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ABSTRACT 

The experiment described in this document concerns a propellant manage-
ment device, which is a component meant to control propellant behaviour in 
tanks, during micro gravity conditions. 

The basic aim is to use the data that will be acquired thanks to the REXUS 
program, to validate the numerical code we are currently implementing, start-
ing from OpenFOAM, which is an open source volume of fluid tool that can be 
updated and modified directly by the user. 

In particular, a  sponge PMD device has been chosen for the experiment (and 
its validation), thus it will also be possible to have a series of data concerning 
the sponge retention capability during micro gravity operations.  

The fluid dynamic similarity theory will be used to extend the results of the ex-
periment to sponges of different dimensions to be used in larger tanks. 

These objectives will be achieved thanks to a vision system recording the im-
ages of the fluid inside the sponge in different acceleration conditions. These 
different accelerations will be imposed by an electric motor rotating at four dif-
ferent velocities. Specific and appropriate diagnostics will also be used in or-
der to monitor the system characteristics during the various phases of the ex-
periment. 

We will be able to test this device thanks to the flight on REXUS and therefore 
to have more than a minute of micro gravity duration. 
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1 INTRODUCTION 

1.1 Scientific/Technical Background  

This experiment is mainly focused on validating the numerical code for PMD 
devices we are developing at CISAS and on determining the propellant reten-
tion capabilities of the sponges, which are particular PMD devices used in 
rocket tanks.  

PMDs are passive metal components, which can be designed for propellant 
control or communication (among different areas of the tank). 

Almost all Propellant Management Devices (PMDs) use surface tension to 
control and/or deliver liquid. Surface tension is a force created by the asym-
metry of the molecules at the surface of liquids. This force is quite small in 
comparison to the force of gravity here on Earth, but in space it is often the 
dominant force present and dictates liquid motion and fluid equilibrium in 
tanks. 

Sponges are open control devices consisting of perforated metal panels in 
close proximity, which are generally located over the tank outlet. The panels 
form tapered gaps in which propellant clings. The taper forces bubbles in the 
sponge outboard and also ensures that, as the sponge propellant is con-
sumed, the propellant surface moves from outboard to inboard. A porous 
element located near the centre tube would be required to access the sponge 
propellant. 

During the microgravity phase, the capillary forces shall be predominant with 
respect to the hydrostatic ones and this will allow us to test our device and 
validate the code. 

As concerns the background of the numerical PMD code, this is being imple-
mented at the moment, but the physics to be represented by means of it is 
completely defined and understood by us.  

It is written in C++ and derives from an already developed OpenFOAM solver. 
This solver deals with two-phase fluid problems, can analyse the dynamics of 
the fluid systems under consideration and has a variety of boundary condi-
tions that can be imposed. The idea has been that of starting from the existing 
implementation and modifying it where necessary and appropriate. 

This experiment will be useful in order to make the PMD production easier for 
industries than it is now and also to make it less dependent upon experience. 
The numerical code is meant to be a specific tool for PMD design, helping the 
correct prediction of its properties in terms of liquid retention and gas inges-
tion, since the panels composing the sponge are generally perforated. 
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For the technical part of our studies about PMD devices and especially 
sponges, our main reference has been the work of D. E. Jaekle, Jr. In 
particular our design of the sponge refers to the following JPC article: 
 

AIAA-93-1970  
Propellant Management Device  
Conceptual Design and Analysis:  
Sponges 
 

As concerns the basic scientific background about micro gravity and the two-
phase phenomena of interest, our most important reference is the book:  

 

Capillarity and Wetting Phenomena: Drops, Bubbles, Pearls, Waves 

It has been written by Pierre-Gilles de Gennes, Françoise Brochard-Wyart 
and David Quéreé.  

1.2 Experiment Objectives 

This experiment is aimed at studying particular phenomena which could be of 
great importance for the actual space applications.  

In particular, the focus is on the performance of specific propellant manage-
ment devices (sponges) in retaining propellant in various acceleration condi-
tions. This is necessary to guarantee access to the propellant during the dif-
ferent phases of a mission. The other aim of this experiment is to collect 
enough data to use the fluid similitude principle to extend the results to tanks 
of different dimensions and to different propellants or external acceleration 
levels. 

This information will be necessary for the fulfilment of the main aim, which is 
the verification and validation of the code we are developing, a 3D CFD tool 
simulating PMD devices. 

During the microgravity phase the capillary forces shall be predominant with 
respect to the hydrostatic ones. A horizontal-plate centrifuge would apply pre-
determined and controlled lateral accelerations to the test article, which is a 
sponge-like device to be installed within the sample. Acting on the accelera-
tions, we will monitor and control the dominance behaviours of the two fluid 
phases (gas and liquid), measuring the sponge directional retention capability, 
depending on the different accelerations applied. 

During the experiment, the dripping and the positioning of the liquid-gas free 
surface will be observed. 

Thus, in conclusion, the objectives of the SPONGE experiment are: 

 

http://www.amazon.com/Pierre-Gilles-de-Gennes/e/B001IR3ISA/ref=ntt_athr_dp_pel_1
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 1) To validate the code under development for the sponge device simulation; 

 2) To study the behaviour of a specific PMD device under low-g operations in 
terms of bubble point, behaviour in different acceleration conditions and 
design of the perforated plates; 

 3) To apply the fluid dynamic similitude theory. 

 

As already specified, the most important aim is the numerical code validation, 
thus the most important data acquired are the images coming from the vision 
system composed of two video cameras. 

1.3 Experiment Overview 

The so-called sponge test article is represented by a bundle of perforated 
planes attached to a cylindrical filter inserted in the middle of the sample. 

Wetting liquids will cling in the corners formed by solid sponge plates. By plac-
ing sponge panels (thin solid sheets) in close proximity to one another, liquid 
will reside within the gaps and large amounts of propellant may be controlled 
even during thruster accelerations. 

This structure is installed within a container, which will be a transparent cylin-
der. The container is fixed on a rotating plate (rotation is applied by the under-
lying motor), but its axis is not coincident with the plate rotation axis: by estab-
lishing the distance between the test sample and the rotation axis, it is possi-
ble to predefine the exact rotation velocity of the motor associated to the in-
vestigated acceleration. 

Within the container, a certain quantity of liquid is previously inserted and ini-
tially oriented on the base, under the ground/boost acceleration. When the 
microgravity phase is engaged by the rocket, we shall wait until the liquid 
reaches its micro-g stable position. After that, a sequence of different rotations 
shall be applied to the plate on which the experiment is accommodated by the 
motor (we expect to apply at least three velocities) and the retention behav-
iour is expected to begin. Two video cameras will monitor the experiment: 
they will be positioned on the side view and the up view of the container, and 
fixed on the rotating plate, in order to be in the same rotating reference frame 
of the container. At a certain rotation velocity, the liquid shall reach its critical 
condition, after which it is expected to escape from the sample. The rotational 
velocity relative to this condition will be measured and registered as the 
maximum retention capability of the sample. 

Increasing the rotational velocity to a supercritical condition, the sample shall 
begin to deplete. 

We want to measure the rotating velocity at which the maximum retention ca-
pability is reached. By this measure we can calculate the value of the relative 
lateral acceleration of the test sample and, knowing its geometrical character-
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istics, we will also be able to calculate the Bond number, which will be useful 
for future fluid dynamics similitude simulations. 

Temperature will be monitored, to control the characteristics of the liquid 
within the tank. 

A three-axis accelerometer will also be inserted into the experiment module, 
in order to measure the acceleration directly affecting the platform on which 
the experiment itself is placed. 

The data for diagnostics will be recorder continuously, during all the micro-
gravity phase. 

In particular, the vision system is composed of two video cameras and a led 
lighting system. It will collect the data to be used to monitor the PMD behav-
iour. The temperature sensor will measure temperature within the experimen-
tal module. The gyroscope will measure the absolute rotational velocity of the 
platform and finally the accelerometer will collect the data concerning the ac-
celeration affecting the experiment module directly. 

The motors will be off before the lift off and until the microgravity condition is 
reached. When reaching microgravity condition they will be switched on and 
the experiment will start. The rest of the sensors will be on since the count-
down, in order to be able to monitor their behaviour. 

During the experiment video data will be acquired, the electric motors rota-
tions will be controlled by two separated feedback loops and data for the di-
agnostics will be recorded. 

At the end of the microgravity condition the experiment will be terminated and 
it will remain offline until the landing. 

1.4 Team Details 

The name we chose for our team and experiment is SPONGE, an acronym 
standing for Sounding rocket Propellant OrieNtation microGravity Experiment. 

The basic reason for this choice is the fact that the topic of our experiment is a 
specific PMD device, a radial sponge. 

1.4.1 Contact Point 

To make it easier to contact us, we have a facebook page which can be found 
searching for Sponge REXUS in the facebook general website. 

We also have a blog having the address:  

www.spongeteamrexus.blogspot.com 

 

Our official website can be found at the following address: 

http://www.spongeteamrexus.blogspot.com/
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www.sites.google.com/site/spongeteamrexus9/ 

 

The email account of our team is:  spongeteamcisas@gmail.com 

The email addresses of the team components are: 

marta.lazzarin@unipd.it 

francisbar@tiscali.it 

federico.moretto@unipd.it 

nicbell10@gmail.com 

murdoc_83@alice.it 

davide.rondini@gmail.com 

 

The telephone numbers of the laboratory where we work are: 

+39 049 80 79 523 

+39 049 80 89 543 

 

1.4.2 Team Members 

 

The list of the SPONGE team members is the following: 

 

Marta Lazzarin 

Via B.E. Fina 51, 36100 Vicenza, Italy 

Tel.: 039-0444-91 28 79 

Mobile: +39 338 74 35 631 

marta.lazzarin@unipd.it 

Aerospace Engineering (PhD student) 

CISAS-University of Padua 

(35131 Padua) 

 

 

Federico Moretto 

Via 24 Maggio 7, 36056- Tezze sul Brenta (Vicenza), Italy 

Mobile: +39 349 74 13 189 

http://www.sites.google.com/site/spongeteamrexus9/
mailto:spongeteamcisas@gmail.com
mailto:marta.lazzarin@unipd.it
mailto:francisbar@tiscali.it
mailto:federico.moretto@unipd.it
mailto:nicbell10@gmail.com
mailto:murdoc_83@alice.it
mailto:murdoc_83@alice.it
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federico.moretto@unipd.it 

Aerospace Engineering (PhD student) 

CISAS-University of Padua 

(35131 Padua) 

 

 

Nicolas Bellomo 

Largo Saccon 27/4, 30023 Concordia Sagittaria (Venezia), Italy 

Mobile: +39 348 87 33 305 

nicbell10@gmail.com 

Aerospace Engineering (PhD student) 

CISAS-University of Padua 

(35131 Padua) 

 

 

Francesco Barato 

Via Michiel Giustinian 10, 30175 Marghera (Venezia), Italy 

Mobile: +39 320 21 17 890 

francisbar@tiscali.it 

Aerospace Engineering (PhD student) 

CISAS-University of Padua 

(35131 Padua) 

 

 

Devis Paulon 

Via Armando Diaz 11, 31040 Volpago del Montello, Italy 

Mobile: +39 347 69 04 386 

murdoc_83@alice.it 

Electronic Engineering (Master Graduating student) 

University of Padua 

(35131 Padua) 
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Davide Rondini 

via Antoniazzi 5, 31040 Pederobba (TV) 
 
davide.rondini@gmail.com 

Graduated in Mechanical Engineering-Works as a professional software engi-
neer 

University of Padua 

(35131 Padua) 

 

 

We are going to get academic credits for our participation to this scientific 
programme. We are also going to write about this experience in our PhD the-
sis. 
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2 EXPERIMENT REQUIREMENTS 

2.1 Functional Requirements  

In order to achieve the objectives foreseen, the following functional require-
ments have to be fulfilled: 

 

F.1.: The experiment shall provide the rotating plate and sponge with three 
different rotational velocities. 

 

F.2.: The experiment shall contain a sensor to measure the rotational velocity. 

 

F.3.: The experiment shall measure temperature inside the SPONGE module 
to monitor the liquid properties. 

 

F.4.: The experiment shall take images of the liquid behaviour inside the tank 
during the micro gravity phase of the flight with two video cameras having an 
appropriate frame rate.  

 

F.5.: The experiment shall measure accelerations along the three axes in or-
der to monitor the acceleration level acting on the sponge. 

2.2 Performance Requirements 

1) Video Cameras 

P.1.1.: Resolution: 0.1 mm  

P.1.2.: Low power consumption 

P.1.3.: Minimum storage temperature: -30°C 

P.1.4.: Minimum operative temperature: as low as possible 

P.1.5.: Voltage: 12 V 

P.1.6.: Shock/ high accelerations resistance (20 g axial, 10 g radial) 

P.1.7.: Low weight / reduced dimensions 

P.1.8.: PAL technology 

P.1.9.: Depth of field: 16mm 
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2) Accelerometers 

P.2.1.: Band width 0-40 Hz 

P.2.2.: Sampling frequency 100 Hz 

P.2.3.: Temperature range -40°C / 70 °C 

P.2.4.: Shock/ high accelerations resistance (20 g axial, 10 g radial) 

P.2.5.: Reduced dimensions and weight 

P.2.6.: Low power consumption 

P.2.7.: Current: Tenth of mA 

P.2.8.: Voltage: 3.3 V 

P.2.9.: Accuracy: ± 10 mg 

 

 

3) Gyroscope 

P.3.1.: Band width 0-40 Hz 

P.3.2.: Sampling frequency 100 Hz 

P.3.3.: Temperature range -40/70 °C 

P.3.4.: Shock/ high accelerations resistance (20 g axial, 10 g radial) 

P.3.5.: Reduced dimensions and weight 

P.3.6.: Low power consumption 

P.3.7.: Current: Tenth of mA 

P.3.8.: Voltage: 3.3 V 

P.3.9.: Accuracy: ± 3 °/s 

 

 

4) RTD 

P.4.1.: Accuracy: 1°C 

P.4.2.: Temperature range -50 °C / 100 °C 

P.4.3.: Diameter < 6 mm 

P.4.5.: Height < 16 mm 

P.4.5.: Low power consumption 
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P.4.6.: Voltage: 1-12 V 

 

 

5) Electric Motor 

P.5.1.: Low weight 

P.5.2.: Low power consumption 

P.5.3.: Voltage 12 V 

P.5.4.: Low power consumption 

P.5.5.: Temperature range: -30 °C / 70 °C 

P.5.6.: Provided rotation velocity > 60 rpm 

P.5.7.: Shock / high accelerations resistance (20 g axial, 10 g radial) 

P.5.8.: Reduced length in axial direction 

 

 

6) Bearings 

P.6.1.: Resistance to 10g radial load and 20 g bidirectional axial load 

P.6.2.: Temperature range -30 °C / 70 °C 

P.6.3.: Shock / high accelerations resistance (20 g axial, 10 g radial) 

 

 

7) Slip Ring 

P.7.1.: Temperature range -40 °C / 70 °C 

P.7.2.: Only power shall be transmitted. 

 

2.3 Design Requirements  

D.1.: The experiment shall be designed to operate in the temperature profile 

of the REXUS sounding rocket. 

D.2.: The experiment shall be designed to operate in the vibration profile of 

the REXUS rocket (especially for shocks during launch). 

D.3.: The experiment shall be designed in such a way that it shall not disturb 
or harm the other experiments mounted on the REXUS rocket nor the rocket 
itself. This will be verified by means of a specific test. 
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In particular, the maximum amount of momentum transfer can be evaluated 
as follows: 

 

1.75*102 Nms  max angular momentum 

T_media = 1.75*102 Nms/ (Tempo_totale=60 s) = 3*104 Nm = 0.3 mNm 

a = 1 mg   max disturb 

F = 0.5N   max lateral force 

 

D.4.: The experiment shall be designed in such a way that it shall not affect 
REXUS dynamics because of the rotating plate. 

D.5.: The experiment shall be designed so as to permit electrical connections 
even if the platform rotates. 

D.6.: The experiment shall be designed to resist to different accelerations im-
posed by the electric motor. 

D.7.: The experiment shall be designed in order for its extra diagonal inertia 
terms to be minimized. 

D.8.: The experiment shall be designed in order to reduce the bearings fric-
tion. 

D.9: The experiment shall be designed in order for its CoG to be as aligned 
with the roll axis as possible. 

D.10.: The experiment shall be designed in order to save the data acquired on 
a flash disk.  

D.11.: The experiment shall be designed in order to avoid unbalance during 
the rotation of the platform. 

D.12.: The experiment shall be designed in such a way that no translation nor 
rotation of any of the mechanical components takes place during the launch 
phase.  

D.13.: The experiment shall be designed in order to avoid any dangerous liq-
uid or material. 

D.14.: The experiment shall be designed in order for the data to be down-
linked during the micro gravity phase for redundancy. 

D.15.: The experiment shall rotate at three different rotational velocities, by 
means of an electric motor. 

D.16.: The experiment shall control the electric motors velocities with a feed-
back control loop. 

D.17.: The experiment shall provide the required power supply by means of a 
slip ring, due to the rotation of the platform.  
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D.18.: The images acquired shall be down-linked with the REXUS TV chan-
nel, because they are the most important part of the SPONGE experiment. 

D.19.: The SPONGE experiment shall be design to be controlled by telecom-
mands during operations on ground. 

D.20.: The SPONGE experiment shall be designed in order to follow an 
autonomous timeline controlled by SOE and LO signals. 

 

Changes Applied to Design Requirements: 

- Requirement D18 is not necessary, because we more accurately con-
sidered the band width available for the images down-link. Since the 
latter revealed to be insufficient, we privileged a simplification of the 
system and the redundancy of the data recorded. 

2.4 Operational Requirements 

O.1.: The experiment shall be able to detach from the locking device used 
during launch in order to block it. 

O.2.: The experiment shall be able to receive the bus SOE signal in order to 
start. 

O.3.: The experiment shall be switched on during the countdown, in order to 
verify that the diagnostics is working. 

O.4.: The motors and locking device shall remain fixed while the sensors are 
switched on during the countdown.  

O.5.: The experiment shall be always fixed in the same position after testing, 
to avoid unbalance. 

O.6.: The experiment shall be able to stop the data recording after the micro 
gravity phase. 

O.7.: The experiment shall record the data inside a dedicated memory ac-
commodated on the diagnostics electronic board. 

O.8.: The experiment shall down-link all the diagnostics data to the ground 
segment. 

O.9.: The ground station software shall be able to acquire the data coming 
from the sensors on board the experiment. 

O.10.: The experiment shall be accessible in all its components during the 
testing activities.  

O.11.: The experiment shall be accessible during the final tests before the 
countdown, from the ground station. 

O.12.: SPONGE experiment shall be controlled by telecommand on ground, 
but it won‟t use command during the flight. 
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3 PROJECT PLANNING 

3.1 Work Breakdown Structure (WBS) 
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3.2 Schedule 

The time schedule presented in this section has been produced taking into 
account not only the deadlines of the REXUS/BEXUS programme, but also 
the availability of the team members and of the other people supporting the 
team. 
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It‟s important to offer a more detailed view of the organisation of the SPONGE 
software activities. With respect to the CDR, we have found another person 
working with us at the experiment, and in particular focusing on this subsys-
tem. Davide Rondini, is leading the software development, so he will come to 
Kiruna for the launch campaign. He will be helped by Michele Cesaro and 
Alessio Aboudan as visible in the following chart. 

 

Software development has been divided into various work packages, and this 
can be seen in the following table, where also the man power has been esti-
mated: 
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WP Activity h/man 
Time 

(weeks) 
Developer 

     

1 Installing and configuring Linux on Helios 
boards (comprising the kernel preparation 
with adequate modules, bootloader and 
initrd customization to start programs ded-
icated for REXUS) 

40 3 Davide 

2 Definition and implementation of the 
communication protocol 60 3 

Alessio, 
Davide 

3 Software update on the fly (guarantees 
the possibility to update new firmware un-
til launch) 

40 2 Davide 

4 Acquisition and dump of framegrabber 
data 40 2 

Alessio-
Michele 

5 Digital I/O Management (solid state, SOE 
input and LO signal)  

10 1 Michele 

6 Analogue data channels acquisition 
(ADC) 40 2 

Michele-
Alessio 

7 Software integration and inter-process 
communication (centralised management 
of the telemetry channels and commands) 

40 2 Davide 

 

 

SOFTWARE PLAN 
 

Helios board #1 (Motor Control): 

 

 Controls the two drivers through serial ports (one for each driver) 

 Through another serial port communicates with the ground station 

 Through the ZigBee wireless channel communicates with the other 

Helios board 

 Controls digital I/O channels for locking device, solid state device and 

LO-SOE signals. 

 
Helios board #2 (Data Acquisition): 

 

 Control and acquisition of the frame grabber 

 Controls the acquisition channels for the sensors 
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 Through the ZigBee communicates with the other Helios (alternatively, 

the communication can be performed through the slip ring and this has 

already been tested). 

 

The topics discussed to identify the WP have been the following: 
 

1) The downlink of pictures during the flight is non-feasible , even if they 

have a very low quality. This is because the available bandwidth at 

34800 bps is too low to sustain the transfer of images. Moreover, even 

if a problem is detected, it would be impossible to solve it, thus the 

downlink is excluded. Other solutions to monitor the state of the 

framegrabber, have been foreseen: the framegrabber status can be 

monitored through a simple status flag, or, to provide more information, 

the histogram of the acquired images can be sent, minimizing the 

bandwidth occupation, but giving some information on the 

framegrabber functionality. 

2) Heaters and motors exclusion shall be controlled by the Helios board 

for motors regulation. 

3) LEDs are automatically switched on when the upper Helios board is 

activated. 

4) An output on the service serial port is foreseen. 

5) About the software structure, a multi-process solution is preferred. A 

series of independent programs is the best choice, each managing a 

single task assigned to the board. This approach requires a task 

manager, to ensure that the communication channels are accessed 

fairly. This on the other hand gives the following advantages: 

 Independent development of software parts: to ensure easier 

development and testing, and faster development scheduling. 

 Much higher reliability during flight and operations (if a single software 

fails, the other software continues to work, minimizing data loss. A 

simple check script will control the activity of each process, to ensure 

that if one of them fails, it can be restarted. 

6) A complete list of the commands and messages that shall be present in 

the protocol (which contains messages to the serial port for tests, the 

ground station and between the two boards) has been written. 



  Page 24 

 

RX09_SPONGE_SED-v5_0-2010Sep07 

7) The operating sequence has been defined (what, when, how the data 

shall travel, how to send commands to the boards, etc) . 

 
The organization of all the tasks involves the parallelisation of the work. The 
software group will work on different tasks at the same time, to reduce the 
total amount of time required for software development, installing and testing. 
 

3.3 Resources 

In this paragraph the various supports we have as a team are listed and de-
scribed. 

3.3.1 Manpower 

SPONGE Team is composed of four PhD students and aerospace engineers 
of CISAS and a graduating student of the University of Padova, who studied 
electronic engineering. The last team member who entered our group officially 
is Davide Rondini, who already worked with us for the software development 
of other projects. 

 

Federico has already participated in the design and construction of a hybrid 
rocket test bench and he has experience in the diagnostics. He has defined 
the specific requirements of our experiment as concerns the diagnostics. He 
is also responsible for the passive thermal control of the SPONGE experiment 
and is going to help Nicolas with the mechanics. His availability for this project 
is estimated to be around 60% of his time.  

 

Nicolas has already worked with a team of students when he was concluding 
his University studies, so he has experience in team work. Within the Formula 
Student project, he was involved in various structural and mechanical analy-
ses of a racing car under construction. Therefore, he is designing the struc-
ture and mechanics of our experiment and doing the structural tests. His 
availability for the SPONGE project is estimated to be around 60% of his time. 

 

Francesco studied fluid dynamics  with particular interest at University , since 
he chose the exams that were not mandatory for our master graduation 
course on this topic. He is responsible for the fluid dynamic design of our ex-
periment and the choice of the appropriate vision system. He participated in 
the definition of the physics to be implemented in the PMD numerical code we 
are developing in OpenFOAM. His availability for this project is estimated to 
be around 80% of his time. 
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Marta is currently implementing the numerical code already quoted and par-
ticipated in the physics analysis that preceded the code implementation. She 
will do the final data analysis and the code validation and at the moment she 
is involved in the scientific development of this experiment and in its project 
management. Her availability for this project is estimated to be around 80% of 
her time. 

 

Devis studied electronic engineering and is involved in the realisation of the 
electronics for our experiment. He has selected the COTS for SPONGE and 
now is managing the test activities on them. He will spend approximately the 
80% of his time in this project. 

 

Davide Rondini is a mechanical engineer graduated at the University of Pa-
dova who is working with another professional software engineer for the data 
acquisition and control.  He is an expert of softwares and numerical analyses 
applied to various engineering problems. He will be available during the im-
plementation and testing of the software developed. Furthermore, he will be 
available and present during the launch campaign. 

