EurolAunNcH

A DLR and SSC cooperation

SED

Student Experiment Documentation

Document IDRXL.6_MOXA SEDvV5.0-29.2014
Mission: REXUIS

Team Name: MOXA

Experiment Title: Measurement of Ozone and Oxygen in the Atmosphere

Team Name
Student Team Leader: Alexander Mager
Team Members: Bastian Klose

Patrick Geigengack
Alexander Schultze
Jonas Uhlmann
Daniel Becker
Fabienne Kinzelmann
Susann Knapik
Nathanael Warth
Max Oswald
Sebastian Weixler

Issued by: Team MOXA

Approved by:  Alexander Mager
Max Oswald
Bastian Klose

University

TU Dresden
TU Dresden
TU Dresden
TU Dresden
TU Dresden
TU Dresden
TU Dresden
TU Dresden
TU Dresden
TU Dresden
TU Dresden

RX16_MOXA_SEDV5.0



Change Record

Version | Date Changed chapters Remarks

0 200812-18 | New Version Blank Book 2010

1 201302-28 | All PDR

2.0 201306-06 | 2.2. Perform. Req. New pressure accuracy
1.4.2,3.1, 3.3, New temperature range
4.2-8,5.1,5.2,6.1.1,6.3,6.4| CDR
Appendix A,B,C

2.1 201306-17 | 3.3,3.5,4.1,4.8,4.9, 10

2.2 20130808 | 1.5,2.2,2.4,3,4,5,6.1,8 Version to pass CDR

Changes resulting of CDR

3.0 201401-15 | 4.4,4.6,4.7,5,6.1 IPR

4.0 20140314 | 1.5, 3.5, 4.3, 4.4, 4.7, 5.1| Pre-Campaign
53,6,7.1

4.1 201403-28

5 201410-29 | All chapters Final report

Abstract:

REXUS or BEXUS, SED - Student Experiment Documentation, t
Keywords: Measurement of Oxygen and Ozone in the Atmosphere, Atomic Oxyge

Dresden

RX16_MOXA_SEDv5.0




CONTENTS
PREFACE ...ttt e e e ettt e e e e e e e e e e bbb et e e e e e e e e e nnnaeees 6
ABSTRACT ..ttt e e oo sttt e e e e e e e e e bbbt e e e e e e e e e b e e e e aae s 7
1 INTRODUGCTION ...ttt ennnnnees 8
1.1 Scientific/Technical Background...............ccccooiiiiiii, 8
1.2 MiSSION SEAIEMENT.....coiiiieeeeeee e 12
1.3 EXperiment ODJECLIVES .......ccoooeeiieeeeeeeeeeeee e 13
1.4 EXPeriment CONCEPL.....cccoee i 13
1.5 Team DetailS ....ccccooiiiieeeeeeeeeeeeeeeee 14
1.5:1  CONtACE POINt.....uuiiiiiiiiiiiiiiiiiiiiiiii e 14
1.52 Team MEMDErS ........uuuuiiiiiiiiiiiiiiiiiiiiii e 14
2 EXPERIMENT REQUIREMENTS AND CONSTRAINTS ......coiiiiiiiiiiiiiiiiinns 16
2.1 Functional ReqQUIrEMENLS .......ccoeiiiiiiieieeeee e 16
2.2 Performance reqUIrEMENTS .......cooeieie e 16
2.3 Design ReqUINEMENTS.......ccooiiieieeeeeee e 17
2.4 Operational ReqUIrEMENLS .......coooeiiiiiiiiieee e 18
2.5 CONSIAINTS ..o 18
3 PROJECT PLANNING......uuttttittiiiiiiiiiiiiiietiiiiibiibib bbb beeneaaeeeeeneane 19
3.1 Work Breakdown Structure (WBS) .......ccoooviiiiiiiii e 19
3.2 SChedule ... 21
3.3 RESOUICES ...ttt e e e ennes 22
3.3 1 MANPOWET ...ttt e e e e e e e e ennens 22
3.3.2  BUOGET ... 27
3.3.3  EXternal SUPPOIT.......uuuuiiiiiiiiiiiiiiiiiiiiiiiiiiiii e 28
3.4 Outreach APProach ... 28
3.4.1  SocCial MEAIA.......uuuiiiiiiiiiiiiiiiiii 28
3.4.2  WEDSITE. ...t 29
3.4.3  ClasSiC PR-WOIK ...........uuuuuumiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiesesieeneeeiaeees 30
3.4.4 Flyers, Posters, BUtONS..........ccoovvviiiiiiiiiie e 30
3.4.5 Fly Your Message To Space (FYMTS) ......cccccvurmmmmmmnnniinnnnnnnnns 30
3.5 RISK REQISIEI ... 31
4  EXPERIMENT DESCRIPTION .....utttitiiiiitiiiiiiiiiiiiinniiiineiniinsnennnenenennenenneeneenes 34
4.1 EXPEerimeENt SEIUP....ccciiiiiiiiiiiiiiiiiiiiieeeeee ettt 34
4.1.1  System Model ..o, 35
4.1.2  MOAUIES ... 36
4.2 EXperiment INtEIfaCES ........ccovviiiiiiiiie e e e e eeenens 37
4.2.1 MechaniCal ... 37
4.3 EXperiment COMPONENTS.......cocuvuuiiiieeeeeeeeeeeiiieee e e e e e e eeeeaainnn e e eeeeeennnns 39
4.3.1 Mechanical PartS........cccoooeeiiiiiie 39

RX16_MOXA_SEDv5.0



4.4 MechaniCal DeSIGN .......ciiiiiiiiiiiiiiiiie e e e eeeenes 40
4.4.1  OULEI SITUCTUIE.....coeviiiiiie et 40
4.4.2 BOArd DOX ...coooiieiieeeie e 41
4.4.3 Sensors boxwith hatch...........ccooo 43
4.4.4 INNEr ChambEr ....oooeiiiiee e 49
445  PreSSUIMNe SENSOIS.....cccuuuiiiiiiiiie et 52
4.4.6 Position and fixation of the Battery ..........cccccvviiiiieiiiieeiiiinnnnnn. 53
447 3210\ \RXU PHVVDJ}idaW.R.VSDEH.................... 53

4.5 Fluid MECNANIC ....cceviiiiiiiie e eeeeeaees 54

4.6 EleCtroniCS DESIGN....ccciiiiiiiiiiiiiiiiiiieeeeeeeeee ettt 56
4.6.1 Microcontroller Design (Mainboard PCB) ..., 56
4.6.2 Sensor circuits (Sensorboard) ... 61
4.6.3 Power design ( Powerboard) ... 63
4.6.4 Temperature measuremMent ...........cccevveeeeeiremiriiiiinie e e 64
4.6.5 SENSOrDOAIAS ......coooiieeeeeeeeeee e 64
4.6.6  CONNECIOIS ...t 64

4.7 Thermal DESION .....cccuuiiiiiiiiiiiiiieeeeeeeeeee e 66

4.8 POWET SYSTEIM ...ttt ettt e e e e e e e e eennns 69
4.8.1 Power diSSIPatiON ......ccooveieeeieeeee e 69
4.8.2 Power SyStem DeSIgN ....ccooeeeeeeieeeeeeeeeeeeeee e 70

4.9  SOfWAIE DESION ...coeiiiiiiiiiiiiiiiiiiieeeeee e 71
4.9.1 Experiment Software Design ... 71
4.9.2 Microcontroller Placement Considerations .............cccoeeeeeeeennn. 72
4.9.3 Software FIow Diagram ..o 72
4.9.4 Implementation of a Minimalistic Operating System (MOS).....72
4.9.5 Data Communication Implementation...............cccccoeeeeeeeeeeeeen. 73
4.9.6 Data Protocol Implementation ... 73
4.9.7  CONrOl LOOP oo 74
4.9.8 Ground Station Software Design .........ccooeveeeiiiiiiieeeeeeeeeen 74

4.10 Ground Support EQUIPMENT.........ccoiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeee e 75

5 EXPERIMENT VERIFICATION AND TESTING ........cuuuuiiiiiiiiiiiiiiiiiiiiiiiiinnnns 76

5.1 VerifiCation MatriX.........uuuiiieeeeiiiiiiiiiiiiee e e e eeeeeiiise e e e e e e eeeeeannneeeeeseeeennes 76

ST =S B - o SRR 79

S RC TV o] = 11 [0} o N I == TSN 81

oI 1 1= 0 0 = L (] USSR 82

55 TeStRESUIS .ccooeeeieeeeeee 82
55.1 T5 SOMWAIE TESES ....uuuuuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniineiinbeeeneeneeeeeaaene 82
552 T4 ViDration TESE ........uuuuuuiumuiiiiiiiiiiiiiiiiiiiiiiiiiiinieniienieeeeeees 82

6 LAUNCH CAMPAIGN PREPARATION ....cooiiiiiiiiiieeeeee e 83

6.1 Input for the Campaign / Flight Requirement Plans.................cccceevee. 83

6.1.1 DimensionS and MASS ...........uuuuuumuummmmmmmmmnnnnnnnnnnnnnnnnnenreenee. 83

RX16_MOXA_SEDv5.0



6.1.2  SAfetY MSKS ..uuuuiiiie i 83

6.1.3 Electrical INterfaces ............cccccoummimimiiiiiiiiiiiiiiiee 85

6.1.4 Launch Site ReqUIrEMENtS ...........cccccoummmmmimiiiiiiiiiiiiiiiiiiiiniiieeees 85

6.2 Preparation and Test Activities at ESrange ...........ccoceeeeeeeieeeeeee, 86

6.3 Timeline for countdown and flight..............oooiiiiii e, 87

6.4 POSt Flight ACHVITIES .....uuiiiee it 87
6.4.1  AfEIr RECOVEIY ...t eeeeees 87

6.4.2  After launch Campaign..............uuuueemimimmiiiiiiiiiieeees 87

7 DATA ANALYSIS PLAN ..ottt 88
7.1 Data AnalysiS Plan ..., 88

7.2 LaunNCh CamPaigi ...ccooeeeieeeeeee e 88

7.3 RESUIS et e e aaaae 88
7.3. 1 MaiN QOAl .. ..uuuiiiiiiiiiiii 88

AR T A = 1] ] o USSR 89

7.3.3  SOFWAIE ...t 89

7.3.4  MECRNANIC ....uuiiiiiiiii e 89

[ = 1o 0 P 89
T Lo @ = T 4] o1 PSR 89
PIrani PreSSUIE SENSOK: ... 90
=T o {0 1 o = 0 ) AP 90
7.4 First Data ReSUIS.......ccoooiiiieieee 91

7.5 Discussion and ConclUSIONS ..........cooooiiiiiiiiii 93

7.6 LeSSONS LEAINEM......coi i 93

8 ABBREVIATIONS AND REFERENCES.........cooviiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeee 95
8.1 ADDIeVIAtIONS .....ccooiiieieeee e 95

8.2 REEIENCES .. ..o, 97
AppendiX A £EXPErMENt REVIEWS .........uuuiuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieineineieeeenneennenes 98
Appendix B +Outreach and Media COVErage............ccuuuuuumimmmmmiminiiiiiiiiiiininnnnnnns 104
Appendix C xAdditional Technical Information.................ccccvveeiiiiiiiiiiiiiiines 107
Appendix D tRequest FOr WAIVEIS ............uuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieieeiieees 108
APPENdiX E £VIDration TeSt.........uuuiiiiiiiiiiiiiiiiiiiiiiii e 109
Appendix F tPreparation and Test Activities at ESrange ...........ccccccvvvviviniinnnnns 110

RX16_MOXA_SEDv5.0



Page 6

EurolLaAuncH

ADLR and SSC cooperation

Students Experiment Document. MOXA Experiment RX16. TU Dresden.

PREFACE

This Documentation describes the experiment and configuration ef MHOXA
experiment for the Rexus 15/16 sound rocket. The idea followed the denwent of
new sensorsat the Institute for Aerospace Engineering, Dresden University of
Technology, lead by Dr. Tino Schmiel. We want to thank the institutall the
support given to us and the DLR/Esrange for this unique oppoytunit

File Naming

The naming convention for the SED is as follows:
x BX for BEXUS or RX for REXUS, plus number of flight
X MOXA for Measurement of Ozone and Oxygen in the Atmosphere
X & /'W Hux?(L-Ph)-Probe- £% E]Ju vSe_

X SED, plus version (e.g. 3 for CDR) and issue number (beginning with 0 and
increasing number when a new issue is sent)

x Date of issue in format ddmmyy
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ABSTRACT

The models of the distribution of residual gases varies widely. Faanicestthe
atomic oxygen models results differ up to 400%. To predict climaseintportant to

know the distribution of Oxygen in its various forms. For instaat@mic oxygen is a
major influence on space borne objects, resulting in degradation of s&go
materials.

Therefore the MOXA experiment will measure ozone, atomic and molecxyaeq,
temperature and pressure during the flight. The Institute for Aerospzangineering

at Dresden University of Technolobgs developed innovative sensors for oxygen
and ozone with a very low response time and high measurement accuracy. The
atomic oxygen sensors of the experiment FIPEX have already performed successful
measurementnboard the International Space Station and will be integrated in the
experiment in a new miniaturized form.

The newly developed ozone sensor will be tested by comparing the meadatad
during the flight, in dependence of the pressure with existing data.

In addition the data of the oxygen measurements give a hint on #wne values

and will help to verify functionality of the ozone sensor.

The development of accurate sensors for residual gases contributes to the survey of
the atmosphere to correlate existing atmospheric models. So ibssiple to make
precise prediction of residual gases.

This will support atmospheric science and improve the preparationiasfned long

term missions in the LEO.

The sensors are also applied in many other sections, for example breathing gas
analysis.
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1 INTRODUCTION
1.1  Scientific/Technical Background

Scientific background:

E&SZ ]« " E SZ]vP_X
The Atmosphere of earth is a dynamic and complex system which changes
permanent and depend on different influences.
The most important one is the electromagnetic radiation of the simch leads to
photo dissociation, temperature variations and many other effects.
Other Influences are atmospheric tide effects, geomagnetism and up to now not
cleared up variations.

