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PREFACE 
 

STARDUST Microbiology Project is a joint venture of two Gdańsk 
University of Technology science clubs: SimLE and KSB (Student Club of 
Biotechnology). The project aims to conduct qualitative and quantitative 
research of microbial life in the stratosphere. This document serves as a 
technical description of the project hardware, software, procedures, and 
scientific approach. 
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ABSTRACT 
 

The stratospheric microbiome has been investigated several times using 
the methods of classical microbiology. In this experiment, we are going to 
combine them with some novel approaches including whole-metagenome 
amplification and NGS sequencing. The analysis of metagenome will help to 
determine the content of various species of bacteria in the sample collected in 
the stratosphere. Diversification of methods will help to distinguish culturable 
microorganisms from non-culturable ones. The experiment supplies the 
information about the possibilities of spreading of bacteria around the world 
which is important from the point of view of epidemiological threats and 
environmental biodiversity. It also may provide the scientists with knowledge 
about the mechanisms of survivability of microorganisms in stratospheric 
conditions. 

In the stratosphere, we expect to find gram-positive bacteria with the 
ability to survive high doses of UV and cosmic radiation as well as cold, drought 
or low pressure (incl. low partial pressure of oxygen). After setting up the pure 
cultures of stratospheric microorganisms, they shall be exposed to different but 
controlled values of these parameters. 

The microorganisms shall be collected in the stratosphere by a filtering 
system equipped with six filters. Three filters shall be placed between ever-
closed valves as the control filters. The biological material shall be collected in 
the remaining three filters, of which one shall be used for metagenome isolation. 
Two of them shall provide the microorganisms for setting up cultures on agar 
media. One of the control filters shall be treated like the one for metagenome 
isolation and the other ones shall be treated similar to the ones used for setting 
up the cultures. The stratospheric microbiome shall be compared to the 
microbiome of the air collected from the place of the balloon’s start. 
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INTRODUCTION 

1.1. Scientific/Technical Background  
The atmospheric air is one of the types of environment inhabited by 

microorganisms. Troposphere, the lowest part of the atmosphere, is a great 
object of interest of microbiologists from around the world. However, the upper 
parts of the atmosphere are a difficult environment to investigate, therefore, 
there are still few findings about their microbiome. They should be perceived as 
important from the point of view of environmental microbiology because the 
stratosphere, the second atmospheric layer counting from the Earth’s surface, 
is the space in which winds can reach much higher values of velocity so 
stratospheric winds can be a way of spreading of microorganisms around the 
world. Unfortunately, these findings do not provide sufficient information. One of 
the possible solutions to this problem is to combine the classical methods of 
microbiology with some novel approaches.  

Metagenomics is a field of studies which connects environmental biology 
with genetics. Its scientific aim is to examine metagenomes. A metagenome is 
the total genetic material isolated from a whole environmental sample. It can 
provide information about biodiversity in an investigated environment when 
specific gene sequences of the metagenome are known. Combining this 
approach with growing the microorganisms and testing them biochemically and 
physically can inform us about the conditions under which they survive in the 
stratosphere or not. 

 

1.2. Mission Statement 
Stardust is an interdisciplinary project which relies on collecting bacteria 

in the stratosphere, bringing them down to Earth’s surface without any harm or 
contamination and investigating them microbiologically and genetically in order 
to describe the biodiversity of microbial microbiome in the stratosphere, describe 
yet undescribed species of bacteria and explain the mechanisms of microbial 
survivability in the stratospheric conditions. The stratospheric samples will be 
compared to the on-ground airborne bacteria collected in the same manner. 

 

1.3. Experiment Objectives 
The objective of the experiment is to investigate the microbiome of the 
stratosphere qualitatively and quantitatively in reference to the microbiome of 
the lower troposphere. 
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1.4. Experiment Concept 
 The experiment consists of four parts: a filtering system, an 
electromechanical part operating the filtering system, an electronic system 
receiving and processing information from the sensors and controlling the 
electromechanical part and the external isolation made of Basotect. 
In this experiment, microorganisms shall be caught in three of six syringe filters 
put between pressure-tight valves connected by flexible pipes into a filtering 
system. The three remaining filters of the system shall stay between ever-closed 
valves as the control filters. Two inlets and two outlets of the system shall also 
be controlled by two valves. The outlet of the system will be controlled by a valve 
that will be connected to two diaphragm vacuum pumps, with pipes, on the other 
side. The two valves at the two endings of the system and the six valves securing 
the sampling filters shall be operated by servos. Each outlet of the system shall 
be connected with a diaphragm vacuum pump which shall generate airflow 
through the filtering system. The valve at the outlet of the system shall be a 
three-way valve, thanks to which the pumps shall suck the air either from the 
system or directly from the environment depending on the altitude of the balloon 
holding the experiment. The hoses of the system shall be ramified with inflexible 
joints. Every component of the filtering system except the syringe filters shall be 
autoclavable and shall be sterilised directly before the integration of the system. 
The filters shall be bought sterile. The system shall be integrated in a laminar 
flow cabinet and shall stay pressure-tight after the integration process. After the 
integration of the sterile filtering system, before the balloon launch, the inlets of 
the system shall be covered by the safety caps which shall protect the sections 
of the inlet pipes between the inlet holes and the first valves from contamination 
during the process of accommodation of the experiment in the BEXUS gondola. 
The pumps shall be working during the whole flight, however, the valves of the 
system shall open after reaching an altitude of 15 km during ascent and close 
after crossing 18 km of altitude during descent. After the landing of the balloon’s 
gondola, the filtering system shall be dismounted from the experiment, packed 
into a safe and clean container and transported immediately to a laminar flow 
cabinet, where its outer surface shall be decontaminated. Then, still in the 
laminar flow cabinet, the system shall be packed and sealed in a clean small 
vacuum chamber. The temperature of the system during these operations 
should not exceed the value of 10 ºC. The package with the system shall be 
transported to the laboratory in Gdańsk in the same limit of temperature.  
During the flight of the balloon with the experiment onboard, a second filtering 
system similar to that of the main experiment will be running, performing in the 
same manner, in regular atmospheric air close to Earth’s surface, as a 
secondary control to compare the results from the stratosphere and the 
troposphere. All the procedures shall be kept respectively. 
After bringing the systems with collected samples to the laboratory, the filters 
shall be dismounted to recover the microorganisms from the filters’ membranes. 
One of the sampling filters and one of the control filters shall be rinsed with a cell 
lysis buffer after a short incubation with lysozyme and ribonuclease A and then 
with proteinase K in order to extract total DNA from the collected bacterial cells. 
Then the DNA shall be purified using a DNA purification kit. The purified DNA 
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shall undergo a multiple-displacement amplification with a Phi29 polymerase 
which is an isothermal process in which the whole genetic material is multiplied 
with high fidelity of sequences. The population of the 16S rRNA-coding gene 
from the amplified metagenome shall be re-amplified in polymerase chain 
reaction (PCR) and then sequenced in an NGS process on MiSeq apparatus 
(Illumina) which can output up to 25 millions of gene reads, giving information 
about the percentage of a given sequence in the population. 
Two of the remaining sampling filters and two control filters shall be cut to open 
the frames and transfer the membranes onto rich, universal agar media (for 
example: chocolate agar enriched with vitamins) to set up the microbial cultures. 
Microorganisms from the two sampling filters shall be cultured in two different 
aerobic conditions: aerobic and microaeric. Each sampling filter will be paired 
with one control one. From each primary culture, the pure strains of bacteria, 
yeast and molds shall be isolated and re-cultured on a proper medium in proper 
conditions. The cultures of pure strains shall be passaged and then they shall 
undergo tests. The tests include culturing the microorganisms in different values 
of temperature, pressure, humidity and concentration of additives to 
microbiological media as well as treating them with different doses of UV 
radiation, ionising radiation and oxygen in order to determine their survivability 
in harsh conditions. 
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1.5. Team Details 

1.5.1. Contact Point 
 
Contact point at Gdańsk University of Technology: 
 
Beata Krawczyk, PhD Professor of Microbiology 
 
Department of Molecular Biotechnology and Microbiology, Faculty of 
Chemistry, Gdańsk University of Technology 
ul. Gabriela Narutowicza 11/12, 80-233 Gdańsk 
e-mail: beata.krawczyk@pg.edu.pl 
phone: (+48) 58 347 23 83 
 
Team Coordinator: 
 

Mateusz Grzybowski 
e-mail: stardust@simle.pl, grzybek_mg@o2.pl  
phone: (+48) 792 090 542 

 

1.5.2. Team Members 

 

Mateusz Grzybowski 
 
Responsibility: Project coordinator, 
microbiological coordinator, 
metagenomics, contact with 
organisers, literature review 
 
Educational Background: 
Biotechnology 
 
Interests: enology, cooking, 
perfumery 
 
Contact: grzybek_mg@o2.pl  
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Szymon Magrian 
 
Responsibility: Embedded 
Firmware Engineer 
 
Educational Background: 
Electronics and 
Telecommunication 
 
Interests: music, eating 
 
Contact: 
szymon.magrian1@gmail.com  

 

Kacper Loret 
 
Responsibility: Mechanical  
Design, Fluid Mechanic Analysis 
 
Educational Background: 
Mechanical Engineering 
 
Interests: tourism, photography, 
car mechanics 
 
Contact: kaclor54@gmail.com 
 

 

Marcin Jasiukowicz 
 
Responsibility: Embedded 
Firmware Engineer 
 
Educational Background: 
Automation and Robotics 
 
Interests: space industry and 
technology 
 
Contact: 
contact@yasiu.pl 
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Karol Pelzner 
 
Responsibility: technical 
coordinator, Hardware Design 
Engineer 
 
Educational Background: 
Electronics and 
Telecommunication 
 
Interests: traveling, new 
technologies 
 
Contact: karol.pelzner@gmail.com 

 

Agnieszka Kurdyn 
 
Responsibility: DNA isolation and 
amplification, inoculation, literature 
review 
 
Educational Background: 
Biotechnology 
 
Interests: playing the ukulele, 
sport, mountains traveling, books 
 
Contact: 
agnieszka.kurdyn123@gmail.com 

 

Dominika Tomaszewska 
 
Responsibility: Marketing, social 
media, finance 
 
Educational Background: 
Mechanical Engineering 
 
Interests: sports, traveling, 80s 
music 
 
Contact: 
dt.dominika.tomaszewska@gmail.
com 
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Paulina Podpirko 
 
Responsibility: contamination 
control, recovery of biological 
material from filters, time planning 
 
Educational Background: 
Biotechnology 
 
Interests: cosmetics chemistry, 
home wine production 
 
Contact: 
paulinass1996@gmail.com 

 

Dawid Rekowski 
 
Responsibility: microbiological, 
biochemical, physicochemical 
tests, inoculation, ordering 
materials 
 
Educational Background: 
Biotechnology 
 
Interests: football, board games 
 
Contact: dawrex@tlen.pl 
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1.5.3.  

 

Bartosz Rybacki 
 
Responsibility: 
Microbiological tests, functional 
tests of the sampling system and 
development of the project concept 
 
Educational Background: 
Biotechnology 
 
Interests: 
Epigenetics, armwrestling, analog 
photography 
 
Contact: 
bartoszrybackiscience@gmail.com 

 

Remigiusz Galikowski 
 
Responsibility: 
software for Stardust project 
 
Educational Background: 
Informatics (spec. software 
development) 
 
Interests:  
gamedev, software, 
SF, fantasy, pen&paper RPGs 
 
Contact:  
remigiuszgalikowski@gmail.com 
 



 
- 19 - 

 
  

BX30_STARDUST_SED_v5-0_26Apr2022 

 

Natalia Czortek 
 
Responsibility: 
Mechanical Design of the 
Groundbox 
 
Educational Background: 
Mechanical Engineering 
 
Interests:  
space industry and technology, 
nuclear power, crime stories, 
strength training 
 
Contact:  
natalia9706@gmail.com 
 
 

 

Jakub Pawłowski 
 
Responsibility: 
Microbiological experiments  
 
Educational Background: 
Environmental health  
 
Interests:  
Microbiology, sport, cooking, 
bacterial drug resistance, medicine 
 
Contact:  
jakubxpawlowski@gmail.com 
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2. EXPERIMENT REQUIREMENTS AND CONSTRAINTS 

2.1. Functional Requirements  
F1. The experiment shall pump atmospheric air into the filtering system. 
F2. The experiment shall filter the pumped air, collecting microorganisms on 

the collection filters’ membranes. 
F3. The experiment shall measure the air temperature of the filtering system. 
F4. The experiment shall measure the air humidity of the filtering system. 
F5. The experiment shall determine its altitude. 
F6. The experiment shall measure atmospheric pressure. 
F7. The experiment shall measure atmospheric air humidity. 
F8. The experiment shall measure atmospheric air temperature. 
F9. The experiment should measure the air temperature of the electronics 

compartment. 
F10. The experiment shall measure the flight time. 
F11. The experiment should determine its position via GPS. 
F12. The software shall record, process, and save sensor suite data for future 

reference. 
F13. The groundbox shall work in the same manner as the main experiment but 

on the ground. 

2.2. Performance Requirements 
P1. The air flow rate through one filtering subsystem shall be at least 85 L/min. 
P2. The air flow rate through one filtering subsystem should exceed 128 L/min. 
P3. The experiment shall determine its altitude in a range of at least 100-35000 

meters. 
P4. The experiment shall determine its altitude with an accuracy of at least +/-

100 meters. 
P5. The altitude shall be measured with a frequency of at least 1 Hz. 
P6. The temperature shall be measured in range of at least -30ºC to 30ºC. 
P7. The temperature should be measured in range of at least -55ºC to 55ºC. 
P8. The temperature shall be measured with an accuracy of +/-1ºC. 
P9. The temperature shall be measured with a frequency of at least 0.5 Hz. 
P10. The air humidity shall be measured in a range of at least 5-95% RH. 
P11. The air humidity shall be measured with an accuracy of at least +/- 5% RH. 
P12. The air humidity shall be measured with a frequency of at least 0.5 Hz. 
P13. The outside pressure shall be measured in range of at least 1-110 kPa. 
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P14. The outside pressure shall be measured with an accuracy of at least 1 kPa. 
P15. The outside pressure shall be measured with a frequency of at least 1 Hz. 
P16. The experiment should determine its position with a frequency of at least 

0.5 Hz. 
P17. The experiment should determine its position with an accuracy of at least 

+/- 100m. 
P18. The servo shall rotate with speed of at least 10 RPM. 
P19. The servo shall develop at least 5 kg*cm of torque. 
P20. The flight time shall be measured with accuracy of 1 s. 
P21. The temperature should be measured with accuracy of at least +/-2ºC [see 

req. P8.]. 

2.3. Design Requirements  
D1. The experiment shall not interfere with other experiments on BEXUS 30. 
D2. The heat generated by vacuum pumps shall not increase the internal 

temperature of the filtering system by more than 5ºC. 
D3. The filtering system shall stay leakproof in the changing pressure through 

altitude changes (during ascent and descent) (leak proof means filtering 
system shall hold both positive and negative delta pressure of 2.5 Bars for 
at least three hours). 

D4. The Filtering System shall stay sealed after landing. 
D5. The experiment should be easy to be taken out of the balloon’s gondola 

regardless of the gondola’s orientation after the landing. 
D6. The Filtering System should be easy to be dismounted from the 

experiment’s gondola when the experiment is orientated normally (the top 
side up). 

D7. The Filtering System shall have the shape impeding the sticking of 
microorganisms to the inner walls of the pipes or joints. 

D8. Collected microorganisms shall be recoverable from the filters' 
membranes. 

D9. The experiment shall withstand the action of forces during the flight. 
D10. The experiment shall provide an interface for power and LAN. 
D11. The experiment shall operate within 24V to 32V supply voltage range. 
D12. The experiment mean current consumption from BX gondola shall not 

exceed 1 A. 
D13. The experiment shall not exceed voltage and current ratings of used 

interface connectors (Amphenol RJF21B & PT02E8-4P). 
D14. The electronics shall only be grounded via the power connector. 
D15. The electronics shall provide sensors for measuring current draw. 
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D16. The experiment shall be able to store at least 2GB of sensor and log data. 
D17. Data uplink/downlink via LAN connection shall be lower than 4 kB/s. 
D18. The total size of the experiment shall be max. 0.5 x 0.5 x 0.25 m. 
D19. The total mass of the experiment shall be lower than 8 kg. 
D20. The pipes radius of curvature shall be bigger than 2 cm 
D21. The insulation shall be able to withstand low pressure conditions. 
D22. The insulation shall provide thermal conductivity less than 0.05 W/mK in 

order to meet dimensions requirement. 
D23. The experiment shall work in ambient temperature between -50 to 30 °C. 
D24. The supports for outside pipes shall endure forces during the flight phase 

of the experiment. 
D25. The support for outside pipes shall bend break in case of bad landing in 

order not to penetrate through the walls of  the Stardust Gondola. 
D26. The outside pipes shall be easily noticeable in order to reduce chances of 

damaging them before the launch.  
D27. The inlet pipes of the reference filtering system working on the launch pad 

shall keep minimum 20 cm of distance from the ground. 
D28. All the experiment’s systems and components shall fit in the experiment’s 

box. 

2.4. Operational Requirements 
O1. The experiment shall run both in manual and autonomous mode. 
O2. The experiment shall communicate with a ground station in manual mode. 
O3. The experiment should communicate with the ground station in 

autonomous mode. 
O4. The valves shall be openable independently of each other. 

2.5. Constraints 
C1. Due to the COVID-19 pandemic, international flights have been 

temporarily restricted. 
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3. PROJECT PLANNING  

3.1. Work Breakdown Structure (WBS) 

3.1.1. Responsibilities in Stardust project 
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3.1.2. WBS for Stardust project 

 
The above WBS shows our plans when the final mission was planned for October 2020. Below, there is an edited WBS 

showing the activities we want to carry out in order to prepare the experiment for the mission in October 2021, excluding the 
tasks planned earlier. 
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3.2. Schedule  
3.2.1. Gantt Chart 
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The above Gantt chart shows our plans when the final mission was planned for October 2020. Below, there is an edited Gantt chart 
showing the activities we want to carry out in order to prepare the experiment for the mission in October 2021, starting from November 
2020. 

 

 
The team has prepared an additional Gantt chart that presents planned activities after completing the final mission. 
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3.3. Resources 

3.3.1. Manpower 

Mateusz Grzybowski 
 
Skills: 
- Microbiological techniques 
- Molecular biology techniques 
 
Responsible for: 
- teamwork coordination 
- general project management 
- microbiological coordinator, 
- metagenomics, setting up microbiological 
cultures 
- recovery of biological material from filters 
- contact with the ESA 
- SED editing 
 
Support in: 
- literature review 
- budgeting 
- outreach 
 
Experience: 
- Two months of internship at Intercollegiate 
Faculty of Biotechnology UG & MUG 
- Three years in Biotechnology Students’ 
Club management board 
- Two months of COVID-19 molecular 
diagnostics 

Szymon Magrian 
 
Skills: 
- Firmware development 
- Basic hardware design 
 
Responsible for: 
- On-board computer firmware 
development 
 
Support in: 
- Hardware design 
 
Experience: 
- 2 years of commercial experience as an 
embedded firmware developer, 
- Embedded developer in SimLE science 
club since 2016 
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Kacper Loret 
 
Skills: 
- Computer Aided Design  
- Computational Fluid Dynamics 
 
Responsible for:  
- Mechanical Design, 
- Fluid Mechanic Analysis 
 
Support in: 
- Mechanical Design 
 
Experience: 
- Student of Mechatronics @ GUT 
 

Marcin Jasiukowicz 
 
Skills: 
- Firmware development 
 
Responsible for: 
- PCB design 
- Electronic Schematics 
- Software 
 
Support in: 
- technical coordination 
- SED editing 
 
Experience: 
- member of Hackerspace Pomerania 
- 3rd year Automation and Robotics 
student @ GUT 

Karol Pelzner 
 
Skills: 
- Electronics Design 
 
Responsible for: 
 
 
Support in: 
- budget, electronics (sensors and power 
management) 
 
Experience: 
- member of Hedgehog Rexus Team 
- Stardust previous missions coordinator 
since 2015 
 

Agnieszka Kurdyn 
 
Skills: 
- Microbiological techniques 
- Molecular biology techniques 
 
Responsible for: 
- DNA isolation and amplification 
- inoculation 
- literature review 
 
Support in: 
- metagenomics 
 
Experience: 
- projects at university 
- two months of an internship at Mabion 
SA 
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Dominika Tomaszewska 
 
Skills: 
- creativity 
- CAD programs 
- Excel 
- marketing knowledge 
 
Responsible for: 
- budget 
- social media 
- writing articles 
- contact with sponsors and GUT 
 
Support in: 
- project management 
 
Experience: 
- SimLE science club chairman since 2017 
- 2 years in sport editorial office 
- projects at university 

 

Paulina Podpirko 
 
Skills: 
- Microbiological techniques 
- Molecular biology techniques 
- Bacteria identification methods 
 
Responsible for: 
- contamination control,  
- recovery of biological material from filters 
 
Support in: 
- microbiological, biochemical, 
physicochemical tests 
- project management 
- recovery of biological material from filters 
 
Experience: 
- four month internship in project InnovaBio 
Pomorze in Bio laboratorium/Pomeranian 
Science and Technology Park  

Dawid Rekowski 
 
Skills: 
- Microbiological techniques 
- Molecular biology techniques 
- Bacteria identification methods 
 
Responsible for: 
- microbiological, biochemical, 
physicochemical tests, procurement for 
microbiological part 
 
Support in: 
- inoculation 
- social media 
 
Experience: 
- projects at university 
- internship in MLEKOVITA microbiological 
laboratory  
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- projects at university 
 
 

Bartosz Rybacki 
 
 
Skills: 
- Microbiological techniques 
- Molecular biology techniques 
 
Responsible for: 
- microbiological tests, functional tests of the 
sampling system 
- development of the project concept  
 
Support in:  
- SED editing 
 
Experience: 
- projects at university 

Remigiusz Galikowski 
 
Skills: 
- Software development 
 
Responsible for: 
- Software 
 
Support in: 
- Ground Station 
 
Experience: 
- projects at university 
- own projects 

Natalia Czortek 
 
Skills: 
- Computer Aided Design  
- Computational Fluid Dynamics 
 
Responsible for:  
-Mechanical, thermal and structural 
engineering 
 
Support in: 
-Mechanical Design 
 
Experience: 

- - Mechanical engineering student at @GUT  
- - Two years of experience as an engineer 

in the energy sector 

Jakub Pawłowski 
 
Skills: 
- Microbiological techniques 
- Experience in sampling 
 
Responsible for: 
- Microbiological tests 
- Breeding of cultures 
- Storage and transport of microorganisms 
 
Support in: 
- Literature review 
- Access to the laboratory 
 
Experience 
- Three months of internship at n Bio 
laboratorium/Pomeranian Science and 
Technology Park 
- projects at university 
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3.3.2. Hourly availability 
Fig. 3.3-1: Week-by-week breakdown of team members hourly availability 
 
 
 
 

Fig. 3.3-2: Summary of team hourly availability by week.  

