load to check the stability of the joints.  

• Stress the walls with distributed and concentrated efforts. 

• Evaluate the degree of damage. 

Test duration: 5 minutes 

Test campaign duration  30 minutes 

Test campaign date May 2021 

Test completed YES 

Requirements verified  YES 

 
 
Table 5.2.2-16: Test 16: Vibration test.  

Test number  16 

Test type  Vibration 

Test facility Automobile 

Tested item Whole experiment  
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Model Flight Model 

Procedure, Test level and duration  Test procedure:  

The entire experiment will be placed in a car. The test will consist of a long car 
ride on rough terrain. 

No damages or issues shall be detected after this test. 

Test duration: 1 hour 

Test campaign duration  1 day 

Test campaign date July-August 2021 

Test completed YES 

Requirements verified  YES 

 
 
Table 5.2.2-17: Test 17: Experiment removal test.  

Test number  17 

Test type  Verification 

Test facility DII Laboratory 

Tested item Whole experiment  

Model Flight Model 

Procedure, Test level and duration  Test procedure:  

Test the extraction procedures of the filters and the canister. 

Control there are no leaks in the entire pneumatic system using one canister as 
a verification tool. 

Test the facility of recovery and airtightness of sampling devices. 

Test duration: 3 hours 

Test campaign duration  1 day 

Test campaign date July-August 2021 

Test completed YES 

Requirements verified  YES 

 
 
Table 5.2.2-18: Test 18: Weight verification. 
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Test number  18 

Test type  Weight verification 

Test facility DII Laboratory 

Tested item Whole experiment 

Model Flight Model 

Procedure, Test level and duration  Test procedure:  

Weight the experiment with a balance. 

Test duration: 5 minutes 

Test campaign duration  10 minutes 

Test campaign date August 2021 

Test completed YES 

Requirements verified  YES 

 
 
Table 5.2.2-19: Test 19: Dimension verification.  

Test number  19 

Test type  Verification 

Test facility DII Laboratory 

Tested item The whole experiment  

Model Flight Model  

Procedure, Test level and duration  Test procedure:  

Measure the external dimensions of the experiment. 

Test duration: 15 minutes 

Test campaign duration  1 hour 

Test campaign date August 2021 

Test completed YES 

Requirements verified  YES 
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5.3 Verification Results 
 
Table 5-3-1 - Test 1: Pump vacuum test.  

Verification number 1 

Type of test Electrical  

Facility University of Padova, Padua 

Verified item Pump  

Verification description Pump vacuum test 

Expected results The pump operates at different pressures, and turns on and off at low 
pressures 

Obtained Results The pump worked correctly even at very low pressures (15 mbar) without 
interruption. Turning on and off at low pressures was no problem. 

Conclusions Successfully verified 

 
Table 5-3-2 - Test 2: Pneumatic system test.  

Verification number 2 

Type of test Pneumatic and electrical  

Facility University of Padova, Padua 

Verified item Pneumatic system  

Verification description Pneumatics general test 

Expected results Pneumatic system functions as designed in a ground environment. 

Obtained Results The pneumatic system did not present problems at ambient pressure, while 
at low pressures problems were observed regarding the inflation of the 
canister. This, in fact, inflated and deflated by itself (without any input) as the 
pressure changed. 

The assembly and disassembly of the filters was carried out successfully. 

The presence of leaks was checked by inflating the canister and, leaving the 
valve open, pressing on the canister to force air into the system and closing 
the outlet tube. No leaks were found. 

Conclusions Successfully verified 

 
Table 5-3-3 – Test 3: Low-Pressure test 

Verification number 3 

Type of test Vacuum 

Facility University of Padova, Padua 

Verified item Full experiment 

Verification description Ensure that all the electronic systems perform as intended.  

Expected results All the electronic systems must perform as intended during the decreasing 
of the pressure and at the lowest pressure.  
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Obtained Results The electrical system worked smoothly at low pressures (15 mbar). 

The power dissipation of the components was verified by measuring the 
temperature of the components with an infrared thermometer. 

It has been observed that the thermal inertia of the pump is very good as it 
has released the excess heat on the plate never touching the maximum 
temperature range (50 ° C). 

Conclusions Successfully verified 

 
Table 5-3-4 - Test 4: Thermal Test. 

Verification number 4 

Type of test Thermal-vacuum 

Facility Thermal-vacuum chamber 

Verified item Whole experiment 

Verification description Place all components into a thermal-vacuum chamber and take the 
temperature down to at least -40°C. Check all systems work as expected 
and verify all components remain within their range of survival temperature. 
Verify the temperature control of all critical components: pump, filters, PCU. 

Expected results All systems work as expected and all components remain within their range 
of survival temperature. 

Obtained Results The experiment worked correctly for the duration of the test. Electrical 
components remained within operating ranges. It was not necessary to 
operate the heaters for heating even though the profile temperature 
exceeded -50 ° C. 

At the end of the experiment, the temperature of the remaining electrical 
components (whose temperature was not measured by the sensors) was 
measured using the infrared thermometer. 

Conclusions Successfully verified 

 
Table 5-3-5 - Test 5: Filters sampling system verification.  

Verification number 5 

Type of test Verification  

Facility University of Padova, Padua 

Verified item Sampling filters 

Verification description Test 2 filters (1 for VOC and CFC and 1 for PM) connected to the pump. The test will 
be carried out on the side of a very busy road. 
Analyze each filter 72 hours after sampling (Test 8). 
The aim is to determine by chemical analysis the amount of pollutants the filters will 
retain. 

Expected results The experiment works correctly by passing the correct flow rate through the 
filters despite the resistance created by them. 

Obtained Results It was possible to sample the filters by passing the required flow rate through 
them. 

Conclusions Successfully verified 
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Table 5-3-6 - Test 6: Canister holding time test.  
Verification number 6 

Type of test Pneumatic 

Facility University of Padova, Padua 

Verified item Canister sampling system 

Verification description Connect the canister to the pneumatic system. 

Check the canister filling time as the flow rate changes. 

Fill the canister to the maximum and wait 3 minutes before turning off the pump, then 
check that the canister is not damaged. 

Using a bike pump, fill the canister until it explodes and then check the failure points 
and failure pressure of the structure. 

  

Expected results The canister inflates correctly and the canister burst occurs at very high bars. 

Obtained Results At ambient pressure the canister has inflated correctly. Furthermore, it was 
possible to observe that the canister filled last year remained inflated for a full 
year with no visible changes in volume. 

The canister burst test showed that the points where the canister could fail is 
along the edges of the canister. 

Conclusions Successfully verified 

 
Table 5-3-7 - Test 7: Canister sampling system verification. 

Verification number 7 

Type of test Pneumatic 

Facility University of Padova, Padua 

Verified item Canister sampling system 

Verification description Connect the canister to the pump and fill it with air. The test will be carried out on 
the side of a very busy road.  

Expected results Filling the canister as designed in ground environment 

Obtained Results The canister was inflated in the required environmental conditions. 

Conclusions Successfully verified 

 
Table 5-3-8 - Test 8: E-Link test. 

Verification number 8 

Type of test Analysis  

Facility SGS Italia S. p. A. 

Verified item Sampling system 

Verification description Test procedure:  

• The particulate matter filters are studied qualitatively via Energy Dispersive 
X-Ray (EDX) and by Environmental Scanning Electron Microscopy (ESEM) 
at the University of Padova out in order to identify organic particulates.  

• The adsorption filters are investigated by GC-MS coupled with a thermal 
desorption program.  
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Analysis method: NIOSH 2549 1996 

• The air contained in the canister will be investigated via GC-MS.  

Analysis method: EPA 3C 2017 and EPA TO 15 1999 
Expected results The analyzes must verify the effective sampling of pollutants by the filters 

and the canister. 

Obtained Results The prototype proved to be operating.  
Analyses reveal the presence, from a qualitative point of view of the 
majority of the analytes. Quantitative information could not be extracted for 
most of the compounds sampled with VOC filters and sampling bag.  
Excel files were created for the chemical results containing all the relevant 
data obtained.(Appendix F ) 

Conclusions Successfully verified 

 
Table 5-3-9 - Test 9: Data collection test. 

Verification number 9 

Type of test Software 

Facility DII Laboratory 

Verified item Arduino, electronic system, software 

Verification description Load the correct code in the PCU and let the elements work for the entire 
duration of the experiment to ensure data collection to be as expected. 

Expected results Data collection is as expected. 

Obtained Results The data collection was as expected. Excel files were created for each 
simulation containing all the data. 

Conclusions Successfully verified 

 
Table 5-3-10 - Test 10: E-Link test. 

Verification number 10 

Type of test Software 

Facility DII Laboratory 

Verified item Software, electronic system 

Verification description Load the correct code in the PCU and let the elements work for the entire 
duration of the experiment, simulating the countdown, the launch and the 
flight, including E-link dropouts  

Expected results The simulation works without any interruption.  

Obtained Results The system worked without any interruption.  

Conclusions Successfully verified 

 
Table 5-3-11 - Test 11: Software operation test. 

Verification number 11 

Type of test Verification 

Facility DII Laboratory 

Verified item Software  



- 142 - 

 

 BX30_O-ZONE_SED_v5-1_10Feb22 

 

Verification description Execute the software for the control of the experiment to test all the electronic 
elements.  

Send commands to the experiment to check if they are correctly handled and the 
electronics component responds correctly to it. 

Test manual shutdown of the experiment. 

Perform simulated flight using previous BEXUS flight data.  

Expected results The software works proprely. 

Obtained Results There were no problems in sending commands and responding to the 
various components. The autonomous mode worked properly, sending 
manually the altitude data, because it was impossible to implement the use 
of the GPS on ground (for obvious reasons). That was then a problem during 
the launch campaign because the autonomous mode was never tested using 
the GPS in the final configuration of the device. Since the device is all 
covered by aluminium plates, it was impossible for the GPS to receive or 
send data. For more details: Chapter 7 (Data Analysis And Results) 

Conclusions Partially verified 

 
Table 5-3-12 - Test 12: Software failure test. 

Verification number 12 

Type of test Verification 

Facility DII Laboratory 

Verified item On-board software and Arduino 

Verification description Test possible failure in the software.  

Remove the communication between the PCU and the computer to check if 
Init is able to automatically reconnect when the connection is up again.  

Simulate loss of SD card during flight. 

Unit test cases will be built to test the functionality of the software. 

Expected results The software works proprely. 

Obtained Results The software worked as nominally expected.  

Conclusions Successfully verified 

 
Table 5-3-13 - Test 13: Electrical component test. 

Verification number 13 

Type of test Electrical 

Facility DII Laboratory 

Verified item Electrical Components 

Verification description Connect components on a breadboard as part of the schematic and test them 
partwise.  

Check the current required and voltage.  

Ensure all the sensors perform as expected. 

Perform calculations to determine energy consumption. 
 

Expected results Electrical components functions are as designed in ground environment 
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Obtained Results The electrical components work correctly and within the indicated power 
consumption limits. The detected power peaks and the resulting current and 
voltage values also meet the requirements. 

Conclusions Successfully verified 

 
Table 5-3-14 - Test 14: Software and electronics integration test. 

Verification number 14 

Type of test Verification 

Facility DII Laboratory 

Verified item All electronics, ground station and Arduino 

Verification description The sensors and electrical parts were checked and connected to the 
Arduino and performance checked.  

Expected results The responses from the electronics must be what was expected from the 
input from the software. 

Obtained Results All electrical components worked properly. 

Conclusions Successfully verified 

 
Table 5-3-15 - Test 15: Mechanical structural test.  

Verification number 15 

Type of test Mechanical structural test 

Facility DII Laboratory 

Verified item Box, wall panels 

Verification description Structural integrity verification 

Expected results The mechanical structure must withstand a static load without being 
damaged. 

Obtained Results The test was performed by placing a weight of about 50 kg on top in 
different configurations. 

The structure did not show any sagging. 

Conclusions Successfully verified 

 
Table 5-3-16 - Test 16: Vibration test.  

Verification number 16 

Type of test Vibration 

Facility Automobile 

Verified item Full experiment  

Verification description Check of possible damages after the vibration test. 

Expected results The structure must not show any damage. 

Obtained Results The experiment was transported by car multiple times without ever showing 
damage to the structure, individual components or connections. 

Conclusions Successfully verified 
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Table 5-3-17 - Test 17: Experiment removal test.  
Verification number 17 

Type of test Verification 

Facility DII Laboratory 

Verified item Whole experiment  

Verification description The extraction procedures of the filters and the canister. 

Expected results The assembly of the filters and the canister is an easy and quick process that 
can be carried out without causing damage. 

Obtained Results The assembly of the filters and the canister was quick, and no damage 
occurred. 

Conclusions Successfully verified 

 
Table 5-3-18 - Test 18: Weight verification. 

Verification number 18 

Type of test Weight verification 

Facility DII Laboratory 

Verified item Whole experiment 

Verification description Weight the experiment with a balance. 

Expected results The mass is lower than 14 kg. 

Obtained Results The mass is almost 9.5 kg. 

Conclusions Successfully verified 

 
 
Table 5-3-19 - Test 19: Dimension verification.  

Verification number 19 

Type of test Verification 

Facility DII Laboratory 

Verified item The whole experiment  

Verification description Measure the external dimensions of the experiment 

Expected results The dimensions must be 0.38mx0.39mx0.45m. 

Obtained Results The dimensions are 0.38mx0.39mx0.45m. 

Conclusions Successfully verified 

 
Detailed description in Appendix F . 
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6 LAUNCH CAMPAIGN PREPARATION 

 

6.1 Input for the Campaign / Flight Requirement Plans 

6.1.1 Dimensions and Mass 

 

 

Table 6.1.1-1 Experiment mass and volume 

 Experiment Box Box + attachment system 

Experiment mass (kg): 10 (9.5 real value) 10.3 

Experiment dimensions (m): 0.382X0.382X0.385 0.382X0.390X0.0445 

Experiment Volume (m3) 0.0562 0.0663 

 
Figure 6.1.1-1. Experiment dimensions and COG position. 

 
 
 
The mass value shown in Table 6.1.1-1 was obtained considering the 
component’s volume, based on the CAD representation, and their datasheets. 
After the whole experiment was assembled, we verified this data by weighing 
it: the real weight value was equal to 9.5kg, without the attachment system, so 
the final prototype was 0.5kg lighter than our prediction. 
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6.1.2 Safety Risks 

 

Table 6.1.2-1 Experiment safety risks 

Risk Key Characteristics Mitigation 

Improper handling of the experiment Contamination decontamination. 

 

6.1.3 Electrical Interfaces 

Table 6.1.3-1: Electrical interfaces applicable to BEXUS 

BEXUS Electrical Interfaces 

 
E-Link Interface: E-Link required? Yes 

 Number of E-Link interfaces: 1 

 Number of required IP addresses: 2 

 Data rate – downlink (max. and average): Max: 1,7 Kbit/s 
Avg: 1,4 Kbit/s 

 Data rate – uplink (max. and average): Max: 1,5 Kbit/s 
Avg: 0,9 Kbit/s 

 Interface type (RS-232, Ethernet): Ethernet 

 
Power system: Gondola power required? Yes 

 Peak power and current consumption: 37 W and 1,3 A 

 Average power and current consumption: 35 W and 1,2 A 

 Total power and current consumption after lift-
off  

120 Wh and 4.2 Ah 

 
Power system: Experiment includes batteries? No 

 

6.1.4 Launch Site Requirements 

 

The experiment needed preparations before flight. In particular, the team 
needed: 

• a room 

We must operate in a room where there were no other experiments that use 
gas that could have contaminated our sampling system during the entire 
duration of assembly and testing of the pneumatic system. 

• 1 table to place the experiment;  
• 8 chairs;  
• 1 whiteboard and marker; 
• 1 bench power supply; 
• 1 Ethernet cable for E-link connection; 
• internet connection(Ethernet and wifi); 
• high purity nitrogen 5.0 CEM (24 litres). 
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All the remaining mechanical and electrical basic toolbox were provided by the 
O-ZONE Team. 
 

6.1.5 Flight Requirements 

 
Floating altitude was desired to be higher than 20 km in order to sample air 
where there is a maximum concentration of CFCs and VOCs. The duration of 
the ascending phase should be at least one hour and a half. 
 
The track of the balloon flight should have been registered. 
 
We needed to be notified when the gondola reaches the altitudes: 4.5km, 9km, 
13.5km, 18km, 22.5km, 25km, so that we could control our experiment in 
manual mode. 
To respect the retention time of the analytes, a launch time in early hours of the 
morning (no light during the ascending phase) and therefore a fast recovery 
that does not exceed 4 days is favorable. 
 
The stopper had to be put to the inlet and outlet tube as soon as the experiment 
was recovered. 