Depending on wavelength (320 nm,< 1180 nm) ozone reacts to molecular and
atomic. Because of the temperature variation and the gravitational fieldnato
oxygen diffuse to a higher altitude and recombine again when thetiadi relieving
Then the oxygen fall down again.

Due to the reduction of molecular oxygen and the diffusionhaf &tomic oxygen, in
the altitude of 450 km atomic oxygen comes about 90 percent.

So the daily and annual variation of the sun radiation on a cegkioe on earth
leads to significant changes of chemical composition in theoaphere.

Atmospheric models were developed to predict densities, temperature and pressure
in different altitudes for different longitudes and latitudes.

These models differ on the theoretical assumption, used data sourc@seeded
input parameter.

Atmospheric models

NRLMSISE-00:
MSIS (Mass Spectrometer and Incoherent Scatter) is an empiric model that is
based on mass spectrometer data and pressure measurements of rockets,
satellites and airplanes as well as on temperature measurements of incoherent
scatter radars.
By addition of new data and combination with physical models ti&3vimodel
has been developed to the NRLMSISE-00 (Naval Research Laboratory Mass
Spectrometer and Incoherent Scatter) model. It predicts from sea level to the
exosphere.

DTM:
The DTM model (Drag Temperature model) uses optical temperature
measurements and data of atmospheric drag from satellites. It works with the
assumption that helium, nitrogen and oxygen are the essential elenahntse
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atmosphere from 120 km to higher altitude and connect them withudibn
equations.

MET-2.0:
The MET model (Marshall Engineering Thermosphere Model) has edge monditi
of temperature and gas composition of 90km and based on diffusipateons
and temperature assumptions to the altitude where data from satellite
retardation exist.

Prediction of atomic and molecular oxygen

We calculated a prediction of atomic and molecular oxygen to an adtiafd840 km

for longitude and latitude of O degree for the yed012, based on these three
models. We used SPENVIS (ESA, European Space Agency, Space Environment
Information System) for the calculation and the input parametersnfiiie NOAA
database.

5,00E+10

4,50E+10

4,00E+10 7= \—

3,50E+10 —

3,00E+10

2 50E+10 == NRLMSISE
2,00E+10 Vo

\ / MET
1 ,50 E+10 w

1,00E+10— = —— —

5,00E+09

0 50 100 150 200 250 300 350

fig. 1:  Prediction of molecular oxygen

In the prediction of molecular Oxygen the MET model shows a strongpmci of
the seasons.

The DTM model predicts a higher density for the beginning amdoé the year and
the in NRLMSISE model are no significant variations visible.

The values differ a lot from day to day.
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fig. 2: Prediction of atomic oxygen

In the prediction of atomic oxygen every model shows a clear influaricthe
seasons.

This comparison shows that these models are insufficient foear grediction. It is
necessary to take time-resolved measurements of the densities of the gases in t
atmosphere. That is a reason why these sensors have been developed.

The aim is to correlate one model or prospect up to now unknavfluences and
create a new model for calculating a precise prediction.
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The sensors

First time resolved measurements of atomic and molecular oxygen were taken by
the Flux-(L-Ph)-Probe-Experiments (FIPEX). It operated 572 day&wnopean
Technology Exposure Facility (EUTBER)the International Space Station (ISS),
fulfilled its primary objectives and collected complete reasonable data.

sl

o
o3
N~
TV

[ r""/ )
fig. 3: FIPEX
These AO and O2 sensors and in addition the new ozone sensor will operat# i
experiment in a miniaturized form.

They are solid electrolyte sensors based on amperometric combined Wwéh t
potentiometric-Nernst-principle for polarization control

==

1(a)

ISet point

0+0, 0+0,
cathode l T anode
solid 5
electr. (00

carrier substrate

heater

fig. 4: Amperometric principle for the AO sensor
Simplified cathode reaction:

(0,)+ 0 +2e = 0% +(0,)
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In case of contact of the gaugeable species with the cathode the imprestiage
between cathode and anode leads to a current. This is because trecut®lor atom
take electrons from the cathode and transport them to the anode.

The current can be measured and compared with diagrams, which weagedréor
different partial pressures of the gaugeable species and differenicgpaéssures of
the gas composition.

Difference between the oxygen sensors

The difference between the atomic and molecular oxygen sensor are thealest

Atomic oxygen prefers reaction with gold electrodes however atomicraatbcular
oxygen prefers reaction with platinum electrodes.

So cermet electrodes on base of gold or platinum can allow a distnbitween
atomic and molecular oxygen.

The feedback control of the reduced potential with a referembectrode is very
important because of the higher electrode polarisation in the goldtedde. The
Sensor for O2 and O3 does not need this reference.

Ozone sensor

The ozone sensor works on another principle. But we must not teterabout it,
because it is in a patent process.

Summary

The development of these precise sensors is an important step @iterb
understanding othe complex and dynamic character of our atmosphere.

By means of this you can make precise prediction of specific gas densar
example corrosive atomic oxygen.

That leads to a better assessment of necessary safeguards for long-term missions in
the low earth orbit.

In addition we can better understand climatie effects which weidld to a better
prediction of climatic changes and the weather.

1.2 Mission Statement

We will test a new developed ozone sensor. In a review we will compare th
measured data, in dependence on pressure (will be measured), wittvrkiata to
estimate the sensors operation quality under conditions of the rodigit.

Our secondary payloads are the sensors for atomic and molecular oxygen and a
temperature sensor.
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1.3  Experiment Objectives

Primary:
Obj. 1 : Test of the ozone sensor during the flight.
Obj. 2 : Measurement of atomic and molecular oxygen during the flight.

Obj. 3 : Measurement of pressure (necessary for data analysis) during the
flight.

Secondary:
Obj. 4 : Measurement of temperature during the flight.

1.4  Experiment Concept

Ozone, atomic and molecular oxygen, pressure and the temperature will b
measured on the outer shape of our experiment modi8e the module has to be
modified in a way that the sensors (AO, 02, O3) look outside but ardirsmtly in

the airstream because the high velocity and pressure variations wouldrlligte
measurements of the sensitive sensors. The sensor system is a balance between a
good gas exchange in front of the sensors and the realization of panaton
environment in which the sensors are able to work.

Two sensor bas will be arranged in an angle of 180 degree and designed that the
sensors are easy texchange. Each sensor box will be controlled by a single
electronic circuit. Each box is separated from the other to obtaio independent
systems.

The sensor control providea specific operating temperature for the sensors (AO
about 600 °C ,02 about 550 °C ,03 about 120 °C).

The data will be collected and saved on a SD-card.

Some data will be send down to the ground station. That we have live mezasat
data of the flight.

All electronic circuits, the SD-card and rechargeable batteries wiktbred and
stabilized in boas, which will be mounted on the bulkhead.
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1.5 Team Details

1.5.1 Contact Point

Email: contact@rexus-moxa.de
Tel. Team leader 015228981521
Website: WWW.rexus-moxa.de

1.5.2 Team Members

Alexander Mager Team leader/ Payload
Aerospace engineer
6. Academic year

Bastian Klose Electronic & Software Design
Mechatronics engineer
6. Academic year

Patrick Geigengack Mechanics
Aerospace engineer
4. Academic year

Alexander Schultz Electronic & Software Design, Web
Mechatronics engineer
6. Academic year

Jonas Uhlman Mechanics
Mechanical engineer
6. Academic year

Daniel Becker Fluid mechanics
Aerospace engineer
4. Academic year

Fabienne Kinzelmann Outreach
Philosophies and Catholic Theology
3. Academic year

Susann Knapik Gas sensors
Chemical engineer
4. Academic year

Nathanael Warth Mechanics & Tests
Mechanical engineer
3. Academic year


mailto:contact@rexus-moxa.de
http://www.rexus-moxa.de/
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Max Oswald Mechanics & Tests

Aerospace engineer
5. Academic year

Sebastian Weixler Mechanics
Mechanical engineer
3. Academic year
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2 EXPERIMENT REQUIREMENTS AND CONSTRAINTS

2.1  Functional Requirements
F.1.: The experiment shall measure ozone on the outer shape é&tXhe
rocket during the flight with two different electronic circsit

F.2.: The experiment shall measure atomic oxygen on the outer shape of t
RX rocket during the flight with two different electronic citsui

F.3.: The experiment shall measure molecular oxygen on the outer shape of
the RX during rocket the flight with two different electrowiccuits.

F.4.: The experiment shall measure pressure on the outer shape of
the RX during rocket the flight with two different electrowiccuits.

F5.: The experiment shall measure temperature on the outer shape of
the RX during rocket the flight with two different electrowiccuits.

2.2  Performance requirements
P.1.: The ozone measurement (partial pressure) shall be made between

10°® bar and 1 bar.

P.2.: The ozone measurement(partial pressure) shall be made with an
accuracy of 2 % ( between an attitude of 30 to 90 km).

P.3.: The ozone measurement(partial pressure) shall be made with an rate
of 100 measurements per second.

P.4.: The atomic oxygen measurement(partial pressure) shall be made
Between10® bar and 1 bar.

P.5.: The atomic oxygen measurement(partial pressure) shall be made with
an accuracy of 1 % (between an attitude of 30 to 90 km)

P.6.: The atomic oxygen measurement(partial pressure) shall be made with
an rate of 100 measurements per second.

P.7.: The molecular oxygen measurement (partial pressure) shall be made
between10°® bar and 1 bar.

P.8.: The molecular oxygen measurement(partial pressure) shall be made
with an accuracy of 1% (between an attitude of 30 to 90 km)

P.9.: The molecular oxygen measurement(partial pressure) shall be made
with an rate of 100 measurements per second.

P.10.: The pressure measurement shall be made betwé&&ar and
1.5 bar.
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P.11.: The pressure measurement shall be made with an accuracy of 8%.
P.11: The pressure measurement from 20 mbar to 3 bar shall be made
with an accuracy of 1%.

P.12.: The pressure measurement shall be made with an rat@®f
measurement per second.

P.13.: The temperature measurement shall be made between *Cadd
100°C.

P.13.: The temperature measurement shall be possible between -100 °C and
200°C.

P.14.: The temperature measurement shall be made with an accura¢ey G C.

P.15.: The temperature measurement shall be made with an ral®of
measurement every second.

P.16: The pressure measurement from 0.001 to 20 mbar shall be made with an
accuracy of 106.

P.17: The experiment shall save and process the data at a rate of 10 Hz.

P.18: The experiment control loop shall process at 50 Hz.

2.3 Design Requirements
D.1.: The experiment shall be designed to operate in the vibratiofilg of
the RX rocket.

D.2.: The experiment shall be designed in such a way that it shallstoth
and harm the RX rocker other experiments.

D.3.: The experiment batteries shall be qualified the rocket #ight

D.4.: The experiment batteries shall be rechargeable to run the experiment
during pre-flight test, flight preparation and flight.

D.5.: The experiment batteries interface shall be accessible for recharging.
D6.: The experiment sensors shall be acddsdor a late exchange.

D.7.: The experiment sensors shall be put on the outer shape of the rocket
for a convenient approaching flow.

D 8.: The electronic boards has to be fixed and hedged against hiyraiatil
electromagnetic influences.

D9.: The hatch shall work (opening time, mechanism) under operating tomsli
D10.: The heat, produced by the electric, shall be dissipated.
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2.4  Operational Requirements

0O.1.: The experiment shall operate automatically.

0.2.: The experiment shdle release the hatch for the sensor protection
automatically.

0.2.: The hatch shall be released automatically.

0.3.: The experiment shall accept a request for radio silence at any tinee whil
on the launch pad.

0.4.: The experiment shall store the measured data on a SD-card.

0.5.: The experiment shall send a part of the measured data down to the
ground station.

0.6.: The experiment shall be able to turn off all electrical partsafatihg.
O.7.: The experiment electrics shall control the sensors all the time.

0.8.: The sensors must not be touched when they are hot.

0.9.: The automatic events shall automatically triggered by Timeline it |
0.10.: The manual events shall be transmitted over the REXUS Interface

2.5 Constraints

C.1.: The experiment shall fit in the module.
C.2.: The experiment shall be able to handle the vibration spectrum.
C.2.: The electric produces heat.

C.4.: The flow vector on the experiment sensors change during the flight.
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3 PROJECT PLANNING

3.1

Work Breakdown Structure (WBS)
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Alexander Schultze
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Alexander Mager
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Alexander Schultze
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Fig.6:  WBS (2) MOXA
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3.2 Schedule

fig. 7: Timetable of MOXA experiment



Students Experiment Document. MOXA Experiment RX16. TU Dres

Page 22

den.

3.3 Resources

3.3.1 Manpower
Alexander Mager

- Aerospace engineer student
- Lectures of system engineering
- SOLID WORKS

Bastian Klose

- Mechatronics engineering student
- Specialization power electronics
- Practical training in micro controller programming

Alexander Schultze

- Mechatronics engineering student
- Specialization power electronics
- Board development in a student research project

Patrick Geigengack

- Aerospace engineer student
- CATIAVS
- Dual studies of construction engineering (bachelor of science)

Jonas Uhlmann

- Mechanical engineering student

- Designed a test stand in a student research project

- Traineeship in the area of designing mobile processing machine
- Student staff at Institute for Fluid Mechanics at TU Dresden

- SOLID WORKS, CATIA

Daniel Becker

- Aerospace engineer student
- Bachelor of engineering
- CATIA

Fabienne Kinzelmann

- Philosophies and catholic Theology
- Trained as a journalist
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Susann Knapik

Chemical engineer student
SOILD WORKS

Max Oswald

Aerospace engineer student

Internship at Astrium Satellites Friedrichshafen

Student staff at Institute of Aerospace Engineering

involved in the software development for the next student picosathef TU
Dresden (SOMP2)

CATIA, SOLID WORKS

Nathanael Warth

Aerospace engineer student
SOLID WORKS

Sebastian Weixler

Mechanical engineering student
SOLID WORKS
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_Exams _ Internshi- Other (Vacation etc.)