 
 

Fig. 3.3-3: Hourly availability by team member - summary 
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Fig. 3.3-4: Hourly availability by team member - average 

 
 

3.3.3. Budget 
Table 3.3.2-1: Predicted budget for components 

Predicted budget for components 

Name Amount Unit price Price PLN Price EUR 

Technical (T) 
/Microbiology 

(M) 

Servos 18 132,00 zł 2376,00 zł €563,03 T 

vacuum pump 4 650,00 zł 2 600,00 zł €614,66 T 

vacuum pump 
SparkFun ROB-10398 1 78,21 zł 78,21 zł €18,49 T 

valve LLG-9116771 12 45,00 zł 540,00 zł €127,66 T 

valve LLG-9116776 4 72,50 zł 290,00 zł €68,56 T 

WK625 20 1,67 zł 33,40 zł €7,90 T 

microSD card reader 2 12,15 zł 24,30 zł €5,74 T 

DHT22 4 21,17 zł 84,68 zł €20,02 T 

RTC DS3231 8 8,41 zł 67,28 zł €15,91 T 

Arduino Ethernet 

Shield 2 1 100,80 zł 100,80 zł €23,83 T 

SparkFun Current 

Sensor ACS723 2 35,91 zł 71,82 zł €16,98 T 
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PDB181-K215K-104B 20 3,82 zł 76,40 zł €18,06 T 

SSCMRNN015PASA5 2 121,38 zł 242,76 zł €57,39 T 

Pololu Step-Down 

Voltage Regulator 

D24V10F12 2 25,52 zł 51,04 zł €12,07 T 

Pololu Step-Down 

Voltage Converter 

D24V22F5 2 26,31 zł 52,62 zł €12,44 T 

Pololu Step-Down 

Voltage Regulator 

D24V10F6 2 30,71 zł 61,42 zł €14,52 T 

Analog Diccovery 2 

pro 2 1 049,18 zł 2 098,36 zł €496,07 T 

brush, fiberglass (for 
soldering) 1 22,04 zł 22,04 zł €5,21 T 

cleaning sticks 10 1,00 zł 10,00 zł €2,36 T 

Vacuum sealer 1 363,00 zł 363,00 zł €85,82 T 

labeler 1 297,09 zł 297,09 zł €70,23 T 

Sterile syringe filters 50 3,84 zł 192,00 zł €45,39 M 

Universal DNA 
isolation kit 1 280,00 zł 280,00 zł €66,19 M 

Disinfectant 1 17,00 zł 17,00 zł €4,02 M 

Syringes 50 0,20 zł 10,00 zł €2,36 M 

Set for bacterial DNA 
isolation 1 346,00 zł 346,00 zł €81,80 M 

Phi29 polymerase  1000 U 1 034,00 zł 1 034,00 zł €244,44 M 

PCR tubes with a flat 
lid 500 0,36 zł 181,00 zł €42,79 M 

Pipette tips with 1 mL 
filter 200 0,49 zł 98,00 zł €23,17 M 

Isopropanol 1000 mL 76,00 zł 76,00 zł €17,97 M 

NGS sequencing 1 3100,00 zł 3100,00 zł €689,38 M 

DNA decontamination 
fluid 1 200,00 zł 200,00 zł €47,28 M 

lysozyme 1 186,00 zł 186,00 zł €43,97 M 

Chocolate Agar 50 3,40 zł 170,00 zł €40,19 M 
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Bulion TSB 500 g 500 g 271,00 zł 271,00 zł €64,07 M 

Exo-resistant random 
primer 1 249,00 zł 249,00 zł €58,87 M 

Agar 500 g 315,00 zł 315,00 zł €74,47 M 

Glass rod 2 16,00 zł 32,00 zł €7,57 M 

Disposable sterile 
nitrile gloves 50 0,92 zł 46,00 zł €10,87 M 

Sterile 15 mL falcon 
tubes 100 0,42 zł 42,00 zł €9,93 M 

1.5 mL eppendorf 
tubes 500 0,25 zł 123,00 zł €29,08 M 

Triton X-100 1 184,00 zł 184,00 zł €43,50 M 

Single sterile sterile 
syringes 100 0,25 zł 25,00 zł €5,91 M 

dNTPs 1 110,00 zł 110,00 zł €26,00 M 

nuclease-free sterile 
water 1 86,00 zł 86,00 zł €20,33 M 

Sabouraud Modified 
LAB -AGAR 20 szt. 20 1,90 zł 38,00 zł €8,98 M 

Set one-step RT-
qPCR 1 420,00 zł 420,00 zł €99,29 M 

Travel costs: SW 4 - 1 600,00 zł €378,25 - 

Travel costs: PDR 5 - 2 500,00 zł €591,02 - 

Travel costs: FRR & 
Launch Campaign 10 - 5 000,00 zł €1182,04 - 

Wooden plywood  1 30,00 zł 30,00 zł €6,67 T 

Polycarbonate sheet   1 138,95zł    138,95zł    €30,98  T 

 Summary:  26 833,17 zł €6 298,21  

 
From October 2019 till October 2020, the Stardust team  was granted by the 
Ministry of Science and University Education for the amount of 225.000 PLN 
(~53000 EUR). Distribution of funds: 85 % for courses, competitions and 
conferences, 10% - materials, 5% - project costs. Due to the difficulties caused 
by the epidemiological situation, the team has spent a half of the grant. The 
Stardust team also got financial support from the GUT Student Council for the 
amount of 7000 PLN (~1500 EUR). 
The vast majority of the experiment is now ready. However, several parts have 
been purchased but need to be delivered. 
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In January 2021, the Stardust Team was granted a PLN 50,000 (~ EUR 11,000) 
award for operations. From this amount, the last necessary components will be 
purchased and the campaign will be financed. 

3.3.4. External Support 
Prof. Beata Krawczyk, PhD Professor of Microbiology 

Faculty of Chemistry, Department of Molecular Biotechnology and Microbiology 
- microbiology expert 

Adam Dąbrowski, M.Sc. Mechanical Engineering 

Faculty of Mechanical Engineering, Department of Mechanics and Mechatronics  
 

Members from Hedgehog Rexus Project from GUT are helping the Stardust 
project. 
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3.4. Outreach Approach 
 
Stardust outreach can be divided into two sections: own internet 

operations and local/national media support. 
Stardust basic outreach program consists of: 

- Website: 
https://simle.pl/en/projects/stardust/ (website run in English and 
Polish) 
https://stardust-bexus.net/ (website run in English) 

- Facebook profiles: 
www.facebook.com/stardust.microbiology.project  
(Posts are posted with Polish and English descriptions.) 
www.facebook.com/SIMLEpl 
www.facebook.com/KSB.PG 

- Instagram profile: 
www.instagram.com/simle.pg 

- YouTube profile: 
www.youtube.com/user/ProgramSimLE 

After receiving feedback, the team created a website dedicated to the Stardust 
project. It contains the most important information about the project itself as 
well as the team and REXUS/BEXUS program. The site will be updated 
regularly. 

 
Outreach plans: 

Once a month at the Stardust website we will post extensive information 
about our work progress and some technical and microbiological curiosities from 
our team members. At our facebook and instagram profile we will post status or 
relation once per week. 
 

Thanks to previous SimLE activity we can count on support from local 
and national media. We hope to be part of articles and also radio and TV 
interviews. Thanks to a government grant we can be part of not only the main 
Polish space conferences but also international ones. We also want to share our 
knowledge and experience at lectures on the Gdańsk University of Technology. 

Detailed outreach plan has been attached in Appendix B. 

  

https://simle.pl/en/projects/stardust/
https://stardust-bexus.net/
http://www.facebook.com/stardust.microbiology.project
https://www.facebook.com/SIMLEpl
https://www.facebook.com/KSB.PG
https://www.instagram.com/simle.pg
https://www.youtube.com/user/ProgramSimLE
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3.5. Risk Register 
Risk ID  
TC – technical/implementation  
MS – mission (operational performance)  
SF – safety 
VE – vehicle  
PE – personnel  
EN – environmental  
 
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  

The rankings for probability (P) and severity (S) are combined to assess the 
overall risk classification, ranging from very low to very high and being coloured 
green, yellow, orange or red according to the SED guidelines 
Table 3-1: Risk Register 

ID Risk (& consequence if not 
obvious) P S P x S Action 

TC5 Leakage in the filtering 
system B 4 low Two separate systems, double 

checking of all hoses 

TC10 Overheating of the pumps A 3 very 
low 

Testing, real time measurement of its 
temperature 

TC15 Servo control failure A 3 very 
low 

Redundancy of components, separate 
servo for each valve 

TC20 

System failure during 
Integration and 

Bench tests/pre-flight 
tests 

B 3 low Spare components 

TC25 Electronics failure 
during flight B 3 low Redundancy of components and spare 

parts 
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TC30 Not available workspace A 3 very 
low Access to various workspaces 

TC35 Wrong altitude data from GPS 
sensor A 3 very 

low Separate barostatic altimeter 

MS5 Contamination of the filtering 
system (preflight) B 4 low 

Proper decontamination procedures, 
adequately trained personnel, applying 
safety caps on the filtering system’s air 

inlets between the assembly of the 
system and the start of the ballon, 

reduced time between 
decontamination and flight, safe 

transport 

MS10 Contamination of the filtering 
system (afterflight) B 4 low 

Adequately trained personnel, 
dedicated transport vessel, 

contamination control, system 
tightness tests 

MS15 On-board software failure 
during flight B 2 very 

low 
Software restart. 

As outlined in software section 4.8.7. 

MS20 Ground station 
problem B 2 very 

low Autonomous system architecture 

MS25 Perforation of a membrane in 
a filter B 4 low 

Checking the quality of membranes 
after the delivery; the filtering system 

divided into two subsystems 

PE5 Unavailable personnel B 3 low Sharing data 
& knowledge 

MG5 

Problems with 
communication inside 

and outside of the 
team 

A 2 very 
low 

Proper team management 
and communication skills 

training 

MG10 Not maintaining the 
schedule B 3 low 

Proper team management 
and motivation; margin 

planning 

MG15 Not maintaining the 
budget A 3 very 

low 

Buying the optimal 
components in terms of 
price; reasonable travel 

expenses 

MG20 Not receiving 
promised funding A 2 very 

low 

Searching for different 
sponsors from different 

backgrounds 
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4. EXPERIMENT DESCRIPTION 

4.1.  Experiment Setup 
 The engineering implementation of the scientific idea consists of two 
filtration systems of 3 syringe filters each, connected in parallel by tubing to a 
vacuum pump. This tops 6 syringe filters in total, with two treated as sterility 
control,  and two pumps. Every syringe filter is isolated from the external 
environment by valves to ensure its sterility before reaching the stratosphere 
and after landing. Each contraption of 2 valves and a filter shall be pressure tight 
to ensure no contamination can enter the inside. Each valve is individually 
controlled by a servo mechanism. The mechanical diagram can be seen on the 
schematic 4.4.1. 
Please note that the Experiment Compartment holds two 3-filter contraptions, 
and only one such contraption is presented in the diagram. In the final assembly, 
all components within the Experiment Compartment except for the Sensors will 
be duplicated. 
 
Fig. 4.1-1: Experiment assembly scheme. 

f 

4.2. Experiment Interfaces 
Fig. 4.2-1: Experiment Overview. 

 
X=500 mm 
Y=900 mm 
Z= 250 mm 

Z1= 290 mm 
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4.2.1. Mechanical 
The experiment interior shall be accessible from the outside after 

mountage. The filtering system requires access to at least two external walls.  
The experiment will be mounted using BEXUS rubber bumpers to reduce the 
transport of vibrations and heat. Rubber bumpers will be screwed to two  BEXUS 
gondola’s rails. Also, the experiment itself will be equipped with two rails to 
achieve better stress distribution. The most critical parts will be three probes 
mounted to one side of the Stardust gondola with a length of 400mm. Aluminum 
guards around the experiment gondola will be mounted together using special 
glue Acralock SA 10-15 BLK.Supports for the probes will be made of gray PE 
lagging. The outer pipes will be additionally marked with a coloured tape to 
reduce the probability of damage before launch. 

Fig. 4.2-2 Gondola interface 
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Table 4.2-1 Table of mounting parts 

No. Element Quantity  

1 Rubber bumpers 4 

2 M6 bushings 8 

3 M6 nuts 8 
 
 

An external GPS antenna is needed to provide real time altitude data. It 
will be mounted on the top rail of the BEXUS gondola using a 3D-printed adapter. 
This is the best possible place in order to reduce possible interferences.  
Fig. 4.2-3 GPS box 

 
 

4.2.2. Electrical 
 The experiment will rely on BEXUS 28V power supply to power itself. The 
connector used is Amphenol PT02E8-4P1. Grounding is exclusively conducted 
via the connector and not the mechanical structure.  Power draw calculated at 
28V is 28W max, 16.24W on average. The max power is drawn only during the 
operation of the servo mechanisms, which is less than 1% of overall flight time. 

E-Link Interface via RJF21B2 connector will be used to receive 
commands from and send status checks to the ground station. 

                                            
1 https://eu.mouser.com/datasheet/2/18/12-022-321023.pdf 
2 https://eu.mouser.com/datasheet/2/18/1/RJF-1157942.pdf 

https://eu.mouser.com/datasheet/2/18/12-022-321023.pdf
https://eu.mouser.com/datasheet/2/18/1/RJF-1157942.pdf
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The ground station will occasionally send short, 2 byte commands to open 
and close the valves, and will expect no more than 128 byte packets of sensor 
and life check data. All in all the bandwidth should not exceed 4kB/s of uplink 
and 4kB/s of Downlink capacity.  

In case of comm link failure the system will be programmed with an 
autonomous mode using available telemetry from the gondola and sensors to 
conduct the mission plan. 

4.2.3. Thermal 
The electronics compartment and main chamber will be insulated with 

BasoTect material. The thickness of the walls will be 50 mm. No significant heat 
exchange between experiment and BEXUS Gondola is expected. More specific 
details are specified in section: Thermal Design. 
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4.3.  Experiment Components  
Table 4.3-1: Experiment components on board of BEXUS gondola 

No. Item Manufacturer 
/norm Qt. 

Mass 
/itm. 
[kg] 

Mass 
total 
[kg] 

Material Status 

1 Enclosure STARDUST 1 0.736  0.736 Basotect delivered 

2 Insulation 3M 1 0.15 0.15 3M Thinsulate 
FR150 delivered 

3 Syringe Filter qpore 6 0.003 0.018 PP, PES ordered 

4 Pipe joint Kartell 8 0.001 0.008 PP delivered 

5 Valve LaboPlast 16 0.012 0.192 PP,PE,PTFE delivered 

6 Tube system ? 2 0.35 0.7 silicone delivered 

7 Diaphragm pump 
3KD BOXER 2 0.435 0.87 N/A delivered 

8 Servomechanisms HS-755MG 12 0.11 1.32 N/A delivered 

9 Servos’ fixture STARDUST 6 0.159 0.954 PLA manufact
ured 

10 Eletronics box STARDUST 1 - 0.75 N/A delivered 

11 V-SLOT profiles V-SLOT 
Poland 12 - 2,2 AL 4080 delivered 

12 V-SLOT nuts V-SLOT 
Poland 100 - 0,5 AL4080 delivered 

13 Screws (various 
dimensions) ISO 4762 200 - 0,4 S270 delivered 

14 VCU manufactured 
parts STARDUST 9 0,3 2,7 PETG manufact

ured 

15 Aluminium floor plate WLODARW-3 1 0,55 0,55 AL 1050 delivered 

16 Heaters PAS-07408 9 0,008 0,072 
Aluminum 

oxide+Cerami
cs 

delivered 

17 V-SLOT connectors V-SLOT 
Poland 16 0,01 0,016 AL4080 delivered 
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Table 4.3-2: Experiment summary table 
Property Value 

Experiment mass (in kg): 6.6 
Experiment mass with the mounting  
Interface (kg) 

7.2  

Experiment dimensions  (in m): 
0.50 x 0.50 x 0.25 

(+0.40 in Y for the inlet pipes) 
Experiment footprint area (in m2) 0.25 
Experiment volume (in m3) 0.0625 

Experiment expected COG (centre of 
gravity) position: 

X: 0.167 
Y: 0.250 
Z: 0.063 

Values introduced in table 4.3-2 have been determined with 5% margin. 
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Table 4.3-3: Experiment components of Groundbox 

No. Item Manufacturer 

/norm 

Qt. Mass 

/itm. 

[kg] 

Mass 

total 
[kg] 

Material Status 

1 Enclosure STARDUST 1 3.54 3.54 Basotect delivered 

2 Syringe Filter qpore 6 0.003 0.018 PP, PES ordered 

3 Pipe joint Kartell 8 0.001 0.008 PP delivered 

4 Valve LaboPlast 16 0.012 0.192 PP,PE,PTFE delivered 

5 Tube system ? 2 0.35 0.7 silicone delivered 

6 Diaphragm pump 
3KD 

BOXER 2 0.435 0.87 N/A delivered 

7 Servomechanisms HS-755MG 12 0.11 1.32 N/A delivered 

8 Servos’ fixture STARDUST 6 0.159 0.954 PLA manufactured 

9 Electronics Box STARDUST 1 - 0.75 N/A delivered 

10 Polycarbonate 
sheet  

Contra  1 1.56 1.56 Polycarbonate  delivered 

11 
Screws (various 

dimensions) ISO 4762 20
0 

- 0.4 S270 delivered 

12 Wooden plywood Betulla 1 1.3 1.3 Wood delivered 
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13 
VCU 

manufactured 
parts 

STARDUST 9 0,3 2,7 PETG manufactured 

 
 
Table 4.3-3: Groundbox summary table 

Property Value 

Groundbox mass (in kg): 11.48 

Groundbox dimensions  (in m): 0.60 x 0.60 x 0.25 

(+0.40 in Y for the inlet pipes) 

Groundbox footprint area (in m2) 0.36 

Groundbox volume (in m3) 0.09 

Values introduced in table 4.3-2 have been determined with 10% margin 
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4.4. Mechanical Design 
Fig. 4.4-1 Filtering system schematic 

 

4.4.1. Vacuum pumps 
BOXER 3KD3 vacuum pumps will be used to generate airflow in the 

Filtration System. Each of them can theoretically provide 18l/min. They will be 
controlled by a Pump Controller (4.5.2). We will use a 12V variant. To reduce 
vibrations transferred from the pumps to the experiment rubber bumpers will be 
used. Detailed technical data from the manufacturer's website are presented in 
Appendix c 

Table 4.4-1: Technical data 

Free Flow 18.0 L/min  

Max Pressure 2.0 bar  

Max Vacuum -800 mbar  

Power Consumption 8.5 to 22.0 W  

Series Connection (Vacuum only): Free Flow 11.0 L/min Max 

Vacuum -900 mbar  

Power Consumption 8.5 to 11.0 W  

Voltage Options  12 / 24 V DC  
 

                                            
3 https://www.boxerpumps.com/fileadmin/dateien/gas/3KD/Diaphragm_Pump_3KD_DC.pdf 

https://www.boxerpumps.com/fileadmin/dateien/gas/3KD/Diaphragm_Pump_3KD_DC.pdf
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4.4.2. Valves 
Valves used in the Filtration System are manufactured by “Bürkle”, 

models: 8607-0060 and 8608-0060. They are able to withstand high 
temperatures during the process of decontamination in an autoclave (at least 
121ºC, 1,5 bar). 8607-0060 valve has two states (open/closed) and  8608-0060 
has three (closed/outlet one/outlet two). To switch between them, the top of the 
valve is turned. This is why it can be operated by a servo (4.5.3). The valves are 
detachable so servos itself will not be involved in the decontamination process. 
These valves have been used in prior missions proving their reliability.  
Manufacturer guarantees they can undergo delta pressure of 1 Bar and stay 
tight. In order to connect the valve to coupling, three holes must be drilled in the 
top part of the valve, according to holes location in the Coupling Valve Side. The 
minimal torque needed to open the valve was calculated to 68,7N*cm [0,7Nm]. 
Valves 8608-0060 will be used in the last Valve Control System (nearest to the 
pumps) in order to soft-start the pumps. 

4.4.3. Filters 
The Filtration System will consist of six filters, each of them controlled by 

two valves (inlet/outlet), three of them will be used as sample collectors, and the 
rest will be used as controls.  

The filters will be bought sterile in tight packages. Their frames are made 
of polypropylene and their membranes are made of porous PES, a material 
proper for filtrating microorganisms. The pore diameter equals 0,22 μm. The 
diameter of the membrane equals 25 mm. 

4.4.4. Hoses 
Each component of Filtration System shall be connected by silicone hoses 

(⦰6mm) specially designed to this application, so that they will be able to withstand 
high temperatures during the process of decontamination and provide the 
experiment with proper robustness without generating loses in biological material 
by adhesion to the walls. To prevent hoses from overbending they will be 
supported by 3D printed elements with fixed radius of curvature  (fig 4.4-6). Inlet 
pipes (those installed outside of the gondola) will be supported by commonly 
used  pipe insulation (foam tubes). 

4.4.5. Servos 
Hitec HS-755HB servos will be used in the experiment. The minimal 

torque required to open the valve is around 0.69 Nm, servos can provide  1.2 
Nm. We also checked its durability and stability in -20 oC and they meet our 
expectations. Each servo will be mounted with four rubber bumpers in order  to 
reduce vibrations.  

4.4.6. Non normalised elements 
The element bounding servo and valve together will consist of 9 3D-

printed elements (one main frame, two couplings, two servo mounts, two valve 
mounts). Material selected for this application is PETG  as it has bigger 
elongation at breaking points than ABS, which can guarantee proper durability 
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against high accelerations. A servo and a valve will be connected using a claw 
coupling which provides transfer of momentum even when both centres of 
revolutions are not co-axial. Every printed part will have bean holes to help us 
achieve proper alignment.  Also any access to a valve is easy even after the 
whole unit is mounted inside the gondola. For better onground control of the 
experiment every valve will be also controlled by an engaged endstop in “open” 
position. Parts will be bound together using standard DIN M* bolts, washers and 
nuts. Blue Loctite will be applied to ensure that no connection will become loose.  

Printing itself will be performed on a standard FDM 3D printer, model Anet 
A8 with filament: Easy PET-G manufactured by Fiberlogy. Basic parameters: 
 

Nozzle: 0.4mm 

Layer height 0.3mm 

Wall layers 5 

Infill 85% 

Temperature 235 ºC 
After 3D printing each part will pass visual quality check and undergo 

further tooling (for example sanding areas where Ra value is 1.25). One 
subsystem of the filtering system will be also tested in a vacuum chamber (more 
in the testing section of the SED) in order to check if the durability of 3D printed 
elements is sufficient. If not, the parameters and/or material will be changed. 
However, from the previous flight’s observation, we know that even elements 
made of PLA* were able to work in a low pressure environment. 

*The PLA has much less durability in terms of elongation at breaking point 
and yield point than PET-G 

PCBs will be mounted on place using standard M3 nuts and spacers used 
also in the Desktop Computers industry. 
 

As the process of assembly of the Valve Control Unit may seem 
complicated, detailed instruction of assembly is provided in Appendix C. 
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Fig 4.4-1. PCB mountage 

 
Fig. 4.4-2: Valve-Servo assembly (VALVE CONTROL SYSTEM). 

 
 

The GPS mounting assembly will be also 3D printed using the same 
methods as for the Valve Control Unit. It consists of three parts: main box, top 
plate and clamp. The GPS antenna will be wrapped with 3M Thinsulate before 
inserting into the main box for better thermal insulation. 
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Fig. 4.4-3: GPS antenna mounting unit 

 

4.4.7.  3D Models 
 
Fig. 4.4-4: Cross section on the side of the Filtering System compartment
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Fig. 4.4-5: Cross section on the front of the gondola (electrical and 
experimental compartment)  

 
Fig. 4.4-6: Filtering System front to back (connected with pumps and servos) 
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Fig. 4.4-7: Filtering System back to front 

 
 

 

4.4.8. CAD drawings 
All CAD drawings are located in Appendix C. They will be also uploaded to the 
teamsite for better quality. 

4.4.9. FEM analysis  
FEM analysis was performed to check if all 3D printed elements will be able to 
withstand operating conditions. As minimal torque required to open the valve is 
calculated to 7 kG*cm, in our simulation we increased that value to 16 kG*cm 
[1.57Nm]. We checked both the frame mounted from three parts and coupling. 
 
Fig. 4.4-6: FEM Analysis of Servo Frame 
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Fig. 4.4-7: FEM Analysis of Servo-Valve connection.  

  
Maximum tension in both cases has not exceeded the value of 24 MPa 

which gives us a big safety margin as the highest acceptable tension for PETG 
is 50 MPa. On the other hand it is not possible to reduce the diameters of the 
system (and with that weight), because of minimal thickness in critical areas, for 
example where bolts are going through the structure. The minimal thickness is 
defined by the number of layers under and above holes. 

4.4.10. Gondola Structure 
The main structure of Stardust Gondola will be using aluminum profiles. 
This will provide strength and stiffness required to this kind of structure. 
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As the aluminum frame will transfer all forces, insulation will not be a 
part of the supporting structure. 
Fig. 4.4-8: Gondola Structure 

 
With all profiles chosen it will be possible to design an interface between 
all the internal parts and frame itself. As all profiles will have prisms, this 
part will probably be normalised. The amount of profiles used to support 
VCUs and pumps will depend on the dimensions of the frame as mass 
greater than 7 kgs cannot be exceeded. The lightest version of the 
project can be equipped with a frame only on the floor of the gondola 
providing less strength but also lower mass.  
V-slot 20x20 aluminium profiles will be used as a frame. This allows to 
keep the strength of the construction and keep the weight limit of the 
whole gondola - 8kg. 
The aluminium frame is provided with an aluminium plate as the gondola 
floor. It has openings made for the interface between the gondola and 
the internal parts of the experiment (M5 screws). 