6.1.6 Accommodation Requirements 

 
In order to collect and expel air from the experiment there was a need to have 
at least a face exposed to the outside of the gondola from which an inlet pipe 
will protrude. The inlet pipe had to be as far as possible from experiments that 
release gases to the outside and that could interfere with our sampling. 
 
The position of the experiment on the gondola is shown in Figure 6.1.6-1, for 
more details see Section 4.4. The final location of the experiment is the one 
arranged with payload manager (BEXUS 30) after the STW. 

 
Figure 6.1.6-1. Experiment position and Inlet and outlet pipes position. 



- 148 - 

 

 BX30_O-ZONE_SED_v5-1_10Feb22 

 

6.2 Preparation and Test Activities at Esrange 

 
To allow us to carry out the launch campaign it was necessary that 5-6 
members of our team were present on site as their roles were essential for the 
success of the launch and all the antecedent phases necessary for the 
preparation. 
 
Table 6.2-1: Role 

Team Member Role Description 

Federico Toson Team Leader Coordination of the group and reference member for communications. 
Contribution in the mechanical and electrical aspects. 

Dumitrita Sandu Organization of tests 
and contact person for 
chemical and logistics 
aspects. 

Organization of the preparation for the launch and of the verification tests 
during the launch campaign, contact person for the chemical aspects and 
transport of the samples. 

Giovanni Righi Management of 
electrical and IT 
aspects. 

Management of the computer and electrical part of the experiment. 
Participation in functional tests, contact person for aspects related to 
communication and electrical connections to the gondola. 

Simone Sandon Management of 
mechanical aspects. 

Management of the assembly and / or disassembly phase of the 
experiment. Reference contact for positioning the experiment on the 
gondola. 

Luigi Antoniazzi Management of 
pneumatic and thermal 
aspects. 

Management of the assembly of the pneumatic system and of the thermal 
aspects. 

David Magnani Management of some 
aspects related to the 
electrical and 
mechanical part. 

Contact person for the aspects related to power consumption. 
Contribution to the mechanical and electrical part of the experiment. 

 

Table 6.2-2: List of planned activities (TBC) 

Time/ 

Day 
Main Task Description 

In 
charge  

Duration [h:m] Comments 

  Day 1 
 

Check the 
possible 
damages 

Unpacking and inspection of the 
experiment components, checking if they 
suffered any kind of damage during 
transport 

Dumitrita 
Sandu 
 

00:20 
 

Day 1 Room’s set 
up 

Set up and organization of the room where 
we will work throughout the launch 
campaign 

Federico 
Toson 

00:40 
 

Day 1 Organisation 
of the team 
and tests 

Communication of the division of tasks in 
the following days. Communication of the 
test sequence and the various steps. 

Federico 
Toson  
 

00:30 
 

Day 1 Mounting 
the 

experiment 

Mount the external panels and check the 
assembly and disassembly of the 
experiment on the gondola. 

Simone 
Sandon 

00:40 
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on the 
gondola 

Day 1 Assemble all 
electrical 

parts 

Check the connection of all electrical parts 
and place the components in the 
designated places in the experiment box 

Giovanni 
Righi 

00:30 
 

Day 1 Experiment 
power up 
and E-link 
connection 

Connect the experiment to the power 
outlet and check that all the electrical parts 
are switched on. 

Check the communication with the ground 
station. 

Giovanni 
Righi 

00:30 
 

Day 1 Sensors 
acquisition 

check 

Check if sensors are working properly Giovanni 
Righi 

00:05 
 

Day 1 Check the 
functioning 

of the 
pneumatic 

system 

Check the operation of the pump, 
flowmeter and valves 

Giovanni 
Righi 

00:05 
 

Day 1 Check the 
functioning 

of the 
thermal 
control 
system 

Check if the thermal control system reacts 
to temperature changes as expected 

Luigi 
Antoniazzi 

00:05 
 

Day 2 Organisation 
of the team 
and tests 

Important communication, division of 
tasks. Communication of the test 
sequence and the various steps. 

Federico 
Toson  
 

00:40 
 

Day 2 Experiment 
full 

assembly 
check 

Assemble the whole experiment in the final 
configuration, but without using the 
canister and filters 

Simone 
Sandon  

00:30 
 

Day 2 Test the task 
sequence 

before flight 

Perform the task follow up that will be used 
before the flight 

Dumitrita 
Sandu  
 

1:00 
 

Day 2 Simulation 
of the flight 

Make a simulation of all phases of flight Dumitrita 
Sandu 

2:30 
 

Day 2 Verification 
of correct 

data storage 

Check that data has been collected Giovanni 
Righi 

00:05 
 

Day 2 Solve the 
problems 
that have 

arisen 

Solve any problems that appeared during 
the simulation phase 

Giovanni 
Righi 

2:00 
 

Day 3 Organisation 
of the team 
and tests 

Important communication, division of 
tasks. Communication of the test 
sequence and the various steps. 

Federico 
Toson  

00:40 
 

Day 3 Cleaning 
procedure of 

the 
pneumatic 

system 

Cleaning the pneumatic system using an 
inert gas. 

Dumitrita 
Sandu 

00:20 
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Day 3  Assembling 
the sampling 
system 

Assembling of filters and canisters Simone 
Sandon 

00:40 
 

Day 3 Check all 
the electrical 
system 
functionality 

Check the correct connection of every 
electrical component and their functionality 

Giovanni 
Righi 

00:30 
 

Day 3 Gondola 
Interference 
Test Part I 
(Hardline)  

• Experiments connected to the E-Net and 
gondola power supply.  

• G/S set up in ground station area  

• Communication and functional test o 
Experiment by experiment  

o All experiments  

Giovanni 
Righi 

David 
Magnani 

03:00 
 

Day 3 Gondola 
Interference 
Test Part II 

(E-Link) 

Experiments connected to the E-Link 

• RF Interference Check with E-link (low 
power) 

• Communication and functional test 

o Experiment by experiment 

o All experiments 

Giovanni 
Righi 

David 
Magnani 

03:00 
 

Day 3 Flight 
Simulation 

Test 

The experiment shall be integrated and in-
flight configuration. The telemetry and 
telecommand checkout system or 
simulator shall be connected via the 
interface harness. 

• Experiment data shall be supervised and 
recorded during the test. 

• A nominal realistic count down and flight 
procedure shall be followed. 

Dumitrita 
Sandu 

03:00 
 

Day 3 Configure 
the whole 
system for 
the flight 

Opening of the manual valve of the 
canister.  

If necessary: cleaning of the pneumatic 
system, assembly of the sampling system 
if not already done the day before.  

Dumitrita 
Sandu  

01:00 
 

Day 3 Final check-
up list 

Checking the configuration of the 
experiment so that it is ready for launch 

Dumitrita 
Sandu  

1:00 
 

Day 4 Organisation 
of the team 
and tests 

Important communication, division of 
tasks. Communication of the test 
sequence and the various steps. 

Federico 
Toson  

00:40 
 

Day 4 Flight 
Compatibility 

Test 

Gondola moved to the balloon launch pad 
(by Hercules): 

• Check for interference with EBASS / 
EMPIRE etc. 

• Experiments switched on, one after the 
other 

• All experiment systems must be running 
on Battery Power 

• Mass measurement 
 

Giovanni 
Righi 

David 
Magnani 

04:00 
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Day 4 Safety 
device 
remove 

before flight 
installation 

Remove the stopper of the inlet and outlet 
tube  

Dumitrita 
Sandu 

00:10 Figure 6.4-2 

Day 4 Final check-
up list 

Checking the configuration of the 
experiment so that it is ready for launch 

Dumitrita 
Sandu  

00:30 
 

Day 4 Notification 
of the state 
of readiness 

Communication of the status of the 
experiment and its readiness for launch. 

Federico 
Toson 

00:40 
 

Day 5 Organisation 
of the team  

Important communication, preparation for 
the launch. 

Federico 
Toson 

02:00 
 

Day 5 Start 
countdown 
sequence 

Monitoring of the temperature inside the 
experiment. If necessary, turn on the 
heaters. 

Giovanni 
Righi  

Luigi 
Antoniazzi 

05:00 
 

 

The experiment arrived at Esrange mounted in all his parts. 
 
The cleaning procedure of the experiment is described below:  

• To clean the pneumatic system, the inlet tube and alternately each flow 
path (without filters) were fluxed with high purity nitrogen. The filters were 
inserted while the valves remained closed, and the inlet and outlet tube 
were closed with two stoppers. 

 

6.3 Timeline for Countdown and Flight 

Table 6.3-1: Timeline of the experiment events 

Time  Altitude Signal Function 

T-2H45 0km POWER ON 
 

Experiment switched on for the temperature monitoring 

(Experiments powered on Hercules Power) 

T-2H30 0km 
 

End-to-end tests via E-Link  

T-2H00 0km 
 

Remove the stopper from the inlet tube 

Functional test using the pump and the flushing valve 

T-1H00  0km 
 

(BEXUS Gondola on internal power) 

Temperature monitoring 

T-0H02 0km POWER ON Tube cleaning START 

T 0H00 0km 
 

Lift off 

T+0H02 ∼0km 
 

Tube cleaning STOP 

PM filter sampling START 

T+0H17 ∼4.5km 
 

PM filter sampling STOP 

Tube cleaning START 

T+0H19 ∼4.5km 
 

Tube cleaning STOP  

VOC1 filter sampling START 
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T+0H34 ∼9km 
 

VOC1 filter sampling STOP 

Tube cleaning START  

T+0H36 ∼9km 
 

Tube cleaning STOP 

VOC2 filter sampling START 

T+0H51 ∼13.5km 
 

VOC2 filter sampling STOP 

Tube cleaning START 

T+0H53 ∼13.5km 
 

Tube cleaning STOP 

VOC3 filter sampling START 

T+1H08 ∼18km 
 

VOC3 filter sampling STOP 

Tube cleaning START 

T+1H10 ∼18km 
 

Tube cleaning STOP  

VOC4 filter sampling START 

T+1H25 ∼22.5km 
 

VOC4 filter sampling STOP 

Tube cleaning START 

T+1H27min ∼22.5km 
 

Tube cleaning STOP  

Canister sampling START 

T+1H35min ∼25km 
 

Canister sampling STOP 

Tube cleaning START 

T+1H40min ∼27km 
 

Tube cleaning STOP 

Check data storage 

T+1H45min ∼30km 
 

Temperature monitoring 

(heaters on/off) 

T∼+2H30 ∼30 km POWER OFF Turn off the experiment 

6.4 Post-Flight Activities 

 
Time/ Day 

Main Task Description In charge 
Duration [h:m] 

Recovery 
day 

Check the 
possible 
damages 

Visual check of the box and inlet pipe 
structural integrity and make photo of 
the external conditions 

Dumitrita Sandu 00:10 

Recovery 
day 

 

Opening of the 
experiment 

Remove the external panels and make 
photos of the entire experiment 
conditions 

Simone Sandon 00.20 

Recovery 
day 

Check the 
integrity of the 
canister 

Visual check of canister integrity Dumitrita 
Sandu 

00.05 

Recovery 
day 

Check the 
integrity of the 
canister 

After these checks the data will be saved on 
multiple memory cards. 
 

Giovanni Righi 00.10 
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Recovery 
day 

Check the 
integrity of the 
electronics 

Integrity check of all electronic 
components and connections. 

Giovanni Righi  

David Magnani 

00.15 

Recovery 
day 

Removal of the 
sampling 
system 

The canister will be removed and the 
valve will be manually closed. The 
filters+pipe+valves subsystem will be 
removed 

Simone Sandon 

Federico Toson  
 

00.40 

Recovery 
day 

Shipment The canister and filters subsystem will be 
transported to the laboratories, with their 
dedicated box, where the analysis will be 
done 

  Dumitrita Sandu 2 days 

 

 
Figure 6.4-1. Mounting procedure of the filters. 
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Figure 6.4-2. Boxes of the experiment. 
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7 DATA ANALYSIS AND RESULTS 

7.1 Data Analysis Plan 

 
We decide to divide the analysis in two different fields: 
 

• Chemical Data Analysis 
• Computer Data Analysis 

 
 

7.1.1 Chemical Data Analysis 

 
a) Detection of VOCs at different heights during the flight: The filters consist in 

Tenax TA /Graphitized Carbon Black/Carboxen 1000 stainless steel 
Thermal Desorption (TD) tubes. In particular, the first layer consists in a 
Tenax ® TA which is a porous polymer capable to trap medium to high 
boiling compound. Tenax ® TA is hydrophobic and suitable for use in EPA 
Method TO-15, TO-17 or IP-1B and other thermal desorption applications. 
The second bed is graphitized carbon black which provides a good 
adsorption of middle molecular weight compounds (C20-C14). The third 
adsorbent material is made of a carbon molecular sieve which is very useful 
to collect halogenated molecules. In particular, the matrix’s reticulated 
nanostructure allows to entrap small molecule such as CFCs and VOCs 
composed by few carbon atoms. Once the experiment was recovered, the 
sampling filters underwent thermal desorption process to investigate the 
analytes via gas chromatography coupled to a mass spectroscopic revelator 
(GC-MS). Since the expected concentration of various analytes should be 
in the order of magnitude of ppb, very high-resolution analysers such as 
orbitrap or tandem quadrupoles were adopted 

 
b) Detection of particulate at different heights during the flight: In order to 

collect particulate matter a homemade filter was incorporated into the 
sampling system. The PM filter was composed of a tube system in which 
were collocated a Whatman ® QM-A quartz and polycarbonate filter. The 
sampled materials were investigated via ESEM (Environmental Scanning 
Electron Microscope) and Energy Dispersive X-Ray (EDR) for qualitative 
measurements. 

 
c) Collection of a volume of air: Throughout the last phase of the flight a 

canister, which consist in a PVDF sampling bag, was filled. The air 
contained in the canister was then investigated via GC-MS. The sampled 
materials were analysed by SGS Italia S.p.A. to quantify the analytes. The 
major issue that could have affected the samplings and the analyses results 
was that the concentration of the analytes could have been too low to be 
detected by the instruments. There should have been no transportation’s 
problems as the cartridges were sealed and placed in a plastic bag. In 
addition, the mechanical set-up and in general the whole experiment it 
should have not contaminated the samples (including filters and canister). 
In the next figures, the graphs show the typical value of some target analytes 
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according to literature. In Figure 7.1.1-1 and Figure 7.1.1-2 the expected 
CFCs concentration profiles versus the altitude are reported. In Figure 7.1.1-
3 and Figure 7.1.1-4 can be observed the vertical CO₂ concentration profile 
and the VOCs concentration distribution. 

 
Figure 7.1.1-1. Concentration of different types of CFCs in function of altitude 
[20][on page 171]. 

 
Figure 7.1.1-2. Vertical concentration distribution of CFC-11 (left) and CFC-12 
(right) near Kiruna [21][on page 171]. 

 
Figure 7.1.1-3. Vertical concentration profile of CO₂ [22][on page 171], and typical 
values (left). 
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Figure 7.1.1-4. Vertical concentration profile of typical VOCs in atmosphere. 
Plots in black are not influenced by biomass burning whereas red plots, which 
are slightly offset from the black plots for clarity, represent data that have a 
Canadian biomass burning signature. 
 

7.1.2 Computer Data Analysis 

In order to analyse the data collected at different altitudes Origin 2019 was 
employed. This program is largely used in the scientific community, especially 
in the field of chemistry.  
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7.2 Launch Campaign 

 

7.2.1 Overview 

 
The launch campaign took place following the instructions given in section 6.2. 
Upon our arrival we had a table, a blackboard (very useful, in which we wrote 
down the activities to be carried out every day), chairs, a wardrobe for tools, a 
room at our disposal where we often held online meetings with the team. 
Till day 3, the activities carried out are those listed in Table 6.2-2. During day 
3, and in particular, during the GPS connection test we noticed that the GPS 
did not connect due to the aluminium plates around the experiment. So, the 
evening of day 3 of the launch campaign was dedicated to solving this problem, 
bringing the GPS antenna to the top panel of the experiment. Although at first 
the solution adopted seemed to work, the GPS received no data the next day. 
So we decided to make some changes to the code so that we can use a 
combination of manual and automatic mode. In short: we had opted for the 
solution in which we sent altitude data to the experiment, so it changed the 
phase (the filter it samples) and continued automatically until the next phase. 
Furthermore, as the flight compatibility test was moved to the next day (day 5), 
the cleaning of the filters, the insertion of the filters and the final assembly took 
place on day 4. Finally, the launch took place on day 6. 
 

7.2.2 List of Activities 

 
Below are shown the activities carried out during the flight, which follow Table 
6.3-1, and the environmental data recorded at the beginning and end of each 
phase. These are the data collected during flight and noted manually (Table 
7.2-1).  
 