Datum Bastian |Patrick | AlexS | AIele Daniel | Susanll Nathahael JonalFabienne |Sebastiar| Max

T
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b |
b |
p |
b |
b |
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1

1
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24.9
25.9
26.9
27.9
28.9
29.9
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31.9
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fig. 8: Manpower (1)
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fig. 9: Manpower (2)
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fig. 10: Manpower (3)

Week |Bastian | Patrick | AlexS | AlexM | Daniel | Susann| Nathagael JonagFabienne | Sebastian] Max
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3.3.2 Budget
The fabrication of the mechanic will be taken by our university.

Table 3-1Mechanical and Electric Parts Cost Estimate
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3.3.3 External Support

Dresden University of Technology
Institute of Aerospace Engineering
Space Systems
Prof. Dr Martin Tamar
o Dr. Tino Schmiel (Head of research group of the sensor development
(AO,02,03))
o Dr. Christian Meyer (responsible for the ozone sensor)

Chair of Fluid Dynamics
o Dr. Frank Rudiger (Shallow water analogy)

3.4  Outreach Approach

3.4.1 Social Media

fig. 11: Facebook, site

In January 2013, we launched Facebook pageto inform industry insiders,

iI}JLMEV 0]*S*U o0 e*u S v (E] V " }uS IHE % EL}i S[e % E}F
www.facebook.com/REXUS.MOXA
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3.4.2 \Website

fig. 12 Website

Our website can currently be visited viaww.REXUS-MOXA.delhe website
generally informs about the REXUS program, our MOXA team and of course about
our experiment. Furthermore, we there collect and present all pubtisarticles and

posts about MOXA. In future, every visitor of the website will have accegess
material (press releases, photos, etc.).
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3.4.3 Classic PR-work

fig. 13: MOXA on TU Dresden

Onthe & }( : vih ECU 8Z dh &E ¢ v[s % E <+ plesh releases }ps }uE
under the heading ""Sp vs§ v E dh st@&ten \ein weiteres

t 0oSE pu%e E}i IS -dresdisrsde/skiudlpgs/newsarchiv/2013/1/REXUS).

About ten magazines and papers took it out in either print oliren Moreover, we

%ol 0]Z S ]o ES3] o ]v }JUE hv]A E¥JELd@thg EvV oX dZ]
front page on the 1% of January (PDttp://bit.ly/Y1A8B\). Throughout the very

first press release and the article, we gained a lot of attention. Several mediadvan

to report about us and our project. We were already interviewed byedbfit media,

for example by the Campusradio Dresden and the MDR (Mitteldeutscher iruk)df

3.4.4 Flyers, Posters, Buttons

So far, we have already designed flyers, posters and buttons which prasework
in courses or on special events on university.

3.45 Fly Your Message To Space (FYMTS)

KUE Uu% ]JPv "&0C z}UE D ¢+ P d} "% _ ~&zD®&Y Aloo P]A
send a small message to outer space. These messages will be collected and printed

out, being included inside the MOXA experiment box, each onrtheiusheet of

paper. We would like to use the campaign to get more attention for theabstart

about two months in advance. We are quite sure that the press winwel the idea

to report about FYMTS and will also spread the call outniessages.
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3.5

Risk Register

Table 3-2: Risk Register

Risk(& consequence if not

obvious)
M-X-01 Parts get unconnected due tc B 3 Low Vibration test
vibration
M-X-02 Hatch is not opening C 3 Low Function test
M-X-03 Hatch is closing uncontrolled C 3 Low Function test
because of malfunction of the
springs
M-X-04 Hatch is opening to early A 2 Very low Test
M-X-05 Hatch tilts on the guide A 3 Very low Test and good desigr
of tolerances
M-X-06 Pyrocutterdoem't fire A 3 Very Low Calculation and test
M-X-07 Springs crack A 2 Very low Test and consultatior
with manufacture for
probability
M-X-08 Sensor breaks B 3 Low Sensors are
intermountable
M-X-09 Hatch or inner chamber not A 3 Very low Good design
tight (hot air gets in the
module)
M-X-10 Anything gets damages durin A 2 Very low Plan of procedure
late access
M-X-11 Air inlet or outlet gets A 5 Low Redundancy of
unconnected during flight screws
M-X-12 Cables break/get A 3 Very low Design large bend
unconnected radii
M-X-13 Flexible tubes breaks / get A 3 Very low Design large bend
unconnected radii
M-X-13 Pyrocutter fires to early A 2 Very low Controlled by
MORABA
E-X01 Mosfet gets overheatec B 4 Low Vacuum chamber
during the flight test
E-X02 DC/DC Converter get B 4 Low Thermal design and
overheated during the flight Vacuum chamber

test
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E-X03 Battery gets overheated C Low Calculate and test
before CDR
E-X04 Short circuit Very low Function Test
E-X05 Connectors do not complete A Very low Select connectors
the circuit while flight that are resistant to
vibration
P-X01 Team member leaves th@ A Very low Allocate
project responsibilities
P-X02 Team member is temporan B Low Use flow chart and
not available for persona time schedule
reason
P-X03 Conflicts in the team slow th¢ B Very low Communication,
work flow. Share tasks in work
packages
P-X04 Team member C Low Time schedule
underestimates the amoun
of work
P-X05 Have not as much people ¢ B Low Time schedule
required working on the
project
L-X01 Material on Order arrivetoo C Low Schedule buffer time
late
L-X02 Parts ordered too late A Very low Adhere strictly to the
time schedule
L-X03 Material on order are broker B Low Schedule buffer time
or don't fit
F-X01 Delayed Fabrication of th¢ B Low Schedule buffer time
university workshop
F-X02 Detect design failure durin¢ B Low Schedule buffer time
the fabrication
F-X03 Bad communication anc A Very low Appoint a contact
misunderstandings betweet person
the team and the workshop
S-X01 Experiment Software A Very low Synchronize Data
Synchronization Loss (LO) after Landing
S-X02 SD Card Failure A Very low Redundancy: RX I/F
S-X03 RX I/F Failure Very low Redundancy: SD Cat
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S-X04 Experiment Restart during A 2 Very low Instantly start
Flight (Power Line Cu collecting data
Experiment Stuck)

S-X05 Critical Module Failure (DAC A 3 Very low Extensive Preflight
ADC, Quartz) Tests

SXXX Software is not Ready at A 3 Very low Time schedule
Launch

YXX o SE}vV] »
DYXD Z v] -
WYYW E-}v o

>YY>}P]*$§]

&YY &

E] S]}v
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4 EXPERIMENT DESCRORTI

Due to the interesting higher concentrations of atomic oxygen abovienry@nd for
Ozone between about 180 km, we need to provide adequate measuring during the
complete REXUS flight. To provide best measurements during high and low
atmospheric pressure two different kinds of measurement chambers willdssl.

One set of sensors will be placed within an inner chamber. The chambergsettsi

for high velocity and high pressures. The outside chamber is pemtexy a hatch.
After the hatch opens the sensors will be directly exposed andheilefore perform
measurements of low pressure slows down airspeed

The hatch willbe triggered by MORABA after the burnout of the rocket engine at
around 30km (28 seconds) and expose the outside sensors during the apogee of the
flight. Additional pressure and temperature sensors are included th ezadule.

Table 4-1: Experiment Timeline

ToF [s] -1000 -900 -100 0 28 50 100 150 200 250 300 350
Height[km] 0 0 0 03 40 70 9 70 30 12 5

Heating

Measurement

Valid Range

(AO)

Valid Range

(02)

Valid Range

(G3)

Hatch X

Shutdown X

The sensors will be exchanged at the beginning of the campaigrumako ensure
their functionality. At launchpad the Sensors will be preheat®dheir operating
temperature. Measurements will be performed after liftoff and the hatcHl we
opened at aboti 30 km height by timeline. At shutdown, all the sensors will be
disabled and the experiment will be switched off.

4.1  Experiment Setup

The system design will be described using SART (acc. Hatley87). The experiment
system design implements two similar independent designs.
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4.1.1 System Model

fig. 14: System Model

Table 4-2Module Specifications

Device Hardware Software Function
Measurement Board A STM32F1 ARM7 Measurement,
Saving,
Transmission
Measurement STM32F1 ARM7 Measurement,
Board B Saving
REXUS BUS RS422 Data

Transmission

Ground Station x86 PC Java, Windows Data Receiving
or Linux and Saving
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4.1.2 Modules

The MOXA experiment electronics will be designed modular. The two esdul
(similar structure) will be stand-alon&hey will be developed on standardized 4-
layer Euro-size circuit boards.

An additional circuit board will be designed for the power system. Akésyswill be
housed in (Electro Magnetic Capability (EMC) shielded segments bbthto avoid
EMC troubles.

Table 4-3: Data lexicon

Data Flow Description ‘
Control Bit LO, Bit SOE

Temperature 0-600°C

Temperature (analog) 3-11 Ohms

Reference Measurement Value 300 mVolt

Reference Heating Value 0-3.3 Volt

Measurement | 0-3.3 Volt

Measurement U 0-3.3 Volt

Heating | 0-3.3 Volt

Heating U 0-3.3 Volt
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4.2  Experiment Interfaces

421 Mechanical

fig. 15: Top view of experimental module
The bulkhead is mounted with 11x EN I1SO 4762 M5x12.

X The hatch will be mounted with 4x EN ISO 7046-1 M5 screws, from @utsid

X The inner chamber is split into parts inside and the ramp outside.rding
will be mounted on the outer shape of the module with AXB65 M4
counter-sunk screws. The inside parts, mounted together with screws, w
be attached with the adhesive OMEGA Bond 300 which provides an séfety
272 Additional it will be mounted with one M4 counter-sunk screw.

x There will be a thread in a drill hode the inner chamber to mount the piezo
pressure sensor.

X The Pirani sensor will be mounted with a screwed clip on fagmaluminium
plate which is connected to the bulkhead via tree screws, threeatidor
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dampers and tree spacer3here are several configurations for the rubber
dampers. A final setting was chosen after the vibration tests.

x The electronic box will be mounted with 6xDIN 912 M4 screws on the
bulkhead.

X The fly-your-messag®-space box will be mounted with 2x DIN 912 M3
screws on the bulkhead.

X The battery will be pinched with two plates that will beefixwith two M3
nuts on threaded rods.

There is no modification concerning the mounting of the D-Bucket or the
attachment of the module with the experiments below and above.

All screws will be locked with Loctite at the final assembly. Where we hawgybno
space there will be serrated lock washers or rather screws with tooth.head
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4.3  Experiment Components

Mechanical parts and connectors are listed in this section. All electrompanents
that have to be soldered on one of the PCB Boards are listed in app@&nd

4.3.1 Mechanical Parts

Table 4-4: Mechanical Parts summary table

component - supplier - current status | weightin Kg -
Srews and little fixation parts several ordered 0,50
Hatch
parts of in-house production (material:AIMgSi1) TUD ordered 0,90
springs GUTEKUNST ordered 0,01
photosensor CONRAD ordered 0,03
slide bushes IGUS ordered 0,01
shafts MISUMI ordered 0,01
pyrocutter TRW ordered 0,02
Inner Chamber
Ramp (material: X5CrNi18-10) TUD ordered 0,25
inside parts (material:AIMgSi1) TUD ordered 0,60
high temperature adhesive OMEGA ordered 0,01
Electronic box
parts of in-house production (material:AIMgSi1) TUD ordered 1,10
other several ordered 0,20
Module
pirani sensor PCE ordered 0,12
pirani flexible tube LANDEFELD ordered 0,01
pirani vibration dumper Schwingungsdampfer DD ordered 0,01
piezo sensor sensor technics ordered 0,10
battery FEYELECTRONIK ordered 0,14
box (Fly your message to space) CONRAD ordered 0,02

Total mass mechanic 4,04
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Table 4-5: Experiment summary table

Attribute Dimension

Experiment mass (in kg): 8.973kg including module and bulkheac
Experiment dimensions (in m): @ 0.348 x 30

Experiment footprint area (in rf): 0.0657

Experiment volume (in m): 0.012

Experiment expected CoG (centre of  (x=137, y=106, z=0.191)
gravity) position:

4.4  Mechanical Design

4.4.1 Outer structure

We use a 170 mm module that is provided by the DLR together with dkterb
mounted bulkhead. The bulkhead will be modified with holeis dcrews to mount
the board box and all parts that are located at the bottontte module

fig. 16;  Outer casing

There are some modifications concerning the module. To allow the seascess to

the environmental air, 3 recesses will be made. One is situated at 270° fronf the O
line with the dimensions 95mm (length) and 30mm (height). This gives the
sensors in the hatch (see 4.4.3) access to the ambient air. As shown in the
description of the hatch this hole will be closed at the ldund opened during
flight.

The other two recesses are situated opposite of the one at circa 90°. THeayivweil
the other sensors that are situated in an inner chamber access to theeaméir.
These are just small drill holes with a diameter of 2.54mBalow the D-Sub bracket
at 180° will be a pass in the bulkhead for any cables between tbéules. The
dimensions are shown in the picture below.



Page 41

Students Experiment Document. MOXA Experiment RX16. TU Dresden.

fig. 17  pass for cables

4.4.2 Board box

fig. 18 board box
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Filter mesh

Top plate
\\\\\\\\\\\\‘ ;//

spacer
boards

backside Rubber sheet

D-Sub plug

Side plate
bottom Side for D-Subs

fig. 19: board box (exploded view)

The board box is the centre of the module. It includes two maantd®, two
sensorboards and the powerboard.