4.4.11. Fluid Flow Analysis 
Analysis was performed to check the dispersion of fluid in the Filtration System. 
These parameters were used: 
Mode:transient 

Model: k-ա SST 
Solver: pisoFoam 
Mesh was created using snappyHexMex providing optimal parameters with 5 
inflation layers. 
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Fig. 4.4-9: Fluid Flow Analysis of the Filtration System 

 
Analysis showed that flow through the whole system is confirmed to be 

without any areas of eddies occurrence. Further analysis is pending, first of all 
to check the lowest possible radius of curvature. 

4.4.12. Groundbox 

The Groundbox is an on-ground copy of the experiment that will be sent to the 
stratosphere. Its task is to reproduce the main processes that will happen in the 
main experiment gondola, but on the altitude of the Earth’s surface, to compare 
microorganisms collected in the stratosphere to the regular airborne ones. The 
valves in this unit will be opened and closed at the same time as in the 
experiment gondola, providing exact sampling time. The valves will also be 
electronically controlled as in the main design. Using servomechanisms will 
decrease the risk of contamination. As no external forces will be applied on the 
Groundbox, it will not have an internal frame like the main gondola. The material 
used for the Groundbox insulation will also be BasoTect. The tubing system must 
be the same as in the main project. This is to accumulate an identical flow 
through the system in the event of biological material retained in tubing bends. 

As the system does not fly in a balloon, we do not need to monitor the 
dimensions and weight of the entire system. This version of the project also does 
not require a GPS system. Compared to the main experiment, the length and 
width have been increased by 100 mm. Thus, the final dimensions are 600mm 
x 600mm. The height remains the same at 250mm. This will facilitate the 
assembly of the system and access to individual parts if necessary. Besides, it 
will be easier to separate the mechanical system from the electronics further. 

To reduce costs and simplify assembly, the profiles were not used. Instead, the 
chip will be mounted on wooden plywood with self-tapping screws. The 
BasoTect insulation material will be glued to the polycarbonate material. The 
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polycarbonate material will be joined in the corner with angles and screws. On 
walls in the insulation of the BasoTect, it will be necessary to make holes to 
access the screws. The ground box should be at least 40 cm above the ground. 
It would be optimal if it was 0.5 m. to insulate it from the ground. The additional 
foil will be placed on the ground. For this reason, the Groundbox will be mounted 
on a table made available for the STARDUST team. The additional foil will be 
placed on the ground. 

The timeframe for completion of the ground version is the same as for the main 
experiment. 

Fig. 4.2-10: Groundbox experiment Overview. 

 

X=600 mm 

Y=1000 mm 

Z= 250 mm 
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Fig. 4.4-11: Mounting to wooden plywood. 

  

Fig. 4.4-13: Polycarbonate panels. 
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Fig. 4.4-14: Groundbox experiment 

 
Fig. 4.4-15: Groundbox experiment 
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4.5. Electronics Design 
 
Electronics Schematics and PCB designs are included in Appendix C of this 
document, as well as uploaded to the REXUS/BEXUS Teamsite. WIP versions 
are hosted on GitHub. 

Fig. 4.5-1: Electronics Diagram 

 

4.5.1. Power Converter 
The power converter is converting the 28V supplied by BEXUS gondola 

into appropriate stable voltage levels for the experiment components. There 
are 5V and 12V subsystems at use within the experiment. 
For the next version of the experiment PCBs, Meanwell or similar  DC-DC 
converters will be used.  

● 12V 2A DC/DC converter is required to run each pump (2x CUI P7812-
2000-S4). 

● 5V 2A is required to operate the servos. (CUI P7805-2000-S) 
● 5V 1A is required to power the rest of the electronics. (CUI P7805-2000-

S) 

4.5.2. Communication System 
A Wiznet W5500-based5 Ethernet shield is used to communicate the 

Microcontroller (4.5.4) with the E-Link system. 

4.5.3. Pump (and Heating) Controller 
Three N-Mosfet gates driven by PWM signals from the Microcontroller are 

used to create a voltage controller for the pumps and heating elements. 

                                            
4 https://pl.mouser.com/datasheet/2/670/p78_2000_s-1729053.pdf 
5 http://wizwiki.net/wiki/lib/exe/fetch.php/products:w5500:w5500_ds_v106e_141230.pdf 

https://rexusbexus.zarm.uni-bremen.de/share/s/1YQSwqmxQ8aKeamRzNwoGQ
https://github.com/simle-stardust/PCB
https://pl.mouser.com/datasheet/2/670/p78_2000_s-1729053.pdf
http://wizwiki.net/wiki/lib/exe/fetch.php/products:w5500:w5500_ds_v106e_141230.pdf
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4.5.4. Microcontroller 
Arduino Mega6 2560 microcontroller is tasked with parsing commands 

sent via E-Link Interface and translating them into proper commands for the 
Pump Controller (4.5.3) and the Servos (4.5.4). Secondary function is to collect 
data from the Sensor Suite (4.5.5) and save them onto SD Card (4.5.6). 

The Arduino Mega 2560 provides the following interfaces: 
● 54 digital pins - 1 required for 1 Wire communication with temperature 

sensor  and 1 per each humidity sensor. 
● 15 PWM outputs - 12 required to control Servo Mechanisms (4.5.5) 
● 16 8bit ADCs - used for measuring the current draw of the experiment. 
● 1 SPI interface - used for communication with Ethernet shield, SD card 

and pressure sensors. 
● 1 I2C interface - used for communication with RTC, ADC and PWM 

generators. 
A DS32317 Real Time Clock keeps track of the mission elapsed time and 

provides timestamps for the data collected by other sensors. 
The length of the I2C and SPI interface connection will be around 10-15 cm. 
Current schematics of outbound connections from the microcontroller is 
attached in Appendix C and on the REXUS/BEXUS Teamsite. 

4.5.5. Servo Mechanisms 
Hitec HS-755HB8 Servos have been selected to conduct the operation of 

opening and closing sampling system valves. The servos shall open and close 
the valves upon receiving a command from the Microcontroller. No “partially 
open” states are planned.  

The PWM signal to control the servos is generated by a PCA96859 chip - 
16 channel PWM generator, controlled via I2C interface.   

The servos are paired with end-switches, indicating the current state of 
the valves. The binary signal from the switches is collected using a GPIO 
expander chip connected to the Microcontroller via I2C interface. 

4.5.6.  Sensor Suite 
The sensors provide information about the Temperature, Humidity and 

Pressure of the atmospheric air outside and inside of the gondola, both in the 
filtering system and electronics compartment. 

Table 4.5-1: Sensors 
Measurement Sensor Voltage  Current Link type Purpose 

                                            
6 https://store.arduino.cc/arduino-mega-2560-rev3 
7 https://datasheets.maximintegrated.com/en/ds/DS3231.pdf 
8 https://cdn.sparkfun.com/datasheets/Robotics/33755.pdf 
9 https://cdn-shop.adafruit.com/datasheets/PCA9685.pdf 

https://rexusbexus.zarm.uni-bremen.de/share/proxy/alfresco/api/node/content/workspace/SpacesStore/6579a0c9-8930-4d01-a828-abb4f15b8443/BX30_STARDUST_SED_ELECTRONICS_v1-1_17March2020.pdf
https://store.arduino.cc/arduino-mega-2560-rev3
https://datasheets.maximintegrated.com/en/ds/DS3231.pdf
https://cdn.sparkfun.com/datasheets/Robotics/33755.pdf
https://cdn-shop.adafruit.com/datasheets/PCA9685.pdf
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Temperature DS18B2010 5V 1,5 mA 1 Wire Heater Temp. / 
General 

Pressure 

 
SSCDRNN015

PASA511 
 

5V 3,7 mA SPI 
Flow rate 

measurement / 
General 

Humidity DHT2212 5V 1,5 mA Proprietary General 

Location uBlox NEO-613 3.6V 60mA UART Altitude/Path 
 
Sensor placement looks as follows: 

● Pressure - one located on the Main Electronics PCB, one on the Sensor 
PCB outside of the experiment enclosure. 

● Humidity - one next to the Filtering System, one outside the experiment 
enclosure. 

● Temperature - at least one per compartment (Filtering System, 
Electronics), one outside of the experiment enclosure. 

● Location - main Electronics PCB, antenna outside of the experiment 
enclosure. 

4.5.7. Data collection and Persistency 
SD Card connected to the Microcontroller via SPI interface is used to save 

Sensor Suite data  for use in later research and provide reference in case of a 
reboot due to power failure. 

4.5.8. Current measurement 

The power consumed by the pumps and the entire experiment is 
measured to confirm correct operation. The voltage drop over a known 
resistance is measured using an INA18114 current sense amplifier.  

                                            
10 https://datasheets.maximintegrated.com/en/ds/DS18B20.pdf 
11 https://mouser.com/datasheet/2/187/honeywell-sensing-trustability-ssc-series-standard-740340.pdf 
12 https://www.sparkfun.com/datasheets/Sensors/Temperature/DHT22.pdf 
13 https://www.u-blox.com/sites/default/files/products/documents/NEO-
6_DataSheet_%28GPS.G6-HW-09005%29.pdf 
14 
https://www.ti.com/general/docs/suppproductinfo.tsp?distId=26&gotoUrl=http://www.ti.com/lit/d
s/symlink/ina181-q1.pdf 

https://datasheets.maximintegrated.com/en/ds/DS18B20.pdf
https://mouser.com/datasheet/2/187/honeywell-sensing-trustability-ssc-series-standard-740340.pdf
https://www.sparkfun.com/datasheets/Sensors/Temperature/DHT22.pdf
https://www.u-blox.com/sites/default/files/products/documents/NEO-6_DataSheet_%28GPS.G6-HW-09005%29.pdf
https://www.u-blox.com/sites/default/files/products/documents/NEO-6_DataSheet_%28GPS.G6-HW-09005%29.pdf
https://www.ti.com/general/docs/suppproductinfo.tsp?distId=26&gotoUrl=http://www.ti.com/lit/ds/symlink/ina181-q1.pdf
https://www.ti.com/general/docs/suppproductinfo.tsp?distId=26&gotoUrl=http://www.ti.com/lit/ds/symlink/ina181-q1.pdf
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4.5.9. PCBs 

The electronics will be hosted on four 2-layer PCBs: 

● Main electronic PCB, hosting the Microcontroller and one Sensor 
suite. 

● Power PCB hosting DC/DC converters, current sensors and pump 
controllers. 

● Mechanical PCB, hosting servo control and sensors, placed in the 
Filtering System compartment. 

● Sensor PCB, hosting another set of sensors and status LED’s, 
placed outside the experiment enclosure. 

Fig. 4.5.9-1: PCBs arrangement. 

 

The interconnections between PCB’s shall be made using WR-TBL 
screw-in 8 pin terminal blocks and wires around 15-30 cm in length. 

Fig. 4.5.9-2: WR-TBL 6 pin connectors 

 
Current designs are attached in Appendix C, as well as the REXUS/BEXUS 
Teamsite. 

https://rexusbexus.zarm.uni-bremen.de/share/page/repository#filter=path%7C%2FCycle13%2520RX2930%2520BX3031%2FExperiment%2520Teams%2FBX3031%2FSTARDUST%2FElectronics%7C
https://rexusbexus.zarm.uni-bremen.de/share/page/repository#filter=path%7C%2FCycle13%2520RX2930%2520BX3031%2FExperiment%2520Teams%2FBX3031%2FSTARDUST%2FElectronics%7C
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4.5.10. Heating 
Heating is provided via heating elements incorporated within the 

experiment body in places where heating is required before liftoff. The power 
shall be supplied from BEXUS ground support power, and switched off remotely 
when before switching to battery power. The switching off action will be 
conducted via a “remove before flight” tag removal during final checkout of the 
experiment. The temperature inside of the experiment enclosure will be 
controlled remotely by turning the heaters on and off before liftoff.  
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4.6. Thermal Design 
The walls of the experiment are made out of 50mm thick BasoTect with 

heat transfer coefficient of 0,017 [W/mK]. Additionally the experiment will be 
padded with insulation (3M Thinsulate FR150) where needed. The gondola will 
be divided into two compartments: experimental and electrical.  
For further calculations following assumptions were made: 

● Accommodation: outside 
● Flight conditions: day 
● Expected outside temperature: -60℃ 
● Required minimum inside temperature: -15℃ 
● Internal heat (experimental/electrical): 2/1[W]  

Calculated heat dissipation (steady state): 
● experimental compartment: 32.4 [W] 
● electrical compartment (without 3M Thinsulate FR150): 4.26 [W] 
● entire gondola: 36.86 [W] 

 Using heat transfer principle and temperature data from one of previous 
BEXUS flights, we were able to estimate the temperature change of the interior 
wall in time in the electrical compartment (transient phase).  
Detailed description: 

We made an assumption that the temperature of an outside wall is equal to the 
outside air temperature. Then using Fourier’s Law the temperature of an inside 
wall of the gondola is calculated.  

Q=ƛ*A*ΔT/d (eq.1) 

where: ƛ-thermal conductivity, A-area, ΔT-difference of temperatures, d-
thickness, Q-heat  
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Fig. 4.6-1 

 

 

 After that the temperature of the PCB is calculated using  Stefan-Boltzmann 
Principal. 

Q=A*I (eq. 2) 

  I=𝜎(𝛥𝑇)4 (eq. 3) 

where:Q-heat, I-irradiance, 𝜎-emissivity, ΔT-temperature difference 

Fig. 4.6-2 

 

The whole analysis is digitised with the resolution of 1 second. First the initial 
temperatures of the wall and PCB are entered. Then in the first second the 
temperature of the inside and outside wall are compared to know the direction 
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of heat transfer. The inside wall temperature is calculated from equation: 𝑇′ =
𝑇 −

𝑄∗1

𝐶 𝑤∗𝑚
, 

where: 

T’-final temperature of the inner wall 

T-initial temperature of the inner wall 

Q-heat calculated using eq. 1 

m- mass of the wall 

1-1 second 

Cw-specific heat of the wall material 

Then using final wall temperature, the temperature of PCB is calculated using 
eq. 2 and eq. 3. 

𝑇′ = (𝑇-5.67*ε*A*(( 𝑇

100
)4 − (

𝑇1

100
)4))/(𝐶𝑤*m) 

where: 

T’-final temperature of the PCB 

T-initial temperature of the PCB 

ε-alternative emissivity 

A- area of the PCB 

T1-inner wall temperature 

Cw- specific heat of the PCB 

m-mass of the PCB 

Finally, the final temperature when the time=t becomes the initial temperature 
for the t+1 step and this is continued for every second of the flight. 
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Fig. 4.6-3: BEXUS Flight Thermal Environment 

 
Fig. 4.6-4: Simulated temperature without any additional heating 
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Fig. 4.6-5: Simulated temperature with additional heating used only before 
start

 
The temperature drops under -20℃ just before cutting off the balloon, 

when using heaters only before the launch. It is important for experiment, as 
the servos will be used for the last time. To set a margin of risk, servos were 
tested in -28℃ and they were still working with nominal parameters (speed, 
current). Also  

The available datasheet operating temperatures of chosen components 
are presented below. 
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Table 4.6-6: Thermal parameters of experiment components 

Purpose Component 
Operating Temp. [C] 

Min. Max. 

Microcontroller AtMega 2560 -40 105 

Temperature Sensor DS18B20 -55 125 
Pressure Sensor SSCDRNN015PASA5 -40 85 

Humidity Sensor DHT22 -40 80 
Servo Hitec HS-755HB -20 60 

Power Converter Meanwell SCW12 -40 75 
Comm. System W5500 -40 85 

RTC DS3231 -40 80 
GPS uBlox NEO-6 -40 85 

 
These values will be rechecked as soon as we gain access to laboratories 

to provide us with more accurate values. For example, we know from our 
experience that servos should work at a lower temperature than it is specified 
by the manufacturer. 

4.7.  Power System 
 The BEXUS 28V supply will be converted into appropriate voltages for 
the experiment components - 12V for Pumps and Heaters, 5V for the rest of the 
system. 
Table 4.7-1: Power Estimates 

Part Q. Voltage Max. 
Current 

Max. 
Power Total Note 

Arduino 1 5V 200mA 1W 1W  

Sensor suite 3 5V 10mA 0.05W 0.15W  

GPS 1 5V 50mA 0.25W 0.25W While fixing 
position 

Pump 2 12V 1.3A 15.6W 31.2W  

Servos 14 5V 2.5A 15W 15W Used one by 
one 
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Heating 9 28V 40mA 1.12 W 10W  
 
Table 4.7-2: Normalized, Total power consumption estimates 

Mode Current Power @ 
28V Parts 

Baseline 100mA 2.8W Arduino, Sensors, GPS 

Heating 0.46A 12.8W Baseline + Heating 

Experiment Start/End 0.64A  17.8W Baseline + Servos 

Sampling 1.25A 34W Baseline + Pumps 
 

The power estimates table includes only elements actively using Bexus 
battery in flight. 

The max power will be drawn only during the operation of the pumps, 
which is less than 1% of the total flight time. 
 Only one battery supplied by BEXUS is required. Total power 
requirement is 97Wh calculated for 3h flight time. 

Fig. 4.7-2: Estimated power usage over time 
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4.8. Software Design 
Current software design assumes the use of an Arduino type 

programmable board with custom C++ based firmware. Manual mode will listen 
to commands sent via E-Link Interface and command the experiment 
accordingly. In case of comm link failure detected by lack of packets from the 
ground station, the software will switch to autonomous operation mode. It will 
then use sensor data and any available signals from the gondola to determine 
the altitude, command the servos to open valves at appropriate altitudes and 
switch between appropriate state machine states. 

Current codebase can be accessed from git via GitHub. 
Fig. 4.8-1: General overview of the software’s states flow. 

 
 
The secondary function of the software will be to read data from all 

sensors and save them to SD card together with a RTC timestamp. The data 
will also be forwarded to the ground station and the response from the ground 
station could be used as a comm link connectivity check. 

 While working in autonomous mode, proper altitude for opening and 
closing sequence shall be detected using change in atmospheric pressure. The 
15km altitude point shall be mapped out from historical pressure gradients 
during previous BEXUS missions. The descension detection will look for sharp 
mean pressure drop within a given time frame. 
 While working in manual mode, the opening and closing sequences shall 
be started by a valid command from the ground station. The time of the 
sequence start shall be determined by the operators given the information from 
ground crew and other experiments telemetry. The operators will require 
information about the state of the balloon within 15 minutes of reaching 15km 
altitude and 15 minutes before cut-off. 
 If the above approach proves troublesome during testing, use of a GPS 
receiver is considered as a backup.  

Every state will execute the same operations in an endless loop. These 
operations can be summed up with the simplified activity diagram on Fig. 4.8-
2. Extra activities such as turning the pump on or controlling valves are 
performed when entering or exiting a given state. States’ details are presented 
in the following sections. 

https://github.com/simle-stardust/Stardust
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All sensors will remain active throughout every state. The only 
components that will behave differently depending on current state are valves 
and vacuum pumps. 

 
Fig. 4.8-2: Software loop template. 
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4.8.1. Initialization 
After the board’s initial power-up or restart, the software will perform all 

necessary sensors’, memory and communication’s initialization. If no critical 
errors are detected, the software will inspect the special address location in the 
microcontroller’s EEPROM memory to check what state should be entered 
next. This is to ensure that during the flight, any unexpected reset will not result 
in the experiment's state reset. 

If any error is detected during initialization, the microcontroller will 
evaluate the severity of the failure. If the failure is mission-critical (for example, 
not being able to communicate with the pressure sensor and the ground 
station) the microcontroller will perform software reset. Otherwise, the 
experiment will continue with limited functionalities. 

Table 4.8-3: Components initialization failure table. 

Component Failure during initialization result 

Communication  Go into autonomous mode. Periodically try to 
reestablish connection. 

Pressure sensor 

If in autonomous mode and GPS unavailable - 
critical fault, try to reset. 

If in manual mode - periodically try to read the 
sensor again. 

Temperature sensors Continue without temperature readouts. 
Periodically try to read the sensors again. 

Humidity sensors Continue without humidity readouts. Periodically 
try to read the sensors again. 

GPS 

If in autonomous mode before descending state 
- critical fault, fallback to pressure sensor, if 

unavailable, try to reset. 
If in manual mode -  continue without location 
readouts. Periodically try to read the sensor 

again. 

SD Cards 

If in autonomous mode - critical fault, try to 
reset. 

If in manual mode - continue and send sensor 
readouts through E-Link. Periodically try to 

reinitialize SD cards. 

Real Time Clock 
Switch into internal timer-based logs’ 

timestamping. Periodically try to read the RTC 
again. 
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4.8.2. Pre-launch state 
When entering pre-launch state, software ensures that all valves are in 

the closed position. 
When exiting pre-launch state and going into ascending state, the 

software will write appropriate values into the EEPROM memory.  
The condition to exit pre-launch state and go into ascending state is: 

● in manual mode - receiving appropriate command from the ground 
station, 

● in autonomous mode - detecting pressure drop across several recent 
sensor readouts. 

4.8.3. Ascending state 
When entering the ascending state, the vacuum pump will be turned on. 
When exiting the ascending state and going into the sampling state, the 

software will write appropriate value into the EEPROM memory. 
The condition to exit ascending state and go into sampling state is: 

● in manual mode - receiving appropriate command from the ground 
station. 

● in autonomous mode - detecting that the pressure readout has fallen 
below pre-programmed threshold level (based on previous BEXUS 
missions pressure profiles). 

4.8.4. Sampling state 
When entering the sampling state, the pump will remain turned on and 

the valve opening sequence shall commence. The servos controlling valves 
shall move one-by-one as to minimise the power draw from the battery pack. 
The sequence looks as follows: 

1. filter 1 intake valve opens 
2. filter 1 outlet valve opens 
3. filter 2 intake valve opens 
4. filter 2 outlet valve opens 
5. filtering system 1 intake valve open  
6. filtering system 1 3-way outlet valve opens 
7. filter 3 intake valve opens 
8. filter 3 outlet valve opens 
9. filter 4 intake valve opens 
10. filter 4 outlet valve opens 
11. filtering system 2 intake valve open  
12. filtering system 2 3-way outlet valve opens 

When exiting the sampling state and going into the descending state, 
software  will write appropriate value into the EEPROM memory. 

The condition to exit sampling state and go into descending state is: 
● in manual mode - receiving appropriate command from the ground 

station. 
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● in autonomous mode - detecting that the pressure readout has risen 
above pre-programmed threshold level (based on previous BEXUS 
missions pressure profiles). 

4.8.5. Descending state 
When entering the descending state, the vacuum pump will remain turned 

on and the valve closing sequence shall commence. The sequence will be 
performed in reverse order than the opening sequence described in section 
4.8.3.  

When exiting the descending state and going into the landed state, the 
software will write appropriate value into the EEPROM memory. 

The condition to exit descending state and go into landed state is: 
● in manual mode - receiving appropriate command from the ground 

station. 
● in autonomous mode - detecting that the pressure readout is within given 

boundaries from the pre-programmed, reference ground-level pressure 
level.  

4.8.6. Landed state 
When entering the landed state, the vacuum pump will be turned off and 

write appropriate value to the EEPROM memory. The software will also ensure 
that the valves are in the closed position 

There will be no option to exit this state.  

4.8.7. Software reset 
In case of software exception that is not handled by the software itself, 

the microcontroller will try to soft-restart by calling the initializing function, and 
again initializing into the appropriate flight state. The next step would be to hard-
reset via triggering hardware reboot by software or by bridging the hardware 
reset button to one of the output pins.  

4.8.8. Downlink message 
The software will send data to the ground station every 1 second. The 

body of the downlink frame will have a form of a string containing multiple comma 
separated values. All data fields present in the downlink frame are described in 
table 4.8-1. One full downlink packet can be spread across multiple UDP packets 
due to packet length limitation in the used 3rd party software libraries. Each 
single downlink message will start with an at sign (@) and be terminated with a 
semicolon sign (;).  
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Table 4.8-1: Downlink message data fields 

CSV 
column 
number 

Name Comment 

1 RTC date Format: YYYY/MM/DD, YYYY - 
year, MM - month, DD - day 

2 RTC timestamp Format: HH_MM_SS, HH - hour, 
MM - minute, SS - seconds 

3 RTC temperature Numeric value, float type 

4 RTC last readout error code Numeric value, integer type. 0 if 
the last readout was successful. 
Other values if it was not. Please 
see 
https://www.arduino.cc/en/Refer
ence/WireEndTransmission for 
reference.  