Table 7.2-1: Timeline of the experiment events (LT) 

Phase 
Initial time 

[hh:mm:ss] 

Final time 

[hh:mm:ss] 

Air Temperature 

[°C] 

Plate Temp 

[°C] 

Altitude 

[m] 

Flushing  00:00:00 00:03:00 10,0 12,0 500 

PM tube 00:03:00 00:18:00 10,0 12,5 5000 

Flushing 00:18:35 00:20:30 11,2 13,0 5500 

First VOC tube 00:20:30 00:34:50 10,0 13,5 9500 

Flushing 00:35:00 00:36:00 10,2 12,2 10000 

Second VOC tube 00:36:30 00:51:30 9,6 13,0 14000 

Flushing 00:52:20 00:53:13 9,0 13,2 14500 

Third VOC tube 00:53:23 01:08:23 8,0 13,0 18500 
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Flushing 01:08:54 01:10:23 8,3 11,0 19000 

Fourth VOC tube 01:10:23 01:25:23 7,3 9,9 24100 

Flushing 01:26:10 01:27:10 7,6 9,9 25000 

Sampling bag 01:27:18 01:57:18 7,0 10,0 27000 

 

7.2.3 Recovery 

 
The recovery took place on the day of the launch. The conditions of the 
experiment following the recovery were perfect. The experiment was intact. 
After the recovery, we followed the activities listed in Table 6.4-1. 
 

 
Figure 7.2-1. Recovery Operation. 

 

7.2.4 After the Recovery 

 
Once recovered, the experiment was disassembled starting with the removal of 
the rubber bumpers and the upper panel. subsequently the set of valves and 
filters was disassembled from the base plate, the filters were extracted from the 
rubber hoses and closed with their special brass nuts in order to avoid 
contamination. these were then placed in a polystyrene box to be easily 
transported. 
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As for the sampling bag, after having closed the respective valve, the bag filled 
with air was placed in a thermal container together with ice, in order to keep the 
collected compounds intact until the next analysis took place in Italy. 
the rest of the mechanical components were sent to Italy using the special metal 
box presented in the previous chapters of the SED. 
the first data obtained are those shown in the Table 7.2-1. subsequently the 
data collected during the flight from the on-board computer were arranged and 
processed using an excel sheet. 
 

 
Figure 7.2-2. Recovery Operation. 
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7.3 Results 

The sampling of volatile organic compounds (VOC) and chlorofluorocarbons 
(CFC) has been carried out with the use of four Tenax TA/Graphitized Carbon 
Black/Carboxen 1000 stainless steel TD tubes; the flowrate was kept at 0.05 
L/min as stated within the performance requirements. The conditions under 
which the sampling was carried out for each filter are shown in Table 7.3-1. For 
three of the four VOC filters, the sampling temperature was slightly lower than 
the range described in the thermal requirements (temperature range: 10-25°C) 
meaning that the heaters should have been activated. However, the 
temperatures at which the sampling was carried out do not compromise the 
characteristics of the adsorption beds; the suggested range of temperature 
should be considered as an indicative range for optimal sampling. If 
temperatures higher than 25° C had been used the data obtained would have 
been affected by an underestimation of the actual concentration for many of the 
analytes: higher temperatures lead to a reduction in the adsorption capacity of 
the sorbent materials inside the tubes which increases the so-called 
breakthrough phenomenon. 

Table 7.3-1 conditions under which sampling, through VOC filters and sampling bag, 
was carried out during the launch campaign 

  VOC 1 VOC 2 VOC 3 VOC 4 Sampling bag 

Time [s] 855 855 855 855 1780 

Litres [L] 0.7075 0.7225 0.7225 0.7225 0.8820 

Temperature [°C] 10.58 9.38 8.16 7.29 6.89 

Humidity [%] 1.6 0.4 0.4 0.4 0.4 

Initial pressure [mbar] 513.39 270.3 132.56 62.88 26.86 

Final pressure [mbar] 290.85 144.32 68.57 29.98 17.54 

 

Figure 7.3.1-1. Pressure recorded during flight by the O-Zone sensor. 
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These graphs show the trends of pressure (Figure 7.3.1-1), external 
temperatures (Figure 7.3.1-2), and internal temperatures (Figure 7.3.1-3) 
during the flight. 

 

Figure 7.3.1-2. External temperature measured during flight by the O-Zone 
sensor. 

 

 

Figure 7.3.1-3. Internal temperature measured during flight by the O-Zone 
sensor. 
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After the recovery, TD tubes were taken out, sealed, and subsequently placed 
in an isothermal box at a temperature of 4°C for four days. This temperature is 
recommended for multi-bed tubes to prevent potential migration of chemicals 
to more retentive sorbent which may led to incorrect concentrations of the 
analytes. Samples were analysed by SGS Italia S. p. A. in compliance with the 
method of analysis NIOSH 2549. In Table 7.3-2 are shown the results of the 
analyses that have been performed on the content of each of the four TD tubes.  

Table 7.3-2 Results of the chemical analyses conducted on VOC filters 

 

The sampling bag has been analysed by gas GC-MS with the methods EPA 3C 
2017 and EPA TO 15 1999. Table 7.3-3 and 7.3-4 show the results of the 
analyses performed on the air sample contained in the sampling bag.  

Table 7.3-3 Results of the chemical analyses conducted on a sample of air (sampling 
bag) 

Compound Method 
Value 
[µg/m3] 

Compound  Method 
Value 
[µg/m3] 

1,2,3-Trimethylbenzene 
EPA TO 
15 1999 

0.46 Cyclohexane 
EPA TO 
15 1999 

15.3 

1,2,4-Trimethylbenzene 

 

EPA TO 
15 1999 

1.80 Dichlorodifluoromethane 
EPA TO 
15 1999 

3.09 

1,2,5-Trimethylbenzene 

 

EPA TO 
15 1999 

0.51  Chloromethane 
EPA TO 
15 1999 

1.80 

Sampled Volume [m3] 2.97x10-4 1.59x10-4 7.8x10-5 3.6x10-5 

Flow Rate [L/min] 0.05 0.05 0.05 0.05 

Compound  Method  
Value VOC 
1 [µg/m3] 

Value VOC 
2 [µg/m3]  

Value VOC 
3 [µg/m3] 

Value VOC 4 
[µg/m3] 

2-Methylpentane 
NIOSH 2549 
1996 

67.34 283.02 <256.41 <555.56 

3-Ethylpentane 
NIOSH 2549 
1996 

114.48 345.91 <256.41 <555.56 

Benzene 
NIOSH 2549 
1996 

181.82 245.28 512.82 2500.00 

Cyclohexane 
NIOSH 2549 
1996 

101.01 <125.79 <256.41 <555.56 

n-Dodecane 
NIOSH 2549 
1996 

215.49 301.89 371.79 1333.33 

ethyl benzene 
NIOSH 2549 
1996 

144.78 213.84 <256.41 <555.56 

meta+para Xylene 
NIOSH 2549 
1996 

205.39 295.60 <256.41 1166.67 

1-Butanol 
NIOSH 2549 
1996 

2962.96 4088.05 <256.41 4611.11 

Orto-xylene 
NIOSH 2549 
1996 

148.15 207.55 <256.41 <555.56 

Styrene  
NIOSH 2549 
1996 

309.76 440.25 <256.41 944.44 

Toluene 
NIOSH 2549 
1996 

185.19 232.70 <256.41 972.22 
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4-Ethyltoluene 
EPA TO 
15 1999 

0.50 Carbon disulfide 
EPA TO 
15 1999 

2.53 

2-Propanol 
EPA TO 
15 1999 

920 Dichloromethane 
EPA TO 
15 1999 

3.38 

Acetone 
EPA TO 
15 1999 

77 Ethanol  
EPA TO 
15 1999 

510 

Acrylonitrile 
EPA TO 
15 1999 

2.53 Ethyl benzene 
EPA TO 
15 1999 

2.14 

Acrolein 
EPA TO 
15 1999 

2.83 Hydrocarbon C5-C12 
EPA TO 
15 1999 

124 

Trichlorofluoromethane 
EPA TO 
15 1999 

1.51 Styrene  
EPA TO 
15 1999 

5.1 

Methyl acetate 
EPA TO 
15 1999 

2.28 Naphthalene 
EPA TO 
15 1999 

1.28 

Table 7.3-4 Air composition of the chemical analyses conducted on a sample of air 
(sampling bag) 

 

 

 

 

 

 

 
 
 
 
 
 
 
The data in the tables above apply to the analytes that were detected with a 
concentration higher than the limit of quantification (LOQ); for analytes with a 
concentration below the LOQ, only qualitative considerations can be made. 
Most of the analytes detected in the filters and sampling bag were present at 
concentrations below the LOQ, so no quantitative information could be 
extracted. This means that the detection of trace compounds can be strongly 
affected by the LOQ of the analytical equipment employed for the analysis. 
However, from a qualitative point of view, their presence in the collected sample 
is ascertained since their concentrations were higher than the limit of detection 
(LOD) of the analytical method involved. This proves the validity of the 
experiment and its ability to fit the purpose. 
Several analytical methods for the determination of trace compounds in 
gaseous samples, with concentrations ranging between mg/m3 and μg/m3, 
have been developed so far. However, in the case of trace elements, the 
sampling step can contribute to the total error by affecting the chemical data 
and its standard deviation by several orders of magnitude [23] [on page 171]. A 
major contribution to the uncertainty originated throughout the sampling is 
provided by the inevitable heterogeneity that characterizes the atmosphere 
[24][on page 171]. Instrumental analytical methods available today are 
characterized by margin of errors whose values are typically lower, by one or 
two orders of magnitude, than the total errors since the chemical data are 
usually strongly biased by the sampling protocol [24] [on page 171]. Thus the 

Compound Method Composition [%] 

CO2 EPA 3C 2017 0.100 

O2 EPA 3C 2017 22.3 

N2 EPA 3C 2017 78 

CH4 EPA 3C 2017 <0.10 

CO EPA 3C 2017 <0.10 
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determination of the margin of error associated with the sampling step must be 
taken into account in order to obtain qualitative data that are not questionable 
and therefore useful. Nevertheless, the evaluation of the sampling uncertainty 
is by no means a trivial step; sampling error arises from numerous causes that 
are mainly divided into two classes: sampling variability (random) and sampling 
bias (systematic) [24] [on page 171]. These variables can be assessed without 
necessarily knowing their origin, but their estimation must be made. The 
classical empirical method used to determine the sampling error employs 
certified reference compounds and inter-organisational sampling trials for the 
evaluation of systematic errors. On the other hand, sampling variability can be 
evaluated by performing multiple sampling tests based on the same protocol. 
Therefore, data reported in Table 7.3-2 and 7.3-3 are so far not accompanied 
by the corresponding uncertainty values. 
However, some preliminary considerations regarding the data obtained have 
been made. Some anomalous behaviour was observed as instance the trend 
in concentrations for certain analytes against altitude. An example of this 
anomalous behaviour is the one shown by styrene. It can be seen that there is 
an increase in the concentration of the analyte with the altitude at which the 
chemical compound is collected. Styrene is the starting monomer used for the 
production of polystyrene; the same material that was used for the insulation 
layer used to protect the experiment. Therefore, the detection of this analyte 
inside the samples could be the result of the outgassing phenomenon caused 
by the decrease in the atmospheric pressure.  
A similar deduction can be made in reference to the high concentrations at 
which 1-butanol was detected. This chemical compound is often used as a 
plasticiser in the production of pipes and PVC material (the same polymer that 
makes up the tubes used in the experiment). Further sampling tests, in vacuum 
chamber, should be carried out to understand potential sources for outgassing 
from the experiment itself and to understand whether or not it will be necessary 
to use a different material for both the insulation box and the internal tubes. 
In addition, the revealed concentration of isopropanol in the sampling bag is not 
representative of the actual amount in air. A systematic overestimation is due 
to the massive use of the isopropanol throughout the before-flight procedures 
of other teams taking part in the Bexus project.  
During the launch campaign the atmospheric PM sampling was carried out in 
the first part of the ascending phase. The parameters and environmental 
conditions of this process are shown in Table 7.3-4. 
 

Table 7.3-4 Conditions under which sampling, through PM filters, was carried out during 
the launch campaign 

Time [s] 890 

Litres [L] 43.5 

Temperature [°C] 10.78357542 

Humidity [%] 13.45586592 

Initial pressure  [mbar] 876.67 

Final pressure [mbar] 560.27 
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After the recovery, the case containing the filters was sealed inside a plastic 
bag. The filters were subsequently investigated by environmental scanning 
electron microscopy (ESEM) so that a qualitative analysis of the sampled 
material was carried out. The results of the sampling are reported below. 
Although no analytes of any kind could be observed on the first Quartz disc, the 
polycarbonate filter was able to collect few scattered particles of various nature. 
Between these, both organic and inorganic particles, with dimensions ranging 
from 5 to 10 μm, were sampled. It was possible to identify the composition of 
those particles by using the EDX analysis. In Figure 7.3.1-4 the lighter and 
brighter spots stand for the inorganic components (mainly Silicon, Calcium and 
aluminium) while the transparent particle represents an organic compound. 
In this regard, the improvement of the PM sampling system by adding a 
polycarbonate filter to the quartz filter, has proved to be a valid choice. 
 
 

 

 

 

 

 

 

 

 

Organic Polymer made of C and O, 
EDX spectrum 

Inorganic particle containing CaO, Al2O3, 
SiO2, EDX spectrum 

Figure 7.3.1-4. ESEM image of polycarbonate filter, on left an organic particle 
is displayed while an inorganic particle is shown on the right 
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An important point came to light during the launch campaign regarding the use 
and the implementation of the PM sampling system: sampling at lower altitudes 
over a longer period of time should provide more data and information on PM 
concentrations. 
To sum up, the values reported herein are the result of preliminary tests which 
were carried out so as to verify the performance of the device before and after 
the launch campaign.  
From a chemical point of view, the prototype proved to be operating. The 
chemical analyses revealed the presence of a large number of compounds 
belonging to the class of chlorofluorocarbons, aliphatic and aromatic 
hydrocarbons and other VOCs. We were able to sample, at various altitudes, 
many analytes with concentrations in the order of micrograms/m3. However, the 
data extracted so far are not enough to either validate the method or to estimate 
the sampling error. Thus, further tests need to be performed to verify the 
reliability and integrity of this promising and low-cost sampling tool.  
The information obtained in this study provides useful guidelines for the 
understanding of what changes need to be made to the device. New vacuum 
chamber tests must be carried out to learn more about possible outgassing 
sources of interfering compounds leading to an overestimation in the 
concentration. These tests will be useful to figure out which materials are most 
suitable for the device. 
 

7.3.1 Presentation of Results 

 
As also defined in Table 3.4-6 in Chapter 3.4, the O-Zone team has taken part 
and will take part in various events to present the results obtained and to report 
on the experience on board the BEXUS 30.  
In fact, some representatives of O-Zone have taken part in the following 
conferences: IEEE [25] [on page 171], AIDAA [26] [on page 171], IAC [27] [on page 

171] with the publication of papers in dedicated sessions and related 
presentations displayed during these symposia. 
The team has also already sent the abstract for the SSEA and the PAC; two 
student symposia where it will have the opportunity to talk more about what it 
has gathered. 
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7.4 Lessons Learned 

7.4.1 Overview 

 
During the STW and following after the feedback received on February 24, 2020 
we realized the feasibility of our first setup for the experiment. Due to the 
resources and some missing skills in the team, our design was unrealistic. 
This allowed us to enrich this section by marking what are the most significant 
and enriching events we have experienced. 
 
We learned a lot from our experiences, so we continued to update them here 
until the end of the project. 

7.4.2 List of lessons 

 

Administrative, management and economic field 

• We have learned that it is not easy to interact with professors and 
companies. Especially in Italy, bureaucracy does not facilitate 
sponsorship. 

• The division into departments allows a better distribution of work. 
• Is better concentrate on some companies instead of taking into a count 

to a lot of. 
• Knowing the budget is the first step to fundraising. 
• Is better to call someone instead of writing an email. 
• Our behavior with companies and entities is important for the new 

projects so we have to leave good impressions. 
• SNSA, DLR, ESA and all the organizers don't judge us but help us to 

pursue our goals. 
• Professors cannot think about our project all day long, it is us who must 

look for them and not vice versa. 
• A good identification of roles allows you to match all tasks to skills. 
• To make a good PDR is important to work with concurrent engineering. 
• It’s essential to exchange ideas between members of the same 

department to better understand the problem and find different ways to 
solve it. 

• Started to create a collaboration relationship with the engineers of the 
companies' technical offices. 

• Don't take things for granted. 

Mechanical field 
 

• Weight sizing is not always what we think it is. You have to consider the 
weight of the fasteners, especially some glues, which lift the weight of 
the structure a lot. 

• For the gondola accommodation is better to make it simple and look at 
the heritage. 