Array of the boards from top to bottom:
mainboard t senorboardt mainboardt sensorboardt powerboard

The board box consists of one bottom plate, one front platee backside plate, two
identical side plates and one top plate. The powerboard is directiynteal onto the
bottom plate, the following boards are mounted and fixed ontetap of another
with 17mm spacers. The front plate has two cut-outs for the two Distdsfaces. In
the middle of the two side plates are two cut-outs for theesgito the sensorboards
and the powerboard. The front and backside plates are fixed on thebofilate
with self-sealing 2x EN 1SO 10642 - M3x8, the two side plates are fikeskif4
sealing 3x EN ISO 10642 - M3x8. The top plate is fixed with 6x EN 1SQ MB&
directly with the spacers from the upper mainboard. Front-, backside amrdpsides
are form-closed by the top plate, and in addition the sideggaget stabilization by
flaps of the front- and backside plate.

The board box is not designed to be gastight. It is just designedver the boards
and to prevent the income of small aluminium chips. Air flow wilkbabled

through five holes (diameter 10mm). These holes are covered with a 45x4#em f
net to prevent the boards from aluminium chips and thereby eventuallgedshort
circuit. The net is fixed between a small 45x45mm plate (also with BxnlBoles to
enable air flow), the plate is fixed on the top plate with 4kktrews and nuts. The
whole board box is affixed on the module with 6x EN 1ISO 1@842x12. All plates
will be manufactured of aluminium (EANW-6082 T6).
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4.4.3 Sensors box with hatch

fig.20:  hatch assembly

This is one of two assemblies which include sensors, the other otie iginer
chamber in chapter 4.4.4. The included sensors will measure atonyigenx
molecular oxygen, ozone and temperature, so there are 4 sensors inside.

The main task of the hatch is to mount the sensors in the module gavel them
access to the ambient air by demand. The sensors will be protected dxbraust
gases at the launch. That will be realized by a hatch plate shalbsed and fixed by
thin steel wire in the initial position. This wire is clampethvé plate and 4 screws
on the movable hatch and again with a clamping plate and 4 screwshen
underneath bottom plate of the hatch housing. By cutting tthin wire with a
pyrotechnical cutting cylinder we open the hatch with springs tmash the hatch
up. In the pictures below you see schematé€this mechanism.

fig.21: hatch function
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fig. 22: Detail view clamping mechanism

Part overview of the hatch mechanism

fig. 23:  hatch (exploded view)

Materials for each component are shown in the attached drawings.
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box and sensor mounting

fig. 24: sensor mounting hatch

The outer box is made of two parts that are assembled with screwSR bSO 4762
M5x15 and positioned with bolts 2 x EN ISO 8734 6x15 to realizaceurate
mounting on the module wall.

The four sensors are positioned in four cuts in the upper part. Omale&sideof the
box there is a sensor board with four plugs mounted (8 x EN 1SO 20)1.0The6
sensors are attached to these plugs. To prevent an unplugging of tre®rsewe
mounted them with a plate from the other side that pushes thenthviis 3 x EN ISO
2010M3x6 screws against the box so that a form fit is realized (the holé=iplate
are smaller than the smallest sensors diameter).
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hatch mechanism

fig. 25: Hatch mechanism

To move the hatch there are four antifriction bushes integratedhi@ aluminium
plate. They touch the guides which will support a fluent moveménhe hatch. The
springs push the hatch up when the wire is.cut

While beeing stressed the springs bdwave one a force of 16.38 N. So a force of
32.76 N pusheshe hatchto open the recess in the module completely so that air
can get to the sensors.

The steel wire which keeps the hatch in its inital positionuisat an altitude of
around 30 km by a pyrocutter. It is fired by an electric currenttdéast more than
0.4 A. To fire it in any case there have to be a current of 1Th@&triggerring of the
explosive inside the pyrocutter lies by MORABA(Mobile Raketen Basis, DLR).

The replacement of the pyrocutter and the wire due to tests requiresrestrewing
of the hatch box out of the module and a disintegratiortteé clamping plates and
the pyrocutter mounting.
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Owing to the fact that the pyrocutter contains explosives there have tsdmae
security constraints. To prevent early ignition and damage to men oena&tthe
electric circuit have to be capsuled and seperated from other cords.

Positioning photo sensors

fig. 26 photo sensors

To know whether the hatch is closed or open we use a photo sensmrmted with

2 X EN ISO 4762 M3 x 6) and a cover mounted on the hatch with 2 x EN 1262010
The cover will move between the light beam of the sensor whes dpened so we
get a feedback of the position of the hatch.
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fig. 27 open and closed hatch
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4.4.4 Inner chamber

fig. 28 inner chamber

The principal task of the inner chamber is to offset air of thal filaw streaming on
the rocket. This requires that the inlet geometry wont heat up toach, the inlet
should not disturb the aerodynamic of the rocket and the gas exahahguld be
very fast without stressing the gas sensors to much.

fig. 29 ramp

Because the ramp is very flat the fluid flow has little contact poiotstriction, so
the ramp wont heat up so much. Also because the ramp is so flat, it Hascbittact
area for the fluid flow to disturb it.
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fig. 30 compression shock

The break for the fluid flow, caused by the ramp, leads to an oblapmepression
shock. Across this shock the pressure, temperature and airflow velocity chargge. Th
velocity will go down and the temperature rises, but the most imparfaet is that

the pressure rises too. So the pressure at the ramp is higher than theyreesext

to the ramp.

fig. 31 Ramp on module with air in- and outlet
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Between the drill holes of the in- and outlet the air flow generatepressure
differential which leads to an air flow through a chamber with sesgor pressure,
temperature, ozone, atomic and molecular oxygen.

fig. 32 air stream through inner chamber

After the air flows through the inlet in the chamber it hits the spacer,tecathere
and expands because of the profile extension. Because of the pressterswfifal
the air flows over the sensors to the outlet and leaves the innardber.

The ramp, made of X5CrNi18-10 w# mounted with 4 x DIN965 M4 counter-sunk
screws. The adaption which is made of AIMgSil will be glued frenmgide on the
shape with a safety of 272 and positioned with one DIN 7991 M4 teosnnk
screw. Then the spacer is fixed with two M4 screws on the adaplibe sensor
board, with the soldered sensor clips, is fixed with six M3 screws. Tiserskoard is
easy to disintegrate for an easy exchange of the sensors.



Page 52

Students Experiment Document. MOXA Experiment RX16. TU Dresden.

4,45 Pressure sensors

To measure the pressure we use the following sensors in the named subd&semb
(more information in the datasheets):

Hatch sensor box : VSP63

Internal sensor box Keller-21Y

The VSP63 sensor will not be mounted directly where the measuremeakeas t
because of space problems. We use a flexible tube to connect the sensorheith t
position of measurement. To mount the flexible tube at the hatch anthe sensor
we will be using hose band clips over a screwable adapter. The flexti#entill have

an inner diameter of 9 mm. The sensors themselves have suitable connectors

The VSP63 pressure sensor will be fixed as shown below.

fig. 33 sensor fixation



Page 53

Students Experiment Document. MOXA Experiment RX16. TU Dresden.

The sensor will be fixed by a clip which will be screwed downbBer mat will be
placed between the sensor and the clip to prevent damage to the senserclifh
will be held by two screws which connect the clip with the miing plate. The plate
will be mounted on three vibration dampers. These will decouple #mesar from
vibrations. The dampers will be installed on top of the spacers taterenough
place for the electric connector. The spacers will be screwed directly en th
bulkhead. Detailed information about the dimensions will be founthendrawings.

4.4.6 Position and fixation of the Battery

fig. 34 top view of the experiment

The picture above shows the position of the batteltywill be fixed by two screwed
metal strips at the bulkhead.

447 "(oC CIUE u e P-pdrt %

The messages that will fly to space will be printed on two or threetsha&f paper
These sheets will be inside a closed box with an venting holiés si0t air tight. To
ensure that the paper will not block the hole, we will push ivdowith a screw and
clip them together. The box will be mounted by two screwghabulkhead.
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4.5 Fluid Mechanic

For the implementation of measuring ozone, atomic oxygen and molecxiaren
we choose two experiments for different height ranges. For ranges higher 3dan
km, we use a cavity which opens its hatch a few seconds after ldindffeveals the
sensors. Because of decreasing density and the high velocity of the rockeevea u
inner chamber for representative measurements up to an altitude ofr80 k

To analyze the flow over the cavity of our module, we build a simple 2dkh{fig.
35) with the assistance of simulation software to work with Rrroblems in this
experiment might be the turbulent flow around the sensors, placethatbottom of
the cavity, and the conditions of the air properties in thighter altitude, e.g. low
density. On the basis of these facts we agree to a supplementary configufatio
ozone-measurement in lower altitude, up to. 30 km.

fig. 35: 2d-Scheme of the 2d-model of the MOXA-module

For first simulations of the fluid models we use simple dates fampressible fluids
to show the functionality of our experiment in a simple ambience. Wént to
consider the flow dynamics with different settings in stationary vtginat
determined altitudes. The series of tests will start with constantsitgnand low
speed. In additional tests the speed approach up to the flight spéeatieorocket,
the density is still constant. After the test with increasing spegthe incident flow,
we want to realize additional tests with changing densitie velocity profile (fig.
36) is adopted by the experiments of % o [Eect Simulation of a turbulent
boundary layerupto R=1410 (E}u i6066X
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fig. 36: Velocity profile at different Reynolds numbers by the Experimieof Spalart
‘Direct simulation of a turbulent boundary layer uptoR=1410 (E}u i60606

The calculations of the issues occur with the Shear Stress Transportl V&8 €) and
most likely with the Reynolds Stress model (RSM). Here S&@8odel requires
much less computation time as the RSM and combines the advantage df-th
model near the module boundary with the advantage of thé-kaodel for the free-
surface boundary. The RSM owns higher model accuracy but with the disageant
of higher effort and no guarantee of more precise results. The outconteeoSST-
Model is acceptable, so the RSM is not really necessary.
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4.6  Electronics Design

4.6.1 Microcontroller Design (Mainboard PCB)

To handle measuring and data handling, for each sensor control bwaadARM7
microcontroller of the type STM32F103RB will be used. A customized RICB wi
supplementary ADC, DAC, SD-Card and USART level converters with be used.

fig. 37 Simple schema of our microcontroller architecture

For better understanding all modules are explained in this chapter. ingrgrtant
modules are listed with a connection-table for detailed infotima. All other
modules are connectedsrecommended in the data sheet. You can find the pdf
document for circuits and board layout as well as the part lists wihyperlink to
the distributor in Annex C.

Microcontroller:

Our main unit. Pin connections are described here:

Table 4-6: Connections

PIN Function MOXA Signal Type

PAO ADC ADC1%$1 A/D sensor 1
PA1 ADC ADC1$2 A/D sensor 1
PA2 ADC ADC1%$3 A/D sensor 1
PA3 ADC ADC1%4 A/D sensor 1

PA4 SPI (DA, AD) NSS D/A external DAC and ADC
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PAS
PAG6
PA7
PA8
PA9
PA10

PA11

PA12
PA13
PA14
PA15
PBO
PB1
PB2
PB3
PB4
PB5
PB6
PB7
PB8
PB9

PB10

PB11
PB12
PB13
PB14
PB15
PCO
PC1
PC2
PC3
PC4
PC5
PC6
PC7
PC8
PC9
PC10
PC11

SPI (DA, AD)
SPI (DA, AD)
SPI (DA, AD)
Measure I/O
Measure I/O
(@)

|
JTAG

JTAG

JTAG

ADC

ADC

|

JTAG

JTAG

|

12C1 (TEMP)
12C1 (TEMP)
LED_SOE
LED_STATUS

USART3(RS232,

RS422)

USART3(RS232,

RS422)

SPI2(SD Card)
SPI2(SD Card)
SPI2(SD Card)
SPI2(SD Card)

ADC
ADC
ADC
ADC
ADC
ADC
PGA1$1
PGA1$2
PGA2%$1
PGA2$2
PGA3$1
PGA3%$2

SCK D/A
MISO

MOSI
CS_DAC
CS_ADC
HATCH_ON

HATCH_IN1

HATCH_IN2
TMS

TCK

TDI
ADC2$1
ADC2%2

HATCH_DONE

TDO
RST
LO

SCL
SDA

TX

RX

NSS
SCK
MISO
MOSI
ADC2$3
ADC2%4
ADC3%1
ADC3$2
ADC3%3
ADC3%4

OO0 0O0O0O0

external DAC and ADC
external DAC and ADC
external DAC and ADC
Chip Select DAC

Chip Select ADC
Powering the Hatch
Sensing if Hatch does
open

Sensing if Hatch does
open

Programming
Programming
Programming

A/D Sensor 2

A/D Sensor 2

Sensing if CAP is charg
Programming
Programming
REXUS-Interface
Temperature Measure
Temperature Measure

RS232-RS422

RS232-RS422

A/D sensor 2
A/D sensor 2
A/D sensor 3
A/D sensor 3
A/D sensor 3
A/D sensor 3
Measure Range Sensor
Measure Range Sensor
Measure Range Sensor
Measure Range Sensor
Measure Range Sensor
Measure Range Sensor
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PC12 (@) Hatch_Charge
PC13 @] BAT_ON

PC14 Quarz 0OSsC -
PC15 Quarz OosC -
PDO Quarz 0OSsC -
PD1 Quarz OosC -
PD2 - - -

JTAG-Interface

We use a 20-Pin JTAG interface for programming. Olimex standard layout for easy
programming via an Olimex ARM-JTAG.

RS232

We use this interface is only used for testing. Via jumper you cansehoetween
RS232 and RS-422. Different gage converter support both interfaces.

REXUS-Interface (RS-422)

This interface for sending data up and down. Via jumper you caosehbetween
RS232 and RS-422. Different gage converter support both interfaces.

D/A-Controller

The D/A Controller is for setting the right sensor temperature and sevisitaige.
Additional Information can be found in paragraph:

Sensor Module

This is a separate PCB-Board. All connections are provided by the PowedBus an
Measure-Bus systems.

A/D Controller

We use an external ADC for additional AD-Ports and because of hegbértion.
Because of precise pressure sensors onboard we need to support an higher
resolution than the internal 12 Bit. Additional we get feedback alpmyvrer
consumption and battery voltage level.