5 External pressure sensor - 
pressure value 

Numeric value, float type, 0-15 
psi  

6 External pressure sensor - 
moving average value 

Numeric value, float type, 0-15 
psi 

7 External pressure sensor - 
temperature value 

Numeric value, float type 

8 External pressure sensor - 
valid flag 

Boolean value, 0 - last readout 
was not valid, 1 - last readout 
was valid 

9 Internal pressure sensor - 
pressure value 

Numeric value, float type, 0-15 
psi  

10 Internal pressure sensor - 
moving average value 

Numeric value, float type 0-15 
psi 

11 Internal pressure sensor - 
temperature value 

Numeric value, float type 

12 Internal pressure sensor - valid 
flag 

Boolean value, 0 - last readout 
was not valid, 1 - last readout 
was valid 

13 GPS altitude value Numeric value, signed integer 
type 
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14 GPS altitude - moving average 
value 

Numeric value, signed integer 
type 

15 GPS valid flag Boolean value, 0 - last readout 
was not valid, 1 - last readout 
was valid 

16 Altitude calculated from 
external pressure sensor 

Numeric value, signed integer 
type 

17 Altitude calculated from 
external pressure sensor - 
moving average value 

Numeric value, signed integer 
type 

18 Altitude calculated from 
external pressure sensor - 
valid flag 

Boolean value, 0 - last readout 
was not valid, 1 - last readout 
was valid 

19 Altitude calculated from 
internal pressure sensor 

Numeric value, signed integer 
type 

20 Altitude calculated from 
internal pressure sensor - 
moving average value 

Numeric value, signed integer 
type 

21 Altitude calculated from 
internal pressure sensor - valid 
flag 

Boolean value, 0 - last readout 
was not valid, 1 - last readout 
was valid 

22 Internal DHT22 temperature 
value  

Numeric value, float type 

23 Internal DHT22 humidity value 0-100% value, float type 

24 Internal DHT22 error code Numeric value, integer type. 0 if 
the last readout was successful. 
Other values if it was not.  

25 External DHT22 temperature 
value 

Numeric value, float type 

26 External DHT22 humidity value 0-100% value, float type 

27 External DHT22 error code Numeric value, integer type. 0 if 
the last readout was successful. 
Other values if it was not.  

28 Mechanical DHT22 
temperature value 

Numeric value, float type 

29 Mechanical DHT22 humidity 0-100% value, float type 
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value 

30 Mechanical DHT22 error code Numeric value, integer type. 0 if 
the last readout was successful. 
Other values if it was not.  

31-50 20 x DS18B20 sensor 
temperature values 

Numeric value, float type. 
Temperature of -127 means that 
the sensor readout was not 
successful. 

51 Vacuum pump 1 PWM signal 
value 

Current input signal to vacuum 
pump 1 PWM controller, numeric 
value: 0-255 

52 Vacuum pump 2 PWM signal 
value 

Current input signal to vacuum 
pump 2 PWM controller, numeric 
value: 0-255 

53 Heaters PWM signal value Current input signal to heaters 
PWM controller, numeric value: 
0-255 

54 Experiment state 0 - pre-launch state, 
1 - ascending state, 
2 - sampling state, 
3 - descending state, 
4 - landed state. 

55-61 Valves 1-7 state Boolean values, 0 - end switch is 
open, 1 - end switch is closed 

62 Vacuum pump 1 measured 
analog signal 

Voltage drop across current 
sensing resistor, numeric value: 
0-255 

63 Vacuum pump 2 measured 
analog signal 

Voltage drop across current 
sensing resistor, numeric value: 
0-255 

64 Heaters measured analog 
signal 

Voltage drop across current 
sensing resistor, numeric value: 
0-255 

65 Time (seconds) since last ping 
from ground stations 

Numeric value, integer type 
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4.9. Ground Station 
A PC class workstation will be running custom Python + Qt5 based 

software to display available mission data and send commands via E-Link 
interface. The app could be OS agnostic and run on both Linux/Unix and 
Windows based systems. 

The application will ping the on-board computer with an UDP packet 
every 30 seconds in the background, without the operator’s participation. 
Additionally, it will provide a graphical interface for sending additional uplink UDP 
packets to the on-board computer, making it possible to remotely switch 
between the expermient’s states or send status queries. 

4.9.1. Configuration 
All settings are stored in config.hjson file. All instructions on how to 

configure the application have been included in the comments. 

4.9.2. Data Presentation 
Widgets used to present the data are generated accordingly to the 

configuration file. These widgets include display, table and charts. There can be 
any number of data types from any number of sensors. 
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4.9.3. Uplink Command List 

Each uplink command is sent from the ground station to the experiment 
via a single UDP packet. Uplink commands don't require any explicit responses 
from the flight computer. Each value that is controlled by the ground station via 
uplink commands is also present in the periodic downlink message. The ground 
station software will use this fact to easily check whether the command was 
successfully received and parsed by the flight computer. Each single uplink 
command will start with an at sign (@) and be terminated with a semicolon sign 
(;) 
Table 4.9-1: Command list 

Request Body Comment 

ping Sent periodically every 60 seconds by the 
ground station. Flight computer uses this 
packet to verify connection with the ground 
station.  

setState_[number] Force change experiment state to 
[number]: 
0 - pre-launch state, 
1 - ascending state, 
2 - sampling state, 
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3 - descending state, 
4 - landed state. 

setValve_[valve_num]_[state] Force changes given valve ([valve_num]) 
to given [state]. 
[valve_num] values can be 1-7. Please 
refer to image x-x to check vales 
numbering convention. 
[state]:  
0 - valve is open (air is flowing through it) 
1 - valve is closed (air is not flowing 
through it) 

setPump_[pump_num]_[value] Controls input signal to vacuum pump. 
PWM controller, [pump_num] value is 1 or 
2. [Value] is a numeric value in a range of: 
0-255 

setHeating_[value] Controls input signal to heaters PWM 
controller, [value] is numeric value: 0-255 
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5. EXPERIMENT VERIFICATION AND TESTING 

5.1. Verification Matrix 
Table 5.1-1: Verification Matrix table 

ID Requirement 
Description Method Reference Status Verification 

Result 

Test 
repeated 
on Flight  

Model 

F.1 

The experiment shall 
pump atmospheric air 

into the filtering 
system. 

T Test 1. 
 Done Passed Yes 

F.2 

The experiment shall 
filter the pumped air, 

collecting 
microorganisms on 
the collection filters’ 

membranes. 

T Test 2. Done  Passed N/A 

F.3 
The experiment shall 

measure the air 
temperature of the 

filtering system. 

T Test 3., Test 23. Done Passed Yes 

F.4 
The experiment shall 

measure the air 
humidity of the 
filtering system. 

T Test 4., Test 23. Done Passed Yes 

F.5 The experiment shall 
determine its altitude. 

R Test 22. Done Passed Yes 

F.6 
The experiment shall 
measure atmospheric 

pressure. 
T Test 5., Test 23. Done Passed Yes 

F.7 
The experiment shall 
measure atmospheric 

air humidity. 
T Test 4., Test 23. Done Passed Yes 

F.8 
The experiment shall 
measure atmospheric 

air temperature. 
T Test 3., Test 23. Done Passed Yes 

F.9 

The experiment 
should measure the 

air temperature of the 
electronics 

compartment. 

T Test 3., Test 23. Done Passed Yes 
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F.10 
The experiment shall 

measure the flight 
time. 

T Test 23. Done Passed Yes 

F.11 
The experiment 

should determine its 
position via GPS. 

T Test 22. Done Passed Yes 

F.12 

The software shall 
record, process, and 

save sensor suite 
data for future 

reference. 

T Test 23. Done Passed Yes 

F.13 

The groundbox shall 
work in the same 

manner as the main 
experiment but on the 

ground. 

T Test 24. Done Passed Yes 

P.1 
The air flow rate 

through one filtering 
subsystem shall be at 

least 85 L/min. 

T Test 1., Test 26.  Done Passed Yes 

P.2 
The air flow rate 

through one filtering 
subsystem should 
exceed 128 L/min. 

T Test 1., Test 26. Done Failed Yes 

P.3 
P.4 
P.5 

The experiment shall 
determine its altitude 

with specific 
parameters. 

R Test 22. Done Passed Yes 

P.6 
P.7 
P.8 
P.9 

The experiment shall 
measure the air 

temperature of the 
filtering system and 
outside with specific 

parameters. 

T Test 3., Test 23. Done Passed Yes 

P.10 
P.11 
P.12 

The experiment shall 
measure the air 
humidity of the 

filtering system and 
outside with specific 

parameters. 

T Test 4., Test 23. Done Passed Yes 



 
- 88 - 

 
  

BX30_STARDUST_SED_v5-0_26Apr2022 

P.13 
P.14 
P.15 

The experiment shall 
measure atmospheric 
pressure with specific 

parameters. 

T Test 5., Test 23. Done Passed Yes 

P.16 
P.17 

The experiment shall 
determine its position 

with specific 
parameters 

R - Done Passed Yes 

D.1. 

The experiment shall 
not interfere with 

other experiments on 
BEXUS. 

R - Done Passed Yes 

D.2. 

The heat generated 
by vacuum pumps 
shall not increase 

internal temperature 
of the filtering system 

by more than 5ºC. 

A,T Test 8 Done Passed* Yes 

D.3. 

The Filtering System 
shall stay leakproof in 

the changing 
pressure through 
altitude changes 
(ascending and 

descending). 

T 

Rong C. Lin (ret.), 
Paul H. K4ing (ret.), 

and Melvin R. 
Johnston (ret.), 
Bacteriological 

Analytical Manual 
Chapter 22A 

Examination of 
Containers for 

Integrity, January 
2001, FDA, test 9 

Done Passed Yes 

D.4 
The Filtering System 
shall stay sealed after 

landing. 
T as above, test 10 Done Passed Yes 

D.5 

The experiment 
should be easy to 

take out of the 
balloon’s gondola 
regardless of the 

gondola’s orientation 

R Test 12 Done Passed Yes 

https://www.fda.gov/food/laboratory-methods-food/bam-examination-metal-containers-integrity
https://www.fda.gov/food/laboratory-methods-food/bam-examination-metal-containers-integrity
https://www.fda.gov/food/laboratory-methods-food/bam-examination-metal-containers-integrity
https://www.fda.gov/food/laboratory-methods-food/bam-examination-metal-containers-integrity
https://www.fda.gov/food/laboratory-methods-food/bam-examination-metal-containers-integrity
https://www.fda.gov/food/laboratory-methods-food/bam-examination-metal-containers-integrity
https://www.fda.gov/food/laboratory-methods-food/bam-examination-metal-containers-integrity
https://www.fda.gov/food/laboratory-methods-food/bam-examination-metal-containers-integrity
https://www.fda.gov/food/laboratory-methods-food/bam-examination-metal-containers-integrity
https://www.fda.gov/food/laboratory-methods-food/bam-examination-metal-containers-integrity
https://www.fda.gov/food/laboratory-methods-food/bam-examination-metal-containers-integrity
https://www.fda.gov/food/laboratory-methods-food/bam-examination-metal-containers-integrity
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after the landing. 

D.6 

The Filtering System 
should be easy to be 
dismounted from the 
experiment’s gondola 
when the experiment 
is orientated normally 

(the top side up). 

T Test 13, Test 23. Done Passed Yes 

D.7 

The Filtering System 
shall have the shape 
impeding the sticking 
of microorganisms to 
the inner walls of the 

pipes or joints. 
 

A 

CFD Analysis of 
Internal Pipe Flows  

access at: 
https://uis.brage.unit.

no/uis-
xmlui/bitstream/handl
e/11250/2411432/Lie
styarini_UtariCendhy.

pdf 

Done Passed Yes 

D.8 
Collected 
microorganisms shall 
be recoverable from 
the filters' membranes 

T Test 2 Done Passed Yes 

D.9 
The experiment shall 
withstand the action 
of forces during the 
flight. 

T Test 8 Done Passed Yes 

D.1
0 

The experiment shall 
provide an interface 
for power and LAN. 

R - Done Passed Yes 

https://uis.brage.unit.no/uis-xmlui/bitstream/handle/11250/2411432/Liestyarini_UtariCendhy.pdf
https://uis.brage.unit.no/uis-xmlui/bitstream/handle/11250/2411432/Liestyarini_UtariCendhy.pdf
https://uis.brage.unit.no/uis-xmlui/bitstream/handle/11250/2411432/Liestyarini_UtariCendhy.pdf
https://uis.brage.unit.no/uis-xmlui/bitstream/handle/11250/2411432/Liestyarini_UtariCendhy.pdf
https://uis.brage.unit.no/uis-xmlui/bitstream/handle/11250/2411432/Liestyarini_UtariCendhy.pdf
https://uis.brage.unit.no/uis-xmlui/bitstream/handle/11250/2411432/Liestyarini_UtariCendhy.pdf
https://uis.brage.unit.no/uis-xmlui/bitstream/handle/11250/2411432/Liestyarini_UtariCendhy.pdf
https://uis.brage.unit.no/uis-xmlui/bitstream/handle/11250/2411432/Liestyarini_UtariCendhy.pdf


 
- 90 - 

 
  

BX30_STARDUST_SED_v5-0_26Apr2022 

D.1
1 

The experiment shall 
operate within 24V to 
32V supply voltage 
range. 

T Test 21. Done Passed Yes 

D.1
2 

The experiment mean 
current consumption 
from BX gondola shall 
not exceed 1 A. 

T Test 21. Done Passed Yes 

D.1
3 

The experiment shall 
not exceed voltage 
and current ratings of 
used interface 
connectors 
(Amphenol RJF21B & 
PT02E8-4P). 

A 

https://eu.mouser.co
m/datasheet/2/18/12-

022-321023.pdf 
https://eu.mouser.co
m/datasheet/2/18/1/R

JF-1157942.pdf 

Done Passed Yes 

D.1
4 

The electronics shall 
only be grounded via 
the power connector. 

R/A Test 21. Done Passed Yes 

D.1
5 

The electronics shall 
provide sensors for 
measuring current 
draw. 

T Test 21. Done Passed Yes 

D.1
6 

The experiment shall 
be able to store at 
least 2GB of sensor 
and log data. 

A - Done Passed Yes 

D.1
7 

Data uplink/downlink 
via LAN connection 
shall be lower than 4 
kB/s. 

T 
https://www.wireshar

k.org/ 
Test 20. 

Done Passed Yes 

https://eu.mouser.com/datasheet/2/18/12-022-321023.pdf
https://eu.mouser.com/datasheet/2/18/12-022-321023.pdf
https://eu.mouser.com/datasheet/2/18/12-022-321023.pdf
https://eu.mouser.com/datasheet/2/18/1/RJF-1157942.pdf
https://eu.mouser.com/datasheet/2/18/1/RJF-1157942.pdf
https://eu.mouser.com/datasheet/2/18/1/RJF-1157942.pdf
https://www.wireshark.org/
https://www.wireshark.org/
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D.1
8 

The total size of the 
experiment shall be 
max. 0.5 x 0.5 x 0.25 
m. 

R/I - Done Passed Yes 

D.1
9 

The total mass of the 
experiment shall be 
lower than 7kg. 

T - Done Passed Yes 

D.2
0 

The pipes radius of 
curvature shall be 
bigger than 2 cm 

I - Done Passed Yes 

D.2
1 

The insulation shall 
be able to withstand 
low pressure 
conditions. 

S Test 23, Test 19 + 
supplementary test Done Passed Yes 

D.2
2 

The insulation shall 
provide thermal 
conductivity less than 
0.05 W/mK in order to 
meet dimensions 
requirement. 

T/A Test 14 Done Passed Yes 

D.2
3 

The experiment shall 
work in ambient 
temperature between 
-50 to 30 °C. 

T Test 23, Test 25 Done Passed in 
-30 deg Yes 

D.2
4 

The supports for 
outside pipes shall 
endure forces during 
the flight phase of the 
experiment. 

T/R Test 6  Done Passed Yes 
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D.2
5 

The support for 
outside pipes shall 
break bend in case of 
bad landing in order 
not to penetrate 
through the walls of  
the Stardust Gondola. 

T Test 6 Done Passed  Yes 

D.2
6 

The outside pipes 
shall be easily 
noticeable in order to 
reduce chances of 
damaging them 
before the launch.  

I - Done Passed Yes 

D.2
7 

The inlet pipes of the 
reference filtering 
system working on 
the launch pad shall 
keep minimum 20 cm 
of distance from the 
ground. 

R/I - Done Passed Yes 

O.1 
O.2 
O.3 

The experiment shall 
run both in manual 
and autonomous 

mode. 

T Test 15. Done Passed Yes 

O.4 

The valves shall be 
openable 

independently of 
each other. 

T Test 16., Test 23. Done Passed Yes 
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5.2. Verification Plan 
Table 5.2-1: Test 1 

Test number 1 
Requirements 

tested 
F.1 The experiment shall pump atmospheric air into 
the filtering system. 
P.1 The air flow rate through one filtering subsystem 
shall be at least 85 L/min. 
P.2 The air flow rate through one filtering subsystem 
should exceed 128 L/min. 
 

Test type Flow measurement in vacuum conditions 
Test facility GUT, (workspace equipped with rotameter and  two 

manometers) 
Tested item Filtration Subsystem (FILTRATION SYSTEM) 

Model Prototype 
Procedure, Test 

level and duration 
Airflow measurement by using the pump to fill the 

bag under low pressure to check their real 
performance. The data obtained should be consistent 

with the pump specification. 
Test campaign 

duration 
2 days (1 day build and test/1 day calculation) 

Test campaign date March/April 2021 
Test completed Yes 
Requirements 

verified 
F.1 - Verified, passed 
P.1 - Verified, passed 
P.2 - Verified, passed 

 
Supporting / 

responsible person 
Kacper Loret 

 
 
 
 
Table 5.2-2: Test 2 

Test number 2 



 
- 94 - 

 
  

BX30_STARDUST_SED_v5-0_26Apr2022 

Requirements 
tested 

F.2 The experiment shall filter the pumped air, 
collecting microorganisms on the collection filters’ 
membranes. 
D.8 Collected microorganisms shall be recoverable 
from the filters' membranes 

+ additional choosing the best way of setting up 
microbiological cultures (rinsing vs using the 
whole membrane as material) 

Test type Microbiological Experiment  
Test facility GUT (microbiological laboratory) 
Tested item Whole experiment 

Model Prototype 
Procedure, Test 

level and duration 
 

Setting up cultures of microorganisms using the 
regular airborne microorganisms collected on filters. 

Two ways of recovery of microorganisms will be 
compared (2 collection filters + 1 control filter per 

each method).  
The results are considered positive when the number 
of microbial colonies in the bulk filters is higher than 
those from the controls. In case there is more than 
one microbial colony on the control agar media, the 

test should be repeated. 
Duration approx.: 2 days. 

 
Test campaign 

duration 
2 days (1 day decontamination & build & test/1 day 

analysis) 
Test campaign date July 2020 

Test completed YES 
Requirements 

verified 
F.2 - Verified, passed 
D.8 - Verified, passed 

Supporting / 
responsible person 

Mateusz Grzybowski 
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Table 5.2-3: Test 3 
Test number 3 

Requirements 
tested F.3 The experiment shall measure the air 

temperature of the filtering system. 
F.8 The experiment shall measure atmospheric air 
temperature. 
F.9 The experiment should measure the air 
temperature of the electronics compartment. 
P.6 The temperature shall be measured in range of 
at least -30ºC to 30ºC. 
P.7 The temperature should be measured in range of 
at least -55ºC to 55ºC. 
P.8 The temperature shall be measured with an 
accuracy of at least +/-1ºC. 

Test type Thermal 
Test facility Test Mission 
Tested item Subsystem Whole experiment 

Model Prototype 
Procedure, Test 

level and duration 
Conducting a test mission of a stratospheric balloon 

with a prototype gondola. 
Test campaign 

duration 
1 day 

Test campaign date July 2020 
Test completed 21 July 2020 
Requirements 

verified 
F.3, F.8, F.9, P.6, P.7, P.8 - Verified, passed 

Supporting / 
responsible person 

Karol Pelzner, Marcin Jasiukowicz, Kacper Loret, 
Szymon Magrian 
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Table 5.2-4: Test 4 
Test number 4 

Requirements 
tested 

F.4 The experiment shall measure the air humidity of 
the filtering system. 
F.7 The experiment shall measure atmospheric air 
humidity. 
P.10 The air humidity shall be measured in a range 
of at least 5-95% RH. 
P.11 The air humidity shall be measured with an 
accuracy of at least +/- 5% RH. 
P.12 The air humidity shall be measured with a 
frequency of at least 0.5 Hz. 

Test type Humidity 
Test facility Test Mission 
Tested item Subsystem 

Model Prototype 
Procedure, Test 

level and duration 
Conducting a test mission of a stratospheric balloon 

with a prototype gondola. 
Test campaign 

duration 
1 day 

Test campaign date July 2020 
Test completed 21 July 2020 - Test Mission 
Requirements 

verified 
F.4, F.7, P.10, P.11, P.12 - Verified, passed 

Supporting / 
responsible person 

Karol Pelzner, Marcin Jasiukowicz, Kacper Loret, 
Szymon Magrian 
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Table 5.2-5: Test 5 
Test number 5 

Requirements 
tested 

F.6 The experiment shall measure atmospheric 
pressure. 
P.13 The outside pressure shall be measured in 
range of at least 1-110 kPa. 
P.14 The outside pressure shall be measured with an 
accuracy of at least 1 kPa. 
P.15 The outside pressure shall be measured with a 
frequency of at least 1 Hz. 
D.21 The insulation shall withstand low pressure 
conditions 

Test type Vacuum 
Test facility Test Mission 
Tested item Subsystem 

Model Prototype 
Procedure, Test 

level and duration 
Conducting a test mission of a stratospheric balloon 

with a prototype gondola. 
Test campaign 

duration 
1 day 

Test campaign date July 2020 
Test completed 21 July 2020 
Requirements 

verified 
F.6, P.13, P.14, P.15, D.21 - Verified, passed 

Supporting / 
responsible person 

Karol Pelzner, Marcin Jasiukowicz, Kacper Loret, 
Szymon Magrian 
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Table 5.2-6: Test 6 
Test number 6 

Requirements 
tested 

D.24 The supports for outside pipes shall endure 
forces during the flight phase of the experiment. 
D.25 The support for outside pipes shall break bend 
in case of bad landing in order not to penetrate 
through the walls of  the Stardust Gondola. 

Test type Shock 
Test facility Own workspace (torque wrench, inertial hammer)  
Tested item One element (non-normalised elements) 

Model Flight model 
Procedure, Test 

level and duration 
Destructive strength test. Duration approx. 2h. 

REFERENCE 
Test campaign 

duration 
1 day 

Test campaign date July 2020 
Test completed Yes 
Requirements 

verified 
D.24, D.25 - Positive 

Supporting / 
responsible person 

Kacper Loret, Natalia Czortek 

 
 
Table 5.2-7: Test 7 

Test number 7 
Requirements 

tested 
D.1. The experiment shall not interfere with other 
experiments on BEXUS 30. 

Test type Design, Computational Fluid Analysis  
Test facility GUT  

Tested item Whole experiment  
Model Flight model 

Procedure, Test 
level and duration 

Checking all critical parts of experiments: 
vibration damping, location of outlets/inlets. 

Test campaign 
duration 

1 days  

Test campaign date July 2020 

https://www.academia.edu/9385956/DESTRUCTIVE_TESTS
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Test completed Yes 
Requirements 

verified 
Positive 

Supporting / 
responsible person 

Kacper Loret 

 
Table 5.2-8: Test 8 

Test number 8 
Requirements 

tested 
D.2. The heat generated by vacuum pumps shall not 
increase the internal temperature of the filtering 
system by more than 5ºC. 