 

Antonio Selmo is an electronic engineer helping us with the electronics. He 
is working to the electric motor (plasma thruster) which is being developed in 
our centre of researches. In particular he will help us with the boards for the 
sensors conditioning. 

 

Alessio Aboudan and Michele Cesaro for the software development. 

 

 

3.3.2 Budget 

The budget foreseen is divided into: 

1) budget for the electronics and the electric motors 

2) budget for the mechanics and structure 

3) budget required for the diagnostics of the system 

 

Component Budget Foreseen 

[Euros] 

Diagnostics electronic board 517,50+700+1500 
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Electric motors electronic board 2 X (150+1900)+213,75 

PMD + upper Platform 5000 

Tank 160 

Slip ring 200 

Bearings 2 x 250 

Locking Device 200 

Accelerometer (3 axes) 11 

Gyro (1 axis) 75 

Cameras 2 x 850 +2 x 290 (optics) 

RTD 105 

TOTAL 15362,75  

 

It is important to specify that the estimated budget refers to a single module. 
Since a test module and a spare module are also necessary, the costs listed 
should be multiplied by two. Some of the most critical components could re-
quire another spare. 

3.3.3 External Support 

The external support for SPONGE experiment is provided by: 

 

1) Thales Alenia Space. 

 

2) University of Padova, and in particular the Mechanical Engineering De-
partment, in the persons of:  

- Daniele Pavarin; 

- Alessandro Francesconi; 

- Cesare Barbieri (supporting professor for the outreach and Director 
of our center of researches). 

 

3) Davide Rondini can be considered also for the external support, in that 
he works at the implementation and development of the 3D CFD nu-
merical code for the PMD design and simulation. 

 

4) Antonio Selmo, for the conditioning system for the MEMS devices. 

 

5) Alessio Aboudan and Michele Cesaro, who are helping us to complete 
the software tasks. 
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Our expenses will be supported by Thales Alenia Space, who is going to pro-
vide us with the mechanical components designed by the team.  

Thales Alenia Space is also going to support testing, as concerns thermal-
vacuum tests and possibly vibration tests. Moreover, Thales Alenia Space will 
also support us with a multi-processor workstation. The team members re-
sponsible for the corresponding activities will follow these experiments, pro-
viding their contribution. 

Our University will provide us with the access to various laboratories where 
we will test the vision system, for example, but also the other diagnostics that 
will be mounted on our module. We are also provided with computers and 
software for the various analyses needed (FEM, CFD, etc.). We will have ac-
cess to the laboratories and facilities of our sponsor Thales Alenia Space for 
thermal-vacuum and vibration testing. 

3.4 Outreach Approach 

The outreach programme of our experiment is very wide, because it foresees 
conferences, papers describing the overall structure of the experiment, the 
results analysis and the numerical code validation; press conferences, web-
sites creation. 

The SPONGE experiment is already being presented at conferences in Pa-
dova to inform the scientific community of the work we are doing and of the 
ESA‟s scientific programmes for students. 

Papers will be written to describe the realised experiment and to give informa-
tion about its outcome. Information will be given also as concerns the various 
possible scientific developments of the experiment and its future applications 
for CFD codes development and for design purposes. 

 

A specific website has been built to describe the project and it will be updated 
continuously, during the various project phases. We also have our blog, with 
photos and comments on our work. Possibly, a section on the website of our 
centre of researches will be organized, in order to describe the sounding 
rocket programme development. The websites address are available in the 
section 1.4.1. 

 

We already have our facebook page, with some photos and information about 
ourselves and the SPONGE experiment. 

Finally, presentations will be given to high schools and articles will be   sub-
mitted to newspapers and scientific magazines. 
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We have presented our team and experiment and described REXUS/BEXUS 
scientific programmes created by DLR, SNSB and ESA at a press conference 
on the 8th of January 2010. This press conference was organized during the 
exposition of Galileo's telescope which took place in Padova from the 6th to 
the 10th of January. 

Articles have been written by the local press (e.g. Gazzettino di Padova, Il 
Mattino di Padova, Il Giornale di Vicenza) and interviews were transmitted on 
the local TV, on various channels (TeleNuovo, Rai3, TelePadova). Information 
about the newspapers articles and the outreach program phases which have 
already started is available in the appendix B. 

We participated to a conference (June 30th 2010) where Bernard Foing was 
giving a speech and we talked about our experiment and the REXUS/BEXUS 
programme. 
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3.5 Risk Register 

The basic risks we are going to face are certainly represented by the rotating 
mechanical components and the electrical connections. 

 

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 project, damage to the vehicle or 
injury to personnel 
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ID 
Risk 

Risk & 
Consequence 

P S P x S Proposed Actions 

TC10 

Critical 

component is 

destroyed in 

testing 

A 3 Very Low Risk 
Order spare 

components and 
keep them available 

MS10 

Software 

programme in 

microprocessor 

fails during flight 

B 3 Low Risk 

Watchdog checks for 
crashes and solves the 

error or resets if 
necessary 

MS20 

Locking Device 

fails to release 

the components 

E 4 
Very High 

Risk 

Test them on ground 

specifically and use an 

appropriate mechanism 

for their release 

MS30 

Failure of the 

power supply and 

electrical 

connections (slip 

ring) 

B 4 Low Risk 

Test them on ground 
separately from the rest 

of the components. 
Choose slip rings that 

have already been used 
for space missions. 

MS40 

Failure of the 

Opening of the 

Parachute 

A 4 Low Risk 

Redundancy is 
guaranteed because the 

data are recorded on 
board but also 

transmitted to the 
ground station. 

MS50 
Interferences of 

the wireless 
A 3 Very Low Risk 

Test of the wireless with 
all the electronic devices 
switched on and with all 
the experiment modules 
working. The alternative 

solution has already 
been tested with the slip 

ring. 

MS60 

The cameras do 

not reach the 

minimum 

operative 

temperature 

B 3 Low Risk 

Heat up the cameras 

with appropriate 

devices. 

MS70 
Failure of the 

down-link 
B 2 Low Risk 

Redundancy is 

guaranteed by the Flash 

Disks 

MS80 
Images 

Recording Failure 
B 4 Low Risk 

Verify and Test 

thoroughly 
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MS90 

Module is 

inaccessible 

during launch 

operations 

B 3 Low Risk Design it properly 

MS100 

Sensors failure 

(accelerometers 

and gyro) 

B 3 Low Risk 
Test sensors in the 

appropriate range of the 

input quantities 

VE10 

Rotating 

mechanisms 

transfer 

momentum to the 

rocket 

A 5 Low Risk 

Verify the correct 

balance of the weight of 

the rotating loads and 

the compensation of the 

counter-rotating arm. 

VE20 
Liquid drips out of 

the tank 
A 5 Low Risk 

Verify accurately the 

sealing of the tank and 

its resistance to the 

launch loads. 

PE10 

Danger 

connected to 

tests with rotating 

platforms 

A 4 Low Risk 

Verify the testing 

procedures and control 

that everything is ok 

before the tests. 
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4 EXPERIMENT DESCRIPTION 

This chapter provides information about the design of the experiment. First of 
all a brief overview of the entire system is given, then the interfaces are de-
scribed. Finally, each single subsystem is described. 

4.1 Experiment Setup 

The so-called sponge test article is represented by a bundle of perforated 
plates and it will be made of titanium. The wetting liquid clinging in the corners 
formed by solid sponge plates will be a silicon oil: Polydimethylsoxane 
(PDMS). This particular liquid is nontoxic and has a solidification point tem-
perature around -120°C, thus it has no problems in case of cold storage. 

This structure will be installed within a transparent cylinder made of polycar-
bonate and with an aluminium base. The container is fixed on a rotating plate 
by means of a welding technique. 

In order to acquire images of sufficient quality for the analyses foreseen, the 
tank and PMD device will be lighted by a led panel. The particular lighting di-
rection has been chosen to avoid shadows over some of the areas of interest. 

The other recording video camera is placed on the side of the tank and PMD. 
The two cameras will both have a 25 Hz frame rate. 

An RTD will be placed inside the empty cylinder which constitutes the central 
part of the sponge device; its aim is that of registering the temperature level, 
in order to monitor the constancy of the liquid properties. 

The tank will be accommodated on a platform, which will rotate at different ve-
locities. The aim of these velocities is that of causing different centrifugal ac-
celerations upon the liquid. In particular, we will impose sub-critical, critical 
and super-critical acceleration levels. 

The rotation is allowed by an electric motor guiding this platform, which will be 
controlled in voltage by a feedback circuit. It will go from zero to the first veloc-
ity of rotation following a ramp signal. This motor with its feedback loop will be 
accommodated on a dedicated electronic board, which will receive a signal 
from the REXUS bus, for activation. Another platform, guided by another elec-
trical motor, will counter rotate in order to avoid momentum transfer to the 
rocket. This motor shall be guided by the same platform regulating the first 
motor. 

The electric motor absolute speed will be measured by a gyro, for monitoring 
the environment in which the experiment operates. 

The electric motors will also have to be connected to specific gears, in order 
to reduce the rotational speed of the two plates with respect to that of the mo-
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tors themselves. The board controlling the two motors (control board, CB) 
shall also down link the data coming from the sensors by means of the RS-
422 serial port of the REXUS module. This data shall be transferred from the 
diagnostics board to the other electronic board, through the wireless connec-
tion. 

The power supply will be guaranteed by a slip ring, whereas during the launch 
phase, a locking device will have to block any rotation or translation of the ex-
periment. 

 

A three-axis accelerometer will also be inserted into the experiment module, 
in order to measure the acceleration directly affecting the platform on which 
the experiment is placed. 

Accelerometer, gyro, video cameras, temperature data will all be acquired by 
a second electronic board (acquisition board, AB), different from the one con-
trolling the motors. This AB, will record the various signals inside a flash disk. 
The AB will receive the signal from the CB for the initial activation and it will 
have to stop recording the data as soon as the micro gravity phase is over. 

 

The data for diagnostics will be recorded continuously, during all the micro-
gravity phase and the sampling frequencies will be sufficiently high for the ac-
celerometers and gyro, whereas for the temperature sensor it will be sufficient 
to have a lower sampling frequency. 

The system will be on since the countdown phase, apart from the motors. The 
two platforms will start to rotate after the lift off, when the microgravity condi-
tion is reached. When micro gravity is reached, the locking device is released 
and the electric motors start rotating. At the end of the microgravity condition 
the experiment will be terminated and it will remain off until the landing. 

 

In conclusion, the electrical operations required during the experiment will be 
carried out by two different boards: the AB will be placed on the rotating plat-
form, whereas the CB, will be fixed on the bulkhead. Hereafter, the configura-
tion is presented. 
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Figure 1: Platforms and location of the electronic boards. 

 

4.2 Experiment Structure Overview 

The collection of pictures below shows the mechanical solutions for the 
SPONGE experiment. It is meant to clarify the whole structure of our module 
and to explain how the various components shall be disposed.  

 

 

Figure 2: Experiment sections. 

 

 

CB Location 

AB Location 
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The pictures above show the section of the rotating platform of the module 
with the electronics mounted  on it. The tank with the mirror above is also visi-
ble, together with the structure for wires, added after the CDR discussion. 

 

 

Figure 3: Experiment platforms. 

 

Figure n°3 more clearly illustrates the location of the various components on 
the rotating platform and the electronics on the bulkhead (drivers, control mo-
tors board and power supply). 
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Figure 4: Global assembly of the experiment module. 

 

In particular, a specific structure that shall avoid stressing the wires has been 
introduced and designed, as can be seen also here, from picture n°4. 

 

4.3 Experiment Interfaces 

4.3.1 Mechanical 

The experiment will be fixed to the REXUS structure using a single bulkhead, 
installed inside the module. Basically, the mechanical interfaces will be as fol-
lows: 

1) Bulkhead installation 

2) Fixed base of the rotating plate 

3) Fixed base of the counter-rotating plate 

4) Support for the cable connection and slip-ring 

5) This last one will require two more brackets, with a manufactured ele-
ment to sustain the slip-ring and the wireless key. 
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Both the two sides of the bulkhead will be used to sustain the experiment. 

 

4.3.2 Bulkhead installation 

Due to dimension requirements, the bulkhead will be mounted in a mean posi-
tion inside the REXUS module. This way it will be possible to install various 
devices on both sides, and only one fixed platform will be sufficient. This will 
assure a lower total weight, with respect to the case in which two bulkheads 
are necessary. 

The bulkhead will be fixed to the REXUS module using predetermined instal-
lation devices provided by Eurolaunch, i.e. devices having 4 brackets fixed 
with screws to the internal surface of the REXUS module. 
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Figure 5: Bulkhead installation inside the REXUS module with brackets mounted. 

 

The bulkhead will be provided by Eurolaunch too, but to allow the installation 
of the devices foreseen in our experiment, some modifications shall be done: 

- rotating platforms: both rotating and counter-rotating plates will be 
fixed to an appropriate base. They shall both be installed symmetri-
cally, one for each side of the bulkhead. The two bases will be fixed 
using bolts, so the bulkhead will be provided with 6 holes. 

 

  

REXUS module 

Bulkhead 

Brackets 
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Figure 6: Fixed bases for the rotating plates, installed with bolts on the bulkhead. 

 

 

- electronic installation: two PC/104 and two motor drivers will be in-
stalled on the bottom side of the bulkhead. Every electronic board is 
already provided with holes for screws: four M3 screws per board will 
be enough for their installation. 

 

 

Figure 7: Electronic boards installed with screws on the bottom side of the bulkhead. 

drivers 

boards 
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- locking system: the two rotating platforms will be locked to the module 
during the launch phase, in the same position as during rocket balanc-
ing operation. The mechanism, shortly, is composed by a wire that 
connects the two rotating platforms, that will be cut by a pyro-cutter; 
the cable then will be retracted using two winders acted by springs. 

 

The mechanical configuration of the bulkhead, is shown in the technical draw-
ing below. 
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Figure 8: Bulkhead required configuration and mechanical manufacturing. 



  Page 42 

 

RX09_SPONGE_SED-v5_0-2010Sep07 

 

 

4.3.3 Electric 

The electric interfaces foresee the necessity to receive the SOE signal to start 
the experiment. In fact, this signal will be transmitted to the board fixed on the 
bulkhead and controlling the two motors. This board will then communicate 
the SOE signal to the other one (the acquisition board) by means of a wireless 
connection. This way it will be possible to avoid the use of the slip ring for the 
transmission of this command. 

REXUS batteries shall supply our experiment with power, because no other 
device is foreseen (no batteries). 

The data of the various sensors mounted will not only be recorded by means 
of the flash disk, but they will also be down linked by means of a connection to 
the RS-422 REXUS port.  

Two electric boards will require dedicated mechanical installation: 

 Motor drivers 

 Framegrabber 

Both will be installed firmly in a PCB board. The motor drivers will be plugged 
by their own pins; for the framegrabber we‟ll use screw in dedicated holes. 

 

 

Figure 9: Rack for the boards. 
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Figure 10: Rack for the framegrabber. 

4.3.4 Radio Frequencies (optional) 

The only radio frequency foreseen is the one due to the wireless connection, 
at 2.4 GHz. This system is used to transfer the data coming from the sensors, 
apart from the cameras, to the plate which is fixed on the bulkhead. This 
board is in fact connected to the RS-422 serial port; this way it is possible to 
down link the data, without passing any cable apart from the power supply, 
inside the slip ring. 

4.3.5 Thermal (optional) 

Our experiment does not use any specific thermal interface with the REXUS 
module. 

 

4.4 SPONGE Electric Interfaces 

  Device Connector Connector Connector 

Wire Name Name Pin or Wire Name Pin Number Name Pin Name Pin 

LED_K LEDs Black LEDS*F 5         

LED_A LEDs Red LEDS*F 9         

C1_Vdd Camera1 Red C1*F 9         

C1_gnd Camera1 Black C1*F 5         

C1_sig Camera1 Blue C1*F 1         

C1_pgnd Camera1 Black C1*F 2         

C2_Vdd Camera2 Red C2*F 9         

C2_gnd Camera2 Black C2*F 5         

C2_sig Camera2 Blue C2*F 1         

C2_pgnd Camera2 Black C2*F 2         

H_pwr Heaters Red Heat*F 9         
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H_gnd Heaters Black Heat*F 5         

Slpwr_out Slip Ring Red (internal part) PB1in*M 9         

Slgnd_out Slip Ring Black (internal part) PB1in*M 5 Heat*M 5     

Slheat_out Slip Ring Blue (internal part) Heat*M 9         

Slpwr_in Slip Ring Red (external part) Slip*F 9         

Slgnd_in Slip Ring Black (external part) Slip*F 5         

Slheat_in Slip Ring Blue (external part) Slip*F 6         

Sgnd Sensor board 1 Sens*F 5         

S_X Sensor board 2 Sens*F 1         

S_Y Sensor board 3 Sens*F 2         

S_Z Sensor board 4 Sens*F 3         

S_G Sensor board 5 Sens*F 4         

S_T Sensor board 6 Sens*F 6         

Svcc Sensor board 7 Sens*F 9         

FG_Vcc Frame Grabber USB-1 FG*F 9         

FG_Gnd Frame Grabber USB-4 FG*F 5         

FG_D+ Frame Grabber USB-3 FG*F 1         

FG_D- Frame Grabber USB-2 FG*F 2         

FG_Vpp     FG*F 6 C1*M 9 C2*M 9 

FG_gnd2     FG*F 7 C1*M 5 C2*M 5 

FG_in1 Frame Grabber IN1-Signal C1*M 1         

FG_gnd1 Frame Grabber IN1-Ground C1*M 2         

FG_in2 Frame Grabber IN2-Signal C2*M 1         

FG_gnd2 Frame Grabber IN2-Ground C2*M 5         

ZB1_Vcc ZigBee Module 1 USB-1 ZB1*F 9         

ZB1_Gnd ZigBee Module 1 USB-4 ZB1*F 5         

ZB1_D+ ZigBee Module 1 USB-3 ZB1*F 1         

ZB1_D- ZigBee Module 1 USB-2 ZB1*F 2         

ACB_gnd Conditioning Board 1 ACBout*F 7         

ACB_vcc Conditioning Board 2 ACBout*F 9         

ACB_vpp Conditioning Board 3 ACBout*F 6         

ACB_vee Conditioning Board 4 ACBout*F 8         

ACB_Agnd Conditioning Board 6 ACBout*F 6         

ACBout_X Conditioning Board 7 ACBout*F 1         

YACBout_Y Conditioning Board 8 ACBout*F 2         

ACBout_Z Conditioning Board 9 ACBout*F 3         

ACBout_G Conditioning Board 10 ACBout*F 4         

ACBout_T Conditioning Board 11 ACBout*F 5         

ACBin_GND Conditioning Board 5 Sens*M 5         

ACBin_X Conditioning Board 12 Sens*M 1         

ACBin_Y Conditioning Board 13 Sens*M 2         

ACBin_Z Conditioning Board 14 Sens*M 3         

ACBin_G Conditioning Board 15 Sens*M 4         

ACBin_T Conditioning Board 16 Sens*M 6         

ACBin_Vcc Conditioning Board 17 Sens*M 9         

AB_gnd Helios 800 J4-2 PB1out*F 5 FG*M 7     

AB_Vcc Helios 800 J4-1 PB1out*F 9 ACBout*M 9     

AB_Vpp     PB1out*F 6 FG*M 6 ACBout*M 6 
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AB_Vee     PB1out*F 8 ACBout*M 8     

AB_U1_gnd Helios 800 J15-10 ZB1*M 5         

AB_U1_Vcc Helios 800 J15-4 ZB1*M 9         

AB_U1_D+ Helios 800 J15-6 ZB1*M 1         

AB_U1_D- Helios 800 J15-8 ZB1*M 2         

AB_U2_gnd Helios 800 J15-9 FG*M 5         

AB_U2_Vcc Helios 800 J15-3 FG*M 9         

AB_U2_D+ Helios 800 J15-5 FG*M 1         

AB_U2_D- Helios 800 J15-7 FG*M 2         

AB_An_gnd Helios 800 J17-34 ACBout*M 6         

AB_An0 Helios 800 J17-35 ACBout*M 1         

AB_An1 Helios 800 J17-37 ACBout*M 2         

AB_An2 Helios 800 J17-39 ACBout*M 3         

AB_An3 Helios 800 J17-41 ACBout*M 4         

AB_An4 Helios 800 J17-43 ACBout*M 5         

PB1_in Power Board 1 CN6-1 PB1in*F 9         

PB1_gin Power Board 1 CN6-2 PB1in*F 5         

PB1_gnd Power Board 1 CN3-3 PB1out*M 5 LEDS*M 5     

PB1_vcc Power Board 1 CN3-2 PB1out*M 9         

PB1_vpp Power Board 1 CN4-1 PB1out*M 6 LEDS*M 9     

PB1_vee Power Board 1 CN4-2 PB1out*M 8         

PB2_in Power Board 2 CN6-1 PB2in*F 9         

PB2_gin Power Board 2 CN6-2 PB2in*F 5         

PB2_gnd Power Board 2 CN3-3 PB2out*M 5 PB2in*F 7     

PB2_vcc Power Board 2 CN3-2 PB2out*M 9         

PB2_vpp Power Board 2 CN4-2 PB2in*F 6         

CB_gnd Helios 300 J4-2 PB2out*F 5         

CB_Vcc Helios 300 J4-1 PB2out*F 9         

CB_U1_gnd Helios 300 J15-10 ZB2*M 9         

CB_U1_Vcc Helios 300 J15-4 ZB2*M 5         

CB_U1_D+ Helios 300 J15-6 ZB2*M 1         

CB_U1_D- Helios 300 J15-8 ZB2*M 2         

CB_RXD2 Helios 300 J8-33 CBData*F 1         

CB_TXD2 Helios 300 J8-35 CBData*F 3         

CB_COMM2 Helios 300 J8-39 CBData*F 2         

CB_RXD1 Helios 300 J8-23 CBData*F 5         

CB_TXD1 Helios 300 J8-25 CBData*F 7         

CB_COMM1 Helios 300 J8-29 CBData*F 6         

CB_RXD+ Helios 300 J8-7 CBData*F 9         

CB_RXD- Helios 300 J8-6 CBData*F 10         

CB_TXD+ Helios 300 J8-3 CBData*F 11         

CB_TXD- Helios 300 J8-4 CBData*F 12         

CB_D_Gnd Helios 300 J7-18 CBData*F 14         

CB_D_Vdd Helios 300 J7-17 CBData*F 21         

CB_D0 Helios 300 J7-1 CBData*F 15         

CB_D1 Helios 300 J7-2 CBData*F 16         

CB_D2 Helios 300 J7-3 CBData*F 17         

CB_D3 Helios 300 J7-4 CBData*F 18         

CB_D4 Helios 300 J7-8 CBData*F 19         



  Page 46 

 

RX09_SPONGE_SED-v5_0-2010Sep07 

CB_D5 Helios 300 J7-9 CBData*F 20         

ZB2_Vcc ZigBee Module 2 USB-1 ZB2*F 9         

ZB2_Gnd ZigBee Module 2 USB-4 ZB2*F 5         

ZB2_D+ ZigBee Module 2 USB-3 ZB2*F 1         

ZB2_D- ZigBee Module 2 USB-2 ZB2*F 2         

CB1_pwr_out Control Board 1 1 PB2in*M 9         

CB1_vpp Control Board 1 3 PB2in*M 6         

CB1_vpp_gnd Control Board 1 4 PB2in*M 7 CB2*M 5     

CB1_heat Control Board 1 5 Slip*M 6         

CB1_apwr Control Board 1 6 Slip*M 9         

CB1_gnd_in Control Board 1 7 CB1SS*F 8 PB2in*M 5 Slip*M 5 

CB1_pwr_in Control Board 1 8 CB1SS*F 9         

CB1_SOE_in Control Board 1 9 CB1SS*F 4         

CB1_LO_in Control Board 1 10 CB1SS*F 5         

CB1_RXD+     CB1SS*F 13 CBData*M 9     

CB1_RXD-     CB1SS*F 14 CBData*M 10     

CB1_TXD+     CB1SS*F 6 CBData*M 11     

CB1_TXD-     CB1SS*F 7 CBData*M 12     

CB1_RXD2     CBData*M 1 CB2*M 6     

CB1_TXD2     CBData*M 3 CB2*M 8     

CB1_COMM2     CBData*M 2 CB2*M 7     

CB1_RXD1 Control Board 1 10 CBData*M 5         

CB1_TXD1 Control Board 1 11 CBData*M 7         

CB1_COMM1 Control Board 1 12 CBData*M 6         

CB1_D_Gnd Control Board 1 13 CBData*M 14         

CB1_D_Vcc Control Board 1 14 CBData*M 21         

CB1_D0 Control Board 1 15 CBData*M 15         

CB1_D1 Control Board 1 16 CBData*M 16         

CB1_D2 Control Board 1 17 CBData*M 17         

CB1_D3     CBData*M 18 CB2*M 1     

CB1_D4 Control Board 1 18 CBData*M 19         

CB1_D5 Control Board 1 19 CBData*M 20         

CB1_M1+ Control Board 1 20 M1*M 1         

CB1_M1- Control Board 1 21 M1*M 2         

CB1_M1_Vdd Control Board 1 22 M1*M 9         

CB1_M1_gnd Control Board 1 23 M1*M 5         

CB1_M1_ch1 Control Board 1 24 M1*M 4         

CB1_M1_ch2 Control Board 1 25 M1*M 6         

CB1_M_Vdd Control Board 1 26 CB2*M 9         

CB2_RXD Control Board 2 1 CB2*F 6         

CB2_TXD Control Board 2 2 CB2*F 8         

CB2_COM Control Board 2 3 CB2*F 7         

CB2_M_Vdd Control Board 2 4 CB2*F 9         

CB2_M_Gnd Control Board 2 5 CB2*F 5         

CB2_P_Act Control Board 2 6 CB2*F 1         

CB2_P_Gnd Control Board 2 7 CB2*F 2         

CB2_Pyro1 Control Board 2 8 Pyro*M 5         

CB2_Pyro2 Control Board 2 9 Pyro*M 9         

CB2_M2+ Control Board 2 10 M2*M 1         
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CB2_M2- Control Board 2 11 M2*M 2         

CB2_M2_Vdd Control Board 2 12 M2*M 9         

CB2_M2_gnd Control Board 2 13 M2*M 5         

CB2_M2_ch1 Control Board 2 14 M2*M 4         

CB2_M2_ch2 Control Board 2 15 M2*M 6         

Pyro1 Pyro Black Pyro*F 5         

Pyro2 Pyro White Pyro*F 9         

M1+ Motor 1 2 M1*F 1         

M1- Motor 1 1 M1*F 2         

M1_Vdd Motor 1 4 M1*F 9         

M1_gnd Motor 1 3 M1*F 5         

M1_ch1 Motor 1 5 M1*F 4         

M1_ch2 Motor 1 6 M1*F 6         

M2+ Motor 2 2 M2*F 1         

M2- Motor 2 1 M2*F 2         

M2_Vdd Motor 2 4 M2*F 9         

M2_gnd Motor 2 3 M2*F 5         

M2_ch1 Motor 2 5 M2*F 4         

M2_ch2 Motor 2 6 M2*F 6         

 

 

4.5 Experiment Components 

The main components of our experiment are listed below and a brief descrip-
tion is provided for each of them. 