SDCard

The SD-Card is for data storage. We are not able to send all datawdowe flying,
so data is kept on 8DCard. The reject mechanism of the SD-card socket is good but
for safety ithas to be locked by some glue additionally.
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Power-Bus

We use a Power bus that connects all boards and provides the diffeofiage
levels where needed. High current or critical voltage levels as well a&SNiieare at
least doubled on this bus. There are some uncritical Signals onuisystem like
I2C, powering the battery and measuring of voltage too.

Table 4-7:  Power BUS: pin configuration

Pin Signal2 used for:
1 GND 2 GND -
3 [2C1 _SDA |4 12C1 CLK SDA of the Digital

mainboards 1 or 2
5 12C2_ SDA 6 12C2-CLK CLK of the mainboard Digital

lor2
7 GND 8 GND - -
9 | REX_SENS 10 3V7 Current Sense / 3.7V Analog
Battery Connection
11 | BAT_SENS 12 BAT_HEATIN! Current Sense / Analog
Heating Command
13 GND 14 GND - -
15 5V 16 5V 5V Supply Low Current
17 12V 18 12V 12V Supply Low Current
19 -12Vv 20 -12Vv -12V Supply Low Current
21 24V 22 24V 24V Supply Low Current
23 12V_BAT 24 12V_BAT 12 Volt from Battery  High Current
25 12V _RX 26 12V_RX 12 Volt from Rexus  High Current
27 GND 28 GND - -
29 RX CHARGE 30 RX_CHARGE 28V connection High Voltage
between RX-battery
interface and battery
charger
31 RX28V 32 GND_RX RX_Interface to High Voltage
Powerboard
33 RX28V 34 GND_RX RX Interface to High Voltage

Powerboard
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Table 4-8: Power BUS: pin configuration

Pin  Signal Pin  Signal2 ~used for - Type

1 GND 2 GND -

3 I2C1_SDA |4 12C1_CLK SDA of the Digital
mainboards 1 or 2

5 [2C2_SDA | 6 12C2-CLK CLK of the Digital
mainboards 1 or 2

7 GND 8 GND - -

9 | REX_SENS 10 3Vv7 Current Sense / 3.7V Analog
Battery Connection

11 | _BAT_SENS 12 BAT_HEATIN| Current Sense / Analog
Heating Command

13 GND 14  GND - -

15 5V 16 5V 5V Supply Low Current

17 12V 18 12v 12V Supply Low Current

19 -12v 20 -12Vv -12V Supply Low Current

21 24V 22 24V 24V Supply Low Current

23  12V_BAT 24 12V_BAT 12 Volt from Battery High Current

25 12V _RX 26 12V_RX 12 Volt from Rexus  High Current

27 GND 28 GND - -

29 RX_CHARGE 30 RX_CHARGE| 28V connection High Voltage
between RX-battery
interface and battery
charger

31 RX28V 32 GND_RX RX_Interface to High Voltage
Powerboard

33 RX28V 34 GND_RX RX Interface to High Voltage
Powerboard
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Measure Bus

This bus exists twice. One between Mainboard A and Sensor board Ahtre ot
between Mainboard B and Sensor board B. They are identical.

Table 4-9: Measure BUS: pin configuration
Pin Signal Pin2 Signal2 Kind of signal |
1 AGND 2 AGND AGND directly connected to uC
3 ADC1$1 4 ADC1$2 sensorl
5 ADC1$3 6 ADC1%4 sensorl
7 DAC13$1 8 DAC1$2 sensorl
9 ADC2%$1 10 ADC2$2 sensor2
11 ADC2%$3 12 ADC2%4 sensor2
13 DAC13$1 14 DAC2$2 sensor2
15 ADC3%$1 16 ADC3%2 sensor3
17 ADC3%$3 18 ADC3%4 sensor3
19 DAC3$1 20 DAC3$2 sensor3
21 PGA13$0 22 PGA1$1 gain select sensor 1
23 PGA2%$0 24 PGA2$1 gain select sensor 2
25 PGA3$0 26 PGA3$1 gain select sensor 3
27 GND 28 GND GND connected to GND
4.6.2 Sensor circuits (Sensorboard)
B.1 Heating

B1.1 B1.2 B1.3

O- Heating O2- Heating 0O3- Heating
fig. 38  Control & Data Flow diagram of the different sensors
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A/D finished

Measuring U, |

A/D Convert \
éence

Value analog

Calculate new
measuring
Reference Value

Reference
Value (12C)

D/A Convert

fig.39:  Control & Data Flow Diagram of Sensors Measuring

- DC +
T

Pl-regulator

Reference 4)9

+

0+0,

0+0,

Cathode Ref. Anode
Reactive ZrO,(Y,0,)

AlO,

+ Platin heating element -

fig.40: Control & Data Flow Diagram of sensors measuring and feedback obntr

The FIPEX sensor gets heated to a temperature about 650°C by a platamemnfil
heating. This temperature has to be stable for at least one minutat@mic- and
02 sensors and 15 minutes for O3 sensors before measurement to eliminate

contaminations on the sensor surfaces.

Voltage requlation:

This is done by setting a voltage between cathode and anode. Newadliage

between reference electrode and cathode is measured and compared Wwéh t

reference voltage. The difference between those two signals sets the ofpghe
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PLController. The PI-Controller now adjusts the voltage. The currenteatittode
correlates directly with the amount of oxygen witch impinges lo@ $ubstrate.

You can find the PDF document for circuits and board layout assvidike part lists
at Annex C.
4.6.3 Power design ( Powerboard)

You can find the PDF document for circuits and board layout iemgip C.
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4.6.4 Temperature measurement

We support the temperature standard sensor LM75 on all PCBs inside atroele

box via 12C. We have little modulelkl(mm x 11 mm) that can be connected via a
small connectorJSTSH connector). You can find the pdf document for circuits and
board layout in Annex C

4.6.5 Sensor boards

A/ID

Calculate new

finished Heating U, |
measuring
Reference

R A/D Convert
Value
Reference \\\1 /
Value (12C) N Reference

Value analog

D/A Convert

fig.41: Control & Data Flow diagrams of sensors heating

Heating and measuring is nearly similar for O, O2, O3, the only differencatis, th
there is no reference electrode needed for ozone and O2 measuring.

You can find the PDF document for circuit and board layout in A@Gnex
4.6.6 Canectors

For connecting the circuits, we use mainly 2 different connectors manutby
MOLEX and JST. We use the Molex standard KK CME Connectors in 2.54mm width.
The Headers do have voided back walls and friction locks, that provideosdditi
polarisation feature and mate retention. On the other hand we useSI$T

connectors that can be mounted at TU-Dresden for all signals ete.isla table of

all connectors we use inside our rocket-module:



Page 65

Students Experiment Document. MOXA Experiment RX16. TU Dresden.

Table 410: Connectors

Connector Connector Connect Kind of
Num Name Side A: Connect to: Side B to cable
Sensor
1 Sensl$l Molex Sensorboard 1 Molex AO Hatch 300mm 5 AWG24 11,2
Sensor
2 Sensl$2  Molex Sensorboard 1 Molex 02 Hatch 300mm 5 AWG24 11,2
Sensor
3 Sensl$3 Molex Sensorboard 1 Molex O3 Hatch 300mm 5 AWG24 11,2
Sensor
AO
4 Sens2$1  Molex Sensorboard 2 Molex Cavity 300mm 5AWG24 11,2
Sensor
02
5 Sens2$2  Molex Sensorboard 2 Molex Cavity 300mm 5 AWG24 11,2
Sensor
03
6 Sens2$3  Molex Sensorboard 2 Molex Cavity 300mm 5AWG24 11,2
Sensor- Pressure
7 Pressure 1 JSTSH4 Mainboard 1  Plug Hatch 300mm 4 AWG28 14
Sensor- Pressure
8 Pressure 2 JSTSH5 Mainboard 1  Plug Cavity 300mm 4 AWG28 14
Crimp- Crimp- 2 min
9 Battery Hulse Powerboard  Hilse Battery 100mm AWG10 25
Magnet Magnet
10 Control JSTSH4 Mainboard 1 JSTSH4 Control 200mm 4 AWG28 14
1la Temperat Tempera
c ure LM75 JSTSH4 Mainboard 1  JSTSH4 ture sens 100mm 4 AWG28 42
11d Temperat Tempera
f ure LM75 JSTSH4 Mainboard 2 JSTSH4 ture sens 100mm 4 AWG28 42
Temperat
ure Solder to Sensor
12 PT1000 Thermod 1 Mainboard 1 JSTSH4 T1 Hatch 200mm 4 AWG28 14
Temperat
ure Solder to Sensor
13 PT1000 Thermod 2 Mainboard 2 JSTSH4 T2 Cavity 300mm 4 AWG28 14
Crimp- Magnet Crimp- 2 min
14 CAP Hulse Control Hilse CAP 150mm AWG10 25
Mainboa
15 Photo Solder Photosens JSTSH4 rd 300mm 4 AWG28 14
ARM Magnet
16 PLUG Solder ARMPLUG Solder Control 180mm 5 AWG28 25
Magnet Crimp- Magnet 2 min
17 Power Hilse Control Solder Solenoid 200mm AWGI10 25
Total
Mass [g]: 335,2
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4.7  Thermal Design

The thermal design is split in four parts. The temperature intageh, the inner
chamber, the parts which are mounted in the module and these whrehnot in
contact with the ambient air stream. The fourth part is the intagpbetween the
electronic boards and the electronic box.

Temperatureof the hatch

The hatch will not open until an altitude 80 km is reached. Because of the low
density in this altitude the friction on the lower edge of the nowened cavity is
very low. That means that the hatch has to handle the temperature of the aarstre
that will be 120°C (outer shape of the rocket, measured on RX 11).

Therefore the hatch has to guarantee functionality between -20 and 120°C

During reentry, the hatch is open, hot gases hitting the parts whichoalerlg in the
JE+SE uX 3§ 8Z]e 88 }( 8Z (o]lPz38 A }Jv[&vAAS 8} u -p
} v [&re if a sensor breaks. But hot gases must not come in the module Rself

that every way into the module is secured by heat resistant companent

Therefore the hatch has to guarantee leak tightness from -20 to 200°C.

Because the hatch is the only assembly group with moving parts therdilstation
calculation in appendix C.

Table 411: temperature profiles of components of hatch

Part Temperature in °C

In-house production(AIMgSil) melt at +585

operating at-25 to 55

protected by hatch during hot flight phase
Solenoid Operating temperature up to +300

Gas sensors Work on up to +500

Operating up to 1200

Photo sensor

Pressure tube

Operating temperature -40 to 120

springs

shafts Medium thermal expansion coefficient at 200°C
12.5x10° m/K

slide bush Operating temperature -100 up to +250

Sealing compound Operating up to +300
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Temperature of the inner chamber

The inner chamber has a very small inlet (2.54mm hole), but the air could stream

very fast. So in worst case the inner chamber has to hag@8le °C. This is an

assumption because real behavior of the airstream is very hard to calculate. The

pressure difference between in and outlet could be up to ore, tbut many
influences like wall near effects and inaction of the stream prohiigood
calculation. We estimate the highest temperature with up to 250°C.

The inner chamber and the bond should be able to handle temperature20ofo
250°C

The Ramp outside should handle -20 to 600°C to be sure that the rmomt
separate from the module and damage the rocket.

Table 412: temperature profiles of components of inner chamber

Part Temperature in °C

In-house production
(AIMgSi1) melt at +585

Ramp(X5CrNil180)

Medium thermal expansion coefficient at 500°C is 18k1
m/K

Gas sensors Work on up to +500

piezo sensor
process attachment
Sealing compound Operating up to + 300
High temperature
adhesive

Operating -25 up to +85

Operating up to +982
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Parts mounted in the module(except electronic box)

Inside the module we know that the temperatures, measured on thedmatters,
having their maximum at 43°C.

All parts inside the module should be able to handle temperatofef0 to 50°C

Table 413. temperature profiles of components in module

Part Temperature in °C

In-house production(AIMgSil) melt at +585

Battery Operating from -20 up to +60
Battery rubber for fixation Up to +100

Battery Fixation (steel) Up to 1600

Piezo sensor -40 up to +85

Operating +5 to +50

Pirani sensor Storage -20 to +70

Pirani fix. dampers operating from -20 to +80
Pirani fix. Frame(AIMgSil) melt at +585

cables Operating Up to +60
cable fixation Up to +100

Sealing compound Operating up to +300

Boxes for FYMTS

and board for hatch opening Melting at +660

Interplay between the electronic boards and the electronic box

The heat which the electronics will produce and emit is hardalculate so it will be
tested.

So we determine no temperature range, but we show that the box cafersttie
temperature and later, after the tests show how much heat the eledtromill
produce, to be sure everything will work or change the design.

Table 414: temperature profiles of components of the electronic box

Part Temperature in °C

In-house production(AIMgSil) melt at +585

Distance pieces(steel) Up to +1600

Foam for fiction Operating -20 up to +105

Cable outlet Operating at -20 up to +85
Screws

All screws are made of steel and will handle the temperature profile.
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Table 415: Heat Power Generation

Power dissipation

Switching Regulator 40 mW normal
DC/DC 3.3V 750 mW high
DC/DC 5V 3000 mW very high
DC/DC +/12V 750 mW high
uController 95mwW low

Temperature of the elements will be lowered by a heat sink design ®m&/DC
Converters (direct connect to the aluminium case), by thermal vias and heat pad
below the board for smaller thermal losses (microcontroller, swighiegulators).

4.8 Power Systm

4.8.1 Power dissipation

The anticipated power dissipation is mostly caused by the sensorsngeathe
sensors resistance and therefore the power dissipation varies widely dependin
the temperature of the platinum resistance and energy dissipated byt hea
convection.

The power dissipation of the sensors varies widely between the maximum value at
startup with about 5 Watts, and the mean dissipation of about 0.95t8\latasured
in high vacuum chamber.

During the flight power dissipation will vary between this twesimn dependence of
mass flow over the sensor surface and barometric pressure.