Test type Thermal 
Test facility Own workspace 
Tested item Filtering System 

Model Prototype 
Procedure, Test 

level and duration 
Measuring temperature of working pumps. Duration 

approx. 3h. 
Test campaign 

duration 
1 day 

Test campaign date February 2021 
Test completed Yes 
Requirements 

verified 
Positive 

Supporting / 
responsible person 

Kacper Loret 

 
Table 5.2-9: Test 9 

Test number 9 
Requirements 

tested 
D.3 The filtering system shall stay leakproof in the 
changing pressure through altitude changes (during 
ascent and descent) (leak proof means filtering 
system shall hold both positive and negative delta 
pressure of 2.5 Bars for at least three hours). 
D.4 The Filtering System shall stay sealed after 
landing. 

Test type Pressure/leakage 
Test facility Own workspace 
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Tested item The filtering system 
Model Flight model 

Procedure, Test 
level and duration 

Decreasing the pressure in the filtering system to 
0,05 Bar and measuring its change in time after 

dropping it on the ground from height of 3 meters. 
Duration approx. 3 h. 

Test campaign 
duration 

1 day 

Test campaign date March/April 2021 
Test completed Yes 
Requirements 

verified Positive 

Supporting / 
responsible person Kacper Loret 

 
Table 5.2-10: Test 10 

Test number 10 
Requirements 

tested 
D.3 The filtering system shall stay leakproof in the 
changing pressure through altitude changes (during 
ascent and descent) (leak proof means filtering 
system shall hold both positive and negative delta 
pressure of 1 Bar for at least three hours). 

Test type Pressure/leakage 
Test facility Own workspace 
Tested item The filtering system 

Model Flight model 
Procedure, Test 

level and duration 
Increasing the pressure in the filtering system to 2,5 

Bar and measuring its change in time. Duration 
approx. 3 h. 

Test campaign 
duration 

1 day 

Test campaign date July 2020 
Test completed YES 
Requirements 

verified Positive 

Supporting / 
responsible person Kacper Loret 
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Table 5.2-11: Test 11 
Test number 11 

Requirements 
tested 

D.3 The filtering system shall stay leakproof in the 
changing pressure through altitude changes (during 
ascent and descent) (leak proof means filtering 
system shall hold both positive and negative delta 
pressure of 1 Bar for at least three hours). 
D.4 The Filtering System shall stay sealed after 
landing. 

Test type Pressure/leakage 
Test facility Own workspace 
Tested item The filtering system 

Model Flight model 
Procedure, Test 

level and duration 
Immersing the filtering system in dyed water and 

generating both positive and negative delta pressure 
looking for the bubbles and then examining the 

presence of the dye inside the system.  
Duration approx. 3 h. 

Test campaign 
duration 

1 day 

Test campaign date March/April July 2021 
Test completed Yes 
Requirements 

verified Positive 

Responsible person Mateusz Grzybowski 

 
Table 5.2-12: Test 12 

Test number 12 
Requirements 

tested 
D.5 The experiment should be easy to be taken out 
of the balloon’s gondola regardless of the gondola’s 
orientation after the landing. 

Test type Time 
Test facility Own workspace 
Tested item Whole experiment 

Model Flight model 
Procedure, Test 

level and duration 
Review of design 



 
- 102 - 

 
  

BX30_STARDUST_SED_v5-0_26Apr2022 

Test campaign 
duration 

1 day 

Test campaign date August 2020 
Test completed Yes 
Requirements 

verified 
Positive 

Supporting / 
responsible person 

Kacper Loret 

 
 
Table 5.2-13: Test 13 

Test number 13 
Requirements 

tested 
D.6 The Filtering System should be easy to be 
dismounted from the experiment’s gondola when the 
experiment is orientated normally (the top side up). 

Test type Time 
Test facility Own workspace 
Tested item Subsystem 

Model Flight model 
Procedure, Test 

level and duration 
Disassembly time measurement. Duration approx. 15 

min. 
Test campaign 

duration 
1 day 

Test campaign date August 2020 
Test completed YES 
Requirements 

verified 
Positive 

Supporting / 
responsible person 

Kacper Loret, Natalia Czortek 

 
Table 5.2-14: Test 14 

Test number 14 
Requirements 

tested 
D.7 The Filtering System shall have the shape 
impeding the sticking of microorganisms to the inner 
walls of the pipes or joints. 
D.20 The pipes radius of curvature shall be bigger 
than 2 cm 
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D.22 The insulation shall provide thermal conductivity 
less than 0.05 W/mK in order to meet dimensions 
requirement. 

Test type Computational Analysis 
Test facility Own workspace 
Tested item Subsystem 

Model Flight model 
Procedure, Test 

level and duration 
CFD analysis. Duration approx. 10 h. 

Test campaign 
duration 

2 days 

Test campaign date Beginning of May 2020 
Test completed Yes 

Requirements 
verified 

Positive 

Supporting / 
responsible person 

Kacper Loret 

 
Table 5.2-15: Test 15 

Test number 15 
Requirements 

tested 
O.1 The experiment shall run both in manual and 
autonomous mode. 
O.2 The experiment shall communicate with a ground 
station in manual mode. 
O.3 The experiment should communicate with the 
ground station in autonomous mode. 

Test type Automatics 
Test facility Own workspace 
Tested item Subsystem 

Model Flight model 
Procedure, Test 

level and duration 
Checking the work of servomechanisms and the 

electronics and program related to them in manual 
and autonomous mode. The flight computer with all 

sensors connected will be put into initial state. Tester 
will issue appropriate commands through the ground 
station to set the experiment’s state to “Ascending”. 

The experiment will be left in such a state for 30 
minutes with the ground station periodically pinging it, 
to verify that it’s correctly communicating in manual 
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mode. Then, the periodic ping will be stopped and 
the experiment will be left again for another 30 

minutes to verify communication in autonomous 
mode.  

Duration approx. 2-3 h. 
Test campaign 

duration 1 day 

Test campaign date March/April 2021 
Test completed Yes 
Requirements 

verified 
Positive 

Supporting / 
responsible person 

Szymon Magrian 

 
Table 5.2-16: Test 16 

Test number 16 
Requirements 

tested 
O.4 The valves shall be openable independently of 
each other. 

Test type Automatics 
Test facility Own workspace 
Tested item Subsystem 

Model Flight model 

Procedure, Test 
level and duration 

Checking valve operation. The flight computer with all 
servos and valves attached will be put into the initial 
state. The tester will issue appropriate commands to 
the flight computer in order to open and close valves 

in a sequence similar to the one in the real flight 
scenario. The tester will inspect visually whether the 
servos are opening/closing one by one in the specific 

order listed in 4.8.4.  
Duration approx. 1-2 h. 

Test campaign 
duration 1 day 

Test campaign date June 2020 
Test completed YES 
Requirements 

verified 
 Positive 
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Supporting / 
responsible person 

Szymon Magrian 

 
Table 5.2-17: Test 17 

Test number 17 
Requirements 

tested 
P.19 The servo shall develop at least 5 kg*cm of 
torque. 

Test type Mechanics in low temperature 
Test facility Own workspace 
Tested item Subsystem 

Model Flight model 
Procedure, Test 

level and duration 
Checking of servo’s RPM in cold conditions. 

Test campaign 
duration 

1day 

Test campaign date July 2020 
Test completed YES 
Requirements 

verified 
Positive 

Supporting / 
responsible person 

Kacper Loret 

 
Table 5.2-18: Test 18 

Test number 18 
Requirements 

tested 
P.20 The flight time shall be measured with accuracy 
of 1 s. 

Test type Electrical 
Test facility Own workspace 
Tested item Subsystem 

Model Flight model 
Procedure, Test 

level and duration 
Checking of servo’s torque 

Test campaign 
duration 

1 day 

Test campaign date January 2021 
Test completed Yes 
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Requirements 
verified 

Positive 

Supporting / 
responsible person 

Kacper Loret 

 
Table 5.2-19: Test 19 

Test number 19 
Requirements 

tested 
D.21 The insulation shall be able to withstand low 
pressure conditions. 

Test type Review-of-design 
Test facility Teamsite (BX24_Cadmus_SED_v5) 
Tested item Subsystem 

Model Flight model 
Procedure, Test 

level and duration 
Checking behaviour of thermal insulation (Basotect)  

in low pressure conditions  
Test campaign 

duration 
1 day 

Test campaign date January August 2021 (week 3) 
Test completed Yes 
Requirements 

verified 
Positive 

Supporting / 
responsible person 

Natalia Czortek 

 
Table 5.2-20: Test 20 

Test number 20 
Requirements 

tested 
D.10 The experiment shall provide an interface for 
power and LAN. 
D.17 Data uplink/downlink via LAN connection shall 
be lower than 4 kB/s. 

Test type Ethernet  
Test facility Own workspace 
Tested item Electronics 

Model Flight model 
Procedure, Test 

level and duration 
Verifying the accessibility to the LAN connector from 

outside of the experiment enclosure. 
Verifying Amphenol connector compatibility. 
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Verifying the bitrate of LAN connections using 
wireguard to snoop packets sent between Ethernet 

shield and Ground Station. 
Test campaign 

duration 
2 days 

Test campaign date March/April 2021 
Test completed Yes 
Requirements 

verified 
Positive 

Supporting / 
responsible person 

Marcin Jasiukowicz 

 
Table 5.2-21: Test 21 

Test number 21 
Requirements 

tested 
 D.11 The experiment shall operate within 24V to 32V 
supply voltage range. 
D.12 The experiment means current consumption 
from BX gondola shall not exceed 1 A. 
D.13 The experiment shall not exceed voltage and 
current ratings of used interface connectors 
(Amphenol RJF21B & PT02E8-4P). 
D.14 The electronics shall only be grounded via the 
power connector. 
D.15 The electronics shall provide sensors for 
measuring current draw. 

Test type Electronics  
Test facility Own workspace 
Tested item Electronics 

Model Flight model 
Procedure, Test 

level and duration 
Powering up the entire system and conducting the 

entire mission plan on-bench. 
Recording current consumption from lab power 

supply. 
Recording current consumption recorded by current 

sensors. 
Verifying the datasheet and theoretical calculations 
with values measured during the testing session. 

Test campaign 
duration 

2 days 
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Test campaign date April 2021 
Test completed Yes 
Requirements 

verified 
Positive 

Supporting / 
responsible person 

Marcin Jasiukowicz 

 

Table 5.2-22: Test 22 
Test number 22 

Requirements 
tested 

P.3 The experiment shall determine its altitude in a 
range of at least 100-35000 meters. 
P.4 The experiment shall determine its altitude with 
an accuracy of at least +/-100 meters. 
P.16 The experiment should determine its position 
with a frequency of at least 0.5 Hz. 
P.17 The experiment should determine its position 
with an accuracy of at least +/- 100m. 

Test type Electronics / Documentation 
Test facility Own workspace 
Tested item Sensors 

Model Flight model 
Procedure, Test 

level and duration 
Verify altitude and position measurements from GPS 

by moving the gondola around the campus. 
Verify the operation of GPS at high altitude and 

speed by referencing the documentation. 
Test campaign 

duration 
2 days 

Test campaign date March/April 2021 
Test completed Yes 
Requirements 

verified 
Positive 

Supporting / 
responsible person 

Marcin Jasiukowicz 

 

Table 5.2-23: Test 23 - Test mission 
Test number 23 
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Requirements 
tested 

F.3 The experiment shall measure the air 
temperature of the filtering system. 
F.4 The experiment shall measure the air humidity of 
the filtering system. 
F.6 The experiment shall measure atmospheric 
pressure. 
F.7 The experiment shall measure atmospheric air 
humidity. 
F.8 The experiment shall measure atmospheric air 
temperature. 
F.9 The experiment should measure the air 
temperature of the electronics compartment. 
F.10 The experiment shall measure the flight time. 
F.12 The software shall record, process, and save 
sensor suite data for future reference. 
P.6-P.9 The experiment shall measure the air 
temperature of the filtering system and outside with 
restricted parameters. 
P.10-P.12 The experiment shall measure the air 
humidity of the filtering system and outside with 
restricted parameters. 
P.13-P.15 The experiment shall measure 
atmospheric pressure with restricted parameters. 
D.6 The Filtering System should be easy to be 
dismounted from the experiment’s gondola when the 
experiment is orientated normally (the top side up). 
D.9 The experiment shall withstand the action of 
forces during the flight. 
D.21 The insulation shall be able to withstand low 
pressure conditions. 
D.23 The experiment shall work in ambient 
temperature between -50 to 30 °C. 
O.4 The valves shall be openable independently of 
each other. 

Test type Test mission 
Test facility Own workspace, own balloon 
Tested item Whole experiment 

Model Prototype 
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Procedure, Test 
level and duration 

Sending a test balloon mission with the experiment 
with a half of the filtering system (one subsystem) as 

a technical check. 
Test campaign 

duration 
1 day 

Test campaign date July 2020 
Test completed YES 
Requirements 

verified 
F3, F4, F6-10, F12, P6-15, D6, D9, D21, D23, O4 - 

Positive 
Responsible / 

supporting person 
Karol Pelzner, 
Kacper Loret, 

Marcin Jasiukowicz, 
Szymon Magrian 

 
Table 5.2-24: Test 24 

Test number 24 
Requirements 

tested 
F.13 

Test type Testing operation of valves 
Test facility Own workspace 
Tested item Valves 

Model Flight Model 
Procedure, Test 

level and duration 
Testing if it is possible to operate the valves in 

Groundbox manually and automatically 
Test campaign 

duration 
1 day 

Test campaign date December 2020 
Test completed YES 
Requirements 

verified 
F.13 

Supporting / 
responsible person 

Kacper Loret 
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Table 5.2-25: Test 25 

Test number 25 
Requirements 

tested 
D.25 

Test type Testing pumps reliability in low temperature 
Test facility Own workspace 
Tested item Pumps 

Model Flight Model 
Procedure, Test 

level and duration 
Testing if it is possible to turn on a pump after the 

launch, in low temperature conditions 
Test campaign 

duration 
1 day 

Test campaign date August 2021 
Test completed Yes 

Requirements 
verified 

D.25 

Supporting / 
responsible person 

Kacper Loret, Marcin Jasiukowicz, Bartosz Rybacki 

 
Table 5.2-26: Test 26 

Test number 26 
Requirements 

tested P.1. The air flow rate through one filter shall be at least 
5 L/min. 
P.2. The air flow rate through one filter should exceed 
8 L/min. 

 
Test type Performance (airflow) 

Test facility Electronic flowmeter at GUT 
Tested item Pumps with the Filtering System 

Model Flight Model 
Procedure, Test 

level and duration 
Measurements of airflow through the filtering system 

with two pumps connected serial and two pumps 
connected parallel 
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Test campaign 
duration 

1 day 

Test campaign date December 2021 
Test completed Yes 

Requirements 
verified 

P.1. - verified 
P.2. - verified 

Supporting / 
responsible person 

Mateusz Grzybowski 
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5.3. Verification Result 
 
Table 5.3-1: Test 2. result 

Test number 2 
Requirements 

tested 
F.2 The experiment shall filter the pumped air, 
collecting microorganisms on the collection filters’ 
membranes. 
D.8 Collected microorganisms shall be recoverable 
from the filters' membranes, 

+ additional choosing the best way of setting up 
microbiological cultures (rinsing vs using the 
whole membrane as material) 

Test type Experiment  
Test facility GUT (microbiological laboratory) 
Tested item The filtering system 

Model Prototype 
Procedure Parts of the filtering system prototype were washed 

with 70% solution of isopropyl alcohol and then 
wrapped in aluminium foil and autoclaved. The 
filtering system was integrated in a laminar flow 

chamber. The valves were open during sterilisation 
and closed during the system’s integration. During 

the transport from the laboratory to the place of 
collection, the air inlets to the filtering system were 

covered with sterilised test tubes. 
The air was filtered at the GUT campus. The filtering 

system (with pumps attached) was put on a small 
table outside a building and then the air was filtered 
for 75 minutes. The valves were opened and closed 

manually. 
After the collection, the filtering system was taken 
back to the laboratory where three filters (from one 
subsystem) were opened with alcohol-disinfected 

pincers and the membranes were put directly on agar 
media. The next three filters from another subsystem 

were rinsed with a sterile PBS buffer with 0,01% 
addition of Triton X-100. The obtained suspension 
was stored for two days in a refrigerator and then 
centrifuged for 15 min with the speed of 8000 rpm. 
The supernatant was poured out and the invisible 
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pellet was resuspended in about 150 microliters of 
the remaining fluid. The so-obtained suspension was 
spread on agar media. The cultures are incubated in 

20 degrees C. 
Expected results Collected microorganisms should be growing on the 

agar media and the control media should be clear. 
Obtained results On the agar media with directly put membranes, 

growth of 16 and 19 different colonies (eighter fungal 
and bacterial) was observed after three days, 

between the membrane and the medium, 
respectively. On the medium with the control filter 

membrane, no colony was found under the 
membrane. However, two mold colonies were 

observed next to the membrane. 
On the agar media with the after-rinse suspensions, 
respectively growth of 2 and 7 (incl. 1 mold) colonies 

was observed, while on the control medium with  
after-rinse suspension only one mold colony was 

found, three days after the culture setup. 
Conclusions 2-1: The filtering system is able to collect different 

microorganisms from the air. 
2-2: The microorganisms are recoverable from the 

filters. 
2-3: Rinsing the filters with the rinsing solution helps 

to recover the microorganisms from the filters’ 
membranes, which provides a suspension that 

should be centrifuged and re-suspended in order to 
obtain a small amount of concentrated suspension 
that can be used for setting up microbial cultures. 

This kind of a culture is easy in handling because the 
colonies are separated from each other. However, 

this method may generate losses in material. 
2-4: Putting the membranes directly on the media 

helps to set up microbial cultures without generating 
losses in the microbial material. The colonies grow 
very close to each other because of the restricted 
area of growth, which may cause problems with 
passaging of the cultures in order to purify the 

strains. Thus, the colonies need to be passaged 
immediately after they are visible to the human’s eye. 

If this condition is fulfilled, this method is better for 
setting up cultures. 

2-5: Every method can fail due to contamination. A 
contamination may occur when the procedures are 
not kept. It is critically important that every surface 
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needs to be decontaminated if it is possible. The 
filters need to be disinfected before extracting them 
from the filtering system. It is also important that the 
filters should be touched only by their frames; never 
by the spigots and the sockets! After demounting the 

filters from the filtering system, the contact of the 
filters with the inner surface of the laminar flow 

cabinet should not take place even if the inside of the 
cabinet was sterilised, because some objects are put 
inside the cabinet after its sterilisation and they may 

incorporate contamination so even if the the air inside 
remains sterile, the surfaces may be the source of 

contamination to the material. 
Requirements 

verified 
F.2 - Positive 
D.8 - Positive 

 
Table 5.3-2: Test 3 

Test number 3 
Requirements 

tested F.3 The experiment shall measure the air 
temperature of the filtering system. 
F.8 The experiment shall measure atmospheric air 
temperature. 
F.9 The experiment should measure the air 
temperature of the electronics compartment. 
P.6 The temperature shall be measured in a range of 
at least -30ºC to 30ºC. 
P.7 The temperature should be measured in a range 
of at least -55ºC to 55ºC. 
P.8 The temperature shall be measured with an 
accuracy of at least +/-1ºC. 

Test type Thermal 
Test facility Test Mission 
Tested item Subsystem 

Model Prototype 
Procedure Conducting test mission of a stratospheric balloon 

with prototype gondola. 
Expected results Successful sensor data acquisition onto the SD card, 

matching the correct parameters required by the 
specification. 
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Obtained results The data obtained during the course of the test 
mission matched the required parameters in all 

ranges. 
Conclusions The chosen sensors are suitable for the purpose of 

BEXUS mission. 

Requirements 
verified 

F.3, F.8, F.9, P.6, P.7, P.8 - Positive 
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Table 5.3-3: Test 4 
Test number 4 

Requirements 
tested 

F.4 The experiment shall measure the air humidity of 
the filtering system. 
F.7 The experiment shall measure atmospheric air 
humidity. 
P.10 The air humidity shall be measured in a range 
of at least 5-95% RH. 
P.11 The air humidity shall be measured with an 
accuracy of at least +/- 5% RH. 
P.12 The air humidity shall be measured with a 
frequency of at least 0.5 Hz. 

Test type Humidity 
Test facility Test Mission 
Tested item Subsystem 

Model Prototype 
Procedure Conducting test mission of a stratospheric balloon 

with prototype gondola. 
Expected results Successful sensor data acquisition onto the SD card, 

matching the correct parameters required by the 
specification. 

Obtained results The data obtained during the course of the test 
mission matched the required parameters in all 

ranges. 
Conclusions The chosen sensors are suitable for the purpose of 

BEXUS mission. 
Requirements 

verified 
F.4, F.7, P.10, P.11, P.12 - Positive 
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Table 5.3-4: Test 5 
Test number 5 

Requirements 
tested 

F.6 The experiment shall measure atmospheric 
pressure. 
P.13 The outside pressure shall be measured in 
range of at least 1-110 kPa. 
P.14 The outside pressure shall be measured with an 
accuracy of at least 1 kPa. 
P.15 The outside pressure shall be measured with a 
frequency of at least 1 Hz. 
D.21 The insulation shall withstand low pressure 
conditions 

Test type Vacuum 
Test facility Test Mission 
Tested item Subsystem 

Model Prototype 
Procedure Conducting test mission of a stratospheric balloon 

with prototype gondola. 
Expected results Successful sensor data acquisition onto the SD card, 

matching the correct parameters required by the 
specification. Post flight inspection showing no 

damage to the insulation. 
Obtained results The data obtained during the course of the test 

mission matched the required parameters in all 
ranges. The post flight inspection did not show any 

damage to the insulation 
Conclusions The chosen sensors are suitable for the purpose of 

BEXUS mission. The insulation did not incur any 
unwanted damage during the course of the flight. 

Requirements 
verified 

F.6, P.13, P.14, P.15, D.21 - Positive 

 
Table 5.3-5: Test 23. result (test mission) 

Test number 23 
Test type Test mission 

Test facility Own balloon, own workspace 
Tested item Whole experiment 

Model Prototype 
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Procedure The procedures have been described in Appendix D 
(The Report from the Test Mission) 

Expected results The experiment should work flawlessly. 
Obtained results The results have been described in Appendix D (The 

Report from the Test Mission) 
Conclusions The experiment is working well in general. However, 

the test mission does not simulate the BEXUS 
mission perfectly so many requirements (mostly 
those related to BEXUS specifics) have not been 

verified. The altitude should be determined basing on 
the GPS signal, not the pressure measurements. 

Requirements 
verified 

F3, F4, F6-10, F12, P6-15, D6, D9, D21, O4 - 
Positive 
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Table 5.3-6: Test 6 result 

Test number Test 6 
Requirements 

tested 
D.24 The supports for outside pipes shall endure 
forces during the flight phase of the experiment. 
D.25 The support for outside pipes shall break in 
case of bad landing in order not to penetrate through 
the walls of  the Stardust Gondola. 

Test type Shock test 
Test facility Own workspace 
Tested item Pipe support 

Model Subsystem 
Procedure The supports were loaded with mass equivalent to 

the mass of supported pipes. Then the experiment 
was thrown to the ground with pipes facing down. 

Expected results Supports shall  withstand static load but break during 
dynamic load 

Obtained results Obtained results meet expected results 
Conclusions Foam supports are a good choice 

Requirements 
verified 

Positive 

Table 5.3-7: Test 7 result 
Test number Test 7 

Requirements 
tested 

D.1. The experiment shall not interfere with other 
experiments on BEXUS 30. 

Test type Design 
Test facility Own workspace 
Tested item Design 

Model Whole experiment 
Procedure CFD analysis of the flow around all the experiments 

inside the BEXUS Gondola. Usage of rubber 
bumpers both for gondola and pumps.  

Expected results Air coming from other experiments shall not be suked 
into probing pipes. Pump vibration shall be  reduced. 

Obtained results CFD analysis helped us to find the best location for 
probing pipes. Vibrations ale much lower after usage 

of rubber bumpers 



 
- 121 - 

 
  

BX30_STARDUST_SED_v5-0_26Apr2022 

Conclusions Experiment shall not interfere with other experiments 
Requirements 

verified 
Positive 

 
Table 5.3-8: Test 9 and 10 result 

Test number Test 9 and 10 
Requirements 

tested 
D.3 The filtering system shall stay leakproof in the 
changing pressure through altitude changes (during 
ascent and descent) (leak proof means filtering 
system shall hold both positive and negative delta 
pressure of 1 Bar for at least three hours). 
D.4 The Filtering System shall stay sealed after 
landing. 