6) The scientific part of the experiment consists in the monitoring and de-
fining the behaviour of the sponge PMD device used. Therefore, since 
this device will be put inside the tank, two components can be identified 
as the tank and the sponge itself. The tank will be in polycarbonate, 
whereas the sponge will be titanium made. 

7) Led lights accommodated in a led panel will be used to light up the 
area of interest for the cameras. 

8) One of the two electric motors will allow the imposition of four different 
acceleration levels to the liquid within the tank. It will be controlled by 
an appropriate feedback loop.  

9) The other electric motor will be connected to the other platform, which 
has to counter rotate to avoid momentum transfer to the rocket. 

10) For the diagnostics, the components of our experiment are: the vision 
system, composed of two recording cameras monitoring the liquid; the 
accelerometer, which shall measure acceleration components along 
the three axes of the sounding rocket, and which is placed within the 
SPONGE experiment module, a single-axis gyroscope, used to meas-
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ure the absolute rotational velocity of the motor. A temperature sensor 
will be used to monitor the constancy of liquid properties. 

11) The data storage will be performed by means of a flash disk on board 
the experiment. 

12) The electronic board for the diagnostics: signal acquisition, switch on/ 
off the diagnostics, communication of the data to the other board by 
means of the wireless connection. 

13) The electronic board for the electric motors control: electric motors con-
trol, Locking Device deactivation, diagnostics data down link. 

14) The rotating platform will accommodate all the components described 
so far and it will be used to provoke a certain acceleration on the liquid. 

15) In order to avoid momentum transfer from the experiment module to 
the sounding rocket, a counter-rotating plate guided by the second mo-
tor is foreseen.    

16) Bearings allowing the rotation of the motors and thus of both the rotat-
ing platform and counter-rotating plate.  

17) The Locking Device, which will be used to block the rotation and trans-
lation of the SPONGE experiment system during launch operations and 
transport.  

18) The wireless connection between the two boards, to avoid passing sig-
nals through the slip ring when doing the down link. 
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Components 
for Diagnostics 

Cost & 
Supplier 

Current 
Status 

Specifications Reasons for 
the Choice 

PMD (sponge) + 
upper platform 

Poletti 

(3000 Euros) 

Being pro-
duced 

Radius=11 mm 

Filter radius=3 mm 

Height=16 mm 

Titanium 

 

Dimensions, 
accelerations 

Tank 
160 Euros 

GbPlast 

Being pro-
duced 

Radius= 25 mm 

Height=25 mm 

cylindrical shape 

Polycarbonate 

Resistance, 
properties 

Video Cameras 

Watec 

1200 Eu-
ros(x2) + 850 

(x2) 

  Bought 
W-01CDB3 (board 

camera) 

Space qualified, 
PAL technology, 

Reduced di-
mensions 

Led lights RS Bought 50 mm x 1 mm 
Power require-

ments, effi-
ciency 

3-Axis Acceler-
ometer 

STMicroelec-
tronics   

11 Euros 

Bought-to 
be tested 

<1cm characteristic 
dimension 

See Perform-
ance require-

ments 

1 axis Gyro-
scope 

STMicroelec-
tronics  

75 Euros 

Bought-to 
be tested 

<1cm characteristic 
dimension 

See Perform-
ance require-

ments 

RTD 
Minco 

105 Euros 
Bought 

<6mm diameter 

< 16 mm wide 

See Perform-
ance require-

ments 
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Diagnostics 
Board 

Cost & 
Supplier 

Current 
Status 

Specifications 
Reasons for 
the Choice 

Helios  

HLV800-256AV 

Diamond Sys-
tems-517,75 

Euros 
Bought 

Pc/104 standard, 
single board 

Full acquisition 
board meeting 
requirements 

FD-4GR-XT 

Flash disk, 
4GB, Extended 
Temp. 

 

Diamond Sys-
tems 

Bought 4 GB 

Meets require-
ments and can 
be easily inte-
grated into the 
Helios boards 

2 x RS 232 
Diamond Sys-

tems 
 embedded  

2 x RS 422 
Diamond Sys-

tems 
 embedded  

16 single-ended 
analog inputs 

Diamond Sys-
tems 

 embedded  

4 analog outputs 
Diamond Sys-

tems 
 embedded  

16 to 40 digital  
I/O  

Diamond Sys-
tems 

 embedded  

4 usb 2.0 ports 
Diamond Sys-

tems 
 embedded  

Processor 
Diamond Sys-

tems 
 

Embedded-
Vortex86SX/DX 

at 800 MHz 

 

Frame Grab-
bers-Model 
2255 

Sensoray 

700 Euros 
Bought JPEG recording 

Meets require-
ments 

Wireless USB-
ETRX2USB 

Telegesis Bought 
To be attached to 

one of the four 
USB Helios ports 

Meets require-
ments 

 

The electronic board input is DC/DC 5V+/-5%, whereas the estimated power 
consumption for the board with maximum loads and a 800 MHz processor is 
5W.  
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Components 
for the Electric 
Motor Board 

Cost & 
Supplier 

Current 
Status 

 

Specifications 

Reasons for 
the Choice 

Electric Motors 
+ gearheads 

Faulhaber 
300 euros 

(x2) 
 Bought 

2619 SR - 12 V 

Gearhead inte-
grated 

Reduced dimen-
sions (flat) 

Satisfies the re-
quirements 

HELIOS  

HLV300-128DV 

Diamond 
Systems-
215 Euros 

Bought-to 
be tested 

Programmable 
CPU for motors 
control 

-Vortex86SX/DX  

at 300 MHz 

See the perform-
ance requirements 

Locking Device 
actuator 

   bought 

Verifies the deacti-
vation of the wire 
cutter before the 
start of the motor 

See the perform-
ance requirements 

Motor driver 
Tweeter 

Faulhaber 

3800 euros 
(x2) 

Bought 
Power conversion 
for DC motor 

Supplied by the 
motor producer 

Speed encoders 

Faulhaber 

price com-
prised in 

the motors 
cost 

Embedded 
with the 
motors 

Evaluation of mo-
tor rotational 
speed and feed-
back control 

Supplied by the 
motor producer 

FD-4GR-XT 

Flash disk, 
4GB, Extended 
Temp. 

 

Diamond 
Systems 

Bought 4 GB 
Meets require-

ments 

 

 

The features of the Helios board that will be mounted on the fixed bulkhead 
are the same of the upper Helios, except for the acquisition module of the 
board, which is not necessary for the board controlling the two motors. An-
other difference is the frequency of the CPU, which is 300 MHz instead of 
800. The maximum total power consumption of this board, with all the devices 
switched on, is 3.5 W. 
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Components 
for the Mecha-

nisms 

Cost & 
Supplier 

Current 
Status 

Specifications 
Reasons for 
the Choice 

Rotating Plate 
(mock-up) 

GbPlast 
Under test-

ing 

Support for ex-
periment and de-

vices 

See experiment 
requirements 

Counter-rotating 
plate (mock-up) 

GbPlast 
Under test-

ing 

Avoid momentum 
transfer to the 

rocket 

See design re-
quirements 

Locking Device 
Cypres-200 

Euros 
bought 

Depending on the 
final choice 

Necessity to avoid 
rotations/great 
displacements of 
the platform dur-
ing launch 

Slip ring 200 Euros Bought 
Power transmis-

sion 
See performance 
requirements 

Bearings 
250 Euros 

(x2) 
Bought Axial/radial loads 

See Performance 
requirements 
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In conclusion, the experiment summary table is as follows: 

 

Experiment mass (in kg): 7.5  

(with bulkhead, without module) 

Experiment dimensions (in m): Ø 0.306 x 0.180 height  

(rotating disk diameter) 

Experiment footprint area (in m2):  0.058  

(rotating disk surface) 

Experiment volume (in m3): 0.0025 

(total occupied volume with bulk-

head) 

Experiment expected COG (centre 

of gravity) position: 

X = 15 mm (0 is at the top of the 

bulkhead) 

Y = Z = 0 (balanced experiment) 

4.6 PMD Design  

The list of the symbols used in this section is presented in the table below: 

 

Symbol Usage 

z0 Initial liquid level corresponding to the initial radius if  Ф=0. 

Rup Radius of curvature of the liquid having the radial position defined by rup.  

Rlow Radius of curvature of the liquid having the radial position defined by rlow. 

rup Radial position of the liquid on one side of the sponge.  

rlow Radial position of the liquid on the other side of the sponge. 

Ф Angle from the thrust vector. 

a Acceleration 

σ Surface tension 
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Figure 11 Geometry of a radial sponge. This image has been taken from the AIAA arti-
cle 93-1970, written by D.E. Jeakle, Jr. 

The design of the sponge PMD device starts assuming a specific acceleration 
value to be assigned to the liquid PDMS within the tank during the experi-
ment.  The choice of the appropriate acceleration is determined also by the 
REXUS acceleration profile during the micro gravity phase. In fact, it is impor-
tant to consider the value of the absolute acceleration during this phase in or-
der to provide the liquid with sufficiently higher accelerations. After the fre-
quency analysis, the accelerations are decided and the sponge dimensions 
are set. At this point, the tank is designed following a trade off between the 
necessity to avoid the creation of a liquid path with the container walls and the 
necessity to keep its size small because of the size of the whole experiment 
module.   

4.6.1 Micro Gravity Acceleration Amplitude Study  

After having obtained the acceleration data from a previous REXUS flight, a 
frequency analysis has been made. Thus, the acceleration levels along the 
three axes (yaw, pitch and roll) have been used in order to plot the FFT spec-
trum of the acceleration itself. 

The average value of the various signals acquired by the accelerometers has 
been calculated and subtracted to determine the acceleration acting as a dis-
turb for the SPONGE experiment. The frequency analysis has been based 
upon the acceleration signals without their average. Since the platform on 
which the sponge is accommodated will be rotating, the yaw and pitch accel-
erations will also be modulated at the frequency of the rotating plate. 

The resulting frequency analysis shows some peak amplitudes under 0.4 Hz, 
whereas above 0.4 Hz the peak amplitude is lower than 0.5 mg for every ac-
celeration signal (yaw, pitch and roll).  

The pictures below show the acceleration spectra of the signals acquired dur-
ing the REXUS 5 flight and prove what has just been described. 
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Figure 12 Yaw acceleration spectrum. 

 

 

Figure 13 Pitch acceleration spectrum. 
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Figure 14 Roll acceleration spectrum during the first time interval. 

 

 

Figure 15 Roll acceleration spectrum during the second time interval. 

 

At this point, it is worth mentioning the way the liquid frequency inside the 
forced device has been estimated. The reference for this calculation is a pa-
per of D.E.Jeakle Jr., where the equation connecting the hydrostatic pressure 
difference to the surface tension pressure difference has been found: 
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The pulsation can now be inferred as being: 
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Considering the parameters of the sponge device to be accommodated, it is 
possible to find a frequency value around 2.5 Hz. 

 

4.6.2 Sizing the Sponge 

After the selection of the accelerations to be imposed during the experiment in 
order to avoid disturbances, the second step is to calculate the dimensions of 
the sponge having the intermediate acceleration value as the critical one. The 
chosen accelerations are: 0.5 m/s2, 1 m/s2, 1.5 m/s2. 

The critical acceleration is the particular acceleration value that provokes liq-
uid isolation inside the sponge, because of the impossibility for the device to 
reject the liquid by means of the tapered gaps. 

 

 

Figure 16 Example picture showing the concept of critical acceleration for a sponge. 

The critical radius for a sponge of eighteen panels, is then computed by 
means of the following equation: 
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This is an equation allowing the calculation of rup if a specific rlow value is con-
sidered and fixed. This equation has been solved for different rlow values and 
for various acceleration values. The resulting plot is the one below: 

 

 

Figure 17 Radius of the liquid surface curve. 
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Figure 18 Zoom of the radius of the liquid surface curve. 

 

From these plots, it is clear that with an acceleration of 1 m/s2, the resulting 
curve is the one in violet on the left side of the picture. At this point, in order to 
select the appropriate dimensions for the sponge, a radius of 11 mm has been 
chosen, which corresponds to the vertical coordinate of the intersection be-
tween the horizontal line coloured in blue and the curve of the acceleration 
selected. The other radius at which the liquid surface sets can be read on the 
x axis, and it corresponds to 4.5145 mm. 

 

The value of rup cannot exceed the maximum value given by the intersection 
of the 1 m/s2 acceleration curve with the horizontal curve representing the 
sponge radius, otherwise the sponge will drip and no stable surface exists. 
Thus, the critical radius can be determined from this plot. Another very useful 
diagram is the one showing the liquid surface at different accelerations and 
initial liquid levels (z0). 

 

The following three pictures refer to these conditions upon the liquid: 

1) 0.5 m/s2 acceleration (sub-critical). 

2) 1 m/s2 acceleration (critical). 

3) 1.5 m/s2 acceleration (super-critical). 
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Moreover, these pictures refer to an initial liquid surface position having a dis-
tance of 4.5145 mm from the centre of the sponge, according to what has 
been described above for the critical acceleration of 1 m/s2. The plots repre-
sent the solution of the equation of the radius r, which corresponds to the ra-
dial position of the liquid within the sponge device. 

 

 

Figure 19 Liquid surface for z0=0.0045145 m and a=0.5 m/s
2
. 
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Figure 20 Liquid profile at z0=0.0045145 m and an acceleration of 1.5 m/s
2
. 

 

 

 

Figure 21 Liquid profile at z0=0.0045145 m and an acceleration of 1 m/s
2
. The picture 

below shows the two different solutions of the equation of the radius. In the case pre-
sented, only the one which is internal to the sponge is acceptable. 

From the plots above it is clear that the liquid surface breaks and it is not pos-
sible for a closed surface to exist after the moment in which the 1 m/s2 accel-
eration has been reached. It is also important to note that the critical condition 
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sets only if the initial liquid quantity within the sponge (and therefore the z0 
value) is sufficient.  

In figure 5, the acceleration value 0.5 m/s2 is sub-critical for a sponge a radius 
of 11 mm, an internal filter of radius 3 mm and a height of 16 mm. The closed 
elliptical surface represents the liquid retained by the sponge whereas the 
other solution does not apply in this case. The condition described is not criti-
cal for the liquid, and this is proved by the fact that the two solutions are well 
separated.  

In picture 6, the liquid surface at the critical acceleration value of 1 m/s2 is 
shown. In this case the two possible solutions intersect in one point, which is 
the evidence that the critic acceleration has been reached.  

Finally, in picture 7, the liquid surface subjected to a critical acceleration is 
shown. Here, no closed surface exists, which means that the gas is not able 
to be ejected by the tapers of the sponge and some liquid gets isolated. 

 

This is another picture showing the liquid surface breaking for a fixed accel-
eration value but at different z0. 

 

 

Figure 22 Sponge panels with the liquid profile at different initial liquid levels. 
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4.6.3 Sizing the Tank 

After having decided which accelerations shall be applied and after having 
concluded the sponge design, the tank dimensions have to be defined. The 
container dimensions are chosen after a trade off process, because leaking 
phenomena between the liquid and the tank walls have to be avoided, but 
also the tank dimensions are limited by the structure of the experiment inside 
the module. 

 

In conclusion, the dimensions of a sponge having 1 m/s2 as the value of the 
critical acceleration and working with liquid PDMS are as follows: 

1) 11 mm radius; 

2) 3 mm, radius of the internal cylindrical filter; 

3) 16 mm is the height of the device; 

4) 0.5 mm is the thickness of its panels (or even less). 

 

As concerns the choice of the tank dimensions in order to avoid leaking phe-
nomena, they will be: 

1) Height 25 mm; 

2) Diameter 50 mm; 

3) Cylindrical shape, to avoid problems during image recording due to 
significant image distortions. 

 

The following results refer to the preliminary analysis of the sponge behaviour, 
which have been obtained by means of a two dimensional laminar and two-
phase OpenFOAM simulation. 

 

 

Figure 23 2D solution of the liquid dynamics within the sponge with an acceleration of 
0.5 m/s

2
. 
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Figure 24 2D solution of the liquid dynamics within the sponge with an acceleration of 
1 m/s

2
. 

 

Figure 25 2D solution of the liquid dynamics within the sponge with an acceleration of 
1.5 m/s

2
. 

Another important factor, which has already been described earlier, is the tank 
fill level. In fact, even in a tank where some liquid path exists, it is possible to 
reduce its importance by using a smaller quantity of liquid inside the tank. For 
this reason we have also conducted a series of simulations considering a con-
tainer of fixed size and subjected to well defined accelerations, but with differ-
ent liquid fill levels. The results of these 3D numerical tests are presented be-
low and refer to a tank having the dimensions listed above. 
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Figure 26 3D solution of the liquid dynamics within the sponge with acceleration levels 
of: 0.5 / 1 / 1.5 m/s

2
. The liquid fill level is the 10% of sponge height. 

     

Figure 27 3D solution of the liquid dynamics within the sponge with acceleration levels 
of: 0.5 / 1 / 1.5 m/s

2
. The liquid fill level is the 15% of sponge height. 

     

Figure 28 3D solution of the liquid dynamics within the sponge with acceleration levels 
of: 0.5 / 1 / 1.5 m/s

2
. The liquid fill level is the 20% of sponge height. 

4.7 Optics for Liquid Images Acquisition 

During the experiment two views of the liquid inside the tank will be recorded. 
The first will be from above and the second sideways.  Due to space and opti-
cal constraints,  the first image will be taken indirectly with the aid of a mirror 
placed above the tank.  

The mirror will be oriented at 45° with respect to the vertical axis  in order to 
reflect  the image at 90° toward the camera. In this way, both the cameras will 
be fixed on the rotating platform and they will have a sufficient distance from 
the tank to avoid focusing problems. 

The images dimensions are approximately 48 mm x 36 mm, while the sensor 
dimensions are 4.8 mm xv3.6 mm (1/3”), so that an optical magnification 
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equal to 0.1 is required. The working distance will be 160 mm, so the focal 
length is 16mm; the focal ratio will be at least 8. These values have been se-
lected to achieve a depth of field equal to the sponge height (16 mm). 

A fixed-focal-length lens has been chosen, because this way we‟ll have a 
more compact and reliable device. 

The TECHSPEC®  Compact Fixed-Focal-Length Lenses have been selected. 
These lenses are provided with locking iris and focus adjustment with re-
cessed set screws, in order to prevent unintentional lens adjustments. The 
lens housing is ruggedized and robust, yet compact enough for space-
restrictive applications. 

 

The specifications are listed here: 

 
Focal Length  (mm)                16.00             

Maximum Sensor Format     2/3" 

Angle of View, 1/3" Sensor     17.1° 

Working Distance (mm)     100 - ∞ 

Aperture (f/#)     F1.4 - F16 

 

 

 

Figure 29: Optics selected for our cameras. 

 

A                                   B                                       C                                        D 

33.0mm           37.5mm            33.0mm    1.0mm 
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4.8 Mechanical Design 

The SPONGE experiment shall work in vacuum, since an internal tight mod-
ule would be too heavy. Two venting ports are foreseen on the module walls. 
From the mechanical point of view, the platform accommodating the experi-
ment rotates to give the desired acceleration to the PMD and a counter rotat-
ing disk provides the balancing of the momentum, which otherwise would be 
transferred to the other experiments and to the rest of the rocket.  

Each rotating platform will be guided by a dedicated electric motor, and this 
configuration has been chosen to simplify the system and the experiment as 
much as possible. In fact this kind of solution, allows to test and control sepa-
rately the performances of the two motors. This independency allows a sepa-
rated calibration of the two motors on ground, during the tests. 

 

Moreover, it has been verified that it is sufficient to impose a single specific 
velocity to the counter rotating platform, in order to avoid momentum transfer 
to the rocket structure. This provides a further simplification, because it is 
possible to calibrate the velocity of the counter rotating plate on ground during 
tests, without applying any other active control in connection with the other 
rotating platform during the experiment. The justification of this thesis is pro-
vided in appendix C, where all the calculations and verifications are pre-
sented. 

 

The SPONGE experiment will be housed in a specific REXUS module, and it 
shall satisfy some dimensional constraints: 

 

Max. total height 220 mm 

Max. Diameter (internal module) 348 mm 

 

As already said, the experiment will work in vacuum, so the tank shall provide 
high sealing performances to avoid liquid leaking in case of failure.  

From the mechanical point of view, the experiment needs three mechanisms 
to achieve the scientific goals: 

 Two rotating plates: the above plate will be used for the experiment in-
stallation (PMD tank, diagnostics and conditioning); whereas the bot-
tom platform will counter-rotate with respect to the first one, to avoid 
momentum transfer to the rest of the rocket. The two platforms will be 
singularly controlled by two dedicated motors, to keep a simpler elec-
tronic control. 

 Platform release device: used during launch phase to keep the rotating 
platforms in the same locked position as during rocket balancing. 
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Figure 30: Platforms main components. 

 

The zero-momentum condition is described by this simple analytical formula, 
where the angular momentum L of the entire system is assumed to be con-
stant. So it follows that: 

 0M
dt

dL
 

where M is the torque transferred to the system. From the above equation and 

the definition:  IL , it results: 

 2

1

2
12211 

I

I
II   

Where the subscript indices 1 and 2 refer to the experiment platform and to 
the counter-rotating disk. As proved, the absolute velocity of the experiment 
platform depends on the inertial rate of the two rotating components. From the 
physical parameters of the two platforms (which can be easily determined 
both in the design phase and after their manufacturing), it would be easy to 
determine the angular velocity of every single plate. Then, the zero-
momentum condition will be achieved by the electronic control of the two mo-
tors. 
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4.8.1 SPONGE Tank and Mirror 

 

Particular attention has been dedicated to the tank design. It is a cylindrical 
container made of polycarbonate, to take advantage of its mechanical and 
transparency properties. Proper O-rings have been chosen, to grant a per-
fectly sealed lock. 

Another option was plexiglass, that suffers less from time degradation from an 
optical point of view, but it has been discarded because of its fragile mechani-
cal behaviour. 

The tank internal diameter, acquired by CFD preliminary analysis, is 50 mm. 

Upon the tank, a mirror shall be placed, to reflect the up-view of the sponge 
PMD and of the liquid inside it, in order for one of the two cameras to acquire 
these images. 