• Learned the functioning of a vacuum pump. 
• The CAD operator is not a “tailor”, to let him draw something we must 

have clear ideas. 
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Electric, electronic and computer science field 
 

• Pressure-sensitive electronics may be a problem. 
• The electronic engineer is not an electric engineer 
• For analogic sensors is better use an Arduino instead of a Raspberry PI. 
• For requirements it is best to directly enter the values defined in the 

manuals such as BEXUS Manual [12] [on page 171]or SCC Manual [28][on 

page 171]. 
• It is better to clarify the calculations made on the currents by means of 

graphs that best describe them. 
• Running a component near the limits of its temperature and pressure 

ranges causes it to break down faster. 
• A key aspect of the design phase is to take into account problems that 

aren't obvious at first glance but become of paramount importance 
during practical tests, like the GPS Antenna's location 

 
Chemical and analytical field 
 

• We have found that sensors require controlled pressure conditions in 
addition to the temperature range to function at their best. Power 
consumption must be well managed.  

• In order to consider a successful analysis, a consistent comparison is 
necessary. 

 
Thermal Field 

• Even though MLI is a great way to insulate something from radiation heat 
fluxes, it is not enough to provide a complete defense from other heat 
fluxes. 

• learned the basic principles of operation of heaters and choose their 
correct material. 

• Dry ice also reaches temperatures below 50 degrees Celsius and is 
excellent for thermal testing. 

Tests Planning  

• It is important to plan the tests down to the smallest detail, writing down 
any necessary action and any data, even what we think is insignificant. 

• The organization among the people taking part in the test is essential, 
everyone must know in the details what will be done and what his role 
is. 

• Taking note of the times and everything that happens during the test 
(changes, observations) and making videos where possible is essential 
for a good understanding of the data. 

• Be aware that components could break during the test (have spare parts) 
and that it may be necessary to retest due to malfunctions or missing 
components. 

• Organizing the team and continuously updating changes across all 
divisions of the team is essential. 
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8 ABBREVIATIONS AND REFERENCES 

8.1 Abbreviations 

 

AIT  Assembly, Integration and Test 

ATCS  Active Thermal Control System 

CDR  Critical Design Review  

COG  Centre of Gravity 

CFC  ChloroFluoroCarbons    

DLR  Deutsches Zentrum für Luft- und Raumfahrt 

DP  Diaphragm pump 

EAT  Experiment Acceptance Test  

EAR  Experiment Acceptance Review 

ESA   European Space Agency  

Esrange Esrange Space Center 

ESW  Experiment Selection Workshop 

FAR  Flight Acceptance Review 

FST  Flight Simulation Test 

FRP  Flight Requirement Plan 

FRR  Flight Readiness Review 

IPR  Integration Progress Review 

LT  Local Time 

MAIT  Manufacturing, Assembly, Integration and Testing 

MLI  Multi-Layer Insulation 

O3  Ozone 
PM  Particulate Matter 

PCB  Printed Circuit Board (electronic card) 

PCU  On board computer 

PDR  Preliminary Design Review  

PTCS  Passive Thermal Control System 

RBF  Remove Before Flight 

rpm  Round Per Minute 

SED  Student Experiment Documentation  

SNSA  Swedish National Space Agency 

SOE  Start Of Experiment 

SOx  Sulfur Oxides 
SSC  Swedish Space Corporation 

STW  Student Training Week  

T  Time before and after launch noted with + or - 

TBC  To be confirmed 

TBD  To be determined 

VOC  Volatile Organic Compounds 

WBS  Work Breakdown Structure  

ZARM Zentrum für Angewandte Raumfahrttechnologie und 

Mikrogravitation 
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APPENDIX A – EXPERIMENT REVIEWS 

  
 

Preliminary Design Review – PDR 
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Delta Preliminary Design Review – Delta-PDR 
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Critical Design Review – CDR 
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Integration Progress Review – IPR 

   

 

 

Page 1 

BEXUS 

Experiment Integration Progress Review 

 

1. REVIEW 

Flight: BEXUS 30 

Experiment: OZONE 

Review location: University of Padova / Italy 

Date: 27-28 July 2020 

Review Board Members 

1. Armelle Frenea-Schmidt (SSC) 

Experiment Team Members 

Federico Toson Mauro Pulice 

Dumitrita Sandu Antonino Pitarresi 

Carlotta Segna Simone Sandon 

Luca Vitali Stefano Lopresti 

Giovanni Righi Andrea Conte 

Daniele Panariti Luigi Antoniazzi 

David Magnani  

1. GENERAL COMMENT 

 

1.2 Presentation 

 The team gave a good presentation with an overview of each sub-system. 

 The presentation was well split between the team members. Ideally every member 
should get the opportunity to present. 

2. SED 

 It is appreciated, that the team added figures to facilitate the understanding (p. 20). 

 In general, the SED is prepared very well and most of the points from CDR have been 
answered. 

3. Hardware 

 Most of the components arrived the week before IPR. 

 A problem for the team is the shipping time of components. The team is waiting for 
redundant components like pump and valves. 
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BEXUS 

Experiment Integration Progress Review 

 

 Status of experiment components: 

o Sensors: 

 Air flow rate sensors: received and under test 

 Temperature sensors and location: received but extra ones have 
been ordered as spare parts 

 GPS: not received 

o Actuators: 

 Pump: received and electronics have been tested; vacuum test 
missing 

 Valves: received and electronics have been tested 

 Heaters: received and tested 

o Casing and interface: should be ordered 

o Insulation: received but should be prepared 

o Filters: received 

o Canister: received 

 Since now they can assemble the pneumatic system, they have a good 
understanding of the dimensions -> they should start the assembly of the structure, 
the interface, the bottom plate and then integrate the pneumatic circuit with the 
new connectors -> leak test is critical for them 

2. FOLLOW UP ON CDR ACTION ITEMS 

 The teams response to the following CDR actions were not clear from the SED v3-0: 

o CDR ACTION 6: (O3) The team shall precise what means an accuracy of +/- 1 
km in altitude. Do you mean that the change of filter can occur in a range of 
4-6 km, 9-11 km, ... ? 

o CDR ATION 11: The team should ensure that the remaining flow rate in low 
pressure would still be acceptable. In case the team could probably increase 
the performance by placing a serial connection of diaphragm pumps 

o CDR ACTION 12: The team shall precise how to connect the PCB with valves 
to the main structure 

o CDR ACTION 37: Remember: The team shall provide the connector type and 
plumbing for the nitrogen themselves 

o CDR ACTION 45: The team shall add links to the different WPs in the Gantt 
chart and precise the critical path (Please refer to presentation on planning 
given during STW). 

o CDR ACTION 46: The team shall consider adding a progress line (percentage 
of completion of the WP). 
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BEXUS 

Experiment Integration Progress Review 

 

4. REVIEW BOARD COMMENTS AND RECOMMENDATIONS 

1. Science 

 FILTERS 

o PM FILTER particles matter made with quartz discs received 

o Nylon  3D printed under manufacturing 

o Chemical: Test until 7 of august done by the institute in Padova, just the 
sampling method, procedure prepared by the team  

o Other filters for CFC, VOC, SO - received 

o Canister received, 3L  

2. Requirements and constraints (SED chapter 2)  

 Requirements for E-link and power connector are missing. The team is reminded, 
that they have to procure these connectors an should order them in due time. 

 The team shall avoid to re-number requirements. 

3. Mechanics (SED chapter 4.2.1 & 4.4)  

 The team needs to cut the collector in order to insert the temperature sensors. The 
procedure should be trained on plastic tubes to ensure the process is fine for the 
flight component. 

 Interface: the spacers between the rails and the experiment casing look fine. They 
should be manufactured now. 

 In order to allow flexibility in the mounting interface, the team can order threaded 
spacers.  

 

 Bosch (partner) prepares the profiles for the team. They should be delivered now to 
make the assembly and proceed to static load tests. 

 The mass has been increased from 13kg to 14kg due to the reducers mass! The team 
should keep SSC updated on the mass budget as soon as they start the assembly and 
then during the integration in case the mass increase again! 

 Bottom plates, panels and small plate for valves are manufactured by other 
companies. The drawings have been sent; delivery time is TBC but depends on raw 
material availability. The team shall follow up with the suppliers to ensure delivery 
on time. 
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BEXUS 

Experiment Integration Progress Review 

 

 The team should test if using spacers in aluminium instead of nylon is possible. This 
increases thermal conductivity. 

 It is recommend to use an aluminium plate and M3 screws to mount the valves. The 
plastic rivets seem quite fragile. 

 Pneumatic system: 

o The team reports that there is no direct correlation between rpm of the 
pump and the flow rate. The team shall investigate and determine the right 
operating point of the pump. 

o When the operating point of the pump is determined, the team shall 
provide the chosen rpm of the pump to the team ELFI. 

o All parts of the pneumatic system have been received.  

o The pneumatic connectors will be replaced by smaller ones. 

o The integration procedure and layout of the pneumatic system should be 
improved in order to avoid bending the pipes too much. 

o The pneumatic test, especially the one for leaks should be realised with the 
flight hardware and should be done on the flight bottom plate for 
acceptance. 

4. Electronics and data management (SED chapter 4.2.2, 4.2.3, 4.5 & 4.7)  

 All sensors have been received except for the GPS, 2 temperature sensors and 
pressure sensors as spare. 

 The professor should sign before ordering the GPS. The team shall contact their 
professor professor and order it ASAP. 

 PCBs are in production, should be delivered this week. 

 Capacitor is implemented and works. 

 Heaters have been tested in combination with temperature sensors. One heater 
burnt. The team should investigate the reason for failure and implement a proper 
solution in order avoid repetition. 

 Test done during the IPR: 

o Pneumatic system with valves and pump mounted on a test plate. 

o The electronics can activate the valves sequence open/close and the pump. 

o Electronics were tested on breadboard. 

o Temperature sensors had an issue during the previous test (under 
investigation). 

o The GS could monitor if a valve is open or closed. 
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BEXUS 

Experiment Integration Progress Review 

 

5. Thermal (SED chapter 4.2.4 & 4.6)  

 Passive system 

o In house: The insulation (polystyrene) already arrived so the team should 
prepare the panels with the correct dimensions. 

o To facilitate the process, the team could do straight cut of the insulation 
instead of oblique. 

 Active system 

o One heater is placed on the aluminium pipe. 

o One heater is placed on the pump. 

o It is not recommended to place a heater on a top of a component (e.g. the 
pump) since it creates a risk of overheating. 

 Recommendation is to place the heater on a conductive surface to 
have a good distribution of the heat within the experiment 

 If the team does mount the heater on the pump, then they should 
ensure that the mounting of the pump to the experiment bottom 
plate in made with thermal convective material like aluminium. 

o It is recommended to have a practical approach now: do a test inside a 
freezer as soon as the experiment casing is mounted, and insulation is 
attached to it to assess the performance of your thermal design. 

o Then when the experiment will be fully integrated, do the same test to 
evaluate the performance when the heaters are working -> this test will 
should you results and could lead to the modification of the position of the 
heater (the one for the pump) 

o NOTE: if the heater is placed on the aluminium bottom plate, the collector 
which is made of plastic material shall be protected from the bottom plate 
with an insulation material (ex: rubber) 

6. Software (SED chapter 4.8) 

 On board Software 

o The team preferred to use autonomous mode, but TC will be implemented 
and will have priority during the flight. 

o None TC are available today ex: TC for the valves, the pump  

o Valves controlled by time, programmed, should be triggered by altitude and 
pressure. 

o Heaters are working with an autonomous mode. 

o Data storage on SD card is not ready yet. 

o Pump performances modulated by the Arduino. At the moment there is an 
issue with the flow meter. 
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BEXUS 

Experiment Integration Progress Review 

 

9. Launch and operations (SED chapter 6)  

 Absorbent materials not known yet, but should be decided upon by the 31st of July. 

 The team had contact with the meteorology institute of Finland but due to planning 
issues, the institute won t be able to take care of their analysis. Alternatives have 
been investigated: 

o SSC shall check if at Esrange they have direct contact with meteorology 
institute. 

o Worst case scenario, the samples have to be shipped to Padova within 2 
days. 

o An alternative option would be to leave earlier the campaign with the 
canister. A sealed box can be used to protect the canister during transport. 

 The BoB team has been contacted, they could send a datasheet of the rubbers. The 
team shall get in contact with BoB. 

 The experiment will be shipped to Kiruna. Deadline for shipping the experiment is 
15/09. 

 SSC shall send shipping address to the teams. 

 STARDUST will clean the OZONE experiment with isopropanol. This is OK with the 
team. The following steps shall be adhered to: 

o First the experiment shall be cleaned/sprayed with isopropanol. 

o Then, the RBF shall be removed. This may be done by SSC personel. 

 Launch site requirements: 

o The team needs a separate room to prepare pars of the experiment. This is 
possible. 

o Esrange will order the needed nitrogen. 

 Flight requirements: 

o SSC will provide the reached flight altitude to the team. 

 Recovery: 

o Recovery shall be within 4 days. SSC cannot promise this, but usually this can 
be realized. 

o The team shall prepare a recovery sheet, that explains how the experiment 
has to be handled during the recovery. It shall contain information like: The 
stopper must be put to the inlet and outlet tube as soon as the experiment is 
recovered . These explanations shall also be supported by clear illustrations. 

 Preparation: 

o The planned preparation activities look good. 

o The team shall determine who could be the TBD for the day 2 tasks. 
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o Regarding statements like: Whole team , the team shall be aware that not 
all team members could be around the gondola and that due to COVID new 
rules will be implemented at Esrange. An update will be provided to the 
team in August. 

o The team shall prepare check lists. 

o The team shall prepare packing lists for shipment of the experiment. This list 
should document what is inside the box and have tick boxes for checking if 
everything is there when you arrive and when you leave. 

o The team is responsible for the shipment of the experiment. Also for the 
return shipment. 

o During the payload tests, the team shall test pump and valves. 

o On the morning of the day before launch, filters shall be integrated in the 
experiment and the canister shall be cleaned. 

o In the afternoon of the day before launch, the FCT is performed. 

o The team shall determine and document how long the experiment can stay 
on hold during the countdown. 

o In case of a hold, the team might request to clean the canister. The team 
shall provide information on the cleaning procedure and duration. 

 The team shall plan the  FCT tests to be done on battery. The experiment should be 
in flight configuration for the FCT. 

 The team shall clarify the timing and duration of the canister cleaning procedure. It 
should be described what is done, on which day is it done (in relation to launch day) 
and how long does it take. 

10. Organisation, project planning & outreach (SED chapters 3.1, 3.2 & 3.3 ) 

 Status of the team members: good availability for the summer apparently, the team 
will adapt according to their updated planning 

 Planning:  

o As discussed during the IPR, the team should now refine the planning and 
create weekly objectives and tasks for each team member. 

 Finance:  

o The team reports new support companies. 

o All expenses are covered ( , K  budget and expenses are , k ). 

 Outreach:  

o The refreshed website looks nice.  

o O-Zone videos on YouTube are very good. The team should add English 
subtitles and include video in English for next videos. 
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11. End-to-end Test  

 N/A  

5. FINAL REMARKS 

1. Summary of main actions for the experiment team 

 The team shall order and/or manufacture all missing components as soon as 
possible. 

 The team shall investigate the behaviour of the pump (pump flow rate vs pump rpm) 
in order to find the right operating point or the experiment. 

 The team shall update their test plan and start a practical approach towards testing. 
For this the team shall follow the test plan developed at the IPR (see also section 7 in 
this report). 

 The team shall work on their launch and operations inputs in chapter 6 of the SED. 

 The team shall work towards closing open points on their software (section 6 of this 
report). 

 The team shall provide the chosen rpm of the pump directly to the ELFI team or to 
the ESA Edition Office (rexus-bexus@esa.int). 

2. Summary of main actions for the organisers 

 SSC: Check if at Esrange we have direct contact with meteorology institute  

 SSC: send shipping address to the teams 

3. IPR Result: pass / conditional pass / fail  

 PASS 

4. Next SED version due 

 The team shall send weekly status updates on their progress, especially towards 
their main actions from this report. 

 SED v4-0 due one week before EAR.  
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Progress Review – PR1 

 

 
List of updates 

 
 
 
 

O-ZONE Team Experiment Updates 28/09/2020 
   

 1 

Priorities’ levels: 

HIGH MEDIUM LOW 

 

 

Mechanical updates 

 

● Increase in height by 10cm: total experiment height = 382mm. 

 

● Addition of a second plate (second floor) in order to ease the assembly phase by splitting 

up the pneumatic and electric subsystem. 

 

● Panels are going to be substitute with a single-piece polystyrene box, which will be made 

by cutting the polystyrene into 5 different panels and gluing them together. 