Test type Pressure test 
Test facility Own workspace 
Tested item Filtering System  

Model Subsystem 
Procedure The pressure in the Filtering System was first 

increased using a pump with a manometer. Then 
after a certain time the pressure in the system was 
measured. After that, in the system, a vacuum was 

created and again measured several times. 
Expected results The system shall keep the pressure of 1 bar for three 

hours. The system shall keep pressure of 0.05 bar for 
three hours. 

Obtained results The system was able to maintain the vacuum for 
three hours but the highest possible pressure was 

around 0.5 bar.   
Conclusions The system is able to stay decontaminated after 

collecting samples, but the system will not be leak 
proof during ascend. This is not a big problem as 

nothing will find its way inside the system. It is 
important that all hoses stay connected and reseal 

themselves at pressure of about 0.5 bars. 
Requirements 

verified 
Positive 

 
Table 5.3-9: Test 12 result 

Test number Test 12 
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Requirements 
tested 

D.5 The experiment should be easy to be taken out 
of the balloon’s gondola regardless of the gondola’s 
orientation after the landing. 

Test type Design 
Test facility Own workspace 
Tested item Mechanical interface 

Model Whole experiment 
Procedure During many consultations we ensured the design is 

correct and easy access will be possible. 
Expected results .The interface shall be well designed. 
Obtained results The design of the interface was discussed with 

mentors to ensure easy access. 
Conclusions - 

Requirements 
verified 

Positive 

 

 
 
 

Table 5.3-10: Test 13 result 
Test number 13 

Requirements 
tested 

D.6 The Filtering System should be easy to be 
dismounted from the experiment’s gondola when the 
experiment is orientated normally (the top side up). 

Test type Experiment 
Test facility Own workspace 
Tested item VCU 

Model Whole experiment 
Procedure Time of the disassembly of the experiment was 

measured. 
Expected results The process shall take no more than 15 minutes. 
Obtained results The process took about 15 minutes. 

Conclusions Meeting the time requirement is possible only for a 
trained person using special tools. 

Requirements 
verified 

Positive 
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Table 5.3-11: Test 14 result 
Test number Test 14 

Requirements 
tested 

D.7 The Filtering System shall have the shape 
impeding the sticking of microorganisms to the inner 
walls of the pipes or joints. 
D.20 The pipes radius of curvature shall be bigger 
than 2 cm 
D.22 The insulation shall provide thermal conductivity 
less than 0.05 W/mK in order to meet dimensions 
requirement. 

Test type CFD analysis 
Test facility Own workspace 
Tested item Filtering System 

Model Subsystem 
Procedure Running  a CFD analysis using OpenFOAM solver 

pimpleFoam with k-omega SST turbulence model. An 
optimal solver to solve the thermodynamic problem 

was created. 
Expected results Finding a radius of curvature with which no turbulent 

flow occurs. Finding an optimal thickness of 
insulation.  

Obtained results Minimal radius and optimal thickness have been 
found. 

Conclusions Minimum radius is estimated to 2 cm. The thickness 
of insulation was increased to 5cm. 

Requirements 
verified 

Positive 

 
Table 5.3-12: Test 16 result 

Test number Test 16 

Requirements 
tested 

O.4 The valves shall be openable independently of 
each other. 

Test type Automatics 
Test facility Own workspace 
Tested item Subsystem 

Model Flight model 
Procedure Described in table 5.2-16 
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Expected results Valves are opened when the experiment enters 
“Sampling” state, in the order described in 4.8.4. 

When the experiment enters “Descending” state, the 
valves are closed in the reverse order. Servos are 
always controlled in the one-by-one manner, they 

should never move simultaneously.  
Obtained results Servos are opened and closed as expected. 

Conclusions The experiment meets O.4 requirement. 
Requirements 

verified 
Positive 

 

 
Table 5.3-13: Test 17 results 

Test number Test 17 
Requirements 

tested 
P.19 The servo shall develop at least 5 kg*cm of 
torque. 

Test type Mechanics in low temperature conditions 
Test facility Own workspace 
Tested item VCU (servo) 

Model Subsystem  
Procedure Servo was put into a freezer for three hours, after 

that time it was remotely switched on and via sport 
camera observed if it is able to turn the valve  

Expected results Servo shall turn the valve, which requires 5 kg*cm of 
torque . 

Obtained results Servo was able to turn the valve even though the 
batteries supplied only 3.7V of required 5V 

Conclusions  Servo is able to provide the required amount of 
torque 

Requirements 
verified 

Positive 

 

Table 5.3-14. Test 19 results 
Test number Test 19 

Requirements 
tested 

D.21 The insulation shall be able to withstand low 
pressure conditions. 

Test type Pressure 
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Test facility Own workspace 
Tested item Insulation 

Model Subsystem 
Procedure Checking other team's SED documentation and 

verifying that the basotect has been previously used 
in flight and has withstood low pressure conditions. 

Expected results Material shall not change its properties during the 
flight. 

Obtained results In the CADMUS Cycle10 RX2324 project the material 
did not change its properties. No cracking occurred.  

Conclusions Material can be used as an insulation 
Requirements 

verified 
Positive 

 

Table 5.3-15: Test 25 results 
Test number Test 25 

Requirements 
tested The experiment shall work in ambient temperature 

between -50 to 30 °C. 
Test type Thermal test 

Test facility Own workspace, GUT 
Tested item Pump 

Model Subsystem 
Procedure The switched off pumps were put in the -80oC for 

three hours during the first part and in the -20oC for 
three hours during the second part.  

Expected results Pumps shall start in both cas 
Obtained results The pump exposed to -80oC was not able to start. Tht 

pump exposed to -14oC started without any issues. 
Conclusions The pump must be switched on before the 

launch.The transient temperature test must be 
performed. 

Requirements 
verified 

Positive 

 

Table 5.3-16: Test 26 results 
Test number Test 26 
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Requirements 
tested P.1. The air flow rate through one filter shall be at least 

5 L/min. 
P.2. The air flow rate through one filter should exceed 
8 L/min. 

Test type Performance (airflow) 
Test facility Electronic turbine flowmeter Dwyer TFP-GV10, GUT 
Tested item Filtering System with Pumps 

Model Flight model 
Procedure The airflow through the filtering system was 

measured in 20 ºC with one pump, two pumps 
connected serial and two pumps connected parallel. 

Also, flow resistance on the system has been 
measured. 

Expected results The airflow through the filtering system would not be 
lower than 15 L/min (5 L/min per each filter). 

Obtained results The airflow through the filtering system in 20 ºC, 1 
Bar was 14,6 L/min when connected parallel. With 
series connection, the airflow through the filtering 

system was 17,4 L/min on average, but the work of 
the pumps was very unstable due to differences in 
phase of pumping cycle and the work of the pumps 

was very loud.  
Conclusions The series connection could be harmful for the 

vacuum pumps. Also, if one pump had stopped 
during the flight, it might block the airflow by closing 
the lumen. Thus, the choice of parallel connection 

between the pumps was the safest solution. 
The airflow through the system was lower than 

expected due to high flow resistance caused by the 
filters. However, in the stratosphere, the air has lower 
viscosity, so the resistance on the filters is also lower 

and the airflow is higher. The airflow in the 
stratosphere, however, would not be higher than 18,1 

dm3/min (6,03 dm3/min per filter). 
Requirements 

verified 
P.1. - Positive 
P.2. - Negative 
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6. LAUNCH CAMPAIGN PREPARATION 

6.1. Input for the Campaign / Flight Requirement Plans 

6.1.1. Dimensions and Mass 
Fig. 6.1-1: Experiment dimensions 
 

Table 6.1-1: Experiment mass and volume 
Experiment mass (in kg): 6.6 
Experiment mass with the mounting  
Interface (kg) 

7.2  

Experiment dimensions (in m): 0.5 x 0.5 x 0.25 
(40cm protruding tubes) 

Experiment expected COG (centre of 
gravity) position: 

X: 0.167 
Y: 0.250 
Z: 0.063 
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6.1.2. Safety Risks 
Table 6.1-2: Experiment safety risks 

Risk Key Characteristics Mitigation  

Touching any electrical 
component Electrical damage 

Use insulation coating in all 
the wires in order to protect 

them and to avoid 
interference or possible 

damages to other nearby 
components 

Improper handling of the 
experiment Contamination 

Adequate training of team 
members, using special 
vessel to transport the 

system, decontamination 

Damage to the 
experiment component 
due to improper storing 

conditions 
 

Electrical damage 

All electronic components 
shall be stored in safe 

conditions according to their 
datasheets. 

Countermeasures against 
damage from humidity or 

electrostatic discharges shall 
be implemented.  

Failure of cabling Assembly problem 
Providing an extra set of 

experiments’ interconnection 
cables. 

Failure of hose 
installation Assembly problem Providing spare hoses and 

clamps. 

Fire 

Isopropanol is a 
flammable liquid and will 

be used in the 
laboratory and on the 

launch pad 

Keeping away from any 
sources of flame 
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6.1.3. Electrical Interfaces 
Table 6.1-3: 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. 4 kB/s 

avg. 1 kB/s 
 Data rate – uplink (max. and average): max. 4 kB/s 

avg. 1 kB/s 
 Interface type (RS-232, Ethernet): Ethernet 

Power system: Gondola power required? Yes 
 Peak power and current consumption: 1.87 A @ 28V, 52.4 W  
 Average power and current consumption: 1.15 A @ 28V, 32.3 W 
 Total power and current consumption after 

lift-off  
3.45 Ah @ 3h, 96.6 Wh 

 Total power and current consumption before 
lift-off (heating) 

350mAh, 9.8 Wh @ 30m 

 
The experiment shall use RJF21B connector for the E-Link interface and 

Amphenol PT02E8-4P connector for power. The Groundbox will be connected 
with its own ground station via RJ45 cable and will be powered by a power 
supply plugged in a regular 230V socket. 

The heaters’ power is 10W. They will not use the gondola power but the 
on ground power supply. 

6.1.4. Launch Site Requirements 
We will require access to a microbiological laboratory prior to and after the 
balloon’s flight. The laboratory should be equipped with: 

● An autoclave 
● A laminar flow cabinet with a UV lamp inside 
● A freezer (for freezing our inserts for a tourist fridge) 
● A graduated cylinder (500 mL ±5 mL) 500 cm3 ±5 cm3 (more precise is 

still good) 
● 1 L of Isopropanol 
● 0,5 L of distilled (or deionised) water 
● 2 spraying bottles (flasks with any kind of atomizer) of 0,5-1 L volume - 

0,5 L vol. each 
The Launch Site should have the following tools and devices: 



 
- 130 - 

 
  

BX30_STARDUST_SED_v5-0_26Apr2022 

● Hot air soldering station 
● Oscilloscope 
● Laboratory Power Supply 
● Washing machine 
● Tumble dryer 
● Screwdrivers compatible with BEXUS screws (two combination wrenches 

6 and 7 mm and a 2,5 mm hex key) 
● 2 Ladders 
● Iron 
● Vacuum cleaner (for the vacuum bags) 
● Table (surface min. 0,6x0,6 m; height min. 0,4 m) 
● Ribbon (eighter red and white or black and yellow) 
● 4 stakers or rods to spread the ribbon. 
● A 50 m long RJ45 cable for the ground box 
● A 50 m long standard power cable for the groundbox. 

We will require access to the gondola one hour before the launch if possible. 
The table should be placed at least 6 m from the nearest building and at least 
10 m from the nearest entrance to a building. This table is dedicated to the 
ground box. It shall be placed in the centre of a detached square surrounded by 
the ribbon. The dimensions of the square shall be 6x6 m. 

6.1.5. Flight Requirements 
 The balloon shall float at altitude higher than 15 km. 

The track of the balloon flight should be registered. 
The general parameters of stratospheric winds (direction, speed) during 

the flight should be known. 

6.1.6. Accommodation Requirements 
The Stardust experiment gondola shall be accommodated in a way in 

which any possible interference with other experiments will be as low as 
possible. It means any airflow from other experiments shall not be distributed 
onto Filtering System inlets. The wall of the experiment equipped with probes 
shall be faced outside of the BEXUS gondola, and this side of the BEXUS 
gondola shall be provided with a curtain to suppress the wind blowing through 
the gondola towards the Filtering System inlets. The curtain shall be rolled up a 
bit at the lower side, so the air-sucking ducts may stick out of the BEXUS 
gondola. Access to the Filtering System through the wall at the perpendicular 
side is highly recommended. Thus, the best possible accomodation is in the 
corner of the gondola that is placed diagonally to the Eco-Wise experiment as 
that experiment will be also generating slight airflow that may carry terrestrial 
microorganisms that may be present inside their experiment. 
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6.2. Preparation and Test Activities at Esrange 

To prepare the experiment for the flight and to control the experiment 
and its on-ground copy, we need to engage at least two microbiologists, at 
least one mechanist and at least two persons from the software part of the 
team, in the launchsite activities. It would be helpful to have a third member of 
the software part of the team in Esrange, because each one is specialised in 
controlling another part of the experiment. 

The general insight into our plan for the preparation and test activities at 
Esrange is shown in the table 6.2-1. 

Table 6.2-1: Timeline of preparations activities at Esrange 

Day Time Task Person 
responsible 

Duration 

1 23:00 Arrival at Esrange Whole team n/a 

2 10:00 Unpacking the experiment and 
checking for any damages 

Marcin 
Jasiukowicz, 
Natalia Czortek 

1 h 

2 11:00 Seeing the washing machine - 
location, user instructions and 
specifications 

Mateusz 
Grzybowski 

1 h 

2 11:00 Individual tests - electronics 
and mechanics 

Marcin 
Jasiukowicz, 
Natalia Czortek 

2 h 

2 12:10 Preparations of workspace in 
the laboratory 

Mateusz 
Grzybowski 

30 min 

2 12:40 Preparation of disinfectant Mateusz 
Grzybowski 

20 min 

2 13:00 Disinfecting the 
containers/sacks 

Bartosz 
Rybacki 

15 min 

3 12:45 Washing the components of 
the filtering systems in the 
isopropanol solution 

Bartosz 
Rybacki 

15 min 

3 13:00 Autoclaving the components Bartosz 
Rybacki 

1h 10 min 
(70 min) 

3 13:30 Sterilizing the laminar flow 
cabinet 

Mateusz 
Grzybowski 

40 min 

3 14:10 Integration of the filtering Mateusz 30 min 
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systems Grzybowski 

3 14:40 Sterile packing of the filtering 
systems 

Mateusz 
Grzybowski 

15 min 

3 15:00 Washing the curtains Natalia Czortek 2-3 h 

3 18:00 Tumble-drying the curtains Mateusz 
Grzybowski 

2 h 

4 9:00 Gondola interference tests Marcin 
Jasiukowicz 

30 min 

5 9:00 Flight compatibility test Marcin 
Jasiukowicz, 
Natalia 
Czortek, 

3 h 

5 ~12:00 Flight Readiness Review Whole team 1 h 

5 15:00 Taking microbiological 
samples from the balloon 
envelope inside 

Mateusz 
Grzybowski 

30 min 

5 16:00 Transporting the filtering 
systems and the ground box 
to the Dome 

Bartosz 
Rybacki 

30 min 

 

On the first day after the day of arrival in Esrange, we will unpack the 
experiment (exl. components of the filtering system) along with the ground box 
and check if it survived the transport without any damages. Then, the 
microbiological part of the team will go to see the washing machine and the 
tumble dryer and then they will go to the laboratory assisted by the BoB team to 
choose and prepare the workplace in the laboratory. Still there, the 
microbiological team will prepare the 70% isopropanol solution in distilled water 
and pour it into spraying bottles. After that, they will disinfect the containers for 
the BEXUS 30 curtains. 

On the same day, we will test the electronics and software to make sure 
the experiment works properly. On the second day, the experiment will be 
mounted inside the BEXUS 30 gondola without the filtering system for the 
BEXUS tests (gondola interference, flight compatibility) taking place later. The 
ground box will be secured in the Dome one day before the launch. 

Still on the second day, the microbiological team will require access to a 
laminar flow cabinet and an autoclave in the laboratory in order to integrate the 
filtering system in sterile conditions. Before the integration, the key components 
of our filtering system such as pipes, valves and connectors will be washed with 
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filtered isopropanol solution. After the washing, we will autoclave them. The 
filters will already be sterile. The sterilised objects will be packed in aluminium 
foil packages that will not let in any microorganisms but will be penetrable for 
steam. During the work of the autoclave, the laminar flow cabinet will be 
undergoing disinfection, first with UV light and then with the isopropanol solution. 
The sampling system will be assembled by one team member wearing sterile 
gloves. They will unpack the components and put them together in a proper 
manner inside the cabinet. Each air inlet of the sampling system shall be covered 
with a sterile cap made of a plastic lab tube. Another team member will be 
allowed to stay in the laboratory at that time to help the person responsible for 
the filtering system’s assembly by giving advice and passing the needed objects. 
These two people should be wearing not only nitrile or latex gloves, but also 
clean lab coats and face masks. Once the filtering system is complete, it will be 
wrapped back in the sterile aluminium foil and then put back in a clean, 
disinfected container. All the procedure will be doubled in order to prepare the 
filtering system for the parallel reference experiment. The work in the laboratory 
on that day should take 2-4 hours. 

The filtering systems shall be packed separately, in two disinfected 
containers. One day before the launch, the packed systems and the ground box 
will be put in the Dome, in a safe place, ready to be used. On the day of the 
flight, the filtering systems shall be mounted in their experiment boxes. 

The curtains of the gondola (including the gondola top) shall be washed in 60 ºC 
on the same day. After the washing, the curtains shall be transported in 
dedicated containers to a tumble dryer to dry them in high temperature after 
disinfecting the dryer by spraying its inside with the isopropanol solution. Dry 
curtains after the drying process shall be taken out the dryer and put back inside 
the containers. After the washing, during the transport and drying process, the 
curtains shall be held or touched only using nitrile gloves. As long as it will be 
possible, the team members should take over the handling from the Esrange 
workers (and other personnel e.g. from the SSC), listening carefully to their 
advice. 

On the fourth day after the arrival, the FCT test will be done on the experiment 
without the filtering system, which will not influence the result of the test in any 
way. The gondola’s curtains for the test will be hung by SSC workers wearing 
nitrile gloves and face masks. 

On the day of the balloon’s flight, the reference experiment shall be 
conducted on the ground with another but similar filtering system as a reference. 
It will give a comparison between the microflora of the tropospheric air and the 
microflora of the stratosphere. The reference experiment should be laying on a 
table so the inlet pipes keep the distance from the ground. 

We also require access to the payload before liftoff (the latter the better) 
in order to carry out last-minute decontamination, mitigating any contamination 
created by the ground ops handling. We also need to take microbiological 
samples from the balloon’s envelope surface with the help of SSC workers. 
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The BEXUS gondola shall be disinfected by spraying isopropanol solution onto 
its surfaces no sooner than one hour before the launch and at least thirty minutes 
sooner than the flight’s start. The surfaces that need to be disinfected include 
the whole metal cage of the gondola with all its rails and profiles, the walls of 
other experiments and, at last, the canvas top and the curtains. The solutions 
shall be wiped off the metal surfaces with a clean cellulose disposable towel. 
After the disinfection of the gondola and its experiments, no contact with human 
skin shall be allowed. This will help us kill most of the living microorganisms from 
the gondola as well as wash and wipe them out. 

After that, the heaters shall be switched off by removing a “remove before flight” 
tag and the safety caps from the filtering system’s inlets shall also be removed. 
The team shall leave the balloon pad. 
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6.3. Timeline for Countdown and Flight 

  

Table 6.3. Timeline for Countdown and flight 

Time Task Person 
responsible 

Team 
members 
involved 

Duration 

-5 h Mounting the 
filtering systems in 
the experiment 
boxes 

Natalia 
Czortek 

Mateusz 
Grzybowski, 
Szymon 
Magrian, 
Bartosz 
Rybacki 

30 min 

-3h 30 min Transport of the 
ground box onto 
its position nearby 
the Dome 

Natalia 
Czortek 

Szymon 
Magrian, 
Bartosz 
Rybacki 

40 min 

-2h 10 min Connecting the 
ground box to its 
ground station 
with a LAN cabel 

Natalia 
Czortek 

Szymon 
Magrian, 
Bartosz 
Rybacki 

10 min 

-1h 10min Spraying the 
gondola and its 
payloads (and the 
groundbox as 
well) with the 
isopropanol 
solution 

Mateusz 
Grzybowski 

Bartosz 
Rybacki 

20 min 

-45 min Removing the 
“remove before 
liftoff” tags from 
the experiment 
and the groundbox 
to turn off the 
heaters 

Mateusz 
Grzybowski
, Bartosz 
Rybacki 

Marcin 
Jasiukowicz, 
Remigiusz 
Galikowski 

2 min 

-38 min Removing the 
safety caps from 
the filtering 
systems’ air inlets 

Mateusz 
Grzybowski
, Bartosz 
Rybacki 

- 2 min 

0 Liftoff - - N/A 
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ca. +50min Valves open 
sequence 

Marcin 
Jasiukowicz 

- 1 min 

ca. +3h Valves close 
sequence 

Marcin 
Jasiukowicz 

- 1 min 

ca. +3h 30min Landing - - N/A 

 

Heating will be used before liftoff, from the moment of reaching power 
connection (the heaters will be already switched on) to the point of removing a 
safety “remove before flight” tag at T-40m. As a form of remote thermostat, the 
heaters will be turned on and off remotely, basing on the data from an inner 
thermometer, to keep a stable temperature in the experiment compartment. This 
step should be applied to the groundbox as well. 

As a precaution, the team would like to receive information from the 
BEXUS flight directors, about when the balloon reaches the altitude of 15km, 
and, in advance, of balloon cut-off. If the information about the landing of the 
balloon is available, it should be given to the team as well. 

In case the flight is postponed to another day during the campaign, the 
filtering system can stay inside the Stardust experiment and the experiment can 
stay inside the BX30 gondola under two conditions. First condition is that the 
safety caps on the air inlets must be secured and the second is that the surfaces, 
including BEXUS curtains, must be disinfected with isopropanol before the 
actual launch. The ground box should be hidden inside the Dome until the new 
BX30 launch time comes. The first condition applies also to the ground box. 

6.4. Post-Flight Activities 

The recovery of the Experiment, especially of the filtering system, is one 
of the most crucial moments determining the success of this experiment since 
the microorganisms may be susceptible to the fast-changing environmental 
conditions. This is why the experiment should be recovered as soon as possible 
and transported in the temperature below 10 ºC to the laboratory by helicopter. 

After the BEXUS30 gondola is found by the recovery crew, the experiment 
shall be dismounted from the gondola, which is designed to be easy and fast. 
The experiment should be transported as a whole, no matter if it is still running 
or it is broken, because the samples on the filters are the most important part of 
the experiment during recovery, but any improper fragmentation done by human 
may lead to contamination of the samples. The experiment is designed to break 
when it’s needed in order to protect the samples. 

The experiment shall not be transported to the Dome building but directly 
to the laboratory where the team members shall take it over. The temperature in 
the laboratory should not exceed 15 ºC.  After the handover to the team, the 
filtering system needs to be dismounted from the box, decontaminated and 
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packed inside of a laminar flow cabinet into a small, disinfected vacuum 
chamber. This will shield the samples from any further contamination during 
transport to the laboratory in Gdańsk. The packing process should take about 1 
hour. The temperature inside the laminar flow cabinet will be lowered down to 
maximum 10 ºC by using the cooling inserts from a tourist fridge (provided by 
the team). 

The procedure is identical for the Groundbox.The ground copy of the 
experiment should also be transported to the lab as soon as possible, where the 
microbiology team will prepare the filtration system for transport to Gdansk. 

After the packing of the filtering system, at least two members of the team 
shall depart from Kiruna to Gdańsk with the package with biological material as 
soon as possible, excluding Fridays and Saturdays, because the access to the 
laboratory on weekends is not possible. The most convenient option is to deliver 
samples to the lab between Monday and Friday. 