   

 

Figure 31: Wave mirror for the images to be acquired. 
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The mirror is a 4-6 Wave First Surface Mirror produced by Edmund Optics. Its 
dimensions are 38mm x 51mm. The mirror will be mounted with its larger di-
mension in a vertical position. This way, all the field of view  of interest will be 
reflected to the corresponding camera. 

The nuts locking the whole structure of the tank will be glued, to avoid unlock-
ing during the ascent phase caused by vibrations. 

In the structural preliminary design, two loads have been applied: 

 Internal pressure: 5bar (FS=5) 

 Inertial force of the structure acting on the top: gkg 201  (instead of 
0.135kg, FS=5) 

 

With a 40MPa yield stress coming from the material characteristics and a 
thickness of 1mm, the resulting stress safety factor is 2.7. 

Anyway, we have finally chosen a thickness of 5mm, due to construction con-
straints (the O-RING sealing couldn‟t fit in such a tank), so that the safety fac-
tor has become 12.5. 

O-RINGs are considered to be a sufficient means to assure a complete seal-
ing capacity in all the foreseen experiment conditions (ground and flight op-
erations). 

 

 

Figure 32 SPONGE tank configuration and installation. 
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4.8.2 Rotating Plates 

 

The experiment rotating platform is the main part of the experiment. It is 
mounted onto a fixed base by means of bearings, and it holds various de-
vices: 

- The SPONGE tank, with the PMD inside. It will be connected to the 
platform using three M3 threaded rods and nuts, which shall keep the 
tank closed and fixed to the structure at the same time. Therefore, the 
same rods shall also be used to fix a mirror on the upper side of the 
tank, to permit the diagnostics of the liquid behaviour with a camera. 
The mirror will be mounted in a specific seat using glue: this is a very 
typical way of mounting mirrors in space applications. 

- The electronic boards for experiment diagnostics (AB) and motor con-
trol (CB). All electronic devices will be mounted with M3 threaded 
screws. 

 

Figure 33: Rotating plate components location. 
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4.8.3 Bearings 

 

All the rotating mechanical connections are obtained by using deep groove, 
single row ball bearings in double back to back configuration, which can ac-
commodate both axial and radial forces; besides they grant a high stiffness 
level. It is not possible to mount the rotating platforms directly to the motor 
shaft, because of the following reasons: 
 

- due to small general dimensions, motors cannot be too large; 
- small motors cannot support heavy loads: the motors, that have been 

selected for the two platforms, are provided by Faulhaber, series 2619- 
024SR; 

- the motors selected can support maximum axial load of 5N, and maxi-
mum  radial load of 10.5N; 

- preliminary calculation of the foreseen loads due to launch phase; 

- (worst condition) give results of 2.2kN of total static load (radial plus 
axial); 

- the ball bearings we have selected can support maximum axial load of 
5.1kN, and maximum static load of 10.2kN; thus there is a total safety 
factor of 4.6. 
 

See Appendix C for the load scheme. 
 
The chosen bearings are Barden 107HE, in back to back configuration to 
react against momentum. 
 
A medium preload is needed, to achieve the following stiffness: 
 
• axial: 29.4*107N/m 
• radial: 67.6*107N/m 
• moment: 60.84*104Nm/rad 
 
These values are used in FEM analysis of the whole structure. 
 
In comparison with SKF standard bearings, these are more compact, with an 
outer diameter of 62mm instead of 72mm. 
Lubrication will be performed with Castrol Braycote 601 EF grease, already 
used in space applications with high vacuum. It has a temperature range 
between -80°C to 204°C. 
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Figure 34: Details on bearing. 

 

The ball bearings are commercial type steel bearings, manufactured by SKF.  

 

 

4.8.4 The Motors 

 

Every plate can rotate by means of a dedicated electrical motor. The existing 
requirements for the rotational velocity, allow to use the same motor type for 
both of the two platforms: the difference will only be connected to the power 
supply, which is controlled by the electronics. 

Each motor is connected to the fixed base and to the rotating platform (only 
rotational connection, axial and radial loads are sustained by bearings). 

Motor characteristics can be seen in the electronics section dedicated to the 
motors control board. 
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Figure 35: Motor installation on both platforms. 

 

The motor will be linked to the fixed shaft with 3 M2 screw. 
 
It is verified that this is sufficient to withstand axial acceleration obtained by 
FEM analysis (100g). 
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4.8.5 Locking Device Solutions 

 

In our experiment is needed to lock both platform during launch, to prevent 
them from rotating. 
 
In case of rotation, two problems would arise: 
 

• Possible breaking of gearhead 
• Unbalanced rocket inertia, and errors on trajectory 

 
The chosen mechanism is a wire cutter with 2 spring winders. 
 
 
Wire Cutter 
 
The wire cutter is a device used to cut cables or wires. 
A device of this type will be fixed to the bulkhead: after the cut, two springs to 
retract the wire are needed. The choice will point on rotational springs type, 
like those used in carburetors for the valve opening at the air inlet. 
 
The pros are: 
1) Reliable and already tested 
2) No gears 
 
The cons are: 
1) Explosive device 
2) One shot only device 
3) High cost 
 
The main risks are: 
1) The rod won‟t retract correctly 
2) The device won‟t cut the rod 
 
The following image presents the way cutters will lock the whole structure dur-
ing the launch phase. 
The specific device we have selected in order to block our platforms is the 
one made by Cypres. We will use only the cutter, whereas the activating part 
is not necessary for our application. The cutter will be activated by means of 
impressed current. 
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Figure 36: Cypres wire cutter device dimensions. 

 

 

 

Figure 37: Wire cutter for a single wire. 

 

 
 Wire 
 
The wire is made too by CYPRES, with a diameter of 1.8mm and a break ten-
sion of 200kg. It is the loop used in fast deployment of safety parachute. 
 
 
Winders 
 
The winders are designed to travel for 5cm with a tape spring inside. 
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Figure 38: Winder CAD representation. 

 

The selected spring is a tape spring with constant load, model MeterSprings 
CF022-0112 from MeterSpec. 
 
It has the following specs: 
 

• Tape thickness: 0.15mmm 
• Tape width: 15mm 
• Tape total length: 559mm 
• Initial extension: 15.75mm 
• Maximum extension: 459mm 
• Load: 4.95N 
• Internal diameter: 12.95N 
• External diameter: 15.75mm 

 

 

Figure 39: Wire cutter mounting schematics. 
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Figure 40: Details of the winders mounted on the experiment. 

 

 

 

4.8.5.1 Winders 

 

The present section illustrates the design of the winder which is currently un-
der production.  

All the design details are proposed for the reactor and the wheel. 
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Figure 41: Internal wheel. 

 

 

Figure 42: Reactor assembly. 
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Figure 43: Reactor rotating cover down. 

 

 

Figure 44: Reactor rotating cover up. 
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4.8.5.2 Cable deployment 

 

In this chapter we‟ll discuss how the cable will be mounted in the experiment 
before launch. 

The procedure is the following: 

 Eject spring 1 from winding 1; 

 Tie the rope to spring 1; 

 Pass the rope through the holes in rotating platform, wire-cutter, bulk-
head; 

 Eject the spring 2 from winder 2, keeping it in traction; 

 Tie the rope with spring 2, keeping in traction both springs. 

 

 

4.8.6 Slip-ring 

 

Due to the rotational configuration of the experiment, we had to choose a sys-
tem to guarantee electrical connections between the fixed structures and the 
moving parts. The solution of the problem has been found in the slip-ring con-
nection: to simplify the device configuration and to enhance its reliability, only 
power supply will be transferred through it. 

The slip-ring mounting shall be aligned with the rotational axis of the rotating 
platform: a specific device to mount it will be installed inside the REXUS mod-
ule. 
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Figure 45: Slip ring and support system. 

 

The slip-ring will be mounted with screws on an aluminium bar, and then fixed 
to the REXUS module with the same brackets that are used in the bulkhead 
installation. This way, standard connection devices will be useful in all con-
necting parts. 

To grant the electrical connections, wires from the REXUS service module will 
be fixed to the internal wall of the experiment module and to the upper bar of 
the mounting, then they will be connected to the slip-ring. Rotating connec-
tions will depart from the slip-ring shaft and reach the electronic board on the 
rotating platform. 

 

 

4.8.7 Slip Ring Holder 

 

To avoid stresses on the wires, a mechanical connection for the slip-ring has 
been designed. 

We have to distinguish between two parts, a fixed one (with respect to the ex-
ternal module of the rocket) and a rotating one; the latter is rotating with the 
rotating platform, and the slip ring is used to connect the bulkhead electronic 
devices with the rotating platform. 
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Figure 46: Fixed holder 

 

The fixed slip-ring holder is composed of three parts: 

 a main bridge; 

 2 module brackets, to connect the bridge to the external module; 

 3 S-brackets, to sustain the non-rotating part of the slip-ring and fix in 
to the main bridge. 

It is not convenient to build a whole piece for the main bridge and the module 
brackets, because with that option there would be a more costly material from 
the raw. 



  Page 84 

 

RX09_SPONGE_SED-v5_0-2010Sep07 

 

Figure 47: Rotating holder 

 

The rotating part of the slip-ring is fixed to the rotating platform through a cy-
lindrical support mounted on it. 

An M2 setscrew will fix the holder to the slip-ring. 

 

4.8.8 Stresses on Brackets 

 

The stresses imposed on the REXUS structure have been calculated. 

Here there are the results for the brackets. 
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Static loads of 20g axial and 10g lateral have been imposed to the structure. 

As can be seen, in all 6 brackets (4 provided by ESA, 2 designed by us)  the 
maximum stress if 45MPa. The maximum calculated displacement is 
0.024mm. 
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4.8.9 Mass Budget 

 

Components Mass Dimensions 
3 Axes Accelerometer 0.12 g (negligible) 4 mm x 4 mm x 1.5 mm 

1 Axis Gyro 0.16 g (negligible) 7 mm x 7 mm x 1.5 mm 

RTD negligible 2 mm x 6 mm 

Video Cameras 0.07 kg(x2) 42 mm x 42 mm x 19.7 mm 

Led panel negligible 50 mm x 1 mm x 2 mm 

Electric Motors + Gear 
heads 

0.06 kg (x2) < 35 mm height gear head + motor 

Locking device Depending on the 
choice 

Depending on the choice 

2 Bearings 2 x 0.38 kg 2 x 62 mm , 2 x 72 mm 

Helios Electronic boards 0.2 kg(x2) 90 mm x 96 mm x 20 mm 

Frame Grabber 0.11 kg 76.2 mm x 100 mm 

Conditioning and Power 
supply 

0.4 kg 90 mm x 96 mm x 16 mm 

Slip ring 0.1 kg Ø 54 mm x 34 mm length 

Rotating plate ~ 0.8 kg Ø 306mm x 33 mm height 

Counter-rotating plate ~ 1.3 kg Ø 260 mm x 28 mm height 

Rotating plate to bulkhead 
connection shaft 

~ 0.09 kg Ø 34 mm x 68 mm height 

Counter-rotating plate to 
bulkhead connection shaft 

~ 0.07 kg Ø 27 mm x 68 mm height 

Electric connections 
(wires and connectors) 

tbd Tbd 

Total Weight / Size  

of the Experiment 

~ 7.5 kg Ø 306 mm x 180 mm height 

 

4.8.10 FEM Analysis 

 

FEM (Finite Element Model) for the structural part have been conducted ex-
tensively, to avoid failures of the experiment during qualification and cam-
paign. 
Static analysis have been conducted imposing 20g of axial acceleration and 
10g of lateral acceleration (on both axes). 
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Sinusoidal and random acceleration, according to REXUS manual, have 
proven the structure to meet material requirements. 
Modal analysis shown us the first vibrating modes of the structure. Our goals 
were 300Hz for single components and 150Hz for the whole structure.  
Preliminary results directed us to improve the upper disk geometry with ribs. 
 
 

 
Figure 48: upper disk ribs. 

 

Kinetic and potential strain energy helped us to evaluate where to put masses 
(i.e. electronic boards where kinetic energy is low) and to stiffen the structure 
(where potential energy is high). 
High level acceleration has been found on electronic components, in particu-
lar on the cameras (140g). This is a motivation to speed up vibrational tests; it 
must not be frightening because all acceleration peaks are over 160Hz, that is 
above the limit of the launcher (120-130Hz for the highest frequencies, data 
acquired from internal communications). 
All stress analysis reported loads not above the material limit (Yield stress), 
imposed in 505MPa for the Al 7075 – T6. 
Used elements are brick (3D) for the single components analysis.  
For the coupled analysis: 
 

• Brick 3D: upper and lower platform 
• Plate 2D: bulkhead, slip-ring bridge, camera mounting 
• Beam (1D): upper disk ribs 
• Link (1D): wire connecting upper and lower disk 
• Mass and spring (0D): all electronic boards, cameras, tank. 

 
Springs also are used to connect both platforms to the bulkhead through 
the shafts, and also brackets and bulkhead to the fixed reference frame 
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(bolts and nuts). 
 
The values of these springs are: 
 

• Translational bolt: 0.5*109N/m 
• Rotational bolt: 0.5*107Nm/rad 
• Translational bearing: 1*109N/m 
• Rotational bearing: 1*107Nm/rad 
• Dumping ratio: 2%. 

 
Sensitive analysis showed that a double or half value of the spring has low 
influence, just of few Hz in translation of the acceleration of peak value. 
The dumping ratio is very conservative, because usually it is imposed be-
tween 2% and 5%. 
Results are reported in appendix. 
 

4.9 Electronics Design 

As concerns the electronics, two different single boards are foreseen. The first 
is fixed on the rotating platform of the experiment and is used for sensors ac-
quisition and recording, and for image compression, from now on it will be 
called AB(acquisition board). The other board is needed to control the electric 
motors of the two platforms and to impose the correct acceleration profile to 
the liquid inside the tank; it will also allow the diagnostics transmission to the 
RS-422, in order to downlink the data. It is fixed on the bulkhead, which is in 
turn connected to the REXUS external case. This board will be called instead, 
CB (control board). 

These two boards will be connected by a wireless system to avoid data trans-
fer through the slip ring, which can lead to important disturbances that can af-
fect the signals. This connection will also be used to communicate the start 
signal to the upper board, mounted on the rotating platform of the experiment. 
If during the tests, problems come out with the wireless connection, we have 
thought of another possible solution for signal communication between the 
two boards. In this case in fact, we shall transfer the start signal through the 
slip ring, by means of the RS-422 serial port. 

 

Why Two Different Boards? 

 

The choice of using two different boards is due to the necessity to reduce the 
number of wires passing through the slip ring. The TV data are not a problem 
in this regard, because they will be recorded inside a flash disk but they won't 
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be down linked, for reasons connected to both the power consumed and the 
complexity already characterising the experiment.  

In conclusion, to minimise the number of wires in the slip ring, it has been de-
cided to use it only to bring the power supply to the board fixed on the sponge 
rotating platform.  

Another reason why we have considered the use of two boards, is because 
we have sensors to be accommodated next to the tank containing the liquid, 
which means on the rotating plate. But there is no need to place also the CB 
on that platform, because this solution will create greater difficulties. In fact in 
this case we will have a heavier rotating platform, with more electric boards 
placed on it. Instead, if the CB is on the fixed bulkhead, which is directly at-
tached to the REXUS module, the whole structure will have a centre of gravity 
nearer to the fixed bulkhead and therefore it will be more stable.  

 

Why Commercial Off The Shelf Components? 

 

To avoid communication problems because of the slip ring, it has been de-
cided to use it only to bring the power supply to the board fixed on the sponge 
rotating platform.  

For this reason it is necessary that the two boards communicate through a 
wireless connection at a frequency of 2.4 GHz, in order for the diagnostics 
data to be transferred from the upper board to the board fixed on the bulk-
head, which has the RS-422 connection with the REXUS bus for the down 
link. 

An optical slip ring has been excluded because its resistance to the high vi-
brations during the launch phase would require specific testing. Furthermore it 
gets dirty very easily and it is very expensive if compared to traditional slip 
rings. Another problem is due to the fact that optical slip rings do not allow 
power transmission, but this is exactly what we need. For all these reasons, a 
brush slip ring has been preferred. 

The AB will be connected to a two-channel frame grabber for the two cam-
eras. In fact the images will be recorded on a flash disk, but it has a limited 
velocity in writing. Thus it is necessary to compress the images in a jpg for-
mat, reducing the total amount of data to be transferred. 

 

The schemes of our electronics are presented below, starting from a general 
scheme presenting the signals and data transmitted or communicated. 
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Figure 49: Scheme representing the global structure of the electronics subsystem and 
the communication between the two boards. 
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Figure 50: Board for the sensors control and LEDs activation. 
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Figure 51: Scheme of the motors control board on the fixed bulkhead. 

 

 

This is the functional description of our experiment. 

 

Function Device Power interface Input Signal 
interface 

Output Signal 
interface 

Provide Experi-
ment images 

2x Cameras 12 Vdc None RGB signal 
PAL standard 

Collect and 
compress cam-

era images 

Frame Grab-
ber 

Sensoray 
2255 

5Vdc (USB) RGB PAL USB 

Store Cameras 
Data 

Stec 8 Gb 
Flashdrive 

5Vdc IDE IDE 
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Provide illumi-
nation for ex-

periment 

Led Strip 12 Vdc None None 

Provide heating 
for cameras 

Heaters 28 Vdc None None 

Video data 
Handling 

Helios DAU 5 Vdc USB IDE 

Acquire Internal 
Temperature 

Thermistor None None RTD 

Acquire accel-
eration and an-

gular speed 

Accelerome-
ter 

Gyro 

3.3 Vdc 

 

 

None 4 x Low level 
analog signal 

Collect and 
convert Tem-
perature and 

acceleration and  
speed  Signals 

Conversion 
Board 

+12Vdc 

-12 Vdc 

RTD 

 

4 x Low level 
analog signal 

5x High level 
Analog signals 

(±10 V, bal-
anced) 

Acquire High 
Level Analog 

signals 

Helios (DAU) 5Vdc 5x High level 
Analog signals 

(±10 V, bal-
anced) 

Bus ISA 

FD-4GR-XT 

Flash disk, 4GB, 

Extended Temp. 
 

Diamond Sys-
tems 

Bought 4 GB 
Meets require-

ments 

Provide regu-
lated power 

(DAU) 

Diamond 
HESC 104 

28 Vdc 

(6-40) 

 -12Vdc 

+12Vdc 

+5Vdc 

Pro-
vide/Remove 

Power 

(Heaters, Led, 
Cameras) 

Switch Board 
#1 

+5Vdc 

+12Vdc 

-12Vdc 

28Vdc 

Digital signal +5Vdc 

+12Vdc 

-12Vdc 

28Vdc 

Acti-
vate/Deactivate 

Switch board 
Output 

Helios DAU +5Vdc None (soft-
ware) 

Digital signal 

Unlock Rotative 
platform 

Pyro 12Vdc 1 Ampere 

150 ms 

None 
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Signal 

Initiate Pyro Pyro Board 
TBC 

28 Vdc TBC Digital signal None 

Activation of 
Pyro Board 

Helios CAU 5Vdc None (soft-
ware) 

Digital Signal 

Communication 
DAU-CAU 

2x ZigBee 
wireless 

5Vdc(USB USB/wi-fi USB/wi-fi 

Provide Actua-
tion to Rotating 

platform 

2x Faulhaber 
DC-

Gearmotors 

12 Vdc (PWM 
Signal) 

 2 square 
wave, 16 im-
pulse/rotation 

Control Electric 
motor 

2x Tweeter 
Digital Servo 

drive 

+12Vdc 

 

RS 232 RS 232 

Control and ac-
quire Motors 

data 

Helios CAU 5Vdc RS232 RS232 

Communication 
with launcher 

Helios CAU 5VDC RS422 

SOE 

RS 422 

 

Pro-
vide/Remove 

Power 

(Motors, Driver, 
overall payload 
final switch off) 

Switch Board 
#2 

+5Vdc 

+12Vdc 

-12Vdc 

28 Vdc 

Digital signal +5Vdc 

+12Vdc 

-12Vdc 

28 Vdc 

Provide regu-
lated power 

(CAU) 

Diamond 
HESC 104 

28 Vdc 

(6-40) 

 -12Vdc 

+12Vdc 

+5Vdc 

 

 

4.9.1 Diagnostics Board 

 

This HELIOS HLV800-256AV single board of the Diamond Systems will be 
used as the AB. It will be connected to a two-channel frame grabber perform-
ing also the compression of the images. It will also use a wireless communica-
tion system to transmit the sensors data to the other board, which is on the 
fixed bulkhead. This way the diagnostics can be down linked through the RS-
422 serial port.  
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Helios integrated data acquisition features have 16 analog inputs with 16 bit 
A/D and a maximum sample rate of 250 KHz, so the board is appropriate for 
our application. It also has digital I/O lines and 2 timers used for A/D acquisi-
tion.  

Another reason for the choice of this board is due to the great accuracy guar-
anteed over the full operating temperature range of the product, which goes 
form -40 °C up to +80°C.  

The data acquisition software is also already available, because it is inte-
grated in a driver released with the Helios board and it is available for Linux 
platform. Therefore, it will only be configured for our specific case. 

 

 

Figure 52: Helios pc/104 single board. 

 

The CPU specifications are listed below: 

 

Processor: Vortex86SX/DX at 800 MHz 

Memory: 256 MB DRAM 

Bootable Flash Drive: On-board 2MB bootable flash drive with freeDOS in-
stalled 

BUS Interface: PC/104 (ISA) 

USB Ports: USB 2.0 (4) 

Serial Ports: RS-232 (2), RS-422 (2) 

Mass Storage: IDE UDMA-100 port, Flash Disk Interface 
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Input Power: 5V+-0.5% 

Power Consumption: 5 W 

Operating Temperature: -40°C to +85°C 

Dimensions: 9 cm x 9.6 cm 

Weight: 88 g 

 

The model chosen HLV800-256AV has already been tested to determine its 
maximum power consumption, with a hard disk connected instead of a flash 
disk. Thus, the typical power consumption declared comprises the device we 
will use for data recording and the amount of power required to supply the 
flash disk will not be inserted once again into the total budget. 

 

We will use one of the USB connections of the board for the frame grabber, 
another one will be destined to the ZigBee. Five analog inputs will be used for 
the acquisition and some digital outputs will be necessary for the power con-
trol and the LEDs and heaters (for the two cameras) activation. 

 

The block diagram of the Helios board is presented, as concerns data acquisi-
tion. 
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Figure 53: Block Diagram of the Data Acquisition section of the Helios Board. 

 

A complete scheme of the board is presented below with the acquisition box 
embedded. 
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Figure 54: Complete Description of the Helios Features. 
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Connectors 

 

 

Figure 55: Helios Board Layout. 

 

 

The interfaces used, apart from the ISA bus, are: 

Power Supply: connector J4, Standard single row 0.1 inches spaced 9 
straight pin. 
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Figure 56: Connector J4 pin function. 

 

Helios board uses only +5Vdc, any other power supplies are only routed in-
side the Helios. 

RS 232 –RS 422 Interface: used for tweeter drivers communication and for 
launcher communication.  

Connector J2 provides interface for both RS 422 and RS 232. Connector type 
is a standard 2 mm dual row straight pin header. 
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Figure 57: Connector J2 pin function. 

 

 

The USB, used to connect the wireless device is present in the connector J15. 
Connector type is a standard 2 mm dual row straight pin header. 

 

Figure 58: Connector J15 pin function. 
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The digital input-output connector, standard 2 mm dual row straight pin 
header, is used for the activation of pyro and actuation boards. 

 

 

Figure 59: Connector J7 pin function. 

 

The connector J17 is used to read the analogical signal from the sensors. 
 
Only the pins from Vin0 to Vin4 will be used, all the others will be uncon-
nected. 
 

 

Figure 60: J17 pin function. 
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4.9.2 Power Supply board: HESC 104 

 

This board provides all the voltages necessary to the electronics fixed on the 
rotating plate. It has a wide enough temperature range for our application and 
can provide all the power needed. 

 

This board is in charge of providing the regulated power. The voltages used are +12 

Vdc, -12 Vdc, and 5Vdc.  

 

Figure 61: HESC 104 specifications. 

 

Input power is connected to the HESC104 by a removable connector block 
CN6. The power supply accepts DC input voltages in the range of 6VDC to 
40VDC. 

Output connectors are CN2 and CN3. 

 

4.9.3  Frame Grabber Description 

 

The frame grabber has been chosen so that it is able to compress the images 
acquired. This is necessary because of the limited velocity of the flash disk for 
the data storage. Therefore, the various images will be saved in JPG format 
after having been converted by the frame grabber. 
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Figure 62: Four-channel frame grabber. 

 

Only two of the four available channels will be used, one for each camera. 