The heating element is made of platinum. The dependence betweestoesind
temperature is listed below.

14
12
10
E 8
e
O 6
S 4
1)
g 2
0 —
-80 20 120 220 320 420 520 620 1Y 72(
temperature/°C

fig.42:  Resistance (Min-Max) calculation
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To allow sensor calibration and removing of sensors contamination,ethgoss will
be heated up before the TO. Therefore, the highest power dissipatidnoagur
before the launch, if all the sensors get heated up at once (6x GsWa lower
power dissipation is expected during the first flight phase (0-30krd)tla@ lowest at
around the top. (6x1 Watts).

The maximum power dissipation during low pressure atmosphere will be dstima
around 31 Watts in total by using battery supply and around 37 Wattading the
REXUS power interface.

Table 416:  Overview Dissipation

Power Total
Voltage Current  Dissipation Count Dissipation

uController 3,300 V 29 mA 95 mW 2 190 mw
uC peripherie 3,300V 10 mA 33 mw 2 66 mwW
Fipex sensor heat 7,000V 673 mA 4711 mW 6 28266 mW
Shunt 0,020V 673 mA 13 mw 6 81 mwW
MOSFET 0,020V 673 mA 80 mw 6 480 mwW
Measurement Peripherie

(current side) 12,000 V 10 mA 120 mW 6 720 mwW
Measurement Peripherie

(voltage side) 12,000 V 10mA 120 mwW 6 720 mW
Pressure sensore 12,000 V 20 mA 240 mwW 1 240 mwW
Temp. sensor 12,000 V 20 mA 240 mw 1 240 mw
DC/DC Loss 6000 mW
Total Dissipation 37082 mwW

To avoid excessive power usage, two possible designs can be implemented. The
alternative switched heating might be implemented, but can onlybed before the
actual measurement. The second design includes batteries to lower the power
withdrawal of the REXUS I/F.

4.8.2 Power System Design

High current batteries will be used to provide additional energy. A spacdédied Li-
lon battery will be used. For safety, it will be placed in a separated compartment
inside of the boardbox.

Assuming an average consumption of 20 Watts and a safety factor of 2, the gequire
battery capacitance results to:

9L3U7

9 . tro . ~ D i
3L—7UP-Im8UstIEJUt—XHH—EJLta;uu#D
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The battery charging and handling will be implemented using an MAX@&irging
/| X dZ ~Z EP]JvP_ o]v }( 8Z Zy Ivs &E( Aloo e

4.9  Software Design

4.9.1 Experiment Software Design

Each experiment will have their own Microcontroller and data systentreate
independence. The Experiments are controlled manually before LO amdnajine
after LO. According manual command for tBensors Heatingan be sent by the
ground station. Automatic flight events likdeasurementsData Acquiry, Shutdown
are controlled by an timeline. The opening of the hatch rg@dled by MORABA.

In case of any reset the LO Signal will be analysed first and withrels@np the
measurements and data acquiry will immediately start.

The timing will be synchronized to the LO signal and data capturaeadry will be
performed. The timeline corresponds directly with Tablg.4-

Table 417: Software Timeline

ToF [s] -1000 -900 0 50 350 600

Height 0 0 0 40 5 0

Heating

Measurement

Hatch X

Shutdown X

Manual Events Power ON Heating Power OFR
Software State IDLE HEATING_C FLIGHT FLIGHT FLIGHT STOP

Table 418 List of Implemented States (Moxa Experiment)

ate A pe ptio
0 SETUP X Used at Controller Startup
1 IDLE X No Action is taken
2 HEATING_ONL X Heating is Active (PreLaunch)
3 MEASURE Measurement is active
4 FLIGHT X Measurement is active with Time Synchronizatiof
5 STOP X All Parts are Stopped
6 TEST, Various Assembly Test Modes
7 TESTPINS All Output Pins will blinks.




Page 72

Students Experiment Document. MOXA Experiment RX16. TU Dresden.

4.9.2 Microcontroller Placement Considerations

Two autonomous measurement environments. Supplemental data transmission (1/s)
from 1 out of 2 measurement devices.

SRV <— Sensors 1-3
M3 (digital)

fig. 43: Microcontroller Placement Considerations

4.9.3 Software Flow Diagram

O

SOE(T=-900s)

— 5 Open Latch
Heating&Measure

0

fig. 44: Software Flow Diagram

4.9.4 Implementation of a Minimalistic Operating System (MOS)

Minimalistic Operating System with continuous scheduler and Hasic overview.
The different flight states are represented in the microcontrollesing a state
machine to perform the according tasks.

The following figure shows the basic flow of the onboard nuontroller software.
The control loop and the scheduler (housekeeping) tick rate conto real time
operation as described in the requirements (10Hz) by using interruptiser
components are driven with the lowest achievable latency.
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fig. 45: Implementation of a Minimalistic Real Time Operating SystéRiTOS)

4.9.5 Data Communication Implementation

Active time of flight measurement during 300s with 10Hz will resift 3000
Measurements. By efficient compression of data all packages will bedsema to
the ground station as redundancy f8Dcard failure. The overall measurement data
per measurement is roughly 150 Byte, and hence 1500 Byte/s.

4.9.6 Data Protocol Implementation

According to the REXUS experiment documentation a data protocol éas b
implemented.

A 16Bit CRC-CCIT (OxFFFF) algorithm has been implemented at ground station at
communication participants to check for bit errors. The upstream amangtream
protocol use different package sizes, since upstream is solely required fo
commanding and does not carry many data. Each message consists out of a 6 Byte
header, containing the identifying Message ID (MSGID) as well as a consecutive
message number. In addition a 2 Byte CRC is included, containing the CRdafar all
after SYNC.
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Table 419: Description of 30-Byte Data Package (Downstream)

SYNC SYNC MSGID MSGCNT | DATAO..23 | CRC CRC

Table 420: Description of 22-Byte Data Package (Upstream)

SYNC SYNC MSGID MSGCNT | DATAO..15§ CRC CRC

A upstream command protocol will be used that allows setting oklainentary
experiment parameters by remote, most significantly the status and control
parameters, and allows remote triggering for the hatch and the sensors.

4.9.7 Control Loop

An digital PID controller has been implemented to control the ImgatiThe process
parameters are flexible and can be adjusted before launch. For goddrpance
the control route parameters are determined experimentally and will thenuked
to establish the PID parameters using an analytic model with SIMULINKarsoftw

fig. 46: Analytic Simulink Model of the Heating with quasi-continuouBID
controller

4.9.8 Ground Station Software Design

The ground station will be used to survey and save the received measureiaant d
The ground station software is developed in Java language. To access sarrakfeat
the RXTX Library will be used. For visualisation the open JFreeChart librseg.is u
All commands can be executed by sending an ASCII Code through a serial interface.

Start/Stop Heating

Start/Stop Sensors

Set Experiment Parameters (Control Parameters)

Start/Stop Battery

Read/Save all Analog Values (Currents, Voltages, Pressures)
Read/Save all Temperature Values

X X X X X X
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fig. 47: UML Diagram of Groundstation software classes.

The software is accessible online via a revision software (Git) to atiibataration
and sharing of the software with fellow/future teams.

fig. 48: Preliminary GUI of the Ground Station
4.10 Ground Support Equipment

Two laptops: The ground support equipment will receive the data fioenREXUS
Interface and will analyse it for transmission error, process and save the data.

We need at launch site precise temperature and pressure data to latereur
measurements with atmosphere models.
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5 EXPERIMENT VERIFICATION AND TESTING

5.1 Verification Matrix

Table 5-1: Verification table

ID Requirement text Verification  Status

F.1 The experiment shall measure ozone on the oy T, R
shape of the RX rocket during the flight with tv
different electronic boards

done

F.2 The experiment shall measure atomic oxygen| T, R
the outer shape of the RX rocket the whole flig
with two different electronic boards.

done

F.3 The experiment shall measure molecular oxy¢ T, R
on the outer shape of the RX rocket the whc
flight with two different electronic boards.

done

F.4 The experiment shall measure pressure on | T,R done
outer shape of the RX rocket the whole flight w
two different electronic boards.

F.5 The experiment shall measure temperature on { T, R
outer shape of the RX rocket the whole flight w
two different electronic boards.

done

P.1 The ozone measurement (partial pressure) shal| R

possible between I8bar and 1bar. done

P.2 The ozone measurement (partial pressure) shall R
made with an accuracy of 2% (between an attitu
of 30 to 90km)

done

P.3 The ozone measurement (partial pressure) shal| T, R done
made with an rate of 100 measurements eve
second

P.4 The atomic oxygen measurement (partial pressy R done
shall be possible between far and 1bar.

P.5 The atomic oxygen measurement (partial pressy R done
shall be made with an accuracy of 1% (betweer
attitude of 30 to 90km)

P.6 The atomic oxygen measurement (partial pressy T, R done
shall be made with an rate of 100 measureme
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every second.

P.7 The molecular oxygen measurement (parf R done
pressure) shall be possible between®bar and
lbar.

P.8 The molecular oxygen measurement (parf R done
pressure) shall be made with an accuracy of
(between an attitude of 30 to 90km)

P.9 The molecular oxygen measurement (pari T, R done
pressure) shall be made with a rate of 1
measurements every second.

P.10 | The pressure measurement shall be poss| R done
between 10'bar and 1,5 bar.

P.11 | The pressure measurement from 20mbar to 3 | R done
shall be made with an accuracy of 1.5%.

P.12 | The pressure measurement shall be made with| T, R done
rate of 100 measurement every second.

P.13 | The temperature measurement shall be possi| R
between -100°C and 200°C. done

P.14 | The temperature measurement shall be made w R
an accuracy of +/- 1°C. done

P.15 | The temperature measurement shall be made w T, R
a rate of 100 measurement per second. done

P.16 | The pressure measurement from 0.001 to 20m| R done
shall be made with an accuracy of 10%.

P.17 | The Experiment shall save and process the daf T done
a rate of 10 Hz.

P.18 | The Experiment control loop shall process at 50| T done

D.1 The experiment shall be designed to operate in | T done
vibration profile of the RX rocket.

D.2 The experiment shall be designed in such a \ T, | done
that it shall not disturb and harm the RX rocket a
the other experiments.

D.3 The experiment batteries shall be qualified for t A done
rocket flight.

D.4 The experiment batteries shall be rechargeable T, A done

run the experiment during pre-flight test, fligk
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preparation and flight.

D.5 The experiment batteries interface shall || done
accessible for recharging.
D.6 The experiment sensors shall be reachable fq | noFbl
late exchange. possibie
D.7 The experiment sensors shall be put on the oy T, A, |
shape of the rocket for a convenient approachi done
flow.
D.8 The electronic boards have to be fixed and hed( T, |
against humidity and electromagnetic influences done
D.9 The hatch shall work (opening time, mechanism] T, | done
D.10 | The heat, produced by the electric, shall be | T
away. done
0.1 The experiment shall operate automatically. T done
0.2 The experiment shall release the hatch for { T done
sensor protection automatically.
0.3 The experiment shall accept a request for ral T
silence at any time while on the launch pad. done
0.4 | The experiment shall store the measured data o T
SDcard. done
0.5 The experiment shall send a part of the measu| T, A
data down to the ground station. done
0.6 The experiment shall be able to turn off (T
electrical parts for landing. done
0.7 The experiment electrics shall control the sens| T
all the time. done
0.8 The sensors must not be touched when they |
hot.
0.9 | The automatic events shall automatically trigger T done
by Timeline after liftoff.
0.10 | The manual events shall be transmitted over th T done

REXUS Interface
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5.2 Test Plan

Table 5-1: Test description T1

Test number

Test facility

Test level/procedure
and duration

T1

Quialification test

i

TUD

Test campaign
duration

1 day

Table 5-2: Test descriptioh2

Test number

Test facility

Test level/procedure
and duration

T2

Qualification test

Not clear yet

‘

Test campaign
duration

1 day
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Table 5-3: Test description T3

Test number
Test type
Test facility
Tested item

Test level/procedure
and duration

Test campaign
duration

T3
Functionality
TUD
Sensors

Acceptance test

21 day

Table 5-4: Test description4

Test number
Test type
Test facility
Tested item

Test level/procedure
and duration

Test campaign
duration

T4

Vibration

TUD, ZARM
Assembled Experiment

Quialification test

5days

Table 5-5: Test descriptioh5

Test number
Test type
Test facility
Tested item

Test level/procedure
and duration

Test campaign
duration

T5
Software

None

Microcontroller Software, Ground station Software

Acceptance test

15day
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5.3 Vibration Test

To ensure the safety of our module and assembly, we will do vibratids wath our
complete module. The tests will take part at the Dresden Universityeofifiology
previously it's necessary to prepare the tests in detail. All parts will bentaddor
the tests on a vibration table, for inspection and functional cheakseed relevant
equipment.

Module

The testing of the module will take part after the final assemblypwf module to

ensure safety and functionality of our project.. Inspection of suitet fixation of

wiring and functional tests are necessary after each axis of vibration. Témngp

mechanism of the hatch has to be tested during every vibration test tairens
functionality after launch. Additional accelerometers for each axis needdo
mounted onto the board box, the hatch and the pirani sensor.

Pirani Sensor

In order to check the efficiency and capacitance of the Pirani sensor, Westithe
sensor within the whole module in functionality and simulate dumnditions of the
flight.

First we will check the qualification level of vibration, therefore fiexessary to
mount accelerometers for each axis (X, Y and Z) and inspect the funtyiariahe
sensor after the test for each axis.

Search for Eigenfrequencies:

Table 5-9: Sinusoidal frequency vibration

AXis Frequency Input Level
X,Y 5-2000Hz 0.25¢g
(z 5-2000Hz 0.25¢g

Table 59:Random frequency vibration

Axes Frequency Level Remark

All Axes (20-2000)Hz 6.34gRMS 0.018 g?/Hz
Duration 10s/10s/10s/60s

%-Input 25%/50%/75%/100%
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During the Bench-Test at Oberpfaffenhofen a second vibragsh was performed
by DLR at a 12gRMS level to ensure the safety of the Hatch.