 

● The previous points lead to a weight increase; however, since the actual model of the 

experiment is far under the constraints limit of 13Kg (it weighs 8Kg) we think it will not be a 

problem to increase the weight. The experiment is predicted to weight around 11Kg in the 

worst case.  

 

● Now that the prototype is available, we plan on carrying a more accurate thermal analysis 

with the intention of fine-tuning the position of the heaters. 

 

 

Going into details (Fig.2), the pneumatic subsystem will be placed on the bottom plate, as usual, 

while the electric components will be positioned right above it by using a second smaller and 

thinner aluminium plate. In addition, the canister will be attached on the second upper plate, 

which divides the experiment in half. To conclude, the experiment will be simply inserted into the 

box which is will be closed by screwing the upper panel with 4 M6 nylon screws.  

These improvements allow the team to simplify the assembly and maintenance phases and to 

reduce the risks of having a broken component, thanks to the greater available space. 

Regarding the gondola attachments nothing has changed.  
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O-ZONE Team Experiment Updates 28/09/2020 
   

 3 

Pneumatic system updates 

 

● An important improvement of the pneumatic system will be the adoption of a digital flow 

regulator. In this way, the flow can be controlled in a much more precise way when the 

environmental conditions change. The system will be much more dynamic and precise than 

it is now with a manual regulator. 

● We will develop a new version of the first filter holder that will allow a better air 

distribution between particulate filter and VOC filter. 

● Based on some publications of 2011 we will try to get new canisters that will keep the 

samples for longer. 

 

Tests updates 

● During the next three months, we will do chemical tests that have not been done due to 

COVID restrictions. The test method may change according to the indications and 

availability of the chemistry professor. 

● The necessary tests will be performed based on the changes that will be made. 

● According to our possibilities, we intend to perform the thermal-vacuum test in the 

vacuum chamber with the use of dry ice. 

 

 

Outreach updates 

● During the next year we will continue with O-Zone pills but the contents will be less 

technical and more emotional. We will tell our experiences and aim to involve users within 

the O-Zone project. 

● We will add dissemination content not only related to our experiment but also related to 

our goals and values. (Pollution, environmental protection).  
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REXUS/BEXUS 
Progress Review 2 

 

 
 FLIGHT: BEXUS 30 
 EXPERIMENT: O-Zone 
 LOCATION: Virtual                                                                DATE:   27 November 2020    14.00 
 

 
1. REVIEW BOARD MEMBERS                                                                                                                                  

 
ESA  
ESA 
ESA 

 

 
Maximilian Nuermberger 
Perrum Singh Rehal 
Koen DeBeule 

 
SSC 

 

 
Armelle Frenea-Schmidt 

 
2. EXPERIMENT TEAM MEMBERS 

Federico Toson 
Luca Vitali 
Dumitrita Sandu 
Antonino Pitarresi 
Andrea Conte 
Simone Sandon 
Luigi Antoniazzi 
Carlotta Segna 
David Magnani 
Mauro Pulice 
Stefano Lopresti 
Giovanni Righi 
Daniele Panariti 
Gasperino Kamsi 
Federico Palisca 

 

 
3. GENERAL COMMENTS 
 

PRESENTATION 

 The presentation was very good, covering a lot of detail both present and future 

 It is good to have the names on the slide for who is presenting! 

 
STUDENT EXPERIMENT DOCUMENTATION 

 The SED is detailed and the addition of the new CAD images are really good!  

 ACTION 1: The team should maintain good practice by describing the figures and referencing in the text rather 
than having a figure with no mention of it 

 ACTION 2: The team shall add the last progress review report, titled “Progress Review 1 Report” to the 
Appendix; as well as all PR reports from now onwards 

 

 
4. PANEL COMMENTS AND RECOMMENDATIONS  
 

ADDITIONAL COMMENTS ON THE SCIENCE 

 The team have acquired the advice of Dr Pistore Stefano for chemical analysis and support  

 ACTION 3: The team shall contact the company responsible for the sample analysis to ensure that they are 
prepared to receive the canister and perform the analysis immediately. – PR1 ACTION 5 

o This action is maintained and pending based on the final choice of the canister. It can be retired 
once the canister has been chosen 
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Progress Review – PR3 

 

 
 
 
 
 
 

BEXUS_Progress Review 3 Report_V1.3_26mar21 

 

 

 

REXUS/BEXUS 
Progress Review 3 

 

 
 FLIGHT: BEXUS 30 
 EXPERIMENT: O-Zone 
 LOCATION: Virtual                                                              DATE:   26 March 2021     13.00 CET 
 

 
1. REVIEW BOARD MEMBERS                                                                                                                                  

 
ESA  
ESA 

   ESA 

 
Maximilian Nuermberger 
Perrum Singh Rehal 
Koen DeBeule 
 

 
SSC 

 

 
Armelle Frenea-Schmidt 

 
2. EXPERIMENT TEAM MEMBERS 
 

Federico Toson 
Carlotta Segna 
Daniele Panariti 
David Magnani 
Dumitrita Sandu 
Gasperino Kamsi 
Giovanni Righi 
Luigi Antoniazzi 
Marco Furiato 
Matilde Pavan 
Mauro Pulice 
Stefano Lopresti 

 

 
3. GENERAL COMMENTS 
 

PRESENTATION 

 Good overview of the experiment whilst also providing changes on each slide  

 Great that you added the presenter name 

 Slide 5 – The team may add impact in the table of the COVID situation  
 
STUDENT EXPERIMENT DOCUMENTATION 

 Very good that test description has been added to “Task Description” 
 

ACTIONS MATRIX 

 If the team are unable to send the ACTIONs Matrix as an attachment in an email in .xlsx format, the team shall 
upload their ACTIONs Matrix as an excel spreadsheet onto teamsite instead of sending a google link 

o At each version, please KEEP all previous comments made by both the team and REXUS/BEXUS 
organisers from previous versions. This helps to maintain transparency. The team will do this by 
appending the columns to the right as shown in previous versions 

 When the team submits an ACTIONs Matrix alongside an SED, please comment in the ACTIONs Matrix where 
the ACTION has been addressed in the SED, if applicable, e.g. “This ACTION has been addressed in section x.xx 
of the SED” 

 
 

 
4. PANEL COMMENTS AND RECOMMENDATIONS  
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Experiment Acceptance Review – EAR 
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APPENDIX B – OUTREACH AND MEDIA COVERAGE 

 
 

 
Figure B-1. University web site front page (14 January 2020). 

 
 

 
Figure B-2. “Il Mattino di Padova” (20 January 2020). 
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Figure B-3. O-Zone Website 

 

 
 

Figure B-4. O-Zone Facebook Page 
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Figure B-5. O-Zone Instagram Page and meme-strategy example 

 

 
Figure B-6. O-Zone YouTube Channel 
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Figure B-7. O-Zone Linkedin page 
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APPENDIX C – ADDITIONAL TECHNICAL INFORMATION 

 

 
Figure C-1. View of the experiment without electronics and canister. 

 

C.1 – Impact force on the screws 

 
In this section we provide further information about the calculations of the 
impact force that the screws experienced during the landing of the experiment. 
The procedure we adopted is taken from a PDF document of the civil protection 
(“IT RESISTENZA AGLI URTI 1995”) [29][on page 171] where is explained how 
to calculate a shockproof fixation; in particular it refers to the implementation of 
the method for the weapons anti-shock systems. 

 
The system is based on the use of a static force, instead of a dynamic one, 
which is calculated considering the following points: 

 
o Value of the acceleration: they provide a value of amax= 125 m/s² that 

is establish on the shock tests criteria. Rather than this value we are 
going to do our calculations using the accelerations given by the user 
manual: amax_vertical= 10G, amax_horizontal= 5G.  

 
o Experiment expressed mass in Kg. 

 
o Coefficient of increase FCD=1.25 in order to consider the dynamic 

effect. 
 

o The force is supposed to act on the centre of gravity of the experiment. 
 

The result is the following: 
 

F [N] = FCD · m [kg] · amax [m/s²] 
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Figure C.1-1. Dimensions used on the procedure 
Input data: 

o m ≈ 13Kg 
o amax_vertical = 10G ≈ 100 m/s² 
o amax_horizontal = 5G ≈ 50 m/s² 
o y = horizontal distance between the screws = 260mm  
o h = vertical distance between the screws and the COG = 98.97mm ≈ 

100mm 
o Ns = screws number = 4 
o FCD = 1.25 
o P = horizontal force 
o T = vertical force 
o F = equivalent static force 
o K = resultant force from P and T 

 
Problem: we have to find the forces acting on the 4 screws imagining that the 
are only 4 rubber bumpers (those external) in order to provide evidence for the 
decision to use 8 rubber bumpers and so 8 screws ( the shock resistance 
problem is not due to the lower number of rubber bumpers but to the screws 
we used to connect the angular profiles to the Bosch profiles: we think that the 
4 rubber bumpers will withstand the impact force but that the 4 screws will not). 
 
Solution:  
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1. Vertical force application (downwards acceleration of the 
experiment)  

 
 

 

 
 
 

 Figure C.1-2. Forces representation 
 
 
 

Fvertical [N] = FCD · m [kg] · amax [m/s²] = 1.25 * 13 * 100 = 1625N 
 
T = F/Ns = 1625/4 =407N 
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Figure C.1-3. Forces representation 

 
 

2. Longitudinal force application 
 
FHorizontal [N] = FCD · m [kg] · amax [m/s²] = 1.25 * 13 * 50 = 813N 

 
P = F/Ns = 813/4 =203N 
 

From the momentum equilibrium in point R: 
 

T = (F * h) / (2y) = (823 *100) / 520 =158 N 
 

K = √(P² + T²) = 437N 
 
Now we have to choose the screws:  

 
Class: 10.9          σr = ft = 1000MPa       σs = fy = 900MPa        

 
Fkn= min (0.7 * ft; fy) = min (700; 900) = 700MPa 
 
σb_admissible= 700/1.5 = 467MPa = orthogonal component of the tension 
 

 Taub_admissible= 467/√2 = 330 MPa = tangential component of the tension 
 
Ares_M4_screw = 8.78mm² 

 
Taub = K / Ares_M4_screw = 437/8.78 = 50 MPa  
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We need to have:  
Taub_admissible > Taub 
 
330/50 = 6.6 
 
In conclusion the 4 M4 screws will easily withstand the impact force providing 
a great safe factor equal to 6.6; so there is no need for using 8 rubber bumpers 
and so 8 screws. 
Note that this is a shear stress verification 
 

C.2 – Total assembly time estimation 

 
In this section is described the procedure we used to estimate the total 
assembly time of our experiment.  
 
The method is named DFA (design for assembly) [30][on page 171] and it can 
be summed into 6 steps: 

1. Obtain the best information about the product (CAD file in this 
case) 

2. Take the assembly apart (or imagine how this might be done) 
and assign an identification number to each removed item. 

3. Make a DFA table (as Table C.2-1) 
4. Begin reassembling the product starting from the items with the 

highest identification number 
5. Complete all the columns in the chart by using the codes in 

figure C.2-1 and C.2-2: the code you are going to use depends 
on a large variety of conditions concerning the items you are 
considering. 

6. You can now calculate the manual assembly design efficiency 
using the following formula: 
 
DFAindex = (Nmin * 3)/Test 
Where:  
Nmin= minimum number of components which are essential  
Test= estimated time =∑ Total time = ∑ (Man._time + Ins._time) 
* Numb_of_comp. 
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       Figure C.2-1. Manual handling chart 
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             Figure C.2-2. Manual insertion chart 
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Table C.2-1 DFA procedure 
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1.  12 0-0 1,13  0 13,56 5,42 No  Bosch profiles 

2.  16 2-0 1,8 3-8 6 124,80 49,92 No Angular brakets and T-nut 

3.  1 8-0 4,1 0-0 1,5 5,60 2,24 Yes 2mm aluminium plate 

4.  16 2-0 1,8 3.8 6 124,80 49,92 No Screws + nuts 

5.  1 3-0 1,95 1-6 8 9,95 3,98 Yes Pump 

6.  4 2-0 1,8 3-8 6 31,20 12,48 No Screws + nuts 

7.  12 3-0 1,95 1-6 8 119,40 47,76 Yes Valves 

8.  10 1-3 2,06 2-3 7,5 95,60 38,24 No Rivets 

9.  4 0-0 1,13 5-9 12 52,52 21,00 Yes Threaded pipes 

10.  1 0-0 1,13 5-9 12 13,13 5,25 Yes Particulate filter support 

11.  5 0-0 1,13 0-0 1,5 13,15 5,26 Yes Filters 

12.  1 2-0 1,8   1,80 0,72 Yes Canister support 

13.  1 3-0 1,95 0-0 1,5 3,45 1,38 Yes Arduino 

14.  21 2-5 2,57 3-0 2 95,97 38,39 No Clamps 

15.  6 8-0 4,1   24,60 9,84 No(x1)  Al panel (0,1mm) 

16.  6 8-0 4,1   24,60 9,84 No(x1) Al panel (0,5mm) 

17.  6  15   90,00 36,00 No Bicomponent glue 

18.  6 1-0 1,5 3-0 9 63,00 25,20 No(x1) Polist. panel 

19.  2 2-0 1,8 6-0 5,5 14,60 5,84 No Electrical connections 

20.  8 1-3 2,06 3-8 6 64,48 25,79 No  M2 screws+nuts 

21.  2 1-3 1,13   2,26 0,90 Yes Bosch profiles (gondola) 

22.  8 1-0 1,5 6-0 5,5 56,00 22,40 Yes Rubber bumper 

23.  8 2-0 1,8 3-8 6 62,40 24,96 No N8 slider+nuts 

24.  12 3-0 1.95 0-6 5,5 89,4 35,76 No L-Shaped connectors 

25.  24 1-3 2,05 3-8 6 193.2 77.28 No M4 Screws 

26.  2 3-0 1,95 0-0 1,95 7,80 3,12 Yes Manifold 

27.  8 2-5 2,57 4-9 10,5 104,56 41,82 No Clamps 

28.  12 0-0 1,13 5-9 12 157,56 63,02 Yes Threaded pipe 

29.  1 0-0 1,13 4-8 8,5 9,63 3,85 Yes  Aluminium pipe (inlet) 

30.  1 0-0 1,13 3-8 6 7,13 2,85 Yes Threaded pipe 

31.  1 0-0 1,13 3-8 6 7,13 2,85 Yes Aluminium pipe 

32.  1 8-0 4,1   4,10 1,64 Yes PCB 

33.  4 1-3 2,06 3-0 6 32,24 12,90 No M2+nuts 

34.  6 1-3 2,05 3-8 6 48,30 19,32 No M3+nuts 

35.  2 0-3 1,69  15 33,38 13,35 No Electric cables 

36.  24 0,3 1,69  15 400,56 160,22 No Electric cables 

37.  1 2-0 1,8 0-0 1,5 3,30 1,32 Yes Canister 

38.  1 8-8 6,35 3-0 2 8,35 3,34 No Adhesive tape 

39.  1 0-0 1,13 3-8 6 7,13 2,85 Yes Threaded pipe 

40.  30 0-3 1,69  10 350,70 140,28 No Electric cables 

41.           
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The total estimated time is equal to 2924.14 s/pz   
 

𝐷𝐹𝐴𝐼𝑁𝐷𝐸𝑋 =
𝑁𝑚𝑖𝑛 ∙ 3

𝑇𝑒𝑠𝑡
=
56 ∙ 3

2924
= 0.05746 = 5,75% 

 
 
As we said before, this is only an estimation of the assembly time and it is 
an optimistic one, indeed we have made some simplifications: 

o We have not considered the presence of the flowmeter. 
o We have not considered some additional manipulations which don’t 

concern a single component but the whole experiment instesd (rotate 
the experiment to gain access to different working areas).  

o We have not considered our lack of experience and the difficulties 
that we will face during the assembly (only the first one we hope).  
 

For these reasons the time will probably be higher than what we estimated: 
 

T’
tot= 2924 * 1.3 = 3801 s/pz = 63 minutes/pz
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C.3 – Valves Connection 

 
 
One rail for each pairs of valves to 
connect them to the plate; 
problems: there isn’t enough space.                                                                                          
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure C.3-1. Connection by rails 
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One single rail for each of the two valves rows; 

another problem occours: the valves’ feet 
are placed parallel to the rail, so they won’t be 
able to grip to the rail. 
 

 
Figure C.3-2. Connection by single rail 
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valves into two different rows; we didn’t 
find this a good idea since it would have 
worked by friction, and we will have also 
faced the usual space problems. 
 

 
Figure C.3-3. Connection by clamp 
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3D printed plate with some plastic 
pins on the surface which allow to 
connect the valves directly to the 
plate avoiding screws and rails: 
when you force these pins from the 
above they will let you insert the 
valves, but when you try to pull 
them once inserted they won’t 
deform anymore.  
This idea too was discarded in the 
end becouse of the possibility to 
have the pins broken during the 
landing phase.  