 

6.5. Transport of the experiment to Esrange 
 
The main experiment box and the ground box will be packed into two 
750x550x290 mm suitcases. Both gondolas will be wrapped in bubble wrap. 
Additionally suitcases will be filled with spongy fillers that will cushion the 
gondolas. 
Inside of the gondolas, there will be more rolled up bubble wrap that will protect 
the electronic and mechanical components of our experiment.  
Items that will not be permanently placed in the gondola during transport will be 
packed in bubble wrap. Then they will be placed in a cardboard box in such a 
way as to prevent them from moving. The luggage with the experiment and all 
its components shall fly to Kiruna with the team. 
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7. DATA ANALYSIS AND RESULTS 

7.1. Data Analysis Plan 
Obtaining the results of the experiment requires finishing its 

microbiological part in a microbiological laboratory at Gdańsk University of 
Technology. Some of the data can be analysed independently. 

7.1.1. Storing the microbiological material after the delivery to Gdańsk 
After coming back from Kiruna to Gdańsk, the vacuum vessel with the 

samples will be placed in a refrigerator (4-6 ºC), as soon as possible, until the 
next day. Before it happens, members of the team holding the vessel will pay 
attention to the temperature of transport. The temperature inside the vessel 
should not rise above 10 ºC, so the time inside the building at the airport should 
be restricted to minimum. The vessel should be packed in a way that will isolate 
it thermally. 

The pressure inside the vessel with samples will be slowly risen up to the 
outside pressure level, a short time before entering the laboratory at GUT, one 
day after the day of return to Gdańsk. 

7.1.2. Procedures of decontamination and preparation of the filters. 
Biological material recovery. 

The first thing to do after entering the laboratory is to put on nitrile gloves and 
activate the UV lamp in the laminar flow cabinet to disinfect its inner surface. 
After disinfecting with a UV lamp, in order to reduce the risk of contamination, 
the surface of the laminar flow cabinet will be wiped with an aqueous solution of 
isopropanol. 

After disinfection, the still closed filtering system is moved to the laminar flow 
cabinet, where we will disinfect its surface with the isopropanol solution by 
spraying it. Before starting the next steps, a new pair of sterile gloves should be 
put on by a team member, who will manually disconnect the filters from the 
tubes. The filters will be disconnected one by one to avoid contamination. The 
first one disconnected will be the control filter, from which an inoculation will be 
made. 

The filter frame will be opened with sharp pincers sterilised by immersing in 
isopropyl or ethyl alcohol and sliding through the flame of a burner. After opening 
the frame, the membrane should not touch anything. With the other hand, the 
plate with chocolate agar will be opened and the membrane will be placed in its 
centre, avoiding any air bubbles between two surfaces. Then, the inoculated 
plate will be closed. The steps will be repeated with three more filters coming 
from two different subsystems (one more control filter and two sampling ones). 

After the plates are prepared, one with a control filter and one with a sampling 
filter will be placed in the vacuum chamber allowing us to conduct microaeric 
incubation, in baric conditions close to the stratospheric ones. The other two 
plates (again, one with a control filter and one with a sampling filter) will be 
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immediately placed directly in an incubator to conduct aerobic inoculation. Due 
to the fact that we do not know what microorganisms are collected, we decided 
that after three days of incubation of the plates in a vacuum chamber at 20 
Celsius degrees, the temperature of incubation will be changed to 37 Celsius 
degrees. If any microorganisms grow on the plate, their colonies will be 
transferred onto new plates, in order to obtain pure cultures. 

The other two filters (one control and one sampling), which were not used to 
obtain pure cultures, will serve as a source of genetic material for isolation. 

7.1.3. Further action on microbiological material 
The obtained pure cultures will be subjected to further research to find properties 
that allowed them to survive in the stratosphere. We will check their resistance 
to UV radiation, cold, drought, low pressure. Prior to testing, some part of each 
pure culture should be sieved onto new plates, which will then be placed in the 
refrigerator and freezer, in order to bank the cultures. We perform this activity to 
be able to reproduce the obtained cultures in case the majority of them dies 
during the tests. 
To verify UV resistance, pure cultures will be sifted onto new culture plates that 
will be placed under a UV lamp for various lengths of time. After irradiation, the 
plates will be put into an incubator for 48 hours, after that time we will check 
whether the growth will be observed.  
Another tested feature is the resistance to low temperatures. Pure cultures will 
be sifted onto new culture plates, which will go to the fridge instead of the 
incubator. Growth at low temperatures is slower, so the plates will be placed in 
it for two weeks. During this time, we will daily check if the growth of 
microorganisms is observable.  
We expect high resistance to low humidity levels from the microorganisms 
collected from the stratosphere. To verify their drought resistance, pure cultures 
will be sifted onto new culture plates where the media will contain less water 
than standard culture media. The plates will be put into an incubator for 48 hours, 
after that time we will check whether the growth will be observed.  
To test the resistance of microorganisms to low pressure, their cultivation will be 
carried out in a vacuum chamber. After transferring pure cultures to new culture 
plates, they will be immediately transferred to the vacuum chamber, which we 
will leave in the incubator for two weeks. During this time, we will daily check if 
the growth of microorganisms is observable. 
 

7.1.4. Further action on genetic material 

People working on genetic material isolation should be wearing nitrile or latex 
gloves, face masks and clean lab coats. The necessary equipment for DNA 
isolation is: sterile laminar flow cabinet, centrifuge, block heater, vortex stirrer, 
DNA isolation kit (ExtractMe DNA bacteria kit, Blirt) and basic laboratory 
equipment, e.g.: Eppendorf tubes, pipettes, tips. The procedure will be carried 
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out in parallel for two filters, the first is the sampling filter and the second is the 
control filter. 

In the first DNA isolation step, during enzymatic lysis using BacL Buffer and 
proteinase K, cell wall disintegration, cellular membrane and proteins 
degradation occurs. Filters will be placed in 2 ml Eppendorf tubes and 40 µl of 
lysozyme will be injected to lyse the cell walls of gram positive bacteria. Next, 
syringes without a plunger will be placed over the filters, 1,6 ml of BacL lysis 
buffer will be applied to the filters, the plunger will be plugged in and the filter 
rinsed. 20 µl of RNase A will be added to the filtrate in Eppendorf tubes and the 
solution will be incubated at 37 °C for 10 min. RNase A is a degrading 
endoribonuclease with high activity of ssRNA, dsRNA and RNA in hybrid RNA-
DNA molecules. 40 µl proteinase K will be added in each tube and tubes will be 
incubated in a block heater at 55 °C for 10 min. Proteinase K is an 
endopeptidase which is used to digest proteins, including DNases and RNases, 
without disturbing the structure of nucleic acids. Proteinase K enables to obtain 
RNA-free DNA. The contents of both Eppendorf tubes will be divided into three 
Eppendorf tubes so that each has an equal volume. Consequently, there will be 
three Eppendorf tubes for both the control and the research sample. Then 350 
µl of BacB binding buffer will be added to each of them and mixed. Incubation at 
55°C for 10 min, then vortexing for 15 sec and centrifugation 2 min, 10 thou. 
RPM. The supernatants will be transferred to the minicolumns with the bed, 
placed in the collection tube attached to the kit. Centrifugation for 1 min, 10 thou. 
RPM. The minicolumns will be transferred to a new receiver tube. 600 µl of BacW 
washing buffer will be applied to the minicolumns. Centrifugation for 0,5 min, 10 
thou. RPM, then the filtrates will be poured out of the receiving tubes and the 
minicolumns placed back in them. BacW buffer will be applied to the columns 
again, but in volumes of 400 µl. Centrifugation for 0,5 min, 10 thou. RPM, after 
which the filtrate will be poured out. Centrifugation for 2 min, 12 thou. RPM. Two-
step washing of DNA bound to the bed aims to remove residual impurities and 
reaction enzymatic inhibitors. The dry mincolumns will be removed from the 
collection tubes and placed in sterile 1,5 ml Eppendorf tubes. The 50 µl Elution 
Buffer will be heated up to 70 °C and applied centrally on the bed in the 
minicolumns. The minicolumns with buffer will be incubated for 2 min. 
Centrifugation for 1 min, 10 thou. RPM. The minicolumns will be removed and 
the eluents collected in 2 Eppendorf tubes 1,5 ml. Eppendorf tubes will be 
properly labelled and stored at - 80 °C until the isolated genetic material will be 
sent for sequencing. 

 

7.1.5. Flight data analysis 
The information about the temperature, altitude, time of flight and 

humidity shall be used to determine the relationship between altitude and time 
(flight characteristics), temperature and altitude, temperature and time, humidity 
and altitude and humidity and time. 
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7.1.6. Bioinformatic data analysis 
The information coming from the DNA sequencing shall be compared with 

the Greengenes v13_5 database to classify the collected bacteria taxonomically.  

7.2. Launch Campaign 
The team arrived in Esrange on September the 24th, 2021. The 

experiment was transported separately and was received by SSC logistics a 
week before team arrival. Over the next day after arrival the team unpacked the 
experiment and prepared a workshop in the Dome. The technical team was 
responsible for doing final checkouts on the experiment and calibrating it for 
liftoff. Fitchecks with BEXUS 30 gondola were scheduled. The microbiological 
team prepared the laboratory in the Dome and filtered the isopropanol solution 
for disinfection. The materials for the filtering system were checked for their 
reaction for the conditions of steam sterilisation in a borrowed Tinget Class B 
STE-18L-D steam steriliser (3,1 Bar; 134 ºC) and passed the test - their 
properties remained the same after the process. The curtains of BEXUS30 
gondola were washed with a regular washing agent, rinsed with disinfecting 
agent (Lysol laundry disinfectant) and dried in a tumble drier, the tumble of which 
had been disinfected with 70% isopropanol. The crucial parts (servos, valves, 
pipe joints) were duly marked. The team practised integration and mounting of 
the filtering system. After the practice, the elements of the filtering systems were 
wrapped in a few layers of aluminium foil, sterilised, transfered to a disinfected 
laminar flow cabinet and put together by Bartosz, who was wearing sterile gloves 
and a facemask. After integration, the systems were secured with safety caps 
put on the air inlets and armed with the upper coupling parts. So-prepared 
filtering systems were packed in a disinfected box and attached in the 
experiment boxes after all the tests were done on the BEXUS30 gondola. The 
curtains were attached to the gondola by people wearing gloves, before the FCT 
and since then nobody touched the curtains with bare hands. After the FCT, 
Mateusz took two samples from the balloon surface with sterile cotton swabs 
that were subsequently put into transport tubes. Two other sterile cotton swabs 
were only put inside transport tubes as a control. 

The initial liftoff date was scheduled for the morning of September 29th, 
2021 but had to be postponed for the next day due to complications with E-Link 
connectivity tests. After successfully completing Flight and Mission Readiness 
Reviews the experiment has been certified to fly on September 30th, 2021.  

On the day of the liftoff, the table with the groundbox and a roof of the 
groundbox station were taken outside and placed in a specified, safe place near 
the launchpad. At 5:30 the microbiologists went out for the late access to the 
gondola to disinfect it by spraying it with the isopropanol solution, after which the 
safety caps were removed. The same procedure was conducted on the 
groundbox roof, table and air inlets. The experiment switched on on the 
launchpad at 4:56. Handoff from ground power to battery power occured at 6:12. 
The liftoff of the flight train took place around 6:55 local time. The experiment 
reached an altitude of 13km at around 7:42, and sampling of the stratospheric 
air had begun. The BEXUS 30 gondola continued to rise, and reached an altitude 
of 27.3 km at 8:30, beginning the float phase. The Stardust experiment filtered 
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air for around 4 h, when at 11:44 it received information of planned cutoff from 
the balloon scheduled within 15 minutes. The experiment detected a cut-off and 
sharp decrease in altitude at 11:53. At this point the samples had been secured 
and the experiment reached a safe state for landing. Ground operators received 
telemetry till 12:26 or 1138 metres above sea level as measured by GPS. The 
experiment continued to record telemetry and the landing occurred at 12:29. 
Last sample in the datalog is dated 13:22:53, 6:30 h after liftoff, 7:11 h after 
switching to battery power. The raw telemetry data is available on 
REXUS/BEXUS Teamsite. 

After the landing of the balloon, the SSC recovery crew took out the 
experiment box from the gondola by unscrewing the screws holding the 
experiment box on the rails, and by cutting the GPS antenna cable. The 
experiment box was transported back to Esrange by helicopter and brought to 
the Dome at around 16:30 (still on 30.09.2021). The groundbox was then taken 
inside as well. The microbiology team dismounted the filtering system from the 
boxes, closed them inside a vacuum chamber (p = 0,1 Bar) and the vacuum 
chamber was placed in a fridge until the microbiologists departed on 3.10.2022.  
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7.3. Results 
Due to the diversity of result types, this chapter has been split into some 

dedicated subsections. 

7.3.1. Input to Campaign Report 
Flight data from sensors has been included in Appendix F of this 

document as well as REXUS/BEXUS Teamsite.  
Pict. 7.3.1.1. BEXUS30/31 Launch Campaign Participants from the Stardust team 

 
7.3.2. Microbiological analysis results 

Eight filter membranes were put onto chocolate agar media after making 
prints of them on the surface. The membranes included two from sampling filters 
from the Flightbox (one for cultivation in 1 Bar, one for cultivation in 0,1 Bar), two 
from control filters of the Flight Box (one for cultivation in 1 Bar, one for cultivation 
in 0,1 Bar), two from sampling filters of the Groundbox (again, two different 
pressures) and two from control filters of the Groundbox. Four additional 
chocolate agar media were dedicated to the balloon microbiological control (2 
samples + 2 controls). The cultivation temperature was 20 ºC during the first 
week, 22 ºC during the second week and 25 ºC during the following 3 weeks. 
One month was the critical time for the microorganisms to be taken into 
consideration. After one month, the only new colonies that appeared on the 
primary cultivation media were coming from the microorganisms that already 
existed on the media. 
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One of the control filters had been accidentally disconnected during the 
transport, so it was not considered a real contamination control. Nevertheless, it 
was treated like it should according to the plan. 

On the 25th Oct 2021, after streaking all the visible colonies, the primary 
cultures were put upside-down on a thermoblock preheated to 90 ºC for 15 min 
each in order to give a thermal impulse to any living spores that might not have 
germinated before. 

Figures 7.3.2.1. - 7.3.2.4. show the growth progress of microorganisms 
on the primary cultivation chocolate agar media. The controls are shown in 
figures 7.3.2.5. - 7.3.2.8. The media with samples from the balloon’s surface and 
their controls are depicted in figures 7.3.2.9. - 7.3.2.12. 

Fig. 7.3.2.1. A Medium with a Membrane from a Sampling Filter from the 
Flightbox (kept in 1 Bar, 20-25 ºC) 

 
Since the beginning of cultivation with the membrane coming from the 

flightbox, until its end, no colonies were observed on the medium or the 
membrane. 
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Fig. 7.3.2.2. A Medium with a Membrane from a Sampling Filter from the 
Flightbox (kept in 0,1 Bar, 20-25 ºC) 

 
The colonies λ, μ and ψ grew close to but outside the prints of the 

membrane. An edge of the membrane might have touched the agar surface in 
these areas when being put on the medium, before the prints were done. 
However, it cannot be ruled out that it is a result of contamination, taking into 
consideration that some contamination occurred on the control media (see the 
figures 7.3.2.5 - 7.3.2.8.). Nevertheless, the contamination of controls appeared 
only on the edges of the media (excluding the one filter that was disconnected 
during the transport from Kiruna) and the cultures λ, μ and ψ are not settled at 
the edge. 
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Fig. 7.3.2.3. A Medium with a Membrane from a Sampling Filter from the 
Groundbox (kept in 1 Bar, 20-25 ºC) 

 
The ρ colony did not grow in the place of any print or the membrane but 

appeared close to the medium edge. It is probably a medium contamination. 
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Fig. 7.3.2.4. A Medium with a Membrane from a Sampling Filter from the 
Groundbox (kept in 0,1 bar, 20-25 ºC) 

 
The colony which was marked as !, appeared at a place that was not in 

direct contact with the membrane. After 3 weeks it was visible as a very small, 
pale dot on the medium, but after an additional week it looked like a drop of water 
on the medium and was very slimy when touched with a sterile inoculation loop.  

After 3 weeks, other colonies on this medium stopped to grow. It was 
probably caused by frequent pressure changes. 
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Fig. 7.3.2.5. A control with a membrane from the Flightbox, kept in 1Bar, 20-
25 ºC. Photographed on the 4th Nov 2021. 

 
The omicron colony appeared after 3 weeks of cultivation and the other 

colonies on the edge of the medium appeared after 4 weeks.The omicron colony 
was taken for further analysis. No colonies were present in the places that had 
had any contact with the membrane. 

Fig. 7.3.2.6. A false control with a membrane from the flighbox filter that was 
disconnected during transport to Gdańsk. Kept in 0,1 Bar, 20-22 ºC. 

Photographed on the 18th Oct 2021. 

 
The bacterium growing on the membrane was marked as ν and taken for 

further analysis. 
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Fig. 7.3.2.7. A control with a filter membrane from the groundbox, kept in 
1 Bar, 20-25 ºC. Photographed on the 4th Nov 2021. 

 
Fig. 7.3.2.8. A control with a filter membrane from the groundbox, kept in 

0,1 Bar, 20-25 ºC. Photographed on the 4th Nov 2021. 

 
No bacterial colonies were observed on the media with the membranes 

coming from the groundbox. 
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Fig. 7.3.2.9. A microbiological smear of the material taken from the BEXUS30 
balloon’s surface, kept in 1 Bar, 20-25 ºC 

 
Fig. 7.3.2.10. A microbiological smear of the material taken trom the BEXUS30 

balloon’s surface, kept in 0,1 Bar, 20-25 ºC 

 
The yellow colony seen in the fig. 7.3.2.9. was growing on the line of the 

smear, which proves that this bacterium is one coming from the balloon. It was 
given a symbol “Bal1” and taken for further analysis. The material from the 
balloon that was kept in 0,1 Bar (fig. 7.3.2.10.) did not yield any microbial 
colonies. 
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Fig. 7.3.2.11. A microbiological smear of a control swab, kept in 1Bar, 20-
25 ºC 

 
Fig. 7.3.2.12. A microbiological smear of a control swab, kept in 0,1 Bar, 20-

25 ºC 

 
The colony seen in the fig. 7.3.2.11. was not growing on the smear line 

but at the agar edge. Thus, it should not be taken into consideration in terms of 
controlling the proper swab handling. However, it shows that the agar medium 
was not kept secure. On the control kept in 0,1 Bar (fig. 7.3.2.12.) no microbial 
colony was observed. 

Each colony that was marked with a symbol (a Greek letter, an interjection 
mark or “Bal1”) underwent streaking for culture purification. The pure cultures 
are depicted below. 
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Fig. 7.3.2.13. Culture α on Sabouraud dextrose agar medium  

 
Fig. 7.3.2.14. Culture β on Sabouraud dextrose agar medium 

 



 
- 154 - 

 
  

BX30_STARDUST_SED_v5-0_26Apr2022 

Fig. 7.3.2.15. Streak of culture γ on Sabouraud dextrose agar medium 

 
Fig. 7.3.2.16. Streak of culture δ on Sabouraud dextrose agar medium 
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Fig. 7.3.2.17. Streak of culture ε on Sabouraud dextrose agar medium 

 
Fig. 7.3.2.18. Culture ζ on Chocolate agar medium 
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Fig. 7.3.2.19. Culture η on Sabouraud dextrose agar medium 

 
Fig. 7.3.2.20. Streak of θ culture on Sabouraud dextrose agar medium. It was 
repeated after 6 days, on the same medium since the first streaking seemed 
ineffective. After all, two kinds of mold colonies appeared. They were given new 
signes, although υ (the latter streak) is probably the real θ. The team desisted 
using the letter θ for marking this mold because of an uncertainty. The mold φ is 
suspected of being a contamination. 
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Fig. 7.3.2.21. Culture ι on Sabouraud dextrose agar medium. It grew to the 
depicted form after it was placed in a regular microbiological incubator set to 20 
ºC, instead of being kept in a vacuum chamber. 

 
Fig. 7.3.2.22. Culture κ on Tryptone Soy Agar medium 
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Fig. 7.3.2.23. Culture λ on Chocolate Agar  medium 

 
Fig. 7.3.2.24. Culture μ on Chocolate Agar  medium 
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Fig. 7.3.2.25. Culture ν on Tryptone Soy Agar medium. It is a contamination 
caught in a filter after a disconnection from the system during transport from 
Kiruna. 

 
Fig. 7.3.2.26. A streak of culture ξ on Chocolate Agar medium. After a week from 
the streaking, the culture lost its ability to grow. 

 
Fig. 7.3.2.27. Culture ο on Tryptone Soy Agar and Chocolate Agar media. It 
comes from a contaminated control medium. The morphology of colonies 
change when cultivated on a different medium type. 

 



 
- 160 - 

 
  

BX30_STARDUST_SED_v5-0_26Apr2022 

Fig. 7.3.2.28. Culture π on Tryptone Soy Agar medium 

 
Fig. 7.3.2.29. Culture ρ on Tryptone Soy Agar medium. It probably comes from 
a medium contamination. 

 
Fig. 7.3.2.30. Culture σ on Tryptone Soy Agar and Chocolate Agar media  
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Fig. 7.3.2.31. Culture τ on Tryptone Soy Agar and Chocolate Agar media 

 
It is clear that σ and τ are the same microorganism. The primary colony must 
have been split when the membrane on the medium was being replaced. 
Fig. 7.3.2.32. Culture υ on Sabouraud dextrose agar medium. It probably derives 
from the culture θ. 

 
Fig. 7.3.2.33. Culture φ on Sabouraud dextrose agar medium. It appeared after 
the streaking of the culture θ, however, it may be considered a contamination. 
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Fig. 7.3.2.34. Culture χ on Chocolate Agar medium 

 
Fig. 7.3.2.35. Culture ψ on Chocolate Agar medium 

 
Fig. 7.3.2.36. Culture “?” on Chocolate Agar medium. It was taken from 3 similar 
but separate colonies. It is visible that the morphology is the same, so this is the 
same bacterium at each plate. 
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Fig. 7.3.2.37. Culture ! on R2 medium. The culture was growing fast on every 
medium type and in many different thermal and baric conditions. R2 was used 
because it may slow down the growth of some microorganisms. 

 
Fig. 7.3.2.38. Streak of the isolate from the BEXUS30 balloon on Chocolate Agar 
medium 

 
 

Each obtained bacterial pure culture was Gram stained and observed with 
a microscope (x100 magnification). 
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Fig. 7.3.2.39. Gram-stained ζ culture - microscopic slide 

 
Fig. 7.3.2.40. Gram-stained κ culture - microscopic slide 

 
Fig. 7.3.2.41. Gram-stained λ culture - microscopic slide 
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Fig. 7.3.2.42. Gram-stained μ culture - microscopic slide 

 
Fig. 7.3.2.43. Gram-stained ξ culture - microscopic slide 

 
Fig. 7.3.2.44. Gram-stained ο culture - microscopic slide 
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Fig. 7.3.2.45. Gram-stained π culture - microscopic slide 

 
Fig. 7.3.2.46. Gram-stained ρ culture - microscopic slide 

 
Fig. 7.3.2.47. Gram-stained σ culture - microscopic slide 
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Fig. 7.3.2.48. Gram-stained τ culture - microscopic slide 

 
Fig. 7.3.2.49. Gram-stained χ culture - microscopic slide 

 
Fig. 7.3.2.50. Gram-stained ? culture - microscopic slide 
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Fig. 7.3.2.51. Gram-stained ! culture - microscopic slide 

 
Fig. 7.3.2.52. Gram-stained Bal1 culture - microscopic slide 

 
It is clearly visible that the cultures σ and τ have not only the same colony 

morphology on two different agar media, but also the same cell morphology. It 
makes sense, because they both come from the same primary culture and both 
were growing after contact of medium with the same point of the membrane. 
Thus, this strain shall be further marked σ. 

After the Gram staining it became visible that the ! culture de facto 
consists of two different kinds of bacterial cells - one Gram-negative, one Gram-
positive. Some Gram-negative bacteria are known to produce slime that carries 
the cells and secures them from drying too fast as well as helps them spread in 
the environment. This time the bacteria are growing in symbiosis or 
commensalism with Gram-positive bacteria (possibly from Bacillus genus). 

The ξ sample for staining was taken only from surface of a colony. The 
speartip-like big cells remind wild yeast, but they probably are spores of the ξ 
mold. 

The general description of each isolate is given in Table 7.3.2.1. 
 