 

This frame grabber allows: 

 Acquisition of two channels at 30 frames/sec  

 Powered through USB   

 Hardware JPEG compression (optional firmware) 

 

Since it is powered through USB, it will be connected to the Helios board by 
means of one of its 4 USB ports. An adapter will also be used for this pur-
pose.   

  

Thus, the Model 2255 frame grabber of the Sensoray industry accepts PAL 
video on 4 maximum inputs. Digitized images are then sent to the host com-
puter via USB 2.0 high-speed interface; the overall latency is no more than 60 
ms for PAL. We also want to use an optional firmware file (it is sufficient to re-
quire it, together with this frame grabber model) enabling hardware JPEG 
compression on the 2255 model device. The optional firmware allows JPEG 
capture at 30 fps for both our two channels. 

The picture below shows the frame grabber dimensions and characteristics. 
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Figure 63: Frame grabber design. Picture taken from the Sensoray website. 

 

This is the design of the frame grabber; all the information about it can be 
found at this link: http://www.sensoray.com/products/2255data.htm. 

 

4.9.4 Data Rate analysis 

 

Data rate can be calculated considering the number of the pixels, the frame 
rate, the colour depth, and the compression rate of Jpeg standard.  

The following table shows the possible bit rate considering different compres-
sion levels (best quality-Very high quality), and the different frame rate. 5 and 
15 have been considered as possible compression factor values, to obtain the 
best accuracy and a very high quality. This values are compliant with Jpeg 
standards; however, since compression is linked to picture subject, the accu-
racy of the analysis is not high. An analysis should be performed considering 
the compression of some images similar to the ones foreseen.  

Pixel Number of the Cameras: 437664 

http://www.sensoray.com/products/2255data.htm
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Colour Depth: 24 bit 

Frame dimension: 1.25 Mbytes 

 

Frame rate 

Frame/second 

No Compression 
Mbytes/s 

Best quality 

Mbytes/s 

Very High quality 

Mbytes/s 

20 50.09 10.02 3.34 

25 62.61 12.52 4.17 

30 75.13 15.03 5.01 

 

 

4.9.5 Details about the Sensors and other Electrical Components 

 

The sensors that shall be supplied by the AB are described below in various 
sections. Drawings and data are also reported. 

 

Figure 64: MEMS transducers. 

 

4.9.5.1 Accelerometer 

 

The three-axis accelerometer we have chosen for our experiment is the 
LIS344ALH model of ST Microelectronics. It can measure accelerations over 
a maximum bandwidth of 1.8 kHz for all axes and its bandwidth shall be re-
duced using appropriate conditioning filters. It can be self-tested. 

It is guaranteed to operate over an extended temperature range of -40 °C to 
+85 °C and the power consumed is very low. It has an analog output in volt-
age and the sensing element is manufactured using silicon.                                                            

Here is the block diagram of the three-axis accelerometer. 
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Figure 65: Block diagram of the accelerometer. 

 

The accelerometer shall be supplied correctly for its required voltage and it 
also shall be properly conditioned. Details of these procedures are given in 
paragraph 4.7.5.  about the supply and conditioning system. 

 

4.9.5.2 Gyro 

 

The gyro chosen is an ST Microelectronics device, its model is LISY300AL. It 
is a low-power single-axis yaw rate sensor, including a sensing element and 
an IC interface providing the measured angular rate through an analog output 
voltage. 

It has a full scale of ±300 °/s and is capable of measuring rates with a -3 dB 
bandwidth up to 88 Hz. Its temperature range goes from -40 °C to +85 °C.  

The nominal power supply requires 3.3 V as an input, whereas the dimen-
sions are of 7 mm x 7 mm x 1.5 mm. 

The block diagram of this sensor is presented below. 
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Figure 66: Block Diagram of the gyro. 

 

The following image represents the pin connection for this sensor. 

 

 

Figure 67: Gyro pin connection. 
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The gyro shall be supplied correctly for its required voltage and also properly 
conditioned. Details of these procedures are given in paragraph 4.7.5. about 
the supply and conditioning system. 

 

4.9.5.3 LED lights 

 

LEDs are necessary to light up the liquid area during image recording. We 
have decided to use led stripes that can be cut and are flexible; in particular 
we chose one of the XLED models, the X3ME. 

In each portion of the entire led stripe that we will cut, there will be nine led 
lights, which is sufficient to light up the desired area, considering the high lu-
minosity of the stripes selected. 

These strips have to be supplied with a DC voltage of 12 V and the total 
power consumed has be estimated as being lower than 2.5 W. 

They will be mounted next to the mirror reflecting the up view of the tank. 

 

4.9.5.4 Cameras  

 

Two color cameras will monitor the liquid behavior inside the tank during the 
experiment. The model selected is the Watec W-01CDB3 board camera. It 
has low power consumption (1.2 W),  very small dimensions (42 mm x 42 mm 
x 21 mm) and low weight (35 g), low minimum storage and operating tem-
perature (respectively -30 °C and -10 °C).   

The output is analog, PAL format . This choice,  in association with the SEN-

SORAY 2255 frame grabber, allows the use of both cameras with the 800 

MHz Helios board. Other cameras (e.g. digital cameras) require a more po-
werful processor (at least  1.5 GHz), thus they wouldn‟t have been an appro-
priate choice. 

The image sensor is a 1/3” color CCD. The resolution (795 x 596 pixels) and 
the frame rate (50 Hz,  2:1 interlace) satisfy the minimum requirements. High-
er resolution and frame rate would cause an increase in the amount of data to 
be transmitted and stored, with consequent problems. A higher resolution 
(with the same format size) implies a smaller pixel dimension;  a higher reso-
lution (with the same pixel dimension)  implies a larger format size. Both tend 
to reduce the depth of field.  

The board camera is easy to mount; there are four holes at the vertex of a 
square base, so it‟s the same if you want the sensor to be vertically or hori-
zontally aligned.  
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Moreover it‟s possible to make a dedicated case (e.g. for insulation purposes) 
and to put heaters in proximity of particular components of the camera (e.g.  
behind the sensor). 

These cameras have to be supplied with a DC voltage of 12 V. This voltage 
value is already used by other components of the experiments in order to re-
duce the complexity of the power supply (reduction of the amount of DC/DC 
converters). 

The camera has a CS lens mount, and with CS mount cameras both C and 
CS mount lenses can be used. In fact, the C mount lens requires simply a 
5mm adapter ring. C and CS lens mounts are standard industrial interfaces, 
so they allow to choose optics from a wide range of manufacturers. 

 

 

 

 

 

 

 

 

 

 

 

4.9.5.5 RTD 

 

The RTD for temperature monitoring will be placed inside the cylindrical filter 
of the sponge device and this is possible because these sensors are in gen-
eral easy to install in drilled holes for sensing. The temperature range of the 
Minco RTD is -50°C to more than 100 degrees Celsius, which is enough for 
our application.  

The time constant of this sensor is 1.5 s (in standard water conditions). We 
will use the same sampling frequency of the others sensors and the data will 
be reduced by the software, in order to avoid an excessive complexity during 
the sampling process, which will be the same for all the data we need. 

The details on how this sensor will be acquired and conditioned are outlined in 
the section relative to the power supply and conditioning. 
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4.9.5.6  Wireless:  

 

A ZigBee module has been chosen as the wireless system for our experiment. 
It has a 512 Kbit/s data transfer rate and a low power consumption. It has a 
power low enough to permit the communication between the two systems 
avoiding interferences with the other electronic parts. 

The USB port is used to achieve a direct connection with the two SBCs. 

The model chosen is the Telegesis ETRX2USB, having all the characteristics 
previously outlined. Moreover, this model permits to overwrite the internal 
firmware if necessary. The data rate is sufficient for our purpose, because we 
only have to transmit the data of the sensors, but not of the two cameras. 

 

4.9.5.7 Flash disk 

 

The program for the two SBCs must be contained in a non-volatile memory. 
This is possible using a flash-disk. The flash disk used is produced to be 
mounted on the Helios. It is connected on the IDE connector and fixed on the 
SBC with a screw. This board permits low sizes and saves space with respect 
to the other possible choices. It also grants a good connection directly on the 
Helios. The same flash disk will be mounted on the Helios board performing 
the control of the motor velocity profile. 
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4.9.6 Electric Motors Control Board 

 

This board shall control the two electric motors in order for the correct velocity 
profile to be imposed and the desired acceleration to be applied on the liquid. 

It also transfers the sensors data to the RS-422 serial port in order for them to 
be down-linked. 

The COTS board that has been selected is in this case another HELIOS (a 
Diamond Systems board), but with a 300 MHz CPU, thus the model is the 
HLV300-128DV instead of the previous one. 

The scheme is very similar to the one presented for the other Helios, but it is 
simpler, as can be seen by the diagram below, because the dashed box con-
taining the description of the acquisition is not present here. 

 

Figure 68: Scheme of the Helios for Motors Control. 
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An RS-422 port is used for the down-link and up-link. Two RS-232 ports are 
used for the motors control and connect the SBC with the drivers. An USB 
port is used for the ZigBee module. 

The digital I/O are used to control the power and to read the SOE signal 
through an optical isolator. 

Encoders will also be used to control the motors stability and to guarantee the 
absence of disturbing oscillations over the mean velocity value, they will be 
already integrated with the motors. 

The velocity profile to be imposed to the motor controlling the experiment plat-
form is presented here. It is composed of four different velocities, causing the 
four different accelerations upon the liquid inside the sponge. 

 

 

Figure 69 Designed velocity profile of the electric motor connected to the experiment 
platform. The plot presents the rotation velocity (rad/s) versus time (s). 

The block diagram showing the structure of this board and the signals it shall 
receive is presented in the introduction of the paragraph 4.7 about electronics. 

The SOE is received by this electronic board and it will be transferred to the 
other board by means of the wireless connection already discussed. This 
board shall also activate the locking device and, by means of an appropriate 
sensor, control that it has been released before the motors start. 

The Vortex processor contains some timers; these are useful for the timing, 
which allows to send the desired speed to the drivers at regular times. 
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Below, some more detailed descriptions of the electronic components 
mounted on this board are given. 

 

4.9.6.1 Electric Motors 

 

The experiment configuration foresees two electric motors. Each of them shall 
guide one of the rotating platforms and will be connected to a gearhead for 
rotation velocity reduction. 

Two flat motors have been chosen because of the reduced height of the ex-
periment to be realised, which has a maximum value of 22 cm. The motors 
chosen are two flat DC Gearmotors, having the characteristics in the chart be-
low. 

 

All the electronic information for this motor can be found in the table above, 
where also the temperature range in operating conditions can be read. 

The selected motors are those with a 12 V nominal voltage, in order to mini-
mize the DC/DC converters to be used for the voltage regulation. 

Some of the data reported in the table have been used as inputs for the Simu-
link code simulating the motor control. It will be outlined and described in the 
chapter dedicated to the software development. 
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The design of the two flat motors is presented in the following picture, with 
their dimensions included. 

 

Figure 70: Flat Motor Design. 

 

These motors are in charge of the actuation rotating platforms. They provide 
an interface connector DIN 41651. 

 

Pin Function 

1 Motor - 

2 Motor + 

3 GND 

4 Udd 

5 Channel B 

6 Channel A 

 

Channels A and  B are the signals of the internal optical encoder.  The signals 
are two 90° phase-shifted rectangular signals with 16 pulses per motor revolu-
tion. 

This signal is read by the tweeter driver to perform the velocity loop control. 

 

 

4.9.6.2 Motor Drivers 

 

Two drivers are necessary, one for each motor. The full digital servo drive we 
have chosen is the Tweeter, by Elmo, because of its features. In fact it re-
quires an input voltage of 12 V, which is the same of the motors, and has a 
low power consumption. The latter has been estimated considering that it 
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consumes the 20% of the power required by the motor, thus it less than 0.3 
W.  

These drivers use the information deriving from the encoders to sense the 
speed and to set the correct value through feedback. 

Their dimensions are also compatible with those of the experiment: 51 mm x 
12.5 mm x 42 mm. 

 

The power interfaces are the power input and the motor power output. 

 

 

Figure 71: Input and output power pin location and transition. 

 

The data interfaces are the RS 232 and the incremental encoder input. 
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Figure 72: Incremental encoder pin function. 

 

 

 

Figure 73: RS-232 pin function. 
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Figure 74:Pin location. 

 

 

4.9.6.3 Wireless 

 

Another ZigBee module, identical to the one mounted on the other board, is 
used on this board to communicate with the other. As just said, the module is 
the same discussed for the acquisition system, thus the specific characteris-
tics can be seen in that section. This module will be placed over the bar, 
which is over the disk, to guarantee the communication between the two 
boards which could otherwise be impossible due to the bulkhead (Faraday 
cage effect).  

 

 

4.9.7 Power Supply board: HESC 104 

 

This board provides all the voltages necessary to the electronics. Two of 
these boards are foreseen, one for the diagnostics board and the other for the 
control motor board. 
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Figure 75: HESC-SER supply board. 

 

Features of the power supply board  
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Specifications 

 

 
 

4.9.8 Sensors Conditioning Electronics 

 

The conditioning system we intend to use has dimensions optimised to be 
connected to acquisition devices of pc/104 standard. A board with reduced 
dimensions has already been manufactured and it is a good starting point in 
this regard. In fact even if its dimensions are not those of a pc/104 board, the 
total surface occupied is approximately the same. Thus it is sufficient to 
change the disposition of the various components on it, to obtain a two-
channel conditioning circuit for pc/104 standard.  

 

The module presented below is the two-channel conditioning circuit for the 
accelerometer and gyro. The current dimensions will be modified in order for it 
to reach the standard pc/104 length. In fact, the only useful components 
mounted will be the ones squared in red, in our case. There will be two of 
these modules, stacked next to the acquisition board for the sensors. 
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Figure 76: Two-channel conditioning module for accelerometer and gyro. 

 

The Input RF Filters 

 

All the stages in which the external signal enters, have as the first circuit, an 
RF filter integrated as a voltage limiter. This is because of two reasons: 

1) to filter the eventual radio frequency collected by the wire connecting 
the transducer with another device. 

2) To limit the voltage applied to the input of the circuit in case of over vol-
tages due to external disturbs or to temporary connection errors. 

These tasks are accomplished by passive elements built-up by resistances, 
capacities, diodes and zener diodes. The structure of the filtering/limiter cell is 
presented in the following. 
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Figure 77: Limiting/filtering cell. 

 

(*) The maximum voltage is limited to a value equal to the sum of the thresh-
old voltage of a diode and the zener voltage. Typical values for Vz are from 10 
to 12 V. 

 

 

Input Stages: 

 

It is made of an instrumental amplifier integrated (the AD620 or AD621) with 
two selectable gains, (1 and 10 or 10 and 10and 0), very precise in terms of 
amplification coefficient. It also has a reduced drift: good performance with 
great simplicity and a high circuit reliability.  

It‟s a standard component, extensively used in industry. 
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Figure 78: Scheme of the input stage. 

 

 

 

Closed SW: 

 

 

 

Open SW: 

 

 

High-pass Filters: 

The High-pass filters will be by-passed because we don‟t need them. 

 

Low-pass Filters: 

The low-pass filtering stage is built by using active circuits, which use in turn 
RC passive components and operational amplifiers connected as followers 
with unit gain. The final configuration is the so-called Sallen and Key one.  
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The fifth order low-pass filters inside the module have a Bessel response. 
This kind of an answer is the best solution to limit the band of a signal (which 
is necessary for a correct sampling free from aliasing). The dynamic response 
to the transient signals, is almost free from overshoot (this is not true for other 
filters, such as Butterworth and Chebicev). For this reason they can be used 
to avoid aliasing in the acquisition systems. The cutoff frequency of each filter 
can be selected by changing the value of a resistive array of DIL type, within a 
range of excursion of two decades. 

 

 

Figure 79: Low-pass filters of the module. 

 

 

Other amplification stages and offset compensation: 

 

Besides the first compensation stage, after the filter, another amplification 
stage is inserted, having different gain values. 

The inverting configuration chosen, allows a series of advantages: the possi-
bility to integrate a function to introduce an offset, the possibility to insert a 
pole in the response, even with unit gain. It is also possible, using equal resis-
tances, to have an integer gain and to reduce the drift of the gain to a negligi-
ble value. 

This is because the drift depends on the ratio between the resistances and 
not on their effective value. 
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Gain adjustment and offset stage: 

 

The amplification chain finishes with a stage allowing the adjustment of the 
gain and the offset. The adopted circuit configuration is that of the weighted 
inverting adder, as in the scheme presented in the following picture. This kind 
of stage allows the separated adjustment of the offset and of the gain, acting 
respectively upon RV2 and Rv1, which are part of the resistive network in in-
put, whereas the feedback network remains constant. 
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Figure 80: Adjustment module. 

 

Common mode output buffer: 

 

The adopted circuit configuration is that of the transistor inverting amplifier  
with a voltage follower output stage. This is shown in the scheme below.  

There are two complementary transistors, having a push-pull connection, 
which grants an appropriate payable current even for important loads, such as 
long connection wires, or cables with relatively high capacities (of the order of 
nF for a length of about 10 meters). 

 

 

Figure 81: Output buffer scheme. 

 

Circuits supplying the resistive sensors: 

 

It‟s a precision current generator of sink type, which provides a 0.5 mA to 1mA 
current, to excite resistive sensors, such as the pt100 or others. 

The circuit creates a tension>current converter, thanks to a MOSFET. The lat-
ter grants a drain current (of the user) equal to the source current (controlled 
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by the feedback network), by means of the gate current which is negligible. 
The Vin is generated by a specific IC (REF02), which provides an extremely 
stable and precise 5V voltage. 

 

 

Figure 82: Current generator. 

 

The filtering technique: 

 

In a generic conditioning system, it is important to filter properly the signal, for 
two basic reasons: 

1) Extract from the signal the useful information. 

2)  Provide the acquisition system and the relative A/D converter with a 
strictly limited band. 

It is necessary to take into account also that a parameter to be varied is the 
cutoff frequency, in order to have an adequate filtering action. In this case, it is 
better to maintain the gain and dynamic response characteristics unaltered. 

Moreover, most of the times there is no need for a precise variation of the cu-
toff frequency, but it is more than adequate to vary it in a discrete way. The 
configuration chosen for the filters blocks is based on these considerations. 

Some comparative measurements showing the behaviour of different filters 
are shown in appendix C. They are useful examples to decide which filtering 
technique is the best for each specific application. 

 

The data acquisition process shall use the available timer for the ADC, in or-
der to time the sampling. At the timer interrupt, data shall be transferred from 
the ADC to the internal memory, then the whole package shall be sent by 
means of the wireless connection. The sequential selection of the input is au-
tomatic, because appropriate flags will be inserted into the ADC setting 
records. 
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Taking then into account that the fifth order Bessel filter has an attenuation of 
-80dB/decade, and that we want to have approximately 12 of the bits compos-
ing the signal, we shall sample at one decade beside the filter bandwidth, 
therefore the acquisition is carried out with a frequency of 600Hz. 

This frequency however, does not allow data transmission to the ground sta-
tion, because, if we take into account the protocol, there is not enough bit 
rate. Since the bandwidth should be of about 50 Hz, it is possible to filter the 
signals by means of the software, in order to sample at a 150 Hz frequency. 
This way, the bit rate can be kept within the limits.  

As concerns the temperature measurement, it is possible to use a lower fre-
quency, to do the sampling. To avoid complicating this procedure, the tem-
perature will be sampled at the same frequency of the other data, then it will 
be filtered once again to a much lower frequency of 4 Hz. 

The necessary band, without considering the protocol, is about 13 Kbit/s. If a 
protocol occupying one third of the band is then considered,  the bit rate is 19 
Kbit/s, which is within the limits. Also the pauses have been taken into ac-
count, as advised in the REXUS user manual. 

 

 

The following picture is the laboratory where all of this instrumentation has 
been tested. 
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Figure 83: The laboratory where the various measurements are realised. 

 

4.10 Power system 

The power lines can be excluded by some relays. One relay placed on the 
bulk-head will exclude the motor drivers and also the motors themselves, in 
order to avoid accidental activations. The Control board will provide a means 
to activate and deactivate the relay. 

Other two relays will exclude all the acquisition system and will activate the 
heaters for the cameras. This permits to reduce the consumption during the 
heating and to switch-off the heaters during  launch. The commands will be 
provided by the control board through two TTL signals. 

 

The wire-cutter is activated by a current of about 1.5 A. The current is 
provided by a regulated current source. It is made by a PWM source 
controlled in feedback through the voltage read on a resistance put in series 
with the pyro. This way, there's a feedback that permits a constant current. 
The PWM is activated by a TTL signal from the Control board that will activate 
the current for a time of about 150 ms. The circuit is based on a lm2575adj IC 
creating the PWM signal. 
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This board contains the motor drivers, one driver for each Board, because the 
drivers must be fixed on a PCB. 
 
 

 
 

Figure 84: First driver. 
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Figure 85: Scheme related to the first block of the previous picture, related to one of 
the two drivers. 
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Figure 86: Scheme related to the second block of the first driver. 
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Figure 87: Second driver. 

 

4.11 Electronic Boards Mechanical Connections 

The boards are connected to the bulkhead and on the rotating platform 
through some screws and spacers. 

The spacers are little columns with a female thread, as can be seen from the 
following pictures. 

All the boards are locked to their support plate with 4 screws, one per each 
corner. 
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The boards are locked to the bulkhead as illustrated in picture 85.B. The 
screws are M3 type and they are 30mm length, whereas the spacers are 
10mm long. 

The cameras are fixed as in figure 85.B, the screws are M2 type with a length 
of 30mm and the spacers are 8 mm long. 

The conditioning boards are fixed like illustrated in picture 85.A, with M3-type  
screws having a length of 50 mm; the spacers are 15 mm long. 

The SBC and the other boards connected to the upper rotating plate are fixed 
like on figure 85.C. The frame grabber is not compatible with the other PC/104 
boards. Thus we shall use an adapting plate to permit the connection between 
them.  

The spacers between the PC/104 are15mm long and the threaded rod is M3-
type and its length is 70mm. The frame grabber is connected to the adapting 
plate with M3-type screws, with a length of 10 mm. The spacers of the frame 
grabber are 5mm long. 
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Figure 88: Mounting of the Electronic Boards. 

 

 

4.12 Thermal Design 

For the thermal verification of the experiment module, three different basic 
cases have been considered: 

1) worst hot case; 

2) worst cold case; 

3) experiment duration phase. 
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4.12.1 Worst Hot Case 

 

The worst hot case that has to be evaluated for the thermal analysis of our 
experiment is represented by the ascent phase. In fact, during the ascent, the 
thermal environment of the outer structure of a front-end positioned parallel 
bay module on an Improved Orion motor flight can reach 110 °C at 50 sec-
onds after lift-off. 

A one-thermal-node scheme has been used for the simulation of the experi-
ment temperature profile during the ascent phase. Radiation and convection 
heat transfer have been taken into account between the skin and the experi-
ment. 

The results highlight that all the experiment components do not reach their 
maximum storage temperature; all the components accommodated do not 
reach their maximum operative temperature, apart from the video cameras if 
there is a high initial temperature.  

The maximum temperature in the pre-launch phase is 24 °C, whereas during 
the countdown, the temperature would not rise more than 10 °C, thus the 
maximum operative temperature of the video cameras (40 °C) would not be 
reached. 

Peak temperatures above 200°C are reached during the re-entry phase, but 
none of the components exceeds its temperature range. 

To get a higher confidence with the thermal control, the use of Multi Layer In-
sulation (MLI) has been taken into account. 

 

Figure 89 – Estimated temperature profile in the REXUS experiment module during as-
cent phase. 



  Page 138 

 

RX09_SPONGE_SED-v5_0-2010Sep07 

 

To get a higher confidence with the thermal control, other more accurate ana-
lyses have been prepared. 
A transient FE analysis has been performed to determine the maximum tem-
peratures reached by every components during the ascent phase. 
 

 
Figure 90: Finite elements model for thermal analysis. 

 

The temperature profile represented in the next figure has been applied as a 
boundary condition to the supporting brackets of the bulkhead.The same tem-
perature has been applied as the shroud for radiative heat transfer. 
 
Between screwed surfaces, only the thermal contact conductance through the 
contact area under screw pressure has been considered. 
 
Electronic equipments power dissipation has been taken into account. 
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Figure 91: Estimated temperature profile applied to the supporting brackets. 

 

We have resumed in the following table the maximum temperatures that could 
be reached by our components during the ascent phase. 
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Figure 92: Maximum temperature map on the bulkhead [°C] during ascent phase. 

 

 

Figure 93: Maximum temperature map on rotating platform bases [°C] during ascent 
phase. 
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Figure 94: Maximum temperature map on rotating plate [°C] during ascent phase. 

 

 

Figure 95: Maximum temperature map on camera supports [°C] during ascent phase. 

 

 

These results, more accurate than the previous ones, highlight once again 
that all the experiment components do not reach their maximum operative 
temperature during the ascent phase. 
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Peak temperatures above 200°C are reached during the re-entry phase, but 
none of the components exceeds its temperature range. 
 