 
Figure C.3-4. Connection by pins 
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In the end we decided to adopt the 
solution shown in the figure on the 
left: the connection will be guarantee 
by using rivets. This idea is very 
similar to the previous one but more 
solid in terms of mechanical 
resistance. 

 
Figure C.3-5. Connection by rivets 
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C.4 – Technical drawings 

 

 
Figure C.4-1. Bottom panel’s plate. 
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(a)                                                                        (b) 

Figure C.4-2. (a): Inlet panel’s plate; (b) Outlet panel’s plate
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Figure C.4-3. Side panel’s plate. 
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Figure C.4-4. PCB plate. 
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Figure C.4-5. (a): Canister plate. 
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Figure C.4-6. Base plate. 
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(a)                                                                        (b) 

 
Figure C.4-7. (a): Connectors’ external plate; (b) Valve’s short plate. 
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(a)                                                                        (b) 

 
Figure C.4-8. (a): Valve’s long plate; (b) Upper panel connectors. 
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Figure C.4-9. PCB plate connectors. 
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Figure C.4-10. Upper panel. 
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Figure C.4-11. PM filter 
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APPENDIX D – CHECKLISTS 

 

 

The following table lists all the activities carried out on day 4, i.e. the procedures for the final 
and definitive assembly on the gondola before launch. 
 
Table D-1: Checklist 

Action Description Tools and roles 

EVERYONE PUTS ON 
GLOVES 

  

Nitrogen cleaning procedure With the experiment disassembled, disconnect the tube 
that goes from the pump to the first manifold and use it to 
clean the manifold (the valves are disconnected). 
cleans the individual pipes (between the valves). 
clean the second manifold starting this Flush tube and 
remembering to disconnect the flow meter tube. 

 
Tube for the nitrogen 
bottle 
 
(Dumitrita and David) 

Open the housing for the PM 
filter and insert the PM filter. 

Using gloves, open the PM filter housing and insert the 
two superimposed filters using tweezers.  
 

Tweezers 
pinze to be sterilized 
with alcohol 
 
(Dumitrita and David) 

Close the PM filter housing. Using gloves close the PM filter housing.  
Use Teflon to seal the filter holder internally and then pass 
the insulating tape to ensure its seal. 

tape 
teflon 
 
(Dumitrita and David) 

Insertion of the 4 VOC filters. Using gloves and using tweezers, gently push the filters 
into each tube, paying attention to the flow direction 
indicated on the filter. Pay attention to the flow direction 
when inserting the filters. 
The shortest valve row is the one at the outlet. The filter 
must be pushed inside the tube using tweezers, being 
careful to touch only the edge of the filter itself. 
NOTE THE NUMBER OF EACH FILTER WITH THE PAIR 
OF VALVES IN WHICH IT IS INSERTED 

Wrench 
(Dumitrita and David) 

Prepare the canister  Prepare the canister by writing the tab and the C and O (Dumitrita) 

Connect the valves to the 
filters. 

Connect each tube with its own valve by pushing with a 
little force until trying to pull the tube it comes off. 
Connettere il tubo del flussimetro 

(Simone and David) 

Mount the 5 valves. Using the Phillips screwdriver, mount the row of 5 valves. Phillips screwdriver 
(Simone and David) 

Insert the 6-way manifold. By applying a little pressure, make sure you have properly 
inserted the 6-way manifold into each tube. 

(Simone and David) 

Mount the electrical 
component plate. 

Place the plate of the electrical components over the 
pneumatic part and carefully pass the cables through the 

 Allen key 
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various holes. Using the Allen key, fix the plate. Finally, 
connect each cable to the PCBs. 

(Simone and David) 

Check electrical connections  (Giovanni and Federico) 

Empty the SD cards  (Giovanni) 

Plug everything in and check Check:only flush valves, flowmeters, temperature, 
heaters, gps, pump. 

(Giovanni and Dumitrita) 

Check to see if it has saved 
the data correctly  

 (Giovanni) 

Remove air from the canister 
tube 

Attach the inlet to the non-return valve and let it run for 3 
minutes NOT LESS 

(Federico and Giovanni) 

Check that the software, e-link, 
ip, etc is ok 

Set the sampling times (Giovanni and Dumitrita) 

Box assembly Insert the experiment in the box and then release IN and 
OUT tubes. 

(Simone and Federico) 

Insert the power, ethernet and 
GPS connection cables 

1. GPS to the PCB 
2. Power under the plate 
3. Ethernet to the PCB 

(Giovanni and Federico) 

Insert the canister plate. Loosen one of the Bosh profiles in the middle using an 
Allen key to loosen the profile. Lower the profile slightly to 
insert the canister plate. After inserting it, return the Bosh 
profile to its initial configuration by tightening the 4 screws 
using the Allen key. 

Allen key 
(Simone and David) 

Insert the canister Connect the canister so that it fits well and above all that it 
does not come off easily which then removing the air was 
useless. 
 

(Simone and David) 

Connect the ethernet and GPS 
cables. 

 (Federico) 

Close the upper plate.  (Simone and David) 

Put the profiles.  (Simone and David) 

Put on the gondola and 
change the springs.  

 (Simone and David) 

Prepare the stoppers  (Dumitrita) 
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APPENDIX E – THERMAL CALCULATIONS 

 

E.1 – Calculations 

 
Calculations to establish how thick the insulation panels should be were conducted assuming 
an exposed area of 0.897 m2. 
The insulating material will be polystyrene, which has a thermal conductivity of λps=0,030-
0,034 W/m*K. 
The internal heat flux, generated by the components’ dissipated power, is estimated to be on 
the first approximation around qdiss= 11,8 W. 
The outside temperature is expected to be in the worst case at around -60 °C outside the 
gondola, while the ideal internal temperature of the box is around 15°C to preserve the critical 
components. 
With this information in mind, it’s possible to calculate a rough value of the  needed thickness 
of the insulation panels. 
Assuming that the internal heat is equal to the dissipated internal power, H=qdiss, we have: 
 
qdiss=  λps A(ti-to)/L 
 
hence: 
 
Lps= λps A(ti-to)/qdiss 

        =0,034 * 0,897 * (15-(-60))/10= 0,229 m 
 
 
The obtained value doesn’t take into account all the other heat fluxes, so it was reduced to 40 
mm. Taking also into account all the other panels, the new expected heat flux needed to 
guarantee the correct internal temperature is: 
 

H=
𝑡𝑖−𝑡𝑜

𝑠𝑃𝑆
𝐴𝑃𝑆𝜆𝑃𝑆

+
𝑠𝐴𝐿

𝐴𝐴𝐿𝜆𝐴𝐿

 

 
The aluminum panel is 0,5 mm thick and has a thermal conductivity of roughly 210 W/m*K. 
 

H= 
15−(𝑡𝑜)

0,04

0,897∗0,034
+

0,0005

0,897∗210

 

 
 
Internal dissipated power 
 
Estimated to be around 11,8 W 
 
Sun heat flux 
 
Asun= 2*0,389*0,382+0,389*0,389 = 0,448 m2 
JS= 500 W/m2 
αest=0,01 
Aeff= Asuncos45 = Area projected in the Sun’s direction 
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qsun=Asuncos45 JSαest = 1,58 W 
 
Planet heat flux 
 
Ap=2*0,389*0,382=0,297 m2 
Aeffp=Ap*0,3 = Area projected in the Earth’s direction 
Fs-p =view factor=0,3 
Te=288 K 
 
 
qp=ApFs-pαest σn Te

4=0,34 W 
 
 
Albedo heat flux 
 
Aa=2*0,389*0,382=0,297 m2 
Fa=view factor=0,3 
a=0,34 
 
qa=AaFaaJSαest=0,151 W 
 
Box radiating heat flux 
 
qb=-Aεb σn Tb

4 
 
The sum of all the stated heat fluxes roughly covers the expected power needed to keep the 
internal temperature at 15°C, but some cooling problems may arise if the weather is cloudy: in 
that case a heat drop is expected, so it’d be advisable to either compensate this drop with 
active thermal control. 
Tests will be conducted in order to identify possible cold spots and eventually solve these 
problems. 
 
Worst Hot Case 
 

𝑞𝑎 + 𝑞𝑒𝑎𝑟𝑡ℎ + 𝑞𝑆𝑢𝑛 +
𝑇𝑖 − 𝑇𝑜𝑢𝑡

𝑅𝑐
= 𝜎𝜀𝐴𝑇𝑜𝑢𝑡

4  

 

1,58 + 0,34 + 0,151 +
288,15 − 𝑇𝑜𝑢𝑡

1,31
= 5,67 ∗ 10−8 ∗ 0,01 ∗ 0,897𝑇𝑜𝑢𝑡

4  

 
Tout= 286,38 K 
 

𝑞𝑑𝑖𝑠𝑠 −
𝑇𝑖 − 𝑇𝑜𝑢𝑡

𝑅𝑐
= 𝑞𝑟 

 

11,8 −
288,15 − 286,38

1,31
= 𝑞𝑟 

 
qr=10,45  W 
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qr  is the heat flux that needs to be released from the experiment to keep 15°C inside. 
 
Worst Cold Case 
 

𝑞𝑒𝑎𝑟𝑡ℎ +
𝑇𝑖 − 𝑇𝑜𝑢𝑡

𝑅𝑐
= 𝜎𝜀𝐴𝑇𝑜𝑢𝑡

4  

 

0,34 +
288,15 − 𝑇𝑜𝑢𝑡

1,31
= 5,67 ∗ 10−8 ∗ 0,01 ∗ 0,897𝑇𝑜𝑢𝑡

4  

 
Tout= 284,24 K 
 

𝑞𝑑𝑖𝑠𝑠 −
𝑇𝑖 − 𝑇𝑜𝑢𝑡

𝑅𝑐
= 𝑞𝑟 

 

11,8 −
288,15 − 284,24

1,31
= 𝑞𝑟 

 
qr=8,81 W 
 
qr  is the heat flux that needs to be released from the experiment to keep 15°C inside. 
 

Copper braid  

Assuming a thermal conductivity of λCu=390 W/m*K and an overall surface of 7,8*10-5 m2, 
while keeping the temperature of the pump near 25-30 C and assuming that the aluminium 
tube is constantly kept at about 20-25C, to release the heat flux of about 6 W from the pump 
a copper braid of about 2,5 cm is required. As the lenght of the braid may be too short to reach 
the tube, its surface could be varied to increase the braids length.  

q=6 W  

L=0,025 m  
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E.2 – Gnieliski code 

function [Nu,alpha]= gnielinski(ro, u, D, mu, c, lambda,L) 
% ------------------------------------------------------------------------- 
% Metodo di Gnielinski 
% [Re,Pr]= gnielinski[Nu,alpha] 
% -------- OUTPUT VARIABLES ----------- 
% Nu: numero di Nusselt 
% alpha: coefficiente di scambio convettivo 
%  
% -------- INPUT VARIABLES ------------ 
% ro: densita' [kg/m^30] 
% u: velocita' [m/s] 
% D: diametro interno [m] 
% mu: viscosita' dinamica [Pa*s] 
% c: calore specifico [J/kg*K] 
% lambda: conducibilita' termica [W/mK] 
% L: lunghezza tubo 
% ------------------------------------------------------------------------- 
Re = (ro*u*D)/mu; 
Pr = (c*mu)/lambda; 
  
% Calcolo di Nu_turb 
if (Re >= 4000) 
    csi = (1.82*log10 (Re)-1.64)^(-2); 
    Nu_turb = ((csi/8)*(Re-1000)*Pr*(1+(D/L)^2/3))/(1+12.7*(csi/8)^0.5 *(Pr^(2/3)-1)); 
    Nu = Nu_turb; 
elseif (Re <= 2300) 
     
        x = input('La parete è a T=cost (x=0) o ce uno scambio di calore costante lungo la 
tubazione(x=1)?\n Risposta:') 
         
        if (x==0) 
            Nu_T1 = 3.66; 
            Nu_T2 = 1.615*(Re*Pr*D/L); 
            Nu_T3 = (2/(1+22*Pr))*(Re*Pr*D/L); 
            Nu_lam_T = [Nu_T1^3+0.7^3+(Nu_T2-0.7)^3+Nu_T3^3]^(1/3); 
            Nu = Nu_lam_T; 
             
        else 
             
            Nu_q1 = 4.364; 
            Nu_q2 = 1.953*(Re*Pr*D/L)^(1/3); 
            Nu_q3 = 0.924*Pr^(1/3)*(Re*D/L)^(1/2); 
            Nu_lam_q = [Nu_q1^3+0.7^3+(Nu_q2-0.7)^3+Nu_q3^3]^(1/3); 
            Nu = Nu_lam_q; 
        end 
else 
    csi = (1.82*log10 (4000)-1.64)^(-2); 
    Nu_turb = ((csi/8)*(4000-1000)*Pr*(1+(D/L)^2/3))/(1+12.7*(csi/8)^0.5 *(Pr^(2/3)-1)); 
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    x = input('La parete è a T=cost (x=0) o ce uno scambio di calore costante lungo la 
tubazione(x=1)?\n Risposta:'); 
    if (x==0) 
            Nu_T1 = 3.66; 
            Nu_T2 = 1.615*(2300*Pr*D/L)^(1/3); 
            Nu_T3 = (2/(1 + 22*Pr))^(1/6)*(2300*Pr*D/L)^(1/2); 
            Nu_lam = [Nu_T1^3 + 0.7^3+(Nu_T2-0.7)^3 + Nu_T3^3]^(1/3); 
             
        else 
             
            Nu_q1 = 4.364; 
            Nu_q2 = 1.953*(2300*Pr*D/L)^(1/3); 
            Nu_q3 = 0.924*Pr^(1/3)*(2300*D/L)^(1/2); 
            Nu_lam = [Nu_q1^3+0.7^3 +(Nu_q2-0.7)^3 + Nu_q3^3]^(1/3); 
             
        end 
    gamma = (Re-2300)/(4000-2300); 
    Nuu = (1-gamma)*Nu_lam + gamma*Nu_turb; 
    % Correzione Variazione viscosità  
    mu_wall = input('Inserire la viscosità alla temperatura di parete:\n Risposta:'); 
    Pr_wall = (c*mu_wall)/lambda; 
    Nu = Nuu*(Pr/Pr_wall)^(0.11); 
     
end 
alpha = Nu*lambda/D; 
fprintf('Nusselt vale:%6.2f \n', Nu) 
fprintf('Il coefficiente di scambio convettivo aplha vale: %6.2f \n', alpha) 
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APPENDIX F – TEST SPECIFICATIONS 

 

F.1 – O-ZONE 1.0 

 
Due to COVID-19 emergency, University of Padova has been closed in recent months causing 
a delay of all the academic activities including our preliminary chemical experimental tests. 
The lack of infrastructures in which to perform the experiment has lead Professor Roberta 
Bertani, the Chemical Division’s responsible, and us to devise some chemical tests very similar 
to those that had been planned. 
In addition, it is noteworthy to underline that the methodology showed in this appendix, which 
will be adopted in post-flight analysis as well, is the classical approach used in atmospheric 
chemistry to obtain analytical data. 
Professor Roberta Bertani assures that not having performed the planned chemical tests 
precisely does not affect the achievements for the experiment’s purposes. 
In the next sections experiment tests are reported. 

 

EXPERIMENT 1: Collection and determination of volatile compounds in air 
The collection of volatile compounds was carried out by using a pump and an adsorbent 
system from which the pollutants could be desorbed with a thermal desorption unit directly 
connected with the GC-MS instrument. (The filters adopted in these tests are very similar to 
those that will be implemented finally).  
The experiment was divided in two parts: the sampling and the analysis. 

1) An active sampling with SKC sorbent tubes has been carried out by collecting vapors arising 
from a flask containing a VOCs mixture (1 mL of each n-hexane, n-heptane, toluene, 
cyclohexane). The choice of these compounds is correlated to easy availability and low costs. 
An alternative pump has been used with respect to the one selected for the experiment for 
logistic and technical reasons. In (Figure F.1) are reported the pump and the filters used for the 
tests. 

 

 
Figure F.1. Pump (left), VOCs filters (right). 
 

 

  

Pump ZAMBELLI: sampling conditions 30 
min,1 L/min 

The SKC sorbent tubes, before (left) and 
after (right) the sampling 
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2) After the sampling, filter was connected to the Thermal Desorption GC-MS unit and analyzed 
(QMD 1000 Carlo Erba instrument; Column DB5-HS, 30 mt; temperature: 80°-280°C, 10°C/min; 
Carrier gas: He, 1mL/min, Desorption temperature: 300 °C, Desorption time: 120 sec, 
Desorbtion carrier gas: He 50 mL/min).  
The GC-MS chromatogram is reported in (Figure F.2) showing all the traces related to the trial 
VOCs and an additional acetone’s trace maybe due to preliminary flask washing. The blue line 
corresponds to the calibration with clean air so the baseline spectrum was recorded using a 
novel clean filter. 