Table 7.3.2.1. General list of the microorganisms cultivated within the project 
Culture 
symbol Origin Bacterium/ 

Fungus Gram stain First passage 
date 
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α GB/Sample/1Bar Mold N/A 11.10.2021 

β GB/Sample/1Bar Mold N/A 11.10.2021 

γ GB/Sample/0,1Bar Mold N/A 11.10.2021 

δ GB/Sample/0,1Bar Mold N/A 11.10.2021 

ε GB/Sample/0,1Bar Mold N/A 11.10.2021 

ζ GB/Sample/1Bar Yeast or bacterium Mix (+/-) 11.10.2021 

η GB/Sample/1Bar Mold N/A 14.10.2021 

ι FB/Sample/0,1Bar Mold N/A 18.10.2021 

κ FB/Sample/0,1Bar Bacterium G+ 18.10.2021 

λ FB/Sample/0,1Bar Bacterium G+ 18.10.2021 

μ FB/Sample/0,1Bar Bacterium G+ 18.10.2021 

ν FB/Control/0,1Bar Bacterium - 18.10.2021 

ξ GB/Sample/0,1Bar Mold or yeast G+ (but not 100%) 18.10.2021 

ο FB/Control/1Bar Bacterium G+ 25.10.2021 

π GB/Sample/1Bar Bacterium G+ 25.10.2021 

ρ GB/Sample/1Bar Bacterium G- 25.10.2021 

σ FB/Sample/0,1Bar Bacterium G+ 29.10.2021 

υ GB/Sample/1Bar Mold N/A 20.10.2021 

φ GB/Sample/1Bar Mold N/A 14.10.2021 

χ FB/Sample/0,1Bar Bacterium G+ 29.10.2021 

ψ FB/Sample/0,1Bar Bacterium - 29.10.2021 

? FB/Sample/0,1Bar Bacterium G+ 17.11.2021 

! GB/Sample/0,1Bar Bacterium Mix (G- based) 29.10.2021 

Bal1 BEXUS30 balloon Bacterium G- 17.11.2021 

 
Information from the gene sequencing will provide specific data about 

belonging of each isolate to a species. 
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7.3.3. Genetic analysis results 
The genetic analysis results shall be updated as soon as the team 
receives the data from DNA sequencing by Genomed S.A. 
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7.4. Lessons Learned 
1. Never postpone preparing for the review presentation! 
2. Be aware that some words have a few meanings. E.g. you can 

accommodate people in a hotel or you can accommodate an 
experiment in the BEXUS gondola. 

3. The team motivation depends mostly on the team leader. 
4. Every team member has to be responsible for very specific tasks. 

Every task has to have a person who is responsible for driving it. 
5. Always check for attachments while reading an e-mail! 
6. Follow the SED guidelines. 
7. A Gantt chart is of real help in planning a big, complicated project. 
8. How to prepare WBS properly. 
9. How to do public procurement at the university 
10. Even expensive components with good characteristics may be 

defective. 
11. Every source of funding may deplete. It is important not to 

exaggerate with spare components because it may end with the 
shortage of key components. 

12. Ordering the components of the experiment will probably be a part 
of the critical path in time planning. If the parts are cheap, and you 
hesitate which option to choose, better choose both in case the 
second one is better - it’s a great time saver! 

13. A real-life meeting with the team is more valuable than a few online 
meetings. 

14. The closer to a deadline, the more motivation. The team needs a 
lot of deadlines to stay motivated. 

15.  Time planning should include periods, where students temporarily 
cannot work on the project (e.g. exams). 

16.  Some features of products needed for the project may be changed 
by a manufacturer without any information for the customers about 
the changes. It’s good to test the key features before use of the 
product coming from another production batch than the ones 
ordered before. 
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ABBREVIATIONS AND REFERENCES 

7.5. Abbreviations 
 
AIT  Assembly, Integration and Test 
asap  as soon as possible 
BEXUS Balloon Experiment for University Students 
CDR  Critical Design Review  
CFD  Computational fluid dynamics 
COG  Centre of Gravity 
CRP  Campaign Requirement Plan  
DLR  Deutsches Zentrum für Luft- und Raumfahrt 
EAT  Experiment Acceptance Test  
EAR  Experiment Acceptance Review 
ECTS  European Credit Transfer System 
EIT  Electrical Interface Test  
EPM  Esrange Project Manager 
ESA   European Space Agency  
Esrange Esrange Space Center 
ESTEC European Space Research and Technology Centre, ESA (NL) 
ESW  Experiment Selection Workshop 
FAR  Flight Acceptance Review 
FS  Filtering System 
FST  Flight Simulation Test 
FRP  Flight Requirement Plan 
FRR  Flight Readiness Review 
GSE  Ground Support Equipment 
GUT  Gdańsk University of Technology 
HK  Housekeeping 
H/W  Hardware 
ICD  Interface Control Document 
I/F  Interface 
IPR  Integration Progress Review 
LO  Lift Off 
LT  Local Time 
LOS  Line of Sight  
Mbps  Megabits per second 
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MFH  Mission Flight Handbook 
MORABA Mobile Raketen Basis (DLR, EuroLaunch) 
N/A  Not applicable 
OP  Oberpfaffenhofen, DLR Center 
OS   Operating System 
PCB  Printed Circuit Board (electronic card) 
PDR  Preliminary Design Review  
PST  Payload System Test 
RBF  Remove Before Flight 
REXUS Rocket Experiments for University Students 
SED  Student Experiment Documentation  
SNSA  Swedish National Space Agency  
SODS  Start Of Data Storage 
SOE  Start Of Experiment 
SSC  Swedish Space Corporation 
STW  Student Training Week  
S/W  Software 
T  Time before and after launch noted with + or - 
TBC  To be confirmed 
TBD  To be determined / To be done 
WBS  Work Breakdown Structure  
ZARM Zentrum für Angewandte Raumfahrttechnologie und 

Mikrogravitation 
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[2] European Cooperation for Space Standardization ECSS: Space Project 
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[3] SSC Esrange: Esrange Safety Manual, SCIENCE-60-4208, 12 June 
2020 

[4] European Cooperation for Space Standardization ECSS: Space 
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APPENDIX A: EXPERIMENT REVIEWS 

BX30_PDR Report_Stardust_V1-0_24Feb20  
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BX30_PDR Report_Stardust_V1-0_24Feb20
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BX30_PDR Report_Stardust_V1-0_24Feb20 
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- Critical Design Review – CDR 

 
BX30_CDR Report_Stardust_V1-0_26May20 
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BX30_CDR Report_Stardust_V1-0_26May20 
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BX30_CDR Report_Stardust_V1-0_26May20 
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BX30_CDR Report_Stardust_V1-0_26May20 
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- Integration Progress Review – IPR 

 
BX30_STARDUST_IPR%20report_v1-0_20Jul20 



 
- 183 - 

 
  

BX30_STARDUST_SED_v5-0_26Apr2022 

 
BX30_STARDUST_IPR%20report_v1-0_20Jul20 
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BX30_STARDUST_IPR%20report_v1-0_20Jul20 
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BX30_STARDUST_IPR%20report_v1-0_20Jul20 
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BX30_STARDUST_IPR%20report_v1-0_20Jul20 
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BX30_STARDUST_IPR%20report_v1-0_20Jul20 
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BX30_STARDUST_IPR%20report_v1-0_20Jul20 
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BX30_STARDUST_IPR%20report_v1-0_20Jul20 
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BX30_STARDUST_IPR%20report_v1-0_20Jul20 
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- Experiment Progress Review – EPR 

 
BX30_STADUST_Progressrewiev_Report_V1_25sept2008Sept20 
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BX30_STARDUST_Progressrewiev_Report_v1-0_25Sept2008Sept20  
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BX30_STADUST_Progressrewiev_Report_V1_25sept2008Sept20 
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BX30_STARDUST_Progressreview_Report_V1-0_25spet2009Sept20  
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BX30_STARDUST_Progressrewiev_V1-0_25sept2008_sept20  
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BX30_STARDUST_Progressrewiev_V1-0_25sept2008_sept20  
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BX30_STARDUST_Progressrewiev_V1-0_25sept2008_sept20  
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BEXUS_Progress Review 2 Report_V1.1_24Nov20 
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BEXUS_Progress Review 2 Report_V1.1_24Nov20 
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BEXUS_Progress Review 2 Report_V1.1_24Nov20 

 
 
 



 
- 203 - 

 
  

BX30_STARDUST_SED_v5-0_26Apr2022 

 
BEXUS_Progress Review 2 Report_V1.1_24Nov20
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BEXUS_Progress Review 3 Report_V1.3_25mar21 
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BEXUS_Progress Review 3 Report_V1.3_25mar21 
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BEXUS_Progress Review 3 Report_V1.3_25mar21 
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BEXUS_Progress Review 3 Report_V1.3_25mar21 
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- Experiment Acceptance Review – EAR 

BEXUS30_EAR_Report_V1-1_11Aug21
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BEXUS30_EAR_Report_V1-1_11Aug21
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BEXUS30_EAR_Report_V1-1_11Aug21
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BEXUS30_EAR_Report_V1-1_11Aug21
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BEXUS30_EAR_Report_V1-1_11Aug21 
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APPENDIX B: OUTREACH AND MEDIA COVERAGE 
 
Stardust media appearances since November 2019 
December ‘19 

1. Pismo PG (GUT Magazine), December 2019 <Our students "The best 
of the best!"> 

January ‘20 
2. Article in Urania website: 

https://www.urania.edu.pl/wiadomosci/studenci-politechniki-gdanskiej-w-
programie-rexus-bexus January 2020 

3. Article in GUT website: 
https://eia.pg.edu.pl/aktualnosci/-
/asset_publisher/GI8nRFNnU5yA/content/student-z-wydzialu-
elektrotechniki-i-automatyki-w-projekcie-europejskiej-agencji-kosmicznej 
January 2020  

4. Article in info Iława: 
http://www.infoilawa.pl/aktualnosci/item/59885-kosmiczny-sukces-
studenta-z-ilawy-marcin-jasiukowicz-bierze-udzial-w-projekcie-
europejskiej-agencji-kosmicznej 

5. Radio SAR – interview with D.Tomaszewska – Friday, 17 January 2020, 
6 p.m. 

6. TVP 3 Gdańsk – interview and video material about Stardust in  „Good 
morning Gdańsk” – 31 January 2020, 7.50 a.m. 
 

February ‘20 
7. Radio Iława – interview with M. Jasiukowicz – 6 February 2020: 

https://www.eska.pl/ilawa/wielki-balon-poleci-do-stratosfery-marcin-
jasiukowicz-opowiada-o-projekcie-aa-96iL-Q3Qn-ba6z.html 

8. Pismo PG (GUT Magazine) -  „Another success of Stardust Project” 
 
March ‘20 

9. Conference Smart Port. The merged sea & space network organised by 
Baltic Sea Space Cluster, Marcin Jasiukowicz in „Young Stars” Panel, 
Gdańsk, 12 March POSTPONED because of COVID-19 (waiting for 
new date) 

10. FOKA - Forum of Organizations and Academic Clubs , Stardust stand, 
Gdańsk, 20 March POSTPONED because of COVID-19  

 
April ‘20  

11. International Conference on Microbiology and Environmental 
Biotechnology, Athens, Greece, 9-10 April CANCELED because of 
COVID-19  

12. International Conference on Recent Innovations in Engineering and 
Technology (ICRIET), Mexico City, Mexico, 28-29 April CANCELED 

https://www.urania.edu.pl/wiadomosci/studenci-politechniki-gdanskiej-w-programie-rexus-bexus
https://www.urania.edu.pl/wiadomosci/studenci-politechniki-gdanskiej-w-programie-rexus-bexus
https://eia.pg.edu.pl/aktualnosci/-/asset_publisher/GI8nRFNnU5yA/content/student-z-wydzialu-elektrotechniki-i-automatyki-w-projekcie-europejskiej-agencji-kosmicznej
https://eia.pg.edu.pl/aktualnosci/-/asset_publisher/GI8nRFNnU5yA/content/student-z-wydzialu-elektrotechniki-i-automatyki-w-projekcie-europejskiej-agencji-kosmicznej
https://eia.pg.edu.pl/aktualnosci/-/asset_publisher/GI8nRFNnU5yA/content/student-z-wydzialu-elektrotechniki-i-automatyki-w-projekcie-europejskiej-agencji-kosmicznej
https://eia.pg.edu.pl/aktualnosci/-/asset_publisher/GI8nRFNnU5yA/content/student-z-wydzialu-elektrotechniki-i-automatyki-w-projekcie-europejskiej-agencji-kosmicznej
http://www.infoilawa.pl/aktualnosci/item/59885-kosmiczny-sukces-studenta-z-ilawy-marcin-jasiukowicz-bierze-udzial-w-projekcie-europejskiej-agencji-kosmicznej
http://www.infoilawa.pl/aktualnosci/item/59885-kosmiczny-sukces-studenta-z-ilawy-marcin-jasiukowicz-bierze-udzial-w-projekcie-europejskiej-agencji-kosmicznej
http://www.infoilawa.pl/aktualnosci/item/59885-kosmiczny-sukces-studenta-z-ilawy-marcin-jasiukowicz-bierze-udzial-w-projekcie-europejskiej-agencji-kosmicznej
https://www.eska.pl/ilawa/wielki-balon-poleci-do-stratosfery-marcin-jasiukowicz-opowiada-o-projekcie-aa-96iL-Q3Qn-ba6z.html
https://www.eska.pl/ilawa/wielki-balon-poleci-do-stratosfery-marcin-jasiukowicz-opowiada-o-projekcie-aa-96iL-Q3Qn-ba6z.html
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because of COVID-19 

13. Creating a Stardust website – till the end of April. 
 

May ‘20 
14. Getting patronage of POLSA (Polish Space Agency) 
15. Conference Launch of the Polish space rocket. New opportunities, by 

Baltic Sea Space Cluster, 14 May, Słupsk, Poland CANCELED because 
of COVID-19 

16. Space Sector Forum, 26-27 May, Warsaw, Poland postponed because 
of COVID-19 

 
June ‘20 

17. Article in portel.pl - 13 June 2020 
https://www.portel.pl/szkoly-i-uczelnie/kosmiczne-badanie-w-polskim-
wydaniu/118428 

 
July ‘20 

 
18.  Video report “Journey into Space” - premiere at 21.07.2020 in Gdańsk 

University of Technology channel - 
https://www.youtube.com/watch?v=wcvMexSq_-I  

 
August ‘20 

19. International Conference on Recent Innovations in Engineering and 
Technology (ICRIET), Singapore, 2-3.08.2020 (technical team - online) 

20. International Conference on Natural Science and Environment (ICNSE), 
Seoul, 4-5.08.2020 (microbiology team - online) 

 
September ‘20 

- 
October ‘20 

- 
November ‘20 

21.  Student Space Conference in Gdańsk. 27-28 November (organised by 
POLSA) 

 
December ‘20 - February ’21 

22. Lecture with young students from GUT 
23. Radio SAR interwiev “SimLE space projects” - February 2021 

 
March ‘21 - May ’21 

24.  Gdańsk University of Technology “Open Day” - Stardust video material 
(7 minutes in students panel) 19.03.2021 
https://www.youtube.com/watch?v=wcvMexSq_-I  
 

25. Gdańsk University of Technology “Open Day” - D.Tomaszewska a few 
words during a discussion panel about space possibilities for students. 

https://www.portel.pl/szkoly-i-uczelnie/kosmiczne-badanie-w-polskim-wydaniu/118428
https://www.portel.pl/szkoly-i-uczelnie/kosmiczne-badanie-w-polskim-wydaniu/118428
https://www.youtube.com/watch?v=wcvMexSq_-I
https://www.youtube.com/watch?v=wcvMexSq_-I
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26. “Perspektywy 2021” - national meeting of high school graduates - 
D.Tomaszewska will take part in a discussion panel in which she will 
talk about the space possibilities for students. 

27. Pismo PG (GUT Magazine) - article about Stardust project progress - 
Apirl 2021 

 
June ‘21 - August ’21 

28.   Article in University website 
 
September ‘21 - November ’21 

29.  Article in University website 2.09.2021  
https://pg.edu.pl/aktualnosci/2021-09/wysylaja-balon-do-stratosfery-
zbadac-tajemnicze-bakterie-eksperyment-studentow  

30.  Pismo PG (GUT Magazine) - article about Stardust project and launch 
campaign - September 2021 

31.  Noc Naukowców (“scientists night”) - SimLE stand 26.09.2021 
32.  infoShare 2021 - 10.2021 - presenting Stardust 
33.  “Dzień dobry tu Gdańsk” - morning program with Stardust appearance  
34.  The article in "Perspektywy 2021" magazine - nationwide magazine for 

future students  - 11.2021 
35. Winning best science student project award and best young scientist 

(Marcin Jasiukowicz) award at annual university science gala - 
15.11.2021 

36.  SimLE (with Stardust project) became one of five best science 
organisations in Poland in “Pro Juvenes” competition. 

 
December ‘21 - February ’22 

37.  Pismo PG (GUT Magazine) - article about Stardust and SimLE projects 
12.2021 

38. Biotech Daily 2021 - Stardust presentation in “scientific enthusiasts” 
category - 2nd place and 5000 PLN (~1100 EUR) award - 12.2021 

39.  “Women in IT” conference, organised by Hackerspace Tricity - Stardust 
conference about planning and communication in space project - 
18.01.2022 

40.  “Space projects of young scientists” conference, organised by Polish 
astrological society- Stardust microbiology presentation - 24.02.2022 

41.  Interview with Stardust tech leader - Marcin Jasiukowicz in GUT 
magazine 

March ‘22 - May ’22 
42.  GUT open days - Stardust exhibition stand in the main stage, 

networking for young students and high school graduates 22.03.2022 
43.  “An Empirical Exploration of a Human and Technology Rise, 

Prometheus Unleashed” conference organised by GUT - Stardust 
presentation - 24.03.2022

https://pg.edu.pl/aktualnosci/2021-09/wysylaja-balon-do-stratosfery-zbadac-tajemnicze-bakterie-eksperyment-studentow
https://pg.edu.pl/aktualnosci/2021-09/wysylaja-balon-do-stratosfery-zbadac-tajemnicze-bakterie-eksperyment-studentow
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 APPENDIX C: ADDITIONAL TECHNICAL INFORMATION 
Main Electronics PCB connection overview:
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Power PCB connection overview:
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Mechanical PCB connection overview:
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Outside Sensor PCB connection overview: 
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Main PCB (115x75mm) 
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Power PCB (115x75mm) 
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Experiment PCB (50x145mm) 
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Outside Sensor PCB 
(52x68mm) 
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Technical data of the pumps

CAD Drawings 
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Fig. A.1.1. ASSEMBLY DRAWING 
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Fig. A.1.2
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Fig. A.1.3 

 
 
 
 
 
 
 
 
 
 

Fig. A.2. Main Frame 
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Fig A.3. Servo Holder 
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Fig A.4 Valve Holder 
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Fig A.5 Coupling Valve Side 
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Fig A.6 Coupling Servo Side 
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ASSEMBLY INSTRUCTIONS 

1. Part list: 

One complete Valve Control Unit consists of: 
-HS-755 HB Servo x2 
-Servo clutch x2 
-8607-0060 Valve x2 
-WK626 Endstop x2 
-Coupling Servo Side x2 
-Coupling Valve Side x2 
-Main frame x1 
-Servo mounting x2 
-Valve mounting x2 

2. Required tools:* 

Allen Keys: 3,4,5 [mm] 
Wrenches: 4,7 [mm] 

*This is for the first assembly. In order to dismount the valve only a 4mm wrench and a 4mm 
allen key is required. 
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Fig. B.1. All parts view 

 

3. Steps of assembly: 

1. Using a 3.5 mm drill bit drill bigger holes in these points (match Servo Clutch 
and Coupling Servo Side if not sure). 

Fig. B.2. Holes drilling 
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2. Using M3x10 bolts connect the Coupling Servo Side and Servo Clutch. Make 
this step twice. 

Fig. B.3. Coupling connection 

 
3. Attach set from previous step to Servo using screw supplied with Servo. 

Before assembly turn the servo schaft all way in an anticlockwise direction. Make 
this step twice. See tips to do it proper. 

Fig. B.4. Attaching coupling to servo 

 

 
4. Using 3.5 mm drill bit drill holes in these points. Make this step twice 
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Fig. B.5. Drilling holes in valve’s top 

.  

5. Using M3x15 bolts attach Coupling Valve Side to the Valve. 

Fig. B.6. Attaching coupling to valve 
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6. Using M2x16 bolts, a washer and M2 nut attach Endstop to Valve Mounting. 
Do it as it is shown on the fig, otherwise conflict with the top side of the Valve 
will occur. Make this step twice. 

Fig. B.7. Attaching endstop 

 

7. Using M3x20 bolts attach Valve to Valve Mounting. Make this step twice. 

Fig B.8. Attaching valve 

 

8. Place two M4 nuts as shown in one part of the Valve Mounting.   



 
- 252 - 

 
  

BX30_STARDUST_SED_v5-0_26Apr2022 

Fig. B.9. Preparing valve mounting 

 

 

9. Using nuts from the previous step and M4x25 bolts, connect the Valve 
Mountings as shown. Do not tight the bolts down! 

Fig. B.10. Attaching valve mountings 
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10. Using M4x35 bolts, washers and M4 nuts attach Servo Moutings to the 
Main Frame as shown. 

Fig. B.11. Attaching servo mountings 

 

11. Using M3x20 bolts, washers and nuts, attach Servo to Servo Mounting. 

Fig. B.12. Servo attaching 
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12. Align Servo and Valve. Leave about 2mm of space between couplings. 
Now You can tighten down both Servo and Valve Mountings. 

13. Now You can install two L-shaped elements to the remaining hole to create 
the VCU interface.  

Tips: 

1.Do not apply too much force while tightening. Just do it to the moment when 
elements are well connected. It is highly recommended to use blue Loctite on 
all threads to prevent connection from loosening.  

2. Do not be afraid of drilling holes in 3D printed elements if necessary. PETg 
is very easy to process and it does not break. 

3. Be very gentle with endstops.  

4. Coupling Servo Side shall be aligned in the very specific manner. First you 
shall turn the servo’s schaft all the way anticlockwise. Then while attaching the 
coupling it should meet the first teeth of the shaft which is on the left from  the 
center line of servo, giving a position like that: 

Fig. B.13.  
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Hoses Connection 
While connecting the hoses, please make sure that each hose comes all 

the way on to the filter/valve. 

Fig. B.14. Example of bad connection 

 

Fig. B.15. Example of good connection 

 
 Remember about securing each connection with a zip tie.  
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 APPENDIX D: TEST MISSION REPORT 
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APPENDIX E: IMMERSION TEST REPORT  
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APPENDIX F: BEXUS 30 FLIGHT DATA  
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APPENDIX G: TEMPERATURE TEST DATA  
 
RAPORT: 
 
Date: The test was performed on August 30. 
Result: Positive. 
Description: In order to imitate the stratospheric conditions, we used a 
ThermoFisher lid freezer, setting it to the value of -50 degrees Celsius. 
We started the experiment. The pumps have run properly. Both went on. The 
servos turned correctly. We eliminated the gradient of T by waiting long enough 
for all experiment's sensors and sensor of the freezer to show the same 
temperature. Throughout the test, we received complete information packages 
of pressure, temperature and GPS location every 1 second. In the temperature 
of -50'C, the pumps turned on without being previously heated.Then we 
repeated the test at 60 degrees Celsius, positive result. 
Test time: About 1h at T=50'C, consecutively stopping the operation (30min) of 
the pumps and restarting them without heating at T=60'C for 15 minutes. 
People responsible and confirming the test result: Bartosz Rybacki, Marcin 
Jasiukowicz 
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APPENDIX H: VIBRATION TEST DATA  
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APPENDIX I: AIRFLOW TEST REPORT 
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 CHECKLISTS 

Things to take by the team to Kiruna 
1. The experiment box with all the electronical and mechanical components 

put together 
2. The ground box with all its components put together 
3. The vacuum bags for the BEXUS gondola curtains 
4. Nitrile gloves 
5. Face masks 
6. Sterile swabs 
7. Lab coats 
8. Spare screwdrivers 
9. Food. A lot of Polish food (incl. pączki)! 
10. Documents needed for the transport of the experiment 
11.  A LAN cable 
12.  Walkie talkie set 
13.  2 Cooling inserts for a tourist fridge 
14. Disinfecting detergent for washing the BEXUS gondola’s curtains 
15. Vacuum chamber 
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