To get a higher confidence with the thermal control, the use of Multi Layer In-
sulation (MLI) has been taken into account. 
 

 

4.12.2 Worst Cold case in Storage 

 

The worst cold case is usually given by the winter temperatures on ground in 
Kiruna (-30 °C), where the rocket is out in the cold for prolonged periods of 
time.  Therefore, all the components will have a minimum storage temperature 
of at least -30 °C, as can be seen from the table of the temperatures of the 
various components. 

 

4.12.3 Worst Cold case in Operation 

 

Another specific event has been considered, which is related to the fact that 
the experiment can be switched on after a period of storage at a temperature 
next to -30°C. In this case, we must be sure that our electronics and our com-
ponents can resist such a temperature, even at the beginning of the operative 
phase. For this reason, the components we selected have a very wide tem-
perature range, with a sufficiently low minimum temperature. 

We have resumed in the following table both the operative and storage mini-
mum temperatures that can be reached by our components. 

 

Components Minimum Stor-

age Temperature 

[°C] 

Minimum Opera-

tive Temperature 

[°C] 
3 Axes Acceler-
ometer 

-40 -40 

1 Axis Gyro -40 -40 

RTD -50 -50 

Video Cameras -30 -10 

Led panel -35 -30 

Electric Motors -35 -30 

Locking Device -60 -60 
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Electronic 
Boards -40 -40 

Encoders -30 -25 

Gear heads -35 -30 

Slip Ring -40 -40 

Frame Grabbers -30 -25 

USB connection 
for the wireless  -40 -20 

Flash Disk -40 -40 

 

As it can be seen from the table above, problems during the operative phase 
could involve only the two cameras. Therefore, we thought of using two local 
heaters to maintain their operative temperature higher than the minimum al-
lowed value. The choice of using local heating is both due to the absence of 
possible temperature problems with other components and to the necessity to 
avoid unnecessary power consumption. 

 

The specific heaters that can be used for the two cameras are metal guides 
inserted within a high resistance material (in this case kapton). When the 
guides are subjected to a certain voltage, the kapton is heated and transfers 
heat by a conduction mechanism.  

Since the dimensions of these heaters are slightly different from those of our 
cameras, our idea is to use two small aluminium plates. On one side of these 
plates, the heaters shall be placed; on the other side the cameras will be at-
tached. 

This way, heat shall be transferred by conduction to the cameras, avoiding the 
risk of kapton burning. We shall verify first of all the eventual heat losses and 
consequent power losses due to the aluminium. 
Next to the heaters, a thermostat shall be installed. It‟s a pad having a diame-
ter of 15 mm and an height of 10 mm, which is regulated in order to stay with-
in a certain temperature range. Once this temperature range has been de-
fined, if the temperature becomes lower than the minimum or higher than the 
maximum,  the electric circuit is respectively closed or opened.  
 
To control its effective task, it shall be connected to a switch, in order to de-
cide when it shall be supplied with the appropriate voltage. 
 

The following picture presents these heaters. 
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Figure 96: Heaters for the cameras. 

 

Next to the heaters, a thermostat shall be installed. It‟s a pad having a diame-
ter of 15 mm and a height of 10 mm, which is regulated in order to stay within 
a certain temperature range. Once this temperature range has been defined, 
if the temperature becomes lower than the minimum or higher than the maxi-
mum,  the electric circuit is respectively closed or opened.  
 
To control its effective task, it shall be connected to a switch, in order to de-
cide when it shall be supplied with the appropriate voltage. 
 
The following picture presents the thermostat. 
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Figure 61: Thermostat  for the heaters. 

 

A  FE  analysis has been performed to estimate the time required to heat up 
the cameras from -30° to 0°C  with a power of 10 W.  Some samples of the 
results are presented below. 

 

Figure 63:  Monitored nodes. 
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Figure 63: Temperature distribution with 10 W applied to each camera. 

 

 

Figure 64: Temperature profiles of the cameras with time with 10 W applied to each 
camera. 
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The numerical simulations are not completely reliable due to the approxima-
tions and uncertainties within the model. Particularly, it‟s difficult to predict 
convection losses and thermal contact resistances. So it‟s necessary to per-
form some experimental tests, in order to measure the time required to heat 
up the cameras with the allowable power. A sample of the experiments will be 
put in a freezer and the temperature will be monitored with some thermoresis-
tances. The time to heat up the camera could be longer than 15-20 minutes. A 
correct procedure has to be defined in accordance with ESA/ DLR/ SSC to 
allow the cameras to reach their minimum operating temperature before 
launch.  

 

 

The following table compares the maximum temperature that the electronic 
components mounted on the rotating platform can reach and the correspond-
ing maximum temperature expected according to the FEM analysis. 

 

ROTATING PLATFORM 

COMPONENTS 
Max   expected  Tem-

perature  [°C] 
Max  operating  

temperature  [°C] 

Power  supply  board 26 85 

Helios 800 Mhz board 26 85 

Flash disk SSD 27 85 

Frame Grabber 26 70 

Conditioning   board 26 70 

Zigbee USB 26 85 

LED 25 40 

Upper  Camera 30 40 

Lower  Camera 28 40 

 

 

The same is proposed here for the components located on the bulkhead. 
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BULKHEAD 

COMPONENTS 
Max   expected  Tem-

perature  [°C] 
Max  operating  

temperature  [°C] 

Power  supply  board 38 85 

Helios 300 Mhz board 38 85 

Motor  drivers 30 70 

Motors 22 70 

Zigbee USB 50 85 

 

4.12.4 Experiment Duration Phase  

 

SPONGE experiment will be switched on for about 100 s (maximum) with a 
maximum power dissipated lower than 28 W.  

The formula used to calculate the heating due to the internal dissipation is the 
following:  

cm

dt
PT


  

It has been applied not only to estimate the total heating inside the module, 
but also the local heating of the single components. 

The radiative heat transfer has been evaluated with this equation: 








1

)( 44

inskin

skin

TT
AQ  

which has a certain safety margin. 

In conclusion, the temperature variation during the experiment phase will set 
around ± 5 °C.   

 

4.13 Power System 

The power system will have to supply all the electronics of the experiment. In 
the following table all the power consumed by the components is outlined and 
the total budget is provided. 
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Power required by the heating system: 

  Heater 1 (x3 parallel position) 83,33 ohm 

28 Nominal Power 9,41 Watt 

24 Minimum Power 6,91 Watt 

36 Maximum Power 15,55 Watt 

 

 

 

Power budget for the upper plate: 

 

 

 

 

 

Figure 97: Final chart and zoom on it. 

 

Power budget for the lower plate and total consumption: 
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Figure 98: Final chart and zoom on it. 

 

 

 

 

Figure 99: Final power budget. 

 

As it can be seen from the table resuming the power consumption of the vari-
ous devices, we will need less than 28 W, with a margin of 15 % and having 
considered the maximum possible consumption (which is quite higher than 
the typical) for every device and also their efficiencies. Moreover, the heaters 
consumption has been considered as being active during all the experiment, 
which is not what we expect. 

The locking device shall also be activated by the motors control board. How-
ever this has not been considered in the table presented, because it has to be 
activated before the start of the data down link phase and of the motors and 
relative control circuits activation, and before the data recording starts.  
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We expect the source of power consumption due to the heaters, to be active 
only before the micro gravity phase, as soon as the experiment is switched 
on. This is to avoid problems with the optics and electronics of the cameras. 
After an initial phase, the electronics will heat the module and no other risks 
are expected, because a temperature higher than -10°C. 

 

4.14 Software Design 

The section below presents some schemes, created to explain the logic order 
of the tasks of our electronic boards. 

The overall software structure looks as follows: 

 

 

Figure 100: SPONGE software architecture. 

 

4.14.1 Software Development Plan 

 
This section resumes what has been decided about the software for the 
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SPONGE experiment. 
 
Helios board #1 (Motor Control): 
 

 Controls the two drivers through serial ports (one for each 

driver) 

 Through another serial port communicates with the ground 

station 

 Through the ZigBee wireless channel communicates with the 

other Helios board (also the slip ring has been tested and can 

be used) 

 Controls digital I/O channels for locking device, solid state 

device and LO-SOE signals. 

 
Helios board #2 (Data Acquisition): 
 

 Control and acquisition of the frame grabber 

 Controls the acquisition channels for the sensors 

 Through the ZigBee communicates with the other Helios 

 

Some basic considerations are the following: 
 

1. Pictures down-link during the flight is non-feasible, even if 

images have a very low quality. This is because the available 

bandwidth at 34800 bps is too low to sustain images transfer. 

Moreover, even if a problem is detected, it would be impossible 

to solve it, thus the down-link is excluded. Other  solutions to 

monitor the state of the framegrabber, have been foreseen: the 

status can be monitored through a simple status flag, or, to 

provide more information, the data average or histogram of the 

acquired images can be sent, minimizing the bandwidth 

occupation, but giving some information on the functionality. 

2. Heaters and motors exclusion device shall be controlled by the 

Helios board for motors regulation. 

3. LEDs are automatically switched on when the upper Helios 

board is activated. 
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4. An output on the service serial port is foreseen. 

Concerning the software structure, a multi-process solution is preferred. A se-

ries of independent programs, each managing a single task assigned to the 

board. This approach requires a task manager, to ensure that the communica-

tion channels are accessed fairly. This on the other hand gives the following 

advantages: 

 

 Independent development of software parts: to ensure easier 

development and testing, and faster development scheduling. 

 Much higher reliability during flight and operations (if a single 

software fails, the other software continues to work, minimizing 

data loss. A simple check script will control the activity of each 

process, to ensure that if one of them fails, it can be restarted. 

 
The basic tasks defined are the following: 
 

Work 

package 
Activity 

1 Linux installation and configuration on Helios boards. 

-Monolitical kernel preparation with the necessary drivers included 

-Bootloader installation 

-Preparation of initrd (ramdrive image) containing the essential 

software needed for booting the board. 

2 Serial communication protocol, definition and implementation 

3 Software upload mechanism through serial communication port, to 

ensure remote upgrade also during pre-launch phase. 

4 Data acquisition and dumping for the framegrabber. 

5 Digital I/O logic control software. 

6 Analogue data channels acquisition software. 

7 Software integration and inter-process communication. 
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The organization of all the tasks involves the parallelisation of the work. 
 

4.14.2 Software for the Acquisition Board 

 

The Helios board used on the experiment rotating platform is already supplied 
with the software for the acquisition of the various sensors. Since this soft-
ware is embedded, it is sufficient to configure it for the specific sensors used. 

Helios has in fact a built‐in flash drive with FreeDOS installed, including a 
working copy of Diamond‟s Universal Driver data acquisition software with 
demo programs.  

We will change part of code to implement all the controls needed. 

Below, a flow chart of the various tasks of this board is presented. 

 

 

Figure 101: Flow Chart of the tasks of the board controlling and acquiring the sensors. 

 
It is important to note that this diagram refers to the micro gravity phase, when 
all the experiment is working. In fact, the sensors which are not specifically 
written hereafter in the flow chart, are switched on since the countdown, in or-
der to verify that the whole system is working correctly.  
Moreover, also the two CPUs and the drivers shall be on during the ascent 
and since the countdown. Our idea is therefore to avoid switching off the 
whole system at the lift off to switch it on once again when the SOE is trans-
mitted, because we want to reduce the complexity as much as possible. 
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During the data acquisition, the AB shall communicate with the CB through 
the wireless connection or the slip ring (this possibility has already been 
tested and it proved to work properly). The latter is responsible for the data 
transmission to the RS-422 serial port, which shall allow the down link. 
 

 

4.14.3 Software for the Control and Down link Board 

 

The flow chart presented here refers to the various tasks of the motors control 
board and to their logic order. First of all, the board waits for the SOE to be 
given by the REXUS Service Module. When this signal is received, it sends a 
message to the other board (controlling the experiment sensors) via wireless 
connection.  

Another possible solution is already foreseen, and it will be applied if the wire-
less reveals to be impossible to use because of some particular interference. 
This solution consists in passing the SOE through the slip ring by means of an 
RS-422 serial port. 

When the tests are finished and the module has been launched, the board 
unlocks the two platforms and starts the motors, which are controlled by driv-
ers and perform a four-velocity profile. 

The experiment shall run for about 100 seconds and after this time it will be 
switched off by a timer. Also the sensors and the other board for acquisition 
will be switched off. 
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Figure 102: Flow Chart of the board controlling the motors. 

 

The scheme above represents an example of the logic order of the tasks con-
trolled by the motors board. 

The motor control is made by two different drivers that implement a PI regula-
tion. It is not necessary to use a more complicated control, as a PID for ex-
ample, for this experiment and if it is necessary, it will be possible to imple-
ment it directly within the drivers.  
The drivers implement also a current feedback, which is useful as an overcur-
rent protection. 
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The frequency of WPM signal is high enough, because the pole caused by the 
LR impendence of the motor is at 2.6KHz and the PWM is at 22KHz. 
The speed profile for the plates will be sent at regular times by the SBC that 
will set the angular speed.  
On ground, the system will be calibrated in order to reduce the angular mo-
mentum  transmitted to the rocket. 
This will be made by setting a proportion between the speed of the two rotat-
ing platforms, as outlined in the paragraphs dedicated to the mechanics. 

 

This is the overall structure of the control loop. 

 

Figure 103: Feedback control loop simulation. 

 

This is the motor schematic: 

 

Figure 104: Motor block diagram. 

 

The following scheme refers to how the PI control. 
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Figure 105: PI control scheme. 

 

4.14.4 Procedure for PI Tuning 

 

The basic idea for tuning the PI parameters is organized as: 

 

1) Create a matrix of possible proportional, derivative and integral para-
meters to be varied in different combinations, to find the most suitable 
one for the system; 

2) For each of these combinations, verify the behaviour of the system si-
mulated with the simplified Simulink program when the input is a step; 

3) Try the best combination of the control parameters with the real system 
to verify the selection of the control algorithm; 

4) Eventual trial and error procedures to find the best values to control the 
real system are foreseen. 

 

4.14.5 Boards Communication and Commands 

 

In the following two flow charts, the various commands involving the two elec-
tronic boards are described. 

The first diagram refers to the motors control board. Its actions are basically 
those of transmitting the start signal to the diagnostics board for data acquisi-
tion and of activating the motors. 
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Figure 106: Commands of the motors control board. 

 

The following diagram is instead presenting the overall communication be-
tween the two boards. The RS-422 communicates directly with the motors 
control board on the fixed bulkhead, the latter in turn, transmits the start signal 
through the wireless connection to the other board, which has to start acquir-
ing data. The up link is used to be able to lock the motor during the tests that 
will be carried out during the countdown, before the lift off. This way the motor 
shall start only when, after the beginning of the micro gravity phase, the ex-
periment starts. 

If during the testing problems will be found with the wireless because of the 
radio frequency disturbing other experiments or our experiment itself (in terms 
of data or other signals), then we have thought of another possible solution to 
communicate the start signal to the board fixed on the rotating platform. 

This idea foresees the use of the RS-422 port to transmit the signal through 
the slip ring. This way not only power, but also this command will be transmit-
ted by means of it. 

In this case the down link of the diagnostics data will not be possible, but this 
won‟t be a problem causing the failure of our experiment, nor the reduction of 
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the amount of data we can get. In fact, everything is saved on a flash memory 
onboard.  

 

 

 

Data coming from the acquisition will be completed with the protocol and 
down linked. Other information, such as the SOE, are added at regular inter-
vals, to verify the signals. 

By means of the up-link it will be possible to send some commands to lock or 
unlock the motors and locking device. Other command shall allow to switch on 
and off the supplies of the various boards.  

The control board shall verify if each of the commands arrived are for itself or 
destined to the acquisition board and it shall eventually transmit this signal 
through the wireless. When the SOE arrives, the control board shall transmit 
the signal for the recording start.  
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4.14.6 Software for the Ground Station 

 

The software that will be used for the ground station data acquisition is a cus-
tom developed C software with a user interface. The data acquired will be the 
accelerations on the three axes, the absolute velocity measured by the gyro 
and the RTD output. These data will be saved in a file and plotted for the fol-
lowing analyses. 

The purpose of this chapter is to explain how data delivered by ESA – SST 
will be handled by SPONGE team. 

REXUS will give us a RS232 serial cable. We‟ll use an RS232 – USB inter-
face (NI USB-232 1-Port RS232 Interface for USB) which shall be plugged to 
a PC with our software for acquisition. 

In a first step (during the experiment) all the data received will be saved. 
Moreover, a check for good data with checksum will be done in post-
processing.  

 

The signals that need to be acquired are: 

 

1)  Temperature, with a frequency of 2 Hz. 

2) Acceleration with a frequency of 150 Hz. 

3) Velocity with frequency 150 Hz. 

4) Video, with 20 fps frame rate. 

 

Every package will be sent with the following protocol described in the next 
section of this paragraph. 

In addition, uplink during pre-launch phase will be established with the mod-
ule.C 

The commands that will be uplinked are: 
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The ground station software development will start after the accomplishment 
of each of the flight software tasks. The decision not  to use Labview as ini-
tially said, is due to the difficulty arising when trying to implement the protocol 
with it. Moreover, Davide already has experience on this kind of software for 
signal acquisition, so he will create the acquisition interface. 

4.14.7 Protocol 

 

The communications between the experiment and the ground station will 
use the following protocol: 
 
 

 
Sync1 Sync2 ID Counter Size Data CSM CRC 

Bytes 1 1 1 1 X Size 2 2 

 
 
The two bytes for the synchronisation will be set to a specific value. We have 
planned  to use 0x5a 0xf0, but it could be changed if some conflicts arise. 
  
The ID code will set the data type, measure data and Info Data. 
 
The data values contain the following information: 
 
 

 
 
Each package of measured data contains two samples. This package will be 
sent at a velocity of 75 packages per second. The Info Data will be sent at a 
velocity of 2 packs per second and will contain information about temperature 
and the correct state of the boards. 
 
The same protocol will also be used for the communication between the two 
boards, not only for the down-link. This allows a great simplification of the 
system. 
 
Up link Protocol 
 
The protocol used for the uplink will be: 
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Sync1 Sync2 ID Counter Command 

Bytes 1 1 1 1 8 

 
 
The commands sent will be: 
 
 
 

Command Value 

Motors and wire-cutter lock 0f 

Motors and wire-cutter unlock 07 

Acuisition Board power on f0 

Acquisition Board power off 70 

Heaters power on 77 

Heaters power off 55 

 

 
Each command is composed by a single byte containing the command to be 
performed. No control (CSM and CRC) is provided because the command is 
repeated 8 times. This permits to check for errors and to solve them without 
the necessity to use other checking techniques. 
 

 

From the power-on, only the Control board will be activated. 
The heaters will be activated during the time in which they are needed. 
Before the start, the heaters will be tuned-off and the Acquisition board will be 
turned on. 
We can also communicate to the acquisition board so that it avoids to start the 
motors and pyro in case of SOE, for safety reasons and to allow us to perform 
eventual tests of the SOE. In fact, these devices must be activated only after 
the take-off. 
 
It follows a list of the Commands Foreseen for the Protocol and some consid-
eration about what can be controlled. 

The SBC, frame grabber and the CB (when switched on) can be directly con-
trolled. The Zigbee activation is automatically controlled if there is communi-
cation between the two boards. 
 
It is necessary to foresee a partial or global reset for eventual operations dur-
ing the test phase as well as the possibility to upload files or to reinstall firm-
ware during the tests. 
 
The data to be communicated and related to the states to be verified, are: 
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MEMS 4x 16 bit samples @ 150 samples per second 

RTD 16 bit value @ 4 or less samples per second 

relays output states 

SOE SOE input state 

LO LO input state 

FG Frame Grabber state 

Driver state Drivers state(when actived)  

States SBC internal state 

 

 

 

 

Outputs Output control for heaters and acquisition system 

SOE EN Activation and deactivation of SOE 

Reset to control system or to acquisition system 

Packet resend                To ask for a packet retransmission ( for some contexts) 

Acknowledge To assess the correct receipt of a message 

acquisition on and off 

file transfer for both boards in both directions 

control remote access to system (shell capabilities)  

Motor control activation and speed setting 

Manual SOE manual experiment activation 

 

The commands foreseen for the system are those identified by the 
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word output. 

The file transfer and the reset has to be possible for both the boards 
independently. The commands for the acquisition board shall pass 
through the control motors board. 

 

The operating sequence is identified by the experiment timeline (what, when). 

 

 

 

4.14.7.1 Protocol Structure 

 

The protocol development has already been planned. In fact, in our center of 
researches, a protocol managing a payload with data transmission and re-
cording has been prepared last year for a balloon mission called SoRA. 

We are going to use the code implemented and to modify it for our own com-
mands and operative system: real time Linux. 

 

Command and Data Management Unit 

The application has been conceived to be composed by a series of blocks. A 
logic activity of the process corresponds to each module. The structure fore-
sees a payload control thread, which is the main module. It is the core of the 
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operations, since it cooperates with the other modules for the devices and 
sensors and with the storage and telemetry systems. 

The different modules interact to synchronise the acquisitions and to transfer 
the data correctly to the storage and telemetry systems. 

 

Payload Control Thread 

It guarantees: 

1) The timing of the acquisitions; 

2) The management of the data produced by the modules controlling the 
devices; 

3) The switching on/off of the devices; 

4) Packet production for telemetry and storage; 

5) The interpretation and management of the commands received by the 
ground station; 

6) The individuation/ recording of a failure in one of the previously listed 
actions. 

To avoid application failure risks, it is important for the control thread to avoid 
blocking its execution during service. To obtain this, all the blocking calls exe-
cuted during the service procedures, are protected by time-out, which unlocks 
the thread after the indicated time has passed. 

 

Devices Management 

Each device is managed by a specific module, having the following life cycle: 

 

1) Switch on the device; 

2) Configuration and initialisation; 

3) Acquisition and monitoring; 

4) Switch off the device. 

 

Acquisition Time Intervals Management 

The data are read by the devices at regular intervals and depending on the 
device itself. The application uses a timer, which releases a signal at regular 
time intervals. This signal is used for a system of counters and after the spe-
cific time interval has elapsed, the counter is once again set to zero. 

The frequency for timer update is higher than the highest frequency of the 
sensors, with the advantage of reducing the overhead for the management 
system caused by this event. 
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Receipt 

The commands receipt procedure remains locked until a sufficient number of 
bytes arrives at the corresponding serial port. As soon as the number of bytes 
required is available, a parsing operation is repeated on the block received, so 
as to find eventual packets and to verify their correct receipt (check-sum), until 
the block is completely scanned. 

Each packet found is sent to the Payload Control thread, which translates it 
into a command to be sent to the corresponding device and sends to the 
ground station an echo of the received command. 

 

Transmission 

The data packets that have to be sent to the ground station  are managed by 
a FIFO tail system, accessed by appropriate functions. The tail is filled by the 
payload Control Thread with the packets to be transmitted via telemetry. 

The transmission procedure accedes cyclically to the FIFO tail, takes the first 
element using a specific function and transmits it through the serial port. If the 
tail is empty, the call blocks the reading thread until a new element is inserted. 

 

 

Storage: File Manager 

The data have to be saved on flash disk and this is a critical element for the 
success of the mission, since there are no guarantees on the fact that the te-
lemetry system works correctly (it has a quite limited band). 

The data produced during the mission need a system to organise the various 
files on which they will be recorded. To each type of useful information pro-
duced, a stream is associated. Moreover, to avoid problems if a single image 
is corrupted, the video of the sloshing liquid will be reconstructed only in post-
processing, because single frames will be acquired. This ensures a greatest 
reliability for the experiment.  

The name of each file is autonomously generated and it has the following 
characteristics: 

1) number of restarts for the application (runNo); 

2) number of seconds starting from a specified date (12 figures) 

3) number of nanoseconds (12 figures); 

4) time stamp in string format; 

5) file pointer name; 

6) „.dat‟ extension. 
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This way it is possible to track continuously the activity of the system and the 
risk of over-writing the data previously produced in case of system restart is 
eliminated. 

The module managing the storage causes the process of managing the file 
names to be transparent to the control thread and it is implemented into a 
dedicated class. 

 

Priorities and Scheduling 

The scheduling and the execution priorities adopted by the various threads 
have been assigned with these criteria: 

1) The control thread shall have higher priority with respect to the system 
modules and shall always complete its execution; 

2) The threads managing the devices can execute the control operations 
with a lower order of priority; 

3) The module managing the frame received by the camera can do its 
storage activity in background. 

For these reasons, the highest priority of 25 has been assigned to the main 
thread with a FIFO scheduling procedure, whereas the device threads have a 
starting priority equal to 10, with a scheduling ROUND ROBIN, except for the 
thread controlling the camera, which has a priority of 5. 