 

 
Figure F.2. Chromatogram of VOCs mixture. 

 
 
EXPERIMENT 2: Approaching collection and determination of particles in air 
To learn how to do the sampling of particulates in air and then see how the particulate can be 
analyzed via ESEM, some members of the team followed the activities of the CEASC (Centro 
di Analisi e Servizi per la Certificazione) where air samples, taken with appropriate filters 
(Figure F.3), are currently studied to assess whether asbestos fibers (chrysotile) are present 
in a particular work environment. It is possible to distinguish asbestos from glass fibers both 
from the morphology and from the EDX (Energy Dispersive X-Ray) analysis (Figure F.4). 
 
 

  
 

Figure F.3. PM filter 
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Glass Fibers EDX Asbestos Fibers EDX 

 
Figure F.4. ESEM image of asbestos samples (above). EDX spectrum analysis of glass and 
asbestos fibers (below). 
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EXPERIMENT 3: Collection of air sample with canister 
In order to learn how analyses by canister-based sampling must be managed, some 

components of our group followed for some days the work of Dr. M. Benzo, a Prof. Bertani’s 

colleague with high expertise in odor (i.e. complex mixtures of VOCs in traces), in the sampling 

and detection of chemicals in air. The chemical composition of air samples requires a 

sophisticated instrumentation, able to guarantee high sensitivity in order to detect the presence 

of traces of osmogene substances with a very low sensory threshold (odor threshold, OT). The 

air sample taken in instantaneous mode and stored in PVDF bags (canister) is transferred to 

an absorbent vial and analyzed by gas chromatography-mass spectrometry (GC-MS) 

equipped with thermal desorption unit, according to EPA TO-15 and TO-17 methods. In (Figure 

F.5), the GC MS, the analytical procedure and the Agilent GC-MS used, are reported. 

 

  

 
Figure F.5. Schematic representation of Thermal Desorption GC-MS instrumentation. 
 

In (Figure F.6), a GC-MS obtained from a real industrial sample is reported (silica capillary 

column, 60 m). 

 
Figure F.6. Chromatogram of real industrial air sample. 
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EXPERIMENT 4: TEST AND ANALYSIS OF FILTER FOR PARTICULATE COLLECTION 
 

- TEST 

The goal of the test was to sample the air using the PM filter in two cases: 

- one in which the VOC filter occupied the parallel channel. 

- one in which the parallel channel (dedicated to the VOC filter) was blocked to let all the air 

pass through the PM filter. 

Unfortunately, it was impossible to carry out the second one because, when the pump was 

restarted for the second case, the Arduino stopped working. 

 

 

Test steps: 

1. The PM filter has been inserted into the device, leaving the channel dedicated to the 

VOC filter empty 

 

2. The sampling lasted 20 min, and the pump ran at its maximum flow rate (8 L / min 
inlet). 

 

3. The filter was placed in a special box and taken to the laboratory.  
 

In Figure F.7 and F.8, particulate filter support and ESEM instrument are respectively reported. 
 
 

 
Figure F.7 Particulate filter support. 

Figure F.8. Environmental Scanning Electron Microscope (SEM). 
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ANALYSIS 

The filter was analyzed from both sides, they are reported in Figure F.9, Figure F.10 

SIDE 1 

 

Figure F.9. SEM image of quartz filter, side 1. 

 

Figure F.10. SEM image of quartz filter, side 1. 

Fragments of organic material: only C, H, N are present in the analysis. On the left of Figure 

10., still organic material. On the right, a silicate agglomerate, as shown by the analysis 

below. In   Figure  F.11, Electronic spectrum of a portion of quartz filter is reported.
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Figure F.11. Electronic spectrum of portion of quartz filter. 

 

Two other fragments of iron oxide with traces of silicates in Figure F12. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure F.12. ESEM image of traces iron oxide and silicates. 
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SIDE 2: 

 

In Figure F.13 and F.14 immages of second side of filter are reported.  

 

 

 

Figure F.13. SEM image of quartz filter, side 2. 

 

 

Figure F.14. SEM image of quartz filter, side 2. 

 

 

Still all fragments of organic material, only CHN. In Figure F.15, a comparative raffiguration 

of quartz filter and polycarbonate one are shown.
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Figure F.15. SEM image of quartz filter on the left, and of polycarbonate filter 

on right. 

 

 

Here on the left, a fragment of organic material with some tiny fragments of 

silica. 

On the right, a polycarbonate filter appears on which the inorganic material is 

clearly visible. 

 

- FINAL REMARKS 

 

-  The filter has collected few particles. Between these, the particles of 
organic nature are clearly evident while those of the inorganic type, such as 
silica, cannot be highlighted on the quartz filter. Therefore, we chose to add 
a second polycarbonate filter (half filter) to point inorganic particles out (see 
Section 4.2.3). 

-  This test confirmed the need to pass all the air only into the PM filter 
channel. The filter’s case will be changed in the way already shown during 
the UDR (see Section 4.2.3). 

 

 

 

 

 

 

 
 
 

Test 1: Pump low-pressure test. 
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Due to Coronavirus, our test scheduling is delayed. Tests were done in a short 
time in August and in those weeks all university labs were overloaded because 
research projects of students or professors. Our team was given only one day 
availability for vacuum chamber. 
For this reason, we relied on similarity concept of the model pump and for its 
performance at low pressure; we used the results of tests number 18-29 of 
Tubolar team (Bexus 26). We decided to test the whole experiment in the 
vacuum chamber and for the single device to rely on past results. 
Initially, the pump was attached to a bag and was measured the volume 
inflated; these are the values found. 

Sampling Altitudes Ambient Pressure  Actual Flow rate  

12 193,3 mBar 4,71 l/min 

14 141,0 mBar 4,18 l/min 

16 102,9 mBar 3,99 l/min 

17,5 81,2 mBar 3,77 l/min 

18 75,0 mBar 3,78 l/min 

21 46,8 mBar 3,36 l/min 

 
The test of pump electrical (Test 29) current at different pressure was done in 
two different ways: initially, the pump was attached to a bag (canister) and 
then to a sealed outlet. In the second mode, it pumped into a higher pressure 
ambient. In general, it was found for both cases that decreasing the pressure 
or increasing the altitude, leads to a decrease in pump current draw. 
 
 
 

Altitude (km)  

 

Pressure (hPa) Into Bag 
Current 

(mA) 

 

Into Seal 
Current 

(mA) 

20 57 140 138 

18 68 150 141 

16 100 161 146 

12 190 185 175 

9 300  200 

6 500  242 

0 1013  218 
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Figure 1. Values of the current when the pump was attached to a sealed 

outlet. 
 
In a later test was inflated a canister and was measured the pumped volume 
with a flowmeter. It was noted that the airflow rate seemed to be very low 
when compared to the rate at which the bag was inflating. However, when the 
bag was brought back to sea level pressure the amount of remaining air in the 
bag was inspected: the volume has reduced significantly. This led to the 
conclusion that the airflow rate displayed is the equivalent airflow at sea level.  
 
Test 2: Pneumatic system test.  
 
The entire pneumatic system has been assembled. It has been verified that 
there are no air leaks in the tubes by using the inflated canister as a control tool 
while closing the inlet and outlet tubes. We set the flow rate to 0.08 l / min using 
the flow regulator and we carried out the opening and closing tests on the valves 
with which we verified their functioning. 
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By opening valve 12, we tested the inflation of the canister which was 
successful. It was noted that the airflow rate decreased during the inflation of 
the canister, this was due to the increase in pressure in the canister.  
 

 
 
The assembly and disassembly procedures of the system where the filters are 
housed were tested, as this was necessary to verify the ease of assembly and 
therefore of the insertion of the filters and the canister before launch. 
 
 
Test 3: Low-pressure test. 
 

EXPERIMENT SET UP 
 

 
 
 
 
 
Mechanical interface and positioning 
The experiment was as in the left figure with the 
top and bottom plates installed. The experiment 
rested directly on Bosch profiles. 

SIZE 
0.389X0.389X0.289 m 

 
MASS 
8.4 kg 

 
VOLUME 
0.044 m^3 

 

 

Parameter monitored from the outside: 
Pressure 
Range: 1.013 bar-> 7.5 mbar 
 
Connection configuration: was used the 
RS232 connector (9 pin) to which was 

ACQUIRED DATA:  
 
 •   Pump, plate, valve, air temperature  
 •   Humidity  
 •   Pressure  
 •   Vacuum chamber pressure (not our sensor) 
 •   Flow rate 
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connected the cables for the connection of the 
Arduino and power supply. 
 
Active components: 
- Pump 
- Sensors (temperature, pressure, humidity): 
- Valves 9 and 10 for sampling simulation 
- Valve 12 (Canister) 
- Valve 11 (cleaning tube) 
- Arduino 
- PCB 
- Sensors of GPS 
- Flow meter 

 
CAUTION: 

 
  •   Canister → filling up to 2.4 L (the time of filling is 
based on the flow rate recorded at the minimum 
pressure) 
  •   Pump temperature range → from + 5 ° C to + 40 ° 
C 

  •   Flow range → from 0.05L / min to 0.1L / min 
  •   Valves temperature range → from – 10 °C to 
+ 50 °C 

OPERATIONS PERFORMED DURING THE 
TEST 
 
T-0H26 The experiment was placed in the 
vacuum    chamber. The experiment contained a 
VOC filter in the 5th tube (valves 9 and 10), the 
canister (valve 12 was closed and the manual 
valve of the canister open). The canister was 
new. Was also inserted a piece of polystyrene of 
known size into the chamber. 
T-0H20 The video camera was placed towards 
the power supply display. 
T-0H18 The RS 232 connector was connected 
to the vacuum chamber port. The other 
connector was connected to the external socket 
of the vacuum chamber and the USB cable (5 
pin) to the computer and the other (2 pin) to the 
power supply.  
T-0H14 The camera was turned on. 
T-0H12 Pressure acquisition was started. 
T-0H10 Pre-test started: 
              →1 bar for 10 min 
The reception of sensors data was checked, it 
was done the checklist of active components 
and, also the opening and closing of valves 9, 
10, 11 and pump was checked. 
0H00 The test started: 
The pump, valves 9 and 10 were turned on, 
during the change of each phase the pump was 
turned off as well as valves 9 and 10, after that 
the pump and valve 11 was activated and after 
few minutes the valves 9 and 10 were turned on 
and valve 11 was closed. This was the cycle 
that was repeated until valve 12 (canister) was 
turned on. 
          →800 mbar for 15 min 
          →500 mbar for 15 min 
          →300 mbar for 10 min 
          →150 mbar for 10 min 
          →100 mbar for 10 min 
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          →50 mbar for 10 min 
          →7.5/10 mbar for 30 min (canister) 
          →7.5/10 mbar for 2 min (pump off and on) 
          →The pressure was raised to 1 bar 
T+1H53 End of test: 
T+1H53 The correct collection of the data was 
checked, and the experiment was turned off. 
T+2H00 The camera was turned off. 
T+2H03 The experiment and the piece of 
polystyrene were removed. 
T+2H13 The valve of the canister was closed 
manually. 
T+2H15 The dimensions of the 4 sides marked 
on the polystyrene a, b, c, d were measured. 

 

 
 

TEST RESULTS 
 

VACUUM CHAMBER PRESSURE 
The graph shows the pressure steps reached and the time during which the pressure was kept 
approximately constant.  
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VALVE TEMPERATURE 
Valves 9 and 10 were the most stressed during 
this test, in fact we can see from the graph how 
the temperature was constantly increasing until 
the end of the experiment and the temperature 
peak was around 47 ° C. The temperature 
fluctuations are due to the use, for a few 
minutes between one phase and another, of 
the valve 11 (cleaning).  

 
 

PUMP TEMPERATURE  
 The graph shows the temperature reached by the 
pump    during the various phases. It can be noted 
that the most critical phases are those between 
800 and 400 mbar where the temperature 
reaches a peak of 41.7 ° C. The temperature 
fluctuations are due to the switching off and on of 
the pump with the aim of allowing the temperature 
to be lowered and therefore not risking damaging 
it. 
 

 

AIR AND PLATE TEMPERATURE  
The air temperature has increased considerably mainly due to the heating of the two valves 9 and 
10, as shown in the graph above. The plate temperature has also increased a lot, thus showing 
excellent thermal conduction. 
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FLOW RATE 
The graph on the left shows the flow trend during all phases of the experiment. It is shown that 
the flow rate is affected by the pressure variation (as expected) but, we also noted that at the 
lowest pressures, the flow rate is almost zero, this makes extremely necessary to use an 
electronic device capable of varying the flow rate according to external conditions. 
The recorded peaks can be due both to a flow meter measurement error and to the increase in 
flow that occurs during the switching off and on of the pump (as mentioned before the pump was 
switched off and on between one phase and another ). 
The graph on the right shows the non-linear trend between the numbers shown by the flowmeter 
and the actual flow rate. Since the number reached during the experiment does not exceed 600, it 
was enough to study the pattern of the first section of the graph and then use the law obtained on 
the data obtained during the experiment, thus obtaining the exact conversion of the flow rate in l / 
min. 
 
 

 
 

FINAL CONSIDERATIONS  
The test involves simulating the vacuum conditions during the ascent phase (approximately 1 
hour and 10 min) and the flotation phase (approximately 40 min). Several pressure steps were 
taken to determine which might be the most critical pressure conditions for our experiment. 
Despite the considerable temperature increase in some components, we are aware that this 
could mitigate the low-temperature conditions. Obviously, however, we are aware of the need for 
a thermo-vacuum test in which we will have the opportunity to better verify the behavior of the 
experiment. 
Thanks to the various shutdowns and starts, we were able to verify the operation (start and stop) 
of the pump even at the lowest pressures. 
After the experiment we noticed that the canister collapsed on itself, we think that this 
phenomenon happened mainly during the pressure increase in the final phase and that a one-
way valve could be a solution to this problem. By measuring the size of the piece of polystyrene 
after the experiment we noticed that it did not undergo outgassing, or in any case variations in 
size that we can measure. 
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Test 4: Thermal test. 
 
 

EXPERIMENT SET UP 
 

 
 
 
 
Mechanical interface and positioning 
The experiment was as in the figure on the right and 
rested directly on Bosch profiles. 

SIZE 
0.389X0.389X0.289 m 

 
MASS 
8.7 kg 

 
VOLUME 
0.044 m^3 

Parameter to be monitored from the outside: 
Temperature 
Range: 0°C → - 38°C 
 
Connection configuration:  
   - USB 
   - Power supply  
 
Active components: 
  - Pump 
  - Sensors (temperature) 
  - Valves 9 and 10 for sampling simulation 
  - Valve 11 for cleaning simulation  
  - Heater on the plate under the filters  
  - Arduino 
  - PCB 
  - GPS sensors (humidity, temperature, pressure) 
  - Flowmeter 

ACQUIRED DATA:  
 •   Pump, plate, valve, air temperature 

 •   Temperature inside the blast chiller (not our        
sensor) 
 •   Internal humidity  
 •   Internal pressure  
 •   Rate Flow 
 
CAUTION: 

• Pump temperature range +5°C → 

+40°C 

• Filters temperature range +10°C → 

+25°C 

• Valves temperature range → from –

10 °C to +50 °C 
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OPERATIONS PERFORMED DURING THE TEST 
 
T -0H19 A video camera has been arranged so that 
it registered the display of the power supply. 
T -0H17 A test was made to check the acquisition of 
data from the sensors, pump on and off, valve 
opening and closing, heaters on and off → 10 min 
T -0H07 The experiment was placed in the blast 
chiller.  
0H00 The test started: 
           -  Sensors data acquisition (the pump and 
heater were  off) → 4 min 
          - Pump, valve 9 and 10, heater turned on → 
11 min 

  - Valve 9 and 10 were turned off and valve 11 
was turned on→ 10 min 

T +0H25 End of test. 
T +0H26 The correct saving of data was checked, 
and the experiment was turned off. 
T +0H29 The experiment has been extracted. 
T +0H33 The presence of humidity in the 
experiment was checked. 

 

 
 

TEST RESULTS 
PUMP TEMPERATURE  
The graphs show the temperature recorded during the experiment by the sensor in contact with 
the pump. The first part of the graph in which the temperature drops a lot is due to the fact that 
we wanted to verify how long it takes for the temperature inside the experiment to drop when it 
is around -35 °C outside. After reaching 5 °C we turned on the pump and the heaters. 
The red line indicates the temperature variation inside the blast chiller. At the beginning the 
blast chiller temperature sensor saw -34 ° C and at the end -38 ° C. 
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PLATE AND AIR TEMPERATURE  
The temperature of the plate has never dropped below zero degrees, as well as that of the air. 
This last result is very important as it shows us that although very low temperature values were 
reached, the air temperature remained in an acceptable range. 
 