Test results are documented in the Appendix E.

5.4 Thermal test

The thermal test consistent with the expected maximum and minimum
temperatures on each assembly group or measure the produced and entitat
flow during operation (electronics).

During a test the emitted heat due to the operating electronics wassuesl. In the
end the produced heat was harmless to the experiment.

Single components have been tested to their thermal sensitityt tests of the

of

electronic box with the boarder the sensors were not possible due to the state of

development of these parts.

5.5 Test Results

55.1 T5 Software Tests

x (P.3, P.6, P.9) The software is fast enough to control
Measurements/Second

(D.9, 0.1, O.2) Timeline events can be performed

(0.3) The experiment can be deactivated by RX I/F(State Change)
(O.4) Data can be captured & saved onto an SD Card

X X X X

downstreaming of measurement data
X (0.6) The Experiment can be deactivated automatically(Timeline)

100

(0.5) The RX I/F is implemented and working using upstream commands and

The Test using a RS232 connection has been successful and proven ehat th
necessary software parts are implemented as required beforehand, both on the

experiments microcontroller as well on the groundstation.

5.5.2 T4 Vibration Test

see APPENDIX E
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6 LAUNCH CAMPAIGN PREPARATION

6.1 Input for the Campaign / Flight Requirement Plans
6.1.1 Dimensions and mass

Table 6-1: Experiment mass and volume

Attribute Dimension |

Experiment mass (in kg): 8.973kg including module and bulkheac
Experiment dimensions (in m): & 0,348 x 0,130

Experiment footprint area (in rf): 0,0657

Experiment volume (in r): 0,012

Experiment expected COG (centre of  (x=137, y=106, z=0.191)

gravity) position:

6.1.2 Safety risks

Hot surface of one of the sensors (500°C) when heated. The risk occurs hetwee
t=-900s and t=600s during flight and during active tests which includgrtgeof the
sensors. Before launch and during testing the surface will be coverédeblyatch

and are not touchable. After Power-off the sensors cool down wig@oonds and

are not hazardous during recovery. For additional safety a warning sign marks th
area on hull.

The sensors will have a protective cap during tests.

fig. 49:  Warning sign at outer hull
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Hatch safety issues

It has already been mentioned, that the hatch will not be closed agairt.\th be
open during reentry and landing. To ensure that no hot gas willageess to the
inner parts of the module we use some mechanism/parts.

When an airflow with over estimated 200°C flows permanent over the sensors (e.g.
reentry) the sensor could be damaged, but this is set. Our goal is tasgauch data
as possible which means we measure till the sensors are damaged.

A weak point is the photo sensor. It is also made of plastic anttl coelt during
reentry. The hole that arises due to that is protected with an alumitvax shown in
the picture below.

fig. 50:  aluminium box

All contact faces between different parts or at places where cables willec
through the structure will be secured with a paste that is tempera resistant

Owing to the fact that the pyrocutter contains explosives there have tsdmae
security constraints. To prevent early ignition and damage to men or rahtdwe
electric circuit have to be capsuled and seperated from other cords.
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6.1.3 Electrical interfaces

REXUS Electrical Interfaces

Service module interface required? Yes/No (usually yes)

Number of service module interfaces: Two

TV channel required? no

If yes, when is it required:

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

Data rate - downlink: i0[7T < ]8I

Data rate t uplink 0 Kbit/s

Power system: Service module power required? Yes

Peak power consumption: 50W
Average power consumption: 37W
Total power consumption after lift-off 7 Wh
(until T+600s)

Power ON t=-1000s
Power OFF t=600s
Battery recharging through service module: Yes

Experiment signals: Signals from service module required? Yes/No

LO: Yes
SOE: t=-900s
SODS: t=0s

6.1.4 Launch Site Requirements

The Experiment must be kept above 7°C at all times to avoid freezingeof t
electrolyte within the sensors. Heating and Isolation to keeptémperature above
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this level is necessary for transportation and launch pad during timdsowt
experiment power.

At the launch site we require at Liftoff:

- Local Temperature
- Local Pressure

6.2  Preparation and Test Activities at Esrange

Installation and test of our ground station equipment

Prove of integrity of all components after transport

Change/Installation of the battery

Change/Installation of all gas sensors

Test of the functionality of the hatch (pyrocutter)

Test of the functionality of electronics and the sensors

Secure the reject mechanism of the SD-Card with some glue

Use test signals from the REXUS bus and test the right reaction

. Final fixation of the inner chamber with adhesive

0.All contact faces in the hatch between different parts or at places eher
cables will come through the structure will be secured with a pasiéis
temperature resistant.

11.Installation of the new pyrocuér

Assemble everything for flight/ secure screws with LOCTITE

see APPENDIX F for detailed information

BHO®O®NOOHwWNPE
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6.3  Timeline for countdown and flight

The Sensors used for this experiment need a time for preheating arafatedn.
This time is sensor-dependant and should take up to 15 minutes befwe
measurements and therefore should be performed before Lift Off. The piigtect
hatch will be opened after the burnout of the motor.

Table 6-2: Timeline

Time Event

T-1000 Power on

T-900 SOE (Preheating of the sensors)

T+0 Lift Off

T+28 Hatch opening (Pyrocutter fired b
service system)

T+600 Power Off

6.4  Post Flight Activities

6.4.1 After Recovery

6.4

Disassembly of the experiment and clean it/documentation
Disassembly of the electronic box, to get the SD-Card
Examine all mechanical parts /documentation

First analysis of data

Interpretation if the sensor worked or not
Celebrate the hopefully successful launch

o

o
ofirwRr

6.4

N

After launch campaign

Data analysis in detail
Functionality test of all components (sensors, electronic, material)
Final Report

Al

6.4

w

6.4

6.4

6.4

6.4
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7 DATA ANALYSIS PLAN

7.1  Data Analysis Plan

We will start with a rough estimation in Kiruna if the sensors vawrkot.

After that we will analyse the gained data in cooperation with thetitute of
Aerospace Engineering in Dresden. The result of this investigationewall gartial
pressure against time diagram for every measured gas.

Then we will compare these data with the GPS data of REXUS, toegpauitinal
pressure of each gas against flight altitude.

In comparison with the pressure we measured and the density against altifued
can calculate the density of each gas for every altitude.

Afterwards resulting distribution diagram will be compared with knoglata from
various sources, to value the functionality of the sensors and the electconicol.

7.2  Launch Campaign

After arriving in ESRANGE we shall inspect every part of the experiment.

First we disassemble every assembly group of the experiment, which screws are not
secured with Loctite already.

After that just the electronic boards and software will be testedthgir own to
check if there is a possible damage caused by transportation. If theseutestell
the electronic boards will be connected to the sensors auied as well.

In the end we shall simulate a flight using the RX simulator. After paattegts the
experiment will be assembled and secured with Loctite in the module.

After the flight we will start a rough estimation in Kiruna if the&® works or not.

7.3 Results

7.3.1 Main goal

The main outcome of MOXA is that we built an experiment that ie abfulfil the
scientific goal we announced in the proposal for the REXUS campaign. We wanted
measure primary ozone, atomic and molecular oxygen and secondary local pressure
and temperature during the whole flight.

But what has to be discussed is the quality of the measurements. yV#ne
thermodynamic flight environment was a cause for unexpected quality pewdlty
the data. This has to be discussed in detail with the gas sensor erquidR at TUD).
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7.3.2 Elektronic

Up to the moment we received the signal Start Of Experiment (SOE) all electronic
systems worked well. The sensors did heat up properly and we received a atatus
our experiment every second via the ground station. Because of two similarajroun
stations we saw all 6 sensors, the temperature sensors and the pressure sdnsors
everything worked as expected and already tested at the bench test.

This did not change at liftoff and during the flight (excelp¢ tsensors, but more
about that later on).

On the point of view of an electrician it was a great sgsce
Problems:
None on electrical side

7.3.3 Software

The Software was full working; we lost two of 14000 measured values sanvsay
this is a great success too! The ground station gave us live feedbacksensdrs so
we saw much more of the rocket flight even though the others stondhe radar
hill and we sat next to a computer in the control room. It was quitéotaof
gratification to watch the sensor graphs varying in dependence of the roekght.

7.3.4 Mechanic

Hatch:

During the flight the pyro cutter fired after it received the signaihirthe RX-bus.
The cutter sliced the steel wire, which holds the hatch down, tweth the springs
could push the hatch up.

That the hatch really opened is confirmed by a photo sensothé Hatch, the
vibration measurement of another experiment (FOVS) and you can hear hein t
flight video (GoPro looking outside the rocket).

Inner Chamber:

The design of the inner chamber should enable to take samples oéitfigent
airstream around the rocket, slow the air down and make it so suitabl®@do gas
sensors.

The design based on simplifications of the airstream. Tumbling causedheby t

E}3 3]}v <8 Jo]l (o]Pz8 v §Z & epo8]vP €N U] tuv
predicted. But especially the boundary layer around the rocket leadasuch lower

fluid velocity which the inner chamber was not designed for.

In conclusion we assume very little air exchange in the chamber, but #disigch
studied in further investigations.
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Pirani pressure sensor:

One of the most sensitive component is the Pirani sensor. This device sgasor
designed for vacuum chambers in a laboratory and not for a rocket lawrtbhhigh
vibrations and a large temperature range.

To make the sensor suitable for our experiment we placed designed a damping
bracket to avoid vibrations and placed it near the center of the bulkhehdre a
small temperature range was expected.

After the flight we recognized that the sensor is still operatioithis means that the
damping bracket even could handle the payload touchdown.

Electronic Box:
dz }A& A ev[§ u P v E (}E 8Z +3}E E JASEC o SE
well.

Gas Sensors:

The results of the inner resistance of the sensors show, that the sensanstdictat
up properly as shown in the following figure:

fig. 51:  Sensor resistance during the flight

The figure52 shows the inner resistance from liftoff till shutdown of te&ectronic
(360s). At the beginning the high velocity cooled down the sensors. Ourrsenso
control loop normally prevents that, but two things went wrong. e one hand

the PID values have not been that aggressive as they should be, so the aooyrol |
was too slow for the fast changing in air speed and density. The muclke mor
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important fact and the reason why our sensors have been cooled down ) thai

the current to a sensor has had to be regulated down to 500mA because of
bonding wire that is 0.025mm thick which is rated for at maximum thatent. This
would not have been a problem at all but the sensors we got fromirtbtute have

had very low inner resistances. Lower resistance means lower voltages (at same
current) lower voltage at the same current means less power and therefore less
heat. More bonding wires parallel would be able to capture a mhigher current,

but are very different to mount. So finally only the data between 80d 220s are
useable for upcoming data consideration.

7.4 First Data Results

The figure52 shows the pressure of the inner chamber and the hatch time resolved.
The pressure of the hatch is marked blue and shows an inverted paraoolie like

our rocket flight, this is as expected. The black curve shows the same rasthits
beginning, what was very unexpected for us, because we expected a much higher
pressuret maybe the hole at the ramp was to small, so there could not get émoug
air inside the chamber. As the sensor was not selected for that low valuss it i
normal that it could not follow the blue line.

fig. 52: The pressure of the inner chamber and the hatch time resolved
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In Figure 53 the time resolved ozone measurement is shown. The senkerhatch

] v [work and the other one in the inner chamber slowly rise and jumpet@ at
110 s This trend could have several reasons, mentioned below. The ozone sensors
are prototypes, that where finished two weeks before launch. In Hatooy
environment the sensors worked very well, but a rocket launch is a very harsh stress
test for these sensors.

fig.53:  Ozone time resolved

The ozone sensor needs be filled with a water carrying fluid to guarantee a
permanent humidification of special foil. This foil and two eledées measure
incoming ozone. If the humidification is not stable or not avadladshymore the
sensor does not work. The sensor itself and especially fluid insdéd doe
influenced by varies factors:

x High velocity of the rocket (up to 1400m/s) and resulting airstream
conditions that hits the sensor

High acceleration (189)

Boundary layer effects on the rocket

Different environments after inflation (integration hall; Launchpadt

High variations of local pressure and temperature during flight

Mistakes during inflation or bonding

X X X X X

The sensors were installed protective as possible, but the extreme airstream
}v 18]}ve pE]JVP (0]PZS }uolnv@énclusiehupeoprdtotfpe has to
developed further, but we learned very much about the handling ofstresor.
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7.5 Discussion and Conclusions

/Iv }v ope]}v DKy wu}*SoC (po(]Joo ]3¢ } i v8PASZX3d] HS E 3
worked as we expected. One is the sensor heating in the beginning dfight and

other one are the flow conditions in the inner chamber, as mentiomed¢hapter

7.3.4.

Conclusions:

X In this configuration the gas sensor are more suitable for low airstream
velocities. This achieved patrtially in the inner chamber.

x Electronics and software operated very well and should be used for
further operations of the gas sensors.

X The exact analysis of the measurements shall be done in a student
research project.

MOXA was successful in the main intention of REXUS, because we learnechso mu
about procedures of projects from the very first beginning of a propasé#he final
presentation of the results. It was the first time for the most otaiget to know the
difficulties and benefits of teamwork.

We would like to thank ZARM, DLR, ESA, MORABA and SSC for this great experience.
We learned so much and we are glad that you make it possible to putiearon
your rocket.

Thank you!

7.6 Lessons Learned

We learned very much, especially how an aerospace project has to be donéhrom
very beginning to the end. Here is a list of the most important things:

x Very much about time management (project phases, manufacturing
durations, testing procedures and even response time for e-mails)

Define clear responsibilities in the team

Team work is challenging

Always review working packages in the team

t loC u 8]vPeU Av AzZzv A ]Jv[§ Z } up Z 8} Je
mandatory

X X X X
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X Important points have to be mentioned again and again to make sure
everybody understood them

How to express the current project status in a presentation

Take deadlines seriously

Electronic engineers are rare but most important

Working independently on a project besides our studies

To elaborate the details is 90% of the work

Double check production orders

Learned a lot abouD pE % Z C[* 0 A

X X X X X X X
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8 ABBREVIATIONS AND REFERENCES

8.1 Abbreviations

This section contains a list of all abbreviations used in thedeait.