 

4.15 Linux Installation for the Helios Diagnostics and Control 
Boards 

To install a working Linux operating system on a USB key, a FAT32 filesystem 
has to be used, with a FAT32 compatible bootloader.  
Installing standard bootloader GRUB used by Linux is not reliable on FAT32 
filesystems, and some hardware don't recognize GRUB installed on an USB 
device, especially flash memory devices.  A bootloader commonly used to 
boot Linux from FAT filesystems is Syslinux, which has been chosen for this 
project. 
 
To prepare the USB flash drive to be the bootable Linux device, it has to be 
first of all formatted and  then initialized with the bootloader. From a standard 
Linux install from a PC, the following commands have to be issued, given that 
/dev/sdX is the device corresponding to the USB device (X is a lower case 
letter). 
 
1. Format the USB memory:    mkdosfs /dev/sdX1 
2. Install syslinux:                     syslinux /dev/sdX1 
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As the base Linux distribution, Debian stable has been chosen, because of its 
reknown stability, good performances, low resources occupation and simple 
structure. Furthermore it is easy to be adapted to a custom installation. 
 
The pre-compiled kernel and initial RAM drive image will be taken from the 
Debian Live project. The latter implements a live version of Debian, which can 
run from an USB device. 
 
http://ftp.it.debian.org/debian/dists/lenny/main/installeri386/current/images/hd-
media/ 
 
At this point, the files vmlinuz (the Linux kernel) and initrd.img (the ram disk 
image) can be copied into the key. 
 
The final step to get a bootable USB device is to create a minimal 
configuration for the bootloader, creating the file syslinux.cfg and adding the 
following lines into it: 
 
default vmlinuz 
append initrd=initrd.gz 

Connecting the USB flash disk to the Helios  HLV800-256AV will result in a 
correct boot, even though the device stops just after the initialization.  
 
The boot process can be monitored by connecting also a PS2 keyboard and a 
VGA monitor. The HLV300-128DV model will not boot correctly with the same 
configuration, because its processor has no floating point unit, which is 
required by standard Debian kernel. 
 
In order to get the electronics equipment to fully work the following steps have 
to be completed in the future work: 
 

1. Compile a custom kernel, with minimal x86 compatible instruction set. 
If possible, kernel modular support will be removed, and all the 
necessary modules will be built-in. 

2. Add the device drivers for the frame grabber and the data acquisition 
module embedded in the Helios board, and integrate them into the 
kernel. 

3. Modify the initrd to load a minimal set of tools, and to start the 
operational software. 

http://ftp.it.debian.org/debian/dists/lenny/main/installeri386/current/images/hd-media/
http://ftp.it.debian.org/debian/dists/lenny/main/installeri386/current/images/hd-media/
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4.16 Ground Support Equipment 

To accomplish the pre-launch and ground activities, a certain amount of in-
struments will be useful: 

- Computers; 

- Software for boards programming; 

- Electrical and signal connectors to manage the electronic boards 
and controllers; 

- The necessary carpentry tools. 

 

For redundancy reasons, spare components for all the electronics and the 
most crucial parts of the experiment are already available. 

Since it will be necessary to acquire the accelerometers, gyro and RTD sig-
nals, we will have a software for real time data acquisition installed on each of 
the laptops that will be brought. 

To determine and decide exactly what is necessary for the ground and pre-
launch operations, we are defining what we will do on each day of the flight 
campaign. We are writing down a set of the different standardised operations 
we will perform to make sure that everything works. These tests shall be quite 
brief and repeatable, so that they will be performed each time it will be neces-
sary or required to control the constancy of the results and to verify that no 
damage or alteration in the behaviour is present.    

This list of operations will include: 

1) Unpacking of the whole experiment in Kiruna 

2) Functional tests: list of the necessary operations to be performed for 
each of the tests and sub-tests foreseen 

3) Response verification by means of the definition of an acceptable 
range of the output 

4) Calibration of the system tested. 

After having accurately defined the list of the tests and of the related activities 
and operations, it will be necessary to write down which tools will have to be 
available. 

In the following versions of the document, all these details will be treated more 
accurately and the list will be written also here in this section.  
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5 EXPERIMENT VERIFICATION AND TESTING 

5.1 Verification Matrix 

 

ID Requirements Verification Reference Verified Remarks 

D.1 

The experiment 
shall be designed to 
operate in the tem-
perature profile of 
the REXUS sound-
ing rocket. 

A,T 09/02/2010 

 

FEM analyses of 
the entire experi-
ment module and 
cameras+frame 

grabber cold tests 

D.2 

The experiment 
shall be designed to 
operate in the vibra-
tion profile of the 
REXUS rocket (es-
pecially for vibra-
tions during launch). 

A,T 
10/25/2010-
11/05/2010 

 
Tests will be per-

formed at the 
Alenia‟s Facilities 

D.3 

The experiment 
shall be designed in 
such a way that it 
shall not disturb or 
harm the other ex-
periments mounted 
on the REXUS 
rocket nor the rocket 
itself. 

I, A, T 
August 

2010 and 
09/07/2010 

 

Verified with the 
mock up test, com-
plete of the drivers 
and final velocity 

profiles 

D.4 

The experiment 
shall be designed in 
such a way that it 
shall not affect 
REXUS dynamics 
because of the ro-
tating plate. 

A, T 
August 

2010 and 
09/07/2010 

 

Verified with the 
mock up test, com-
plete of the drivers 
and final velocity 

profiles 

D.5 

The experiment 
shall be designed so 
as to permit elec-
trical connections 
even if the platform 
rotates. 

I, R 
July-August 

2010 

 

Verified with the 
slip ring power 

supply tests. The 
slip ring still has to 
be verified to vibra-

tions 
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ID Requirements Verification Reference Verified Remarks 

D.6 

The experiment 
shall be designed to 
resist to different 
accelerations im-
posed by the elec-
tric motor. 

R,T 
Since the 

CDR  

Verified also with 
the complete tests 
performed on the 

mock up 

D.7 

The experiment 
shall be designed in 
order for its extra 
diagonal inertia 
terms to be mini-
mized. 

R 
Since the 

CDR  

Verified with the 
CAD design tools 

D.8 

The experiment 
shall be designed in 
order to reduce the 
bearings friction. 

T 
August 

2010 and 
09/07/2010 

 

Verified with the 
mock up test, com-
plete of the drivers 
and final velocity 

profiles 

D.9 

The experiment 
shall be designed in 
order for its CoG to 
be as aligned with 
the roll axis as poss-
ible. 

R 
Since the 

CDR 

 

Verified with the 
CAD design tools 

D.10 

The experiment 
shall be designed in 
order to save the 
data acquired on a 
flash disk. 

T 

   

D.11 

The experiment 
shall be designed in 
order to avoid un-
balance during the 
rotation of the plat-
form. 

A, T 

   

D.12 

The experiment 
shall be designed in 
such a way that nei-
ther translation nor 
rotation of any of the 
mechanical compo-
nents takes place 
during the launch 
phase. 

I 
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ID Requirements Verification Reference Verified Remarks 

D.13 

The experiment 
shall be designed in 
order to avoid any 
dangerous liquid or 
material. 

R 
March-April 

2010 

 

Appropriate choice 
of the materials 

D.14 

The experiment 
shall be designed in 
order for the data to 
be down-linked dur-
ing the micro gravity 
phase for redun-
dancy. 

R, T 

  The down-link ef-
fectiveness still has 

to be verified be-
cause the protocol 
needs to be imple-

mented 

D.15 

The experiment 
shall rotate at three 
different rotational 
velocities, by means 
of an electric motor. 

T 
August 

2010 and 
09/07/2010 

 

Verified with the 
mock up test, com-
plete of the drivers 
and final velocity 

profiles 

D.16 

The experiment 
shall control the 
electric motors ve-
locities with a feed-
back control loop. 

T, R 
August 
2010 

 

Verified with the 
drivers mounted on 
the mock up. The 
PI parameters still 
need calibration 

D.17 

The experiment 
shall provide the re-
quired power supply 
by means of a slip 
ring, due to the rota-
tion of the platform. 

T 
August 

2010 and 
09/08/2010 

 

Slip ring has been 
tested as a single 
item and also con-

nected to the power 
supply boards 

D.18 
No longer neces-

sary 
 

   

D.19 

The SPONGE ex-
periment shall be 
designed to be con-
trolled by telecom-
mands during op-
erations on ground. 

T 

   

D.20 

The SPONGE ex-
periment shall be 
designed in order to 
follow an autono-
mous timeline con-
trolled by SOE and 

T 
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ID Requirements Verification Reference Verified Remarks 

LO signals. 

O.1 

The experiment 
shall be able to de-
tach from the lock-
ing device used dur-
ing launch in order 
to block it. 

I,T 

   

O.2 

The experiment 
shall be able to re-
ceive the bus SOE 
signal in order to 
start. 

T 

   

O.3 

The experiment 
shall be switched on 
during the count-
down, in order to 
verify that the diag-
nostics is working. 

T 

   

O.4 

The motors and 
locking device shall 
remain fixed while 
the sensors are 
switched on during 
the countdown. 

T,I 

  

Locking device con-
trolled by Eu-

rolaunch 

O.5 

The experiment 
shall be always 
fixed in the same 
position after test-
ing, to avoid unbal-
ance. 

R 

  

Definition of a pro-
cedure for correct 
repositioning after 

each test 

O.7 

The experiment 
shall record the data 
inside a dedicated 
memory accommo-
dated on the diag-
nostics electronic 
board. 

T 

   

O.8 

The experiment 
shall down-link all 
the diagnostics data 
to the ground seg-
ment. 

T 
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ID Requirements Verification Reference Verified Remarks 

O.9 

The ground station 
software shall be 
able to acquire the 
data coming from 
the sensors on 
board the experi-
ment. 

T 

   

O.10 

The experiment 
shall be accessible 
in all its components 
during the testing 
activities. 

T, I 

   

O.11 

The experiment 
shall be accessible 
during the final tests 
before the count-
down, from the 
ground station. 

T 

  

Requirement refer-
ring to the SW ac-

cess 

O.12 

SPONGE experi-
ment shall be con-
trolled by telecom-
mand on ground, 
but it won‟t use 
command during the 
flight. 

T 

   

F.1 

The experiment 
shall provide the ro-

tating plate and 
sponge with differ-

ent rotational veloci-
ties. 

T,R 
August 

2010 and 
09/08/2010 

 

Verified with the 
mock up test, com-
plete of the drivers 
and final velocity 

profiles 

F.2 

The experiment 
shall contain a sen-
sor to measure the 
rotational velocity. 

 

R Before CDR 

 

Foreseen since the 
initial experiment 

design 

F.3 

The experiment 
shall measure tem-
perature inside the 

SPONGE module to 
monitor the liquid 

properties. 

R Before CDR 

 

Foreseen since the 
initial experiment 

design 
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ID Requirements Verification Reference Verified Remarks 

F.4 

The experiment 
shall take images of 
the liquid behaviour 
inside the tank dur-
ing the micro gravity 
phase of the flight 

with two video cam-
eras having an ap-

propriate frame rate. 

R Before CDR 

 

Foreseen since the 
initial experiment 

design 

F.5 

The experiment 
shall measure ac-
celerations along 
the three axes in 

order to monitor the 
acceleration level 

acting on the 
sponge. 

R Before CDR 

 

Foreseen since the 
initial experiment 

design 

P.1.1 Resolution: 0.1 mm R Before CDR 

 

Due to scientific 
goal 

P.1.2 

Low power con-
sumption 

 

R Before CDR 

 

Due to scientific 
goal 

P.1.3 

Minimum storage 
temperature: -30°C 

 

R Before CDR 

 

Due to scientific 
goal 

P.1.4 

Minimum operative 
temperature: as low 

as possible 

 

R Before CDR 

 

Due to scientific 
goal 

P.1.5 
Voltage: 12 V 

 
R Before CDR 

 

Due to scientific 
goal 
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ID Requirements Verification Reference Verified Remarks 

P.1.6 

Shock/ high accel-
erations resistance 
(20 g axial, 10 g ra-

dial) 

 

R Before CDR 

 

Due to scientific 
goal 

P.1.7 

Low weight / re-
duced dimensions 

 

R Before CDR 

 

Due to scientific 
goal 

P.1.8 
PAL technology 

 
R Before CDR 

 

Due to scientific 
goal 

P.1.9 

Depth of field: 
16mm 

 

R Before CDR 

 

Due to scientific 
goal 

P.2.1 
Band width 0-40 Hz 

 
R Before CDR 

 

Due to scientific 
goal 

P.2.2 

Sampling frequency 
100 Hz 

 

R Before CDR 

 

Due to scientific 
goal 

P.2.3 

Temperature range 
-40°C / 70 °C 

 

R Before CDR 

 

Due to scientific 
goal 

P.2.4 

Shock/ high accel-
erations resistance 
(20 g axial, 10 g ra-

dial) 

 

R Before CDR 

 

Due to scientific 
goal 

P.2.5 

Reduced dimen-
sions and weight 

 

R Before CDR 

 

Due to scientific 
goal 
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ID Requirements Verification Reference Verified Remarks 

P.2.6 

Low power con-
sumption 

 

R Before CDR 

 

Due to scientific 
goal 

P.2.7 

Current: Tenth of 
mA 

 

R Before CDR 

 

Due to scientific 
goal 

P.2.8 
Voltage: 3.3 V 

 
R Before CDR 

 

Due to scientific 
goal 

P.2.9 
Accuracy: ± 10 mg 

 
R Before CDR 

 

Due to scientific 
goal 

P.3.1 
Band width 0-40 Hz 

 
R Before CDR 

 

Due to scientific 
goal 

P.3.2 

Sampling frequency 
100 Hz 

 

R Before CDR 

 

Due to scientific 
goal 

P.3.3 

Temperature range 
-40/70 °C 

 

R Before CDR 

 

Due to scientific 
goal 

P.3.4 

Shock/ high accel-
erations resistance 
(20 g axial, 10 g ra-

dial) 

 

R Before CDR 

 

Due to scientific 
goal 

P.3.5 

Reduced dimen-
sions and weight 

 

R Before CDR 

 

Due to scientific 
goal 
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ID Requirements Verification Reference Verified Remarks 

P.3.6 

Low power con-
sumption 

 

R Before CDR 

 

Due to scientific 
goal 

P.3.7 

Current: Tenth of 
mA 

 

R Before CDR 

 

Due to scientific 
goal 

P.3.8 
Voltage: 3.3 V 

 
R Before CDR 

 

Due to scientific 
goal 

P.3.9 
Accuracy: ± 3 °/s 

 
R Before CDR 

 

Due to scientific 
goal 

P.4.1 
Accuracy: 1°C 

 
R Before CDR 

 

Due to scientific 
goal 

P.4.2 

Temperature range 
-50 °C / 100 °C 

 

R Before CDR 

 

Due to scientific 
goal 

P.4.3 
Diameter < 6 mm 

 
R Before CDR 

 

Due to scientific 
goal 

P.4.4 
Height < 16 mm 

 
R Before CDR 

 

Due to scientific 
goal 

P.4.5 

Low power con-
sumption 

 

R Before CDR 

 

Due to scientific 
goal 
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ID Requirements Verification Reference Verified Remarks 

P.4.6 Voltage: 1-12 V R Before CDR 

 

Due to scientific 
goal 

P.5.1 
Low weight 

 
R Before CDR 

 

Due to scientific 
goal 

P.5.2 
Low power con-

sumption 
R Before CDR 

 

Due to scientific 
goal 

P.5.3 Voltage 12 V R Before CDR 

 

Due to scientific 
goal 

P.5.4 
Low power con-

sumption 
R Before CDR 

 

Due to scientific 
goal 

P.5.5 
Temperature range: 

-30 °C / 70 °C 
R Before CDR 

 

Due to scientific 
goal 

P.5.6 
Provided rotation 
velocity > 60 rpm 

R Before CDR 

 

Due to scientific 
goal 

P.5.7 

Shock / high accel-
erations resistance 
(20 g axial, 10 g ra-

dial) 

R Before CDR 

 

Due to scientific 
goal 

P.5.8 

Reduced length in 
axial direction 

 

R Before CDR 

 

Due to scientific 
goal 
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ID Requirements Verification Reference Verified Remarks 

P.6.1 

Resistance to 10g 
radial load and 20 g 

bidirectional axial 
load 

 

R Before CDR 

 

Due to scientific 
goal 

P.6.2 

Temperature range 
-30 °C / 70 °C 

 

R Before CDR 

 

Due to scientific 
goal 

P.6.3 

Shock / high accel-
erations resistance 
(20 g axial, 10 g ra-

dial) 

 

R Before CDR 

 

Due to scientific 
goal 

P.7.1 
Temperature range 
-40 °C / 70 °C 

R Before CDR 

 

Due to scientific 
goal 

P.7.2 
Only power shall be 

transmitted 
R Before CDR 

 

Due to scientific 
goal 

 

5.2 Test Plan 

Here is a list of various test tables, each resuming the particular test foreseen 
for specific parts of the experiment, which can be individuated under the key-
word „Tested Item‟. 

 

Test Number 1 

Test Type Thermal Vacuum 

Test Facility Thales Alenia Space Facility 

Tested Item The whole experiment 

Test Level / Procedure System level 

Test Duration 1 minute per item 
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Test Number 2 

Test Type Validation of the vision system 

Test Facility CISAS Laboratories 

Tested Item PMD tank, leds, cameras 

Test Level / Procedure 

The procedure is meant to verify the 
absence of led light reflections due to 
the tank material which can affect the 

camera vision. Moreover, this test 
shall verify the appropriate selection of 

the cameras and of the illumination 
direction and set-up. 

Test Duration 
The time necessary to verify all the 

aspects described 

 

Test Number 3 

Test Type Sinusoidal sweep vibration 

Test Facility Thales Alenia Space Facility 

Tested Item The whole experiment 

Test Level / Procedure System level 

Test Duration 20 s/axis 

 

 

Test Number 4 

Test Type Sinusoidal sweep vibration 

Test Facility Thales Alenia Space Facility 

Tested Item Single components of the experiment 

Test Level / Procedure 
10-50 Hz 

As indicated in 
Rexus user man-

ual level 

50-2000 Hz 4.0 g 

Test Duration 60 s/axis 
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Test Number 5 

Test Type Random vibration 

Test Facility Thales Alenia Space Facility 

Tested Item The whole system 

Test Level / Procedure 6.0 gRMS 

Test Duration 20 s/axis 

 

 

 

Test Number 6 

Test Type Random vibration 

Test Facility Thales Alenia Space Facility 

Tested Item Single components of the experiment 

Test Level / Procedure 12.7 gRMS 

Test Duration 60 s/axis 

 

 

 

Test Number 7 

Test Type Electronics Test 

Test Facility CISAS Laboratories 

Tested Item 
Electronic boards and the components 

accommodated 

Test Level / Procedure 
Control of the currents (Ammeter) and 

of the voltage (Voltmeter) 

Test Duration 
The time necessary to assess the 

various aspects 

 

 

 

Test Number 8 

Test Type 
Vacuum Test Single for Electronic 

Components 
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Test Facility CISAS Laboratories 

Tested Item Electronic boards 

Test Level / Procedure 
Thermocouples connected to the 
boards to verify the temperatures 
reached in various points. 

Test Duration 1 minute 

 

 

 

 

Test Number 9 

Test Type Locking Device Release 

Test Facility CISAS Laboratories 

Tested Item Locking device 

Test Level / Procedure 
Control of the functionality of the lock-

ing device mounted. 

Test Duration 
The time necessary to fix the locking 

system and release it 

 

 

 

Test Number 10 

Test Type Locking Device Functionality 

Test Facility CISAS Laboratories 

Tested Item Locking Device 

Test Level / Procedure 
Locking Device release and rotational 

tests 

Test Duration As test 9 

 

 

 

Test Number 11 

Test Type Momentum transfer 

Test Facility CISAS Laboratories 
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Tested Item 
Rotating and counter-rotating arm veri-

fication 

Test Level / Procedure 
Described in the following paragraph 

about tests 

Test Duration 
The time necessary to observe the 

behaviour of interest 

 

 

 

 

 

Test Number 12 

Test Type Slip ring electrical connections 

Test Facility CISAS Laboratories 

Tested Item Slip ring 

Test Level / Procedure 
Mount the slip ring and test it with 

loads accommodated 

Test Duration 
At least as the micro gravity phase du-

ration 

 

Test Number 13 

Test Type Protocol and Data transmission 

Test Facility CISAS Laboratories 

Tested Item 
Communication between the two 

boards and between the control board 
and the ground station 

Test Level / Procedure 
Activate the sensors, transmit the data 

and control what is received. 

Test Duration 
The time necessary to complete the 

procedure. 

 

 

Test Number 14 

Test Type Linux kernel implementation and in-
stallation of the necessary firmware 
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and drivers 

Test Facility CISAS Laboratories 

Tested Item 

Verification of the OS mounted and of 
the possibility to activate the frame-
grabber and diagnostics of the ex-

periment. 

Test Level / Procedure 
Activate the processor and hardware 

(the devices to be activated). 

Test Duration 
The time necessary to complete the 

procedure. 

 

It is worth noting that, with the undergoing software development procedure, 
the two related complete tests (#13 and #14) can be easily and independently 
subdivided into a series of sub-tests, in order to monitor the progress of the 
single sub-tasks.  

This way, it is easier to find eventual failures and to fix them. 
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5.2.1 Functionality Tests Description 

 

MOCK-UPs for SPONGE TESTS 

 

1) Tank Mock-up 

These images present the mock up of the tank that is being manufactured. 
The main objective is to assess the container resistance to the pressure level 
to which it shall be subjected. Moreover we will also put the liquid PDMS in-
side it, in order to verify the absence of leaking and therefore the O-ring per-
formance. 

 

 

Figur 107: Tank mock-up. 

 

   

Figure 108: Nuts and Screws for the tank: M3 on the left and M4 on the right. 

 

The following pictures refer to the designs that have been produced for the 
manufacturing of the mock-up. 
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This is the design of the plate on which the tank shall be mounted.  

 

Figure 109: Plate sustaining the tank. 
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The following design presents the whole tank with the three locking 
points.

 

Figure 110: Tank design. 
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The following image presents the cylinder constituting the tank. 

 

Figure 111: Tank cylinder design. 
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This is the design of the upper device locking the container. 

 

Figure 112: Tank upper enclosure. 
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The following picture is the bottom enclosure of the liquid container. 

 

Figure 113: Other part of the tank enclosure. 
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This is the official quotation we have received for the tank manufacturing. 

 

Figure 114: Official quotation for the tank production. 

 

 

Test Description: 

The first test that will be performed with the tank consists in rotating it and 
waiting to see if leaking problems arise. This is to assure the functionality of 
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the O-rings during in various positions that can be assumed during launch op-
erations and flight. 

The tank will be then pressurized, in order to see if it resists the loads without 
having problems and also to assure the absence of leaking problems in this 
condition. Even in this case the appropriate helding of the O-ring shall be as-
sessed. 

 

 

2) Plates Mock-Up 

 

The objectives of the test of the plates of the SPONGE experiment are: 

- to verify the momentum transmission due to the experiment and the 

bearings 

- to verify the correct implementation of the control software 

- to verify the communication of the data from one platform to the other 

by mean of the Zigbee key 

- verify the appropriate collocation of the accelerometer to avoid unac-

ceptable errors in the acceleration measurement  

- verify the functionality of all the electronics mounted on the module 

- verify the solution for the locking of the structure, which foresees the 

wire cutter 

 

The following pictures show the mock-up designed for the tests. 
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Figure 115: Plates mock-up. 

 

 

Figure 116: Sections of the plates. 

 

Test Description: 

In this case our idea is to verify the momentum transmission caused by the 
experiment to the structure. Two of the platforms that are being manufactured 
represent those in the real experiment, whereas the third one represents 
REXUS sounding rocket. The two experiment plates are smaller than the real 
ones but they have the same inertia. To have lower costs, the material used is 
different from Al7075 that will be used for the flying experiment. 

 

In particular, the maximum allowed amount of momentum transfer can be 
evaluated as follows: 
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1.75*102 Nms  max angular momentum 

 

T_media = 1.75*102 Nms/ (Tempo_totale=60 s) = 3*104 Nm = 0.3 mNm 

 

a = 1 mg   max disturb 

 

F = 0.5N   max lateral force 

 

After the first tests, which are meant to verify the non-transfer of momentum 
(or reduced, so that it is within the acceptable range) between the experiment 
and the rocket, the same mock-up with a bigger experiment rotating platform 
shall be used to test the communication between the other electronic devices 
that will be mounted on it. 

This way also the behavior of the plate with the devices in their real final posi-
tions will be assessed. 

Moreover, the communication between the electronic devices on different 
platforms shall be controlled and tested and the cable positioning on the plate 
will be optimised.  