 

 

FINAL CONSIDERATIONS  
We are aware that we have overstressed the components by making them work at 
temperatures below their operating range (for example the pump), but this type of test was 
necessary to get an idea of what could be the biggest problems due to the low temperature that 
we could face. It is also necessary to specify that in the blast chiller the cold air fan was directly 
in contact with our experiment due to the limited space, which certainly caused a sudden drop in 
the temperature in the structure of the experiment. 
At the end of the experiment we realized that the heater used is not very powerful and this is 
most likely due to our incorrect use of the heater which has slightly ruined it. For this reason, we 
will try to buy new ones and above all some redundant ones. 
It should also be noted that in the final configuration an additional heater will be inserted in 
contact with the inlet tube which will help, if necessary, to increase the air temperature in the 
filters.  
We also noticed that moisture was created around the perimeter of the internal walls of the 
experiment. 
As mentioned in the pages above, it is necessary to carry out a test in a thermo-vacuum 
chamber to be able to have data more in accordance with the actual external conditions that 
could be during the flight. 

 



- 275 - 

BX30_O-ZONE_SED_v5-1_10Feb22   

 

 
 

 
 
 
 
Test 7: Canister holding time test. 
The canister was connected to the pneumatic system. The filling time of 34 min 
with a flow rate of 0.07 l / min has been set. The flow rate decreased during 
filling therefore it was necessary to intervene on the flow regulator to increase 
it back to the initial value. 

  
 
The canister was filled to its maximum volume using the maximum flow rate 
and after 3 minutes that the pump continued to run, no damage to the canister 
structure was detected. 
 

 
 
Subsequently, using a bike pump we filled the canister until it burst, which 
occurred at 4 bar of pressure. We noticed damage along the edge of the 
canister, particularly on one corner of it. The pneumatic system during the flight 
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does not reach this pressure so we have assumed that there will be no 
possibility of the canister bursting during flight. Furthermore, the canister will be 
filled up to a maximum of 80% of its volume (2.4 l).  

 
 
 
Test 14: Electrical components test. 
 
The electrical components were connected to the PCB as part of the 
scheme and their functioning has been verified. It has been checked that the 
current and voltage are as required. The energy consumption was also checked 
and therefore confirmed the maximum value indicated in the requirements. 
 

 
 
 
Test 16: Mechanical structural test.  
 
The frame was subjected to a static load of 47 kg to verify the stability of the 
joints, and the walls were also stressed with distributed and concentrated loads. 
No damage was found. 
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Test 17: Vibration test.  
 
The experiment was placed in a car and underwent multiple trips over different 
types of terrain. No damage was found. 
 
Test 18: Experiment removal test.  
 
 
The filter and container extraction procedures have been tested and no flow 
losses were noted within the pneumatic system. 
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F.2 – O-ZONE 2.0 

 
Test 5: Low-pressure test. 
 

EXPERIMENT SETUP 

 

 
 

Mechanical interface and positioning 

The experiment was assembled as in 

figure, completely closed and resting on 

Bosh profiles. 

The experiment was placed in a box filled with 

dry ice. The contact interface between 

the experiment and dry ice is a plate in 

metal. 

 

Parameter monitored from the outside:  

Pressure → Range: 1.013 bar-> 10 mbar 

Temperatura → Range: 28°C -> - 50°C/ -60°C  

 
Connection configuration: was used the RS232 
connector (9 pin) to which was connected the cables for 
the connection of the Arduino and power supply. 

 
Active components: 

- Pump 

- Sensors (temperature, pressure, humidity): 

- Valves for sampling simulation 

- Valve of the canister 

ACQUIRED DATA:  

• Pump Temperature 

(analog sensor) 

• Valve temperature 

(analog sensor) 

• Internal temperature 

(GPS sensor) 

• Plate temperature 

(analog sensor) 

• Internal humidity 

(GPS sensor) 
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- Valve of the flushing 

- Arduino 

- PCB 

- GPS sensors 

- Flowmeter 

- Heaters 

 

CAUTION: 

• Temperature range pump →  + 5 ° C + 40 ° C 

• Temperature range filters → + 10 ° C + 25 ° C 

• Filter flow range → 0.05L / min 3 L / min 

  

• Internal pressure 

(GPS sensor) 

• Chamber pressure a 

empty  

• Flow 

• Temperature around 

to the experiment 

(analog sensor) 
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OPERATIONS PERFORMED DURING THE TEST 

 
T-0H25 Put dry ice at the bottom of the bo polystyrene, 
place the metal plate on top and insert everything into the 
empty chamber 

T-0H21 Pass the cables of the experiment through the 
slot of the part top of the polystyrene box and place the 
box and the experiment above the bottom of the 
polystyrene box containing the ice dry. 

T-0H17 Also insert a piece of polystyrene of known size 
into the chamber. 

T-0H16 Place the camera towards the power supply 
display. 

T-0H14 The RS 232 connector was connected to the 
vacuum chamber port. The other connector was 
connected to the external socket of the vacuum chamber 
and the USB cable (5 pin) to the computer and the other 
(2 pin) to the power supply.  

T-0H12 The camera was turned on. 

T-0H11 Pressure acquisition was started. 

T-0H5 Pre-test started: 

              🡪1 bar for 5 min 

The reception of sensor data was checked, the checklist 
of active components and, also the opening and closing 
of valves and pump was checked. 

0H00 The test started: 

T+0H02  

🡪600 mbar for 10 min (PM fliter→ 3l/min) 

T+0H12  

→ pressure change and flow rate regulation 

T+0H15  

🡪400 mbar for 10 min (VOC filter → 0.05-0.1 l/min) 

T+0H25 

→ pressure change and flow rate regulation 

T+0H27  

🡪200 mbar for 10 min (VOC filter → 0.05-0.1 l/min) 

T+0H37  

→ pressure change and flow rate regulation 

T+0H40  

🡪100 mbar for 10 min (VOC filter → 0.05-0.1 l/min) 

T+0H50 
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→ pressure change and flow rate regulation 

T+0H53   

🡪50 mbar for 10 min (VOC filter → 0.05-0.1 l/min) 

T+1H03  

→ pressure change and flow rate regulation 

T+1H06  

🡪25 mbar for 5 min (canister) 

T+1H11 

 → pressure change and flow rate regulation 

T+1H06  

🡪10 mbar for 5 min (pump functionality and range 
temperature keeping) 

T+1H24 

 🡪The pressure was raised to 1 bar 

T+1H29 End of test: 

T+1H30 The correct collection of the data was checked, 
and the experiment was turned off. 

T+1H32 The camera was turned off. 

T+1H35 The experiment and dry ice were extracted from 
the vacuum chamber. 
 

 

Test description:  

The pump was turned on and the flushing valve opened. 
At each pressure range, the valves in which the sampling 
filter would have been located were opened. Each 
pressure range reached was maintained for 10 min for 
the filters and 5 for the canister. 

Between one "sampling" and the next, the flushing valve 
was opened to allow setting the correct flow rate. 

The first filter to be sampled is the PM filter, therefore the 
flow rate is maximum, i.e. equal to 3 l / min. The next 4 
filters are sampled at a flow rate between 0.05 l / min and 
0.1 l / min, 

The canister is filled to the maximum flow rate, which at 
low pressure reaches 0.15 l / min. 

At lower pressures the pump was turned off and on again. 
The flow was set equal to 0 l / min and then raised again 
without turning off the program. 

Finally, the pump was turned off, in order to observe the 
change in temperature as we no longer had the pump and 
valves on. 

 

TEST RESULTS 
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GONDOLA* TEMPERATURE AND PRESSURE OF THE TVAC 

These two graphs show the external pressure and temperature parameters. A temperature sensor was placed 
to measure the temperature of the Bosh profiles in contact with the metal plate immersed in dry ice. The 
temperature of the sensor in contact with the Bosh profiles at a certain point becomes constant as its 
measurement range does not allow it to measure temperatures below -50 ° C. 

The pressure sensor was instead located inside the experiment. During the simulation, the pressure values 
recorded by the sensor present in the vacuum chamber and the one present in the experiment were repeatedly 
compared. Since these values coincided with very small deviations, it was decided to report only the graph of 
the pressure recorded by the sensor that was in the experiment. 

*Temperature of the Bosh profiles. 
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PUMP TEMPERATURE 

The graph shows the temperature recorded during the experiment by the sensor in contact with the pump. 

It can be seen that, despite the continuous decrease of the external temperature in contact with the experiment, 
the temperature of the pump increases slightly when it is in operation and decreases slightly when it is turned 
off and especially when the pressure returns to the ambient one. 

 

PLATE AND AIR TEMPERATURE  

The two sensors have been placed: one in the manifold to measure the air temperature and one on the plate. 

It is also noted here, as in the case of the pump temperature, that at ambient pressure the temperature is 
lower, while at lower pressures the temperature increases, but always remains within the range required by 
the requirements. 
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PCB TEMPERATURE 

The PCB temperature has the highest values. 
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FLOW RATE  

The flow rate measured by the two flowmeters is that shown in the figure. Two flow meters were used: one with 
a flow range up to 3 l / min and one with a flow range up to 0.5 l / min. The first flowmeter was used during the 
sampling of the PM filter and during the filling of the canister in which the flow rate is set equal to 3 l / min (in the 
case of filling the canister the flow rate is equal to 0.1-0.3 l / min due to low pressure levels). The second flow 
meter was used to check the correct regulation of the flow through the VOC filters, in fact, in this case the flow 
rate must be between 0.05 and 0.1 l / min. 

In the case of filling the canister (1H06-1H11) the flow rate is equal to zero as the flow meter does not measure 
the flow of air that passes through the tube connected to the canister. In any case, this is not a problem as the 
flow is adjusted first using the flushing valve. 
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HUMIDITY 

This graph shows the percentage of humidity within the experiment. As expected, humidity decreases as 
pressure decreases. 

 

FINAL CONSIDERATIONS  

Basically, the test was completed successfully. During the test it was not necessary to turn on any heater as the 
temperature ranges were those required in the requirements. In any case, their functionality was checked before 
the start of the test. During the thermal-vacuum test the canister was not filled as having the experiment closed 
would not allow us to observe the inflation process. The day before the thermo-vacuum test a pre-test was 
carried out in a vacuum chamber in which we verified that the experiment was working correctly at low pressures. 
On that occasion the experiment was presented in its open configuration, so the canister was also inflated. This 
allowed us to observe that the canister inflated and deflated by itself as the pressure changed without operating 
its valve. So, on the day of the thermal-vacuum test, after concluding that the test was successful, the experiment 
was reopened, and another low-pressure test was performed to check the inflation of the canister. In order not 
to run into the same problem we had the day before, a one-way valve was used. The latter, however, requires 
a pressure of one bar to allow the air flow to pass and therefore to allow the canister to be filled. Since the 
canister is filled at very low pressures, this solution proved to be unsuccessful, or at least so we assumed 
because after the test we realized that the cable of the canister valve was not well attached. 

For this reason, the canister inflation test in the vacuum chamber will be redone as soon as possible. 
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Test 5: Filters sampling system verification  
and  
Test 7: Canister sampling system verification.  

A first sampling test was carried out, in early August, along Lungargine 
Bassanello in the city of Padua. The test was carried out in the early hours of 
the morning, when there was no light yet, so as to avoid the photodegradation 
of the pollutants. The test was conducted to verify the ability of our apparatus 
to sample the analytes of our interest. 

The sampling test was carried out near a busy place. A VOC filter and a canister 
was used for sampling. 
The VOC filter was sampled for 15 min at a flow rate between 0.5 and 0.1 l / 
min. The canister was filled using a flow rate of 0.5 l / min. 
After sampling, the filter and the canister were taken to the SGS laboratory for 
the analysis. 

 

 

After the sampling, both the filter and the sampling bag were analysed by SGS 
Italia S.P.A. in agreement with the above-mentioned methods of analysis. Table 
F.2-1 shows the results of the analyses that have been performed on the 
contents of the sampling bag, while Table F.2-2 displays some of the 
molecules, sampled with the Thermal Desorption tube, with their concentration. 
Only the analytes with a concentration higher than the limit of quantification 
(LOQ) are reported. We were able to collect many other compounds, however 
the majority of these analytes had a concentration lower than the LOQ and 
quantitative information could not be obtained. Their presence in the collected 
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sample was still verified as their concentrations were over the detection limit of 
the analytical method employed. 

Table F.2-1 - Sampling Bag, chemical results. 

Compound Method of analysis Unit of measure  Value 

trichlorofluoromethane EPA TO 15 1999 µg/m3 at 25°C 1.31 

naphthalene EPA TO 15 1999 µg/m3 at 25°C 2.06 

tetrachloroethylene EPA TO 15 1999 µg/m3 at 25°C 7.4  

dichlorodifluoro methane EPA TO 15 1999 µg/m3 at 25°C 2.73 

disulfide carbon EPA TO 15 1999 µg/m3 at 25°C 0.374 

hydrocarbon C5-C12 EPA TO 15 1999 µg/m3 at 25°C 450 

toluene  EPA TO 15 1999 µg/m3 at 25°C 21.8 

styrene  EPA TO 15 1999 µg/m3 at 25°C 18.7 

carbon dioxide EPA 3C 2017 % <0.10 

oxygen EPA 3C 2017 % 18.1  

nitrogen EPA 3C 2017 % 82  

methane EPA 3C 2017 % <0.10 

carbon monoxide EPA 3C 2017 % <0.10 

 

Table F.2-2 - Thermal Desorption Tube, chemical results. 

Compound Method of analysis Unit of measure  Value 

2-ethylhexanol  NIOSH 2549 1996 ng ass 31.0  

benzene NIOSH 2549 1996 ng ass 35  

n-heptane NIOSH 2549 1996 ng ass 26.0  

meta-xylene NIOSH 2549 1996 ng ass 55  

para-xylene NIOSH 2549 1996 ng ass 55  
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APPENDIX G – INFORMATIC SPECIFICATIONS 

 
This section describes the flow chart of the experiment for each of the Threads. 
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Figure G-1. Main Thread. 
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Figure G-2. Active thermal control Thread. 

 

 
Figure G-3. Telecommands Thread. 
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APPENDIX H – COVID19 COMPLICATIONS AND DIARY 

 
 
Overview 
 
This appendix briefly describes the direct consequences of COVID on the O-
ZONE- team. 
 
We decided to classify the emergency with 3 scenarios that can quickly make 
a reader understand how the team works. 
 

• Scenario A: universities are open, students are free to circulate, 
curricular activities take place and with these also student projects. 
Companies are open and activities are regular. 

 

• Scenario B: Universities are open for all strictly necessary activities. 
The active companies are those in the health sector and that the 
government allows. Personal travel is limited to 200m from home, for 
shopping and for strictly necessary reasons. 

 

• Scenario C: Universities are open for all authorized activities and 
special cases. Companies are active but work slowly and in smart-
working. Personal moves granted for justified reasons and with the 
obligation of protection devices. 

 
 
Diary (2020) 
 

- Before the February 22th: Scenario A 
- From the February 23th: Scenario B 
- From the March 15th: Scenario B 
- From the April 3rd: Scenario B 
- From the April 15th: Scenario B 
- Until the May 3rd: Scenario B 
- Until the June 22th: Scenario B 
- Until the June 29th: Scenario C 
- From June 29th onwards, the team is authorized to access the 

department. The activities are strictly controlled and the number of 
people accessing is limited. 

- From the 8th to the 28th of August the University is closed so we had to 
work on the experiment at our homes. 

- In September and October, we were able to work on the experiment 
with fewer restrictions. 

- Due to the increase in coronavirus infections, we had to go back to 
working remotely and access laboratories two at a time and with more 
restrictions. 
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Diary (2021) 
 

Since November 2020, the Italian government has defined three risk zones for 
the Coronavirus according to the RT index. 
Each week the different regions change colour. 
The yellow zone allows the team to move around and attend the facilities. 
The orange zone allows the team to move only within the municipality. 
The red zone does not allow travel. 
 
The red zone ended on 14 March, but we were not allowed access to the 
facilities until the end of April. 
 
We are currently in the white zone (August 2021), but you must use the green 
pass to gain access. This green pass is obtained by taking an antigen swab or 
by completing the vaccination cycle. 
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O-ZONE not only recalls the name of ozone, the molecule that protects us 
from UV rays threatened by CFCs, it also means Oxygen Zone, what allows 

us to live, ozone is much more than a team. 
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First signing in October 2019… 

 
 

…and last in October 2021 
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“It’s just my job five days a week” 
-Elton John- 