Another aim of these tests, will be that of checking the functionality of the 
locking device chosen for the plates. In this case, our idea is to substitute the 
pyro with a resistor which, burning, is meant to cut the nylon wire we shall 
use. We have thought of reducing as much as possible the costs during the 
preliminary tests, since our experiment is already expensive enough, thus we 
have decided for this solution with the resistor. 

After the preliminary tests and the verification that the requirements are met, 
the real pyro locking device will be tested. 

 

3) Tests of the Optics and Cameras 

The main aim of these tests we are planning is to verify the correct focus of 
the cameras, considering the operative working distance. We shall verify the 
quality of the image acquired through the reflection of the mirror and also led 
light shall be verified, in order to be sure of their functionality. 

Another aspect that shall be verified with the optical functional tests is the 
quality of the image in terms of eventual reflections or deformations due to the 
tank shape.  By means of these tests we will also asses the correct choice of 
the lenses for the cameras. 
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Figure 117: Lenses and adapter for the cameras. 

 

 

Figure 118: Adapter. 

 

Test Description: 

We shall mount the adapter for the lenses on the cameras and then focus an 
object of the same dimensions of the sponge item and from the same dis-
tance as within the experiment module. Then, we shall use the mirror in the 
same relative position with respect to the cameras, as in our experiment, to 
verify the quality of the image acquired. 
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4) Test of the Platform for the assessment of the temperature ranges 

The basic idea is to verify the temperatures reached by the electronic compo-
nents during the pre-launch phase and the eventual temperature differences 
between the different components.  

It is extremely important to perform these experimental tests in particular to 
measure the time required to heat up the cameras with the allowable power. A 
sample of the experiments will be put in a freezer and the temperature will be 
monitored with some thermoresistances. The time to heat up the camera 
could be longer than 15-20 minutes. A correct procedure has to be defined in 
accordance with ESA/ DLR/ SSC to allow the cameras to reach their minimum 
operating temperature before launch.  

 

5) Cold Test for the Cameras and Frame Grabber 

The camera connected to the frame grabber is introduced into the fridge at -
14,5°C, in order to verify and simulate a worst cold  case which is even worse 
than that expected in Kiruna. The camera has also been tested with the heat-
ers on, and it heated up in approximately 1 minute, which is the 10% of the 
time predicted by the simulations. This means that the power consumption is 
even less than previously estimated, which is another positive result. 

 

6) Power Supply – Slip Ring Test 

The power supply system has been verified connecting the slip ring to   the 
power supply boards. The latter have then been connected to the Helios 
board. Finally, the frame grabber has also been connected to the Helios, via 
an appropriate USB port. Everything worked properly. 

 

For the complete list of the tests performed up to now and to have some more 
detailed descriptions, please refer to the previous table, where the verification 
matrix is illustrated. 
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Global Test Plan: 

 

Here the SPONGE general Gantt chart is presented to focus on the com-
pleted activities and on the experiments that have successfully been per-
formed. 

 

 

 

 



  Page 200 

 

RX09_SPONGE_SED-v5_0-2010Sep07 

 

 

5.3 Test Results 

Here are some of the pictures we took, documenting our experiments. There 
are many more on our blog, facebook page and on the team official website, 
where a slide show presentation is available. Information about tests has also 
been uploaded on the share website.  

To have a rapid and global look at the tests that have already been done and 
have been successful, please refer to the table showing the SPONGE verifi-
cation matrix.  
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Figure 119: MEMS Gyro soldered. 

 

 

 

 

 

Figure 120: Set-up of the tank pressure test. 
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Figure 121: Devis setting-up the mock-up test. 

 

 

 

 

Figure 122: SPONGE tank during pressurisation test. 

 

The tank test has gone well, it has been pressurized up to 3,3 bar and no 
breaks have been produced. 
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The mock-up has shown a negligible momentum transferred to the plate simu-
lating the real bulkhead of the flight experiment, even if no feedback control 
mechanism has been used. A video is available on the team websites. 

 

Other tests which have been completed, are: 

- Conditioning boards functionality tests; 

- Cameras and vision system tests, where the effective power consump-
tion of the cameras was 1 W. The power consumption of the LEDs is 
400 mW; 

- Electronic boards and frame grabber vacuum tests; 

- Cameras vacuum and cold tests; 

- Drivers tests; 

- Software tests applied to the tasks of the Gantt chart which have al-
ready been completed. 

- Power supply tests: with slip ring, power supply boards and the Helios 
board connected to the frame grabber recording the images acquired 
by the camera. 

 

Photos and documentation of all the tests are available on the team websites. 
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6 LAUNCH CAMPAIGN PREPARATION 

6.1 Input for the Flight Requirement Plan (FRP) 

6.1.1 Dimensions and Mass 

Experiment mass (in kg): 7.5  

(with bulkhead, without module) 

Experiment dimensions (in m): Ø 0.306 x 0.180 height 

(rotating disk diameter) 

Experiment footprint area (in m2):  0.058  

(rotating disk surface) 

Experiment volume (in m3): 0.0025 

(total occupied volume with bulk-

head) 

Experiment expected COG (centre 

of gravity) position: 

X = 15 mm (0 is at the top of the 

bulkhead) 

Y = Z = 0 (balanced experiment) 

Table 7 Experiment mass and volume. 

6.1.2 Electrical Interfaces 

REXUS Electrical Interfaces 

 

Service module interface required? Yes 

 Number of service module interfaces: 1 

 TV channel required? No 

 

Up-/Downlink (RS-422) required? Yes 

 Data rate - downlink: 25 kByte/s 

 Data rate - uplink Required to maintain the 
motor locked after having 
switched on the sensors. 

 

Power system: Service module power required? Yes 

 Peak power consumption: 23 W (+pyro 20W peak for 
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0.5 sec) 

 Average power consumption: 23W 

 Total power consumption after lift-off (until 
T+800s) 

1,2 Wh 

 Power ON/OFF control ON: 10 minutes before lift-
off 

OFF: 180 s after lift-off 

Power on since the count-
down for everything apart 
from the motors. 

 Battery recharging through service module: No 

 

Experiment signals: Signals from service module required? Yes 

 LO: yes 

 SOE: 120 s after lift-off 

 SODS: No 

Table 9 Electrical interfaces applicable to REXUS 

6.1.3 Launch Site Requirements 

In order to be successful with our experiment, launch site should provide 
some tools and devices. For example, we would need computers, software, 
electrical and signal connectors to do a preliminary analysis of the collected 
data. We will bring our own lap tops, and they will have to include the ground 
station software, which is the software allowing data acquisition and recording 
on ground.  

6.2 Preparation and Test Activities at Esrange 

Preparation and test activities foreseen at Esrange during the launch cam-
paign are listed below: 

- Final assembly; 

- Motors tests; 

- Locking Device tests; 

- Video cameras and led tests; 

- Sensors tests; 

- Electronic boards functionality tests; 
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- Acquisition data capability tests; 

- Connections with service module functionality tests. 

 

To do the listed activities, we would need mechanical tools, multimeters and 
all the equipment already listed in § 6.1.3. For each of the functional tests 
foreseen, a list of the operations that will be performed will be given and it is 
now being prepared. 

Finally, we foresee to bring the spare components of our module, in case of 
failure during these last test phases. 

To verify the sensors functionality, we will use the lap top with our custom ac-
quisition software installed, in order to acquire the different sensors channels 
and to verify the data transmitted. 

Another test that will be performed in situ is connected to the wireless system, 
because it has not to disturb the other electronic devices of our experiment 
nor those of the rocket. If this is the case, it will be necessary to switch off the 
wireless connection and the down link will be possible only through the slip 
ring. The latter option has already been tested and it works properly. 

6.3 Timeline for Countdown and Flight 

The sensors of the experiment (accelerometer, gyro, RTD, LEDs and video 
cameras) will be switched ON during the countdown phase, before the begin-
ning of the experiment. This is important to be able to receive some data from 
the sensors in order to be aware of eventual malfunctions of the systems and 
monitor the experiment. 

During this phase however, it is essential that the motors do not start rotating, 
in order for the structure to maintain the same position it had during the bal-
ance test. Another reason why they shall remain locked, is due to the non-
reversible function of the locking device used for the two platforms. 

At the beginning of the micro-gravity phase, the SOE signal (switched OFF 
during launch and ascending phase for the motors) will be given to the two 
electrical motors connected to the rotating platforms.  

The motors are excluded by the software when the SOE initially arrives to the 
system, so that they are not supplied and cannot be activated. This way, it is 
impossible for the motor to be accidentally switched on during the tests for 
example, when the locking system avoids the platforms rotation. Before 
launch instead, the motors will be armed by the software, so that when the 
SOE arrives, they will effectively start the experiment. 

This means that motors start only if they have been armed and have received 
the SOE signal from the service module. 
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After that, the entire experiment will work with an autonomous timing. A brief 
schedule of the experiment is reported: 

countdown: sensors activation and down link of the data to verify that they are 
working properly. 

 

 

We will check if the temperature is high enough for the cameras 

If their temperature is too low, the acquisition will be switched off to avoid ex-
cessive power consumption and the heaters will be on for 2 minutes. Than the 
heaters will be turned off again, and the acquisition will finally be on. 

 

6.4 Post Flight Activities 

After the flight all the collected data will be in situ preliminarily verified (need of 
flash disk recovery from the experiment land site). 
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7 DATA ANALYSIS PLAN AND EXPERIMENT REPORTS 

7.1 Data Analysis Plan 

The results obtained and recorded through various images will be analysed by 
means of CFD simulations that will be carried out by means of the new nu-
merical code developed starting from the OpenFOAM platform. 

As already explained, this code will be able to simulate the perforated panels 
of the sponge device taking into account the bubble point, thus controlling the 
cross flow through the ribs as well as gas ingestion. It will be possible to simu-
late a porous wall together with capillarity effects, thanks to a newly devel-
oped boundary condition and to appropriate modifications of a multiphase 
solver. 

Thanks to this experiment and the REXUS programme, it will be possible to 
make a comparison between the camera frames recorded and the CFD 
frames. This will allow the validation of our code not only from an analytical 
base, but also using real data, coming from a real micro gravity application. 

This numerical code will also be able to simulate other PMD devices than 
sponges and, more in general, perforated devices using surface tension.  

 

As concerns the specific PMD type chosen for the validation, what we expect 
from the numerical code is to allow an extension of the experimental results 
obtained for the sponge subjected to various acceleration levels, by recurring 
to the fluid dynamic similarity theory. 

This way, the design of sponge PMDs of different sizes, which could be allo-
cated inside tanks of various dimensions, will be possible, without any other 
testing nor particular design efforts. 

 

Another piece of information that can be carried out from the data recorded 
during the experiment is connected to the retention capability of the sponge 
device. In fact the purpose of applying different acceleration levels is that of 
recognising: 

1) The sub-critical behaviour (when the first acceleration is applied) of the 
liquid within the sponge; 

2) The response  of the liquid to the critical acceleration; 

3) The consequences of applying a super-critical acceleration. 
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The purpose of this experiment is also that of producing some interesting re-
sults for industrial applications. Thus, our aim is to use the information that will 
be found in order to make the PMD design and production less dependent 
upon experience. 

7.2 Launch Campaign 

 

7.3 Results 

 

7.4 Discussion and Conclusions 

 

7.5 Lessons Learned 
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8 ABBREVIATIONS AND REFERENCES 

CB= control board 

AB= acquisition board 

8.1 Abbreviations 

AIT  Assembly, Integration and Test 

asap  as soon as possible 

BO  Bonn, DLR, German Space Agency 

BR  Bremen, DLR Institute of Space Systems 

CDR  Critical Design Review  

COG  Centre of gravity 

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 European Sounding Rocket Launching Range 

ESTEC European Space Research and Technology Centre, ESA (NL) 

ESW  Experiment Selection Workshop 

FAR  Flight Acceptance Review 

FER  Final Experiment Report 

FST  Flight Simulation Test 

FRP  Flight Requirement Plan  

FRR  Flight Readiness Review 

GSE  Ground Support Equipment 

HK  House Keeping 

H/W  Hardware 

ICD  Interface Control Document 

I/F  Interface 

IPR  Interim Progress Review 

LO  Lift Off 

LT  Local Time 

LOS  Line of sight  

Mbps  Mega Bits per second 



  Page 211 

 

RX09_SPONGE_SED-v5_0-2010Sep07 

MFH  Mission Flight Handbook 

MORABA Mobile Raketen Basis (DLR, EuroLaunch) 

OP  Oberpfaffenhofen, DLR Center 

PCB  Printed Circuit Board (electronic card) 

PDR  Preliminary Design Review  

PST  Payload System Test 

SED  Student Experiment Documentation  

SER  Short Experiment Report  

SNSB  Swedish National Space Board  

SODS  Start Of Data Storage 

SOE  Start Of Experiment 

SSC  Swedish Space Corporation (EuroLaunch) 

STW  Student Training Week  

S/W  Software 

T  Time before and after launch noted with + or - 

TBC  To be confirmed 

TBD  To be determined 

WBS  Work Breakdown Structure   
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APPENDIX A – EXPERIMENT REVIEWS 
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APPENDIX B – OUTREACH AND MEDIA COVERAGE 

Our outreach program has already started.  

First of all we created a blog, which is being updated anytime we want to 
communicate something about our project or to post new photos. 

The address is: http://spongeteamrexus.blogspot.com/ 

 

 

Figure 123: Our blog. 

 

Then we also created an official website of our team, which is more complete, 
and where one can find photos, attached files of our design and documents, 
and  information about our team and experiment.  

The address is: http://sites.google.com/site/spongeteamrexus9/ 

http://spongeteamrexus.blogspot.com/
http://sites.google.com/site/spongeteamrexus9/
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Figure 124: Our website. 

 

We also had our first press conference, during the Astronomical Year in Pa-
dova, on the 8th of January 2009, together with the Scrat Team. 

Here we had the opportunity to talk with the media and to leave interviews 
concerning our experiment and the REXUS/BEXUS programmes supported 
by DLR, SSC and ESA. The interviews have been used for newspaper arti-
cles and they have also been broadcasted on local and national TV. 

 

The following documents are all taken from the newspapers written after the 
press conference of the 8th of January 2010. 
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Here are other two newspaper articles. These have been written exclusively 
for our experiment and the REXUS programme. The first one has been pub-
lished on the „Giornale di Vicenza‟ whereas the second on the „Il Gazzettino‟. 
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APPENDIX C – ADDITIONAL TECHNICAL INFORMATION 

C.1 Requirements Individuation 

 

Video Camera 

The required resolution of the video cameras has been chosen considering 
the acceptable error in the area determination, which can be calculated as:  

 

 2

2

N

N

A

A







 

where A is the area to be focused and N is the number of pixels of a the ra-
dius.  

The resulting required value for the resolution of the video cameras is of one 
tenth of a millimetre. 

 

The PAL technology has been chosen to make the down link easier, due to 
the REXUS TV channel type. 

 

Bearings 

The mass considered for the bearings choice is of 10 kg. It has been sub-
jected to a bidirectional axial load of 20 g and to a radial load of 10 g. The 
length of the arm considered for the calculation is 20 cm.  

The static load coefficient has been calculated following the SKF regulations. 

Then, the bearings chosen had to resist to that load with a safety factor of 2. 

 

RTD 

Its precision has been chosen considering the relative liquid properties varia-
tion for PDMS. In particular, for this polymer, a surface tension variation of 0.1 
mN/m has been measured for each °C of temperature variation.  

Thus: 
0158.0

1.0
  = 6.31e-3, which accounts for a 0.6% of relative variation 

for a T  of 1 °C. 

In our case, for this experiment it is sufficient to have a precision of 1°C. 

Other values of    have been found, but the worst case in terms of liquid 
PDMS properties variation is the one that has been presented. 
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Liquid Frequency Estimate 

A brief explanation of how the formulae presented in the PMD section have 
been calculated is described here. 

The start of the calculation procedure is the equation for the balance of the 
surface tension and the hydrodynamic pressure forces: 
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At this point a first approximation has been made: the difference between the 
two z levels is considered to be equal to 2Rl, where Rl represents the initial 
liquid radius, before the application of a lateral acceleration. 

Thus, the previous equation becomes: 
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Considering that the liquid displacement is 
2
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  and that 

xRr lup   and xRr llow  , if the terms of higher order are neglected, it is 

possible to have the following result: 
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At this point the pulsation can be inferred as being:  
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C.2 Counter-rotating plates FEM analysis 

 

Experiment Platform 

 

 

Figure 125 Modal analysis, 2nd mode: 248Hz 

 

 

Figure 126 Modal analysis, 3rd mode: 272Hz 
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Figure 127 Random vibrations 

 

Figure 128 Harmonic Resonance, 10-50Hz. 
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Figure 129 Harmonic resonance, 50-2000Hz. 

 

Figure 130 Static launch accelerations. 
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Figure 131 Modal analysis, 1st mode: 218Hz. 

 

Counter-rotating Platform 

 

 

Figure 132: Modal analysis, 1st mode: 686Hz. 
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Figure 133: Modal analysis, 2nd mode: 687Hz. 

 

 

 

 

 

Figure 134: Modal analysis, 3rd mode: 727Hz. 
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Figure 135: Random vibrations. 

 

 

 

 

Figure 136: Harmonic resonance, 10-50Hz. 
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Figure 137: Harmonic resonance, 50-2000Hz. 

 

 

 

 

Figure 138: Static launch accelerations. 
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C.3 General drawings 

Several views of the complete experiment are listed below. 
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C.4 Thermal Analysis 

 

The equations used for the thermal analysis of the SPONGE experiment 
module are the following ones: 
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      (safety advantage) 

 

         (safety advantage) 

 

 (with aluminated coating) 

 

 

 

 

 

 

 

C.5 Electric Motor Equations 

 

The following equations have been used for the preliminary calculations con-
cerning the electric motor.  

 

t
IT




 1                 

Is the torque required by the load. 

N
t

IT



 1        

Is the electric motor torque. 

N  =   

Is the reduction ratio. 
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/1
1 






t
IP  

Is the power required. 

         

 

Is the total efficiency of the motor with the gearhead, which are provided in the 
Faulhaber technical tables. 

 

RbKK

IR

EM 


             (s) 

 

Is the time constant of the electric motor. 

 

RbKK

K
K

EM

M


           (rad/sV) 

Is the proportional gain of the electrical motor. 

 

Therefore, considering both the motor and its relative load: 

 

 

 

Where b is the friction, Km the torque constant, j is the inertia and Ke the back-
EMF  constant. 
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C.6  Disturbances 

 

Rotational disturbance 

The rotational disturbance created by only one platform is calculated this way. 

From the conservation of the angular momentum, which reads: 

 

where  rp = rotating platform  and  p = REXUS payload.  So: 

 

Considering (with a margin of safety) only the service module (m=60 kg, 
R=0.18 m):     

                       

we obtain: 

 

As a comparison, the maximum spin rate guaranteed by the de-spin system is  
30°/s.  

To calculate the disturb created by the two counter-rotating platforms consi-
dered altogether, we assume what follows: 

 

- The error of the rotational velocity of the platforms is negligible respect to the 

uncertainty of the platforms rotational inertia.  

- The uncertainty of the lower platform rotational inertia is one order of magni-

tude less than that of the upper platform. 

Considering an uncertainty of 10% on the upper platform inertia we obtain: 

 

 

 

 

With an experimental measure of the upper platform inertia and a correct cali-
bration of the parameters, the rotational disturbance will be lower than pre-
dicted  here. 

 

Disturbing forces 
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The maximum disturbing force is the centrifugal force due to the mass unbal-
ance of the platforms. 

 

where r is the distance of the center of mass from the rotation axis and the 
subscript indices 1 and 2 refer respectively to the upper and lower platforms.  
For plates rotating at the same velocity, the frequency of this disturbance is 
equal to the platforms frequency of rotation. 

The maximum acceleration produced by this force on the payload is: 

          

with      (at least the 60kg of the service module) 

with a proper design and calibration is possible to achieve         

 

Disturbing torques 

The maximum disturbing torque due to the mass unbalance is: 

 

where  is  the product of inertia involved in the rotation,  z is the direction of 
the rotation axis and  x  is the direction of the mass unbalance. 

 

 

C.7 Video Cameras Parameters 

 

As concerns the correct selection of the video cameras and the optics, we 
used a procedure consisting of some specific equations, which are listed be-
low. 

The magnification is the ratio between the sensor dimensions  (x1 ,  y1)  and 
the image dimensions (x2 ,  y2) and it can be also seen as the ratio between 
the distance of the lens from the sensor  (S1) and the working distance  (S2). 

 

For a thin lens in air, the focal length is the distance from the center of the 
lens to the focal points of the lens. The relation between the distances  ,  
and the focal length  f   is: 

 

The  focal ratio  (also called f-number ), often notated as  F or f/#,   is given 
by: 
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where D  is the diameter of the aperture. The amount of light captured by a 
lens is proportional to the area of the aperture. 

The hyperfocal distance is the distance beyond which all objects are ac-
ceptably sharp, for a lens focused at infinity.

 

f
CoCF

f
H 




2

 

where CoC is the circle of confusion. In optics, a circle of confusion is an 
optical spot caused by a cone of light rays from a lens not coming to a perfect 
focus when imaging a point source. 

The depth of field (DOF) is the portion of a scene that appears acceptably 
sharp in the image.  The depth of field is estimated as: 

DVDLDoF   

where 

)( 2

2

fSH

SH
DV




  

is the minimal distance that can be focused and 

)( 2

2

fSH

SH
DL




  

is the maximum distance that can be focused. 

 

The total pixel number is: 

res

x
N pixelL

2  

res

y
N pixelH

2  

pixelHpixelLpixelTOTNNN   

where res is the desired resolution, estimated as explained in the C.1 para-
graph. 

Exposure is the total amount of light allowed to fall on the image sensor dur-
ing the process of taking a photograph. 

The exposure value (EV) denotes all combinations of camera shutter speed 
and relative aperture that give the same exposure. 

Exposure value is a base-2 logarithmic scale defined by: 
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where t  is the exposure time (“shutter speeds”) in seconds. The exposure 
time determines the amount of motion blur, that is the apparent streaking of 
rapidly moving objects in a still image or a sequence of images. The intensity, 
as perceived by the human eye, of light that hits a surface is measured in lux. 
The values of lux corresponding to a particular exposure value are tabulated. 
We estimated the necessary power for the lighting, considering that: 

 

where we chose the tank radius r as the dimension of interest, in order to cal-
culate the area to be lighted as: 

 

The efficiency of the LED lights is measured in lumen/Watt.  Finally, the power 
required by the LED lights has been calculated  this way: 

 

 

 

C.8 Examples of Responses in Frequency of the Conditioning System 

 

The following images are meant to serve as a comparison between the Bes-
sel, Butterworth and Chebichev filtering methods. The first picture is the fre-
quency response of a fifth order Bessel low-pass filter with a 1 kHz cutoff fre-
quency. 
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Figure 139: Fifth order low-pass filter response with a cutoff frequency of 1 kHz. 

 

A gradual increase of the slope with frequency can be seen near the cutoff 
frequency, which is a basic characteristic of the Bessel response. Near the 
cutoff frequency, the behaviour of this filter is almost coincident with that of a 
first order filter. This characteristic grants an excellent dynamic behaviour for 
this filter. 

Next picture presents the time response of this Bessel filter, with a cutoff fre-
quency of 1 kHz once again. The time response is free from overshoot, which 
is due to the good dynamic response of the electronic circuit. 
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Figura 140: Time response of the fifth order Bessel filter with a cutoff frequency of 1 
kHz. 

 

The same plots are presented, for comparison, in case of a Butterworth filter 
with a cutoff frequency of 1 kHz. 

 

 

Figure 141: Butterworth filter response with a cutoff frequency of 1 kHz. 
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As can be seen from the time response of this filter, it has a dynamic behav-
iour which is worse than the one of the Bessel filter. 

 

 

 

 

In fact an overshoot is visible. 

Finally, the Chebichev filter response is presented for completeness. This fil-
ter allows one to have the highest possible slope of the frequency response 
with respect to an equal number of filtering cells, but a high slope means also 
problems in the dynamic behaviour of the filter itself. 
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The following picture presents the time response of the filter. 

 

 

 

In this case, the time response is clearly penalised by an evident under-
damped overshoot. 
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The frequency response shows a clear difference around the cutoff frequency, 
in particular among the values lower and higher than the cutoff frequency. 

The dynamic behaviour is certainly worse than the one of the two filters previ-
ously analised. 

 

C.9 Bearings: Load Calculation 

In this appendix the calculation methods and the hypothesis that have been 
made are reported. 

 

 

 

 

 

 



  Page 242 

 

RX09_SPONGE_SED-v5_0-2010Sep07 

 

 

 

 

 

 

 

 



  Page 243 

 

RX09_SPONGE_SED-v5_0-2010Sep07 

 

 

 

 

 

 

 

END OF DOCUMENT 

 