Add abbreviations to the list below, as appropriate.

In version 5 of the SED (final version), delete unused abbreviations.

AIT
asap
BO
BR
CDR
COG
CRP
DLR
EAT
EAR
ECTS
EIT
EPM
ESA
Esrange

Assembly, Integration and Test
as soon as possible
Bonn, DLR, German Space Agency
Bremen, DLR Institute of Space Systems
Critical Design Review
Centre of gravity
Campaign Requirement Plan
Deutsches Zentrum fir Luft- und Raumfahrt
Experiment Acceptance Test
Experiment Acceptance Review
European Credit Transfer System
Electrical Interface Test
Esrange Project Manager
European Space Agency
Esrange Space Center

ESTEC European Space Research and Technology Centre, ESA (NL)

ESW
FAR
FST
FRP
FRR
GSE
HK
H/W
ICD
I/F
IPR
LO
LT
LOS
Mbps
MFH
MORABA
OoP

Experiment Selection Workshop
Flight Acceptance Review
Flight Simulation Test

Flight Requirement Plan

Flight Readiness Review
Ground Support Equipment
House Keeping
Hardware

Interface Control Document
Interface

Interim Progress Review

Lift Off

Local Time

Line of sight
Mega Bits per second

Mission Flight Handbook

Mobile Raketen Basis (DLR, EuroLaunch)
Oberpfaffenhofen, DLR Center
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PCB Printed Circuit Board (electronic card)
PDR Preliminary Design Review

PST Payload System Test

SED Student Experiment Documentation
SNSB Swedish National Space Board
SODS Start Of Data Storage

SOE Start Of Experiment

STW Student Training Week

SIW Software

T Time before and after launch noted with + or -
TBC To be confirmed

TBD To be determined

WBS Work Breakdown Structure

AO Atomic oxygen

02 Molecular oxygen

o3 Ozone

d.ny Not clear at the state of development
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incoming boundary layer (2006)

EuroLaunchBEXUS User Manuf2012) REXUS User Manugl012)

European Cooperation for Space Standardization ECSS: Space Project
ManagementProject Planning and ImplementatiQrECSS-N-F10C Rev.1§
March 2009

SSC Esrangeésrange Safety ManugREAQO-E60 , 23Jud@10

European Cooperation for Space Standardization ECSS: Space Engineering,
Technical Requirements SpecificatipBCSS-&¥10-06C, 6 March 2009

European Cooperation for Space Standardization ECSS, Space Project
ManagementRisk ManagementECSS-N-F80C, 31 July 2008

European Cooperation for Space Standardization ECSS: Space Engineering,
Verification, ECSS-§¥10-02C, 6 March 2009

Project Management InstitutePractice Standard for Work Breakdown
Structures t second Edition Project Management Institute, Pennsylvania,
USA, 2006
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REXUS/BEXUS

Experiment Preliminary Design Review

Flight: REXUS-15/16
Payload Manager: Mikael Inga/Alexander Schmidt
Experiment: MOXA

Location: DLR, Oberpfaffenhofen, Germany Date: 07 Feb 2013

1. Review Board members

Andreas Stamminger (chair) DLR — Mobile Rocket Base
Martin Siegl (minutes) DLR - Institute of Space Systems
Hans Henricsson SSC — Science Services

Mikael Inga SSC - Science Services

Markus Pinzer DLR — Mobile Rocket Base

Maria Roth DLR — Space Administration

2. Experiment Team members

Alexander Mager
Patrick Geigengack
Alexander Schultze

3. General Comment s

f Presentation
0 Very good presentation with lots of good information.
0 Make sure to keep the time.
0 Please explain the meanings of acronyms used in the presentation.

f SED
0 Make sure your document looks good (e.g. “Fehler: Verweisquelle...”)
Some sections are omitted — fill all of them, if required with “N/A”.
0 Please accept our apologies for the wrong EuroLaunch-logo in the template. Please
replace it on our behalf.

o

4. Panel Comments and Recommendations

f Requirements and constraints (SED chapter 2)
0 Very good functional requirements.
o P.11.: Check the required accuracy.
o Design requirement: Status messages shall be sent to the ground station.

f Mechanics (SED chapter 4.2.1 & 4.4)

Use a 120mm or 150mm rocket module.

0 Consider rearranging the PCBs and electronics boxes.

0 Feed-through cable hole in the bulkhead requested.

0 Current hatch design is interesting — it can be implemented if it is tested

(@]




thoroughly and early on in the project (breadboarding/prototyping before the
CDR, vibration tests).

o Simplification of hatch design can be considered if it is not required to close: Use of
pyrocutters or melting wires in combination with springs is recommended in this case.

o Pyrocutters of hatch could be controlled directly by the experiment (not by
EuroLaunch).

o Positioning of vibration sensor should not pose a problem as the rocket is spinning at
4Hz.

o Pirani sensor is critical in terms of handling — consider a different, ruggedized sensor.

f Electronics and data management (SED chapter 4.2.2, 4.2.3, 4.5 & 4.7)
0 Use of uplink (on ground) is mandatory.
Use telecommands before LO, not signals (timeline before launch is not automated).
GPS data is only available after the flight.
More accurate definition of power budget required.
Carefully describe the use of the on-board charging system, if required.
Hatches might be required to open with a short time difference to avoid high overall
currents.

O O O0OO0Oo

f Thermal (SED chapter 4.2.4 & 4.6)
0 Consider thermal design of the hatch.

f Software (SED chapter 4.8)
o0 Software section is well developed.
o Communication protocol might have to be refined.

f Verification and testing (SED chapter 5)
0 Note that several tests will be scheduled prior to launch.
0 Consider the use of safe-arm devices.

f Safety and risk analysis (SED chapter 3.4)

Include project risks in the risk register.

DC/DC converter-related risk: a ranking of 4 is enough.

Risk of hot surface of sensor mitigated by low thermal capacity.

Hatch opening-related risk: Not critical to rocket (only experiment), ranking of 4 is
sufficient.

O O 0o

f Launch and operations (SED chapter 6)
o0 Power on of experiments is at 600s.
Consider how a hold in the countdown affects the experiment.
Change of sensors after testing and before roll-out is recommended.
Extensive late access of rocket on the launcher is to be avoided by all means.
If required, a foil covering the hatches could be pulled off the rocket skin before
launch.
0 Consider flushing with nitrogen.

O O 0o

f Organisation, project planning & outreach (SED chapters 3.1, 3.2 & 3.3)
0 Table 6.1.1 is empty, please fill it.
“Fly your message”: Paper will get heavy, try to make it light and limit it.
Note that REXUS is not flying to outer space.
Include an atmospheric physicist in your team, as discussed during selection.
p.21: If most students stop by September this year, find additional team members.

O O 0o

5. Internal Panel Discussion

f PDR Result: PDR passed
f Next SED version due:

o Version 2 two weeks before CDR.




BEXUS

Experiment Critical Design Review

Flight:

REXUS 15/16

Payload Manager: Alexander Schmidt or Mikael Inga

Experiment: MOXA

Location: DLR Oberpfaffenhofen Date:  26th June 2013

1. Review Board members

Mikael Inga

SSC Science Services

Martin Siegl (min.) DLR Institute of Space Systems
Alexander Schmidt DLR MORABA

Alex Kinnaird

ESA Policies Dept. — Education and Knowledge Management Office.

Natacha Callens ESA Policies Dept. — Education and Knowledge Management Office.

Koen Debeule

ESA Technical Directorate — Mechanical Engineering Dept., Test Centre Div.

Andreas Stamminger DLR MORABA

Markus Pinzer

DLR MORABA

Frank Hassenpflug DLR MORABA

Maria Roth

DLR Space Administration

Mark Fittock (chair) DLR Institute of Space Systems

2. Experiment Team members

3. General Comments

f Presentation

(o]
(o]
(o]

f SED

O o0ooo

o

The presentation clarified several items.

Additional team members should stand with the team (not sit at the table).

Some subjects were treated in too much detail, some other (like electronics) haven't
been covered enough.

Graph showing the timeline of flight is very good.

Some information is hard to find / not located in the standard places.

Use wording ‘Exploded view’, not ‘Explosion view'.

Write CoG, LoS, etc. (lowercase ‘0’)

Document is not to be approved by Payload manager; should be approved by
professor etc.

Document ID does not follow the naming convention.

4. Panel Comments and Recommendations

f Requirements and constraints (SED chapter 2)

(o]
[¢]

F.2 - F.3 word ‘during’ is missing
Performance requirements are good.

Formatiert:
Formatiert:
Formatiert:
Formatiert:

Formatiert:

Englisch (USA)

Deutsch (Deutschland)
Deutsch (Deutschland)
Deutsch (Deutschland)

Deutsch (Deutschland)



(o]
o]

Design requirements have to be extended (power usage, weight, data rate, ...)
Shortest design requirements list among all CDR SEDs.

f Mechanics (SED chapter 4.2.1 & 4.4)

(]

OO0OO0OO0OO0OO0OO0OO

o o

Considerable progress since the last review.

Mechanical interface information should be collected in one place in the SED.
Hatch solution will still require improvement.

Consider using a linear actuator that would also allow closing of the hatch.
Solenoids may cause EMC problems (has been considered by the team).
Consider the risk of desoldered joints due to hot gas in the hatch compartment.
Perfect solution would be to op  en and close the hatch again.

Current hatch design requires an arm plug for testing.

Beware of thermal expansion with regard to manufacturing tolerances in the
hatch.

Air inlets: Should be discussed with EuroLaunch (CDR panel not sufficient)
Steel wool poses risk of combustion in the module.

f Electronics and data management (SED chapter 4.2.2, 4.2.3, 4.5 & 4.7)

(]

O O0OO0Oo

(]
[¢]
(o]

Deliver detailed electronics schematics.

Service module interface schematics not complete in the SED.
Capacitor: Should be included in the schematic, provide further details.
Consider sparking due to high volt  age. Perform tests accordingly.
Test the vacuum compatibility of the capacitor.

Thermal (SED chapter 4.2.4 & 4.6)

Thermal section severely lacking.
Provide details regarding the expected thermal environment, component ranges, etc.
Battery heating: Not required.

f Software (SED chapter 4.8)

(0]
(0]
(0]

Software risks are missing in the risk register.
Develop early, try not to wait for flight hardware to arrive.
Provide details on signals and timeline.

f Verification and testing (SED chapter 5)

(o]
(o]

(]

(]

O O0OO0OO0OO0Oo

(o]

(]

O O0OO0OO0OO0O0

Design requirement 3: Cannot be done by analysis.

Verify early and start with the easiest verification method. Verification should not rely
on a single test in the end.

Most important tests (vibration/thermal) are covered correctly, but subsystem tests are
missing.

Details tests to be performed on the hatch.

Safety and risk analysis (SED chapter 3.4)

Safety risk of steel wool combustion

Risk register: Rating of 5 partly unrealistic

Risk ratings are not consistent.

List of risks really limited.

Personnel, budget risks, and pr  oject risks are not included.
Hot surface risk not properly mitigated (e.g. safety covers etc.)

Launch and operations (SED chapter 6)

Oscilloscope requirement: Note that no development work can be performed at
Esrange.

Organisation, project planning & outreach (SED chapters 3.1, 3.2 & 3.3)

Availability of team members critical after the summer: serious problem
Webpage: Include sponsors

In a blog/news list, the newest entry should be on top.

Clarify the meaning of the word “start” (should be launch).

Include the Final Report in the project plan.

Commitment (work hour) percentages have to be properly defined.
Include a sponsorship column in the budget overview.

Formatiert:

Formatiert:

Schriftartfarbe: Hellblau
Schriftartfarbe: Hellblau



Provide a complete budget.

Include all team members, also on the Facebook picture.
Fly your message will be 2-3 A4 pages.

Appendix B: add more information, add link to PDF copies.

O o0ooo

5. Internal Panel Discussion

f Summary of main actions for the experiment team (see bold print)

f CDR Result: pass / conditional pass / fail
o Conditional pass under the prerequisite that a new version of the CDR SED is
submitted within 4 weeks, addressing all above points.

f Next SED version due
0 Resubmission of SED within 4 weeks
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APPENDIX BOUTREACH AND MEDIA COVERAGE

LIST OF APPEARING ARTICLES:

HI:TECH CAMPUS
atp edition
Die Welt
TU Dresden
1. Main Homepage

X X X X

2. Hompage of mechanical engineering

3. Twitter

4. Facebook
Sachsische Zeitung
Kanal 8
Dresdner Neuste Nachrichten
Bild online
Unijournal
Freie Presse
CAZ
LVZ online
Mein Infodienst

X X X X X X X X X

INTERVIEWS:

x MDR Figaro
x Campusradio

http://campusradiodresden.de/2013/01/31/vom-horsaal-ins-all/#more-

5740

MEDIA:

X Website:www.rexus-moxa.de

x Facebookwww.facebook.com/rexus.moxa

Other:

X Buttons
X Posters

x Flyer

X Send your Message to space
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fig.54:  MOXA Flyer
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fig.55: MOXA Buttons

fig.56: article on TU Dresden homepage
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APPENDIX €ADDITIONAL TECHNICAL INFORMATION

see PDF: SED 2.2 APPENDIX C
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APPENDIX DREQUEST FOR WAIVERS
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REXUS 15/16 Team MOXA 16.01.14

REXUS-MOXA

Vibration Test Report
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Outline

Introduction

This test report involves guidelines, organisation, execution and analysis to qualificate the
REXUS-MOXA experiment. The vibration test was executed at the institution for light
construction and plastics engeneering of the technical university of Dresden.

Test objective

The aim of the vibration test is the safety case and the functional demonstration of the
installation of the module and of the experimental set-up in direction of the X-, Y-, Z-axis
with given vibration stain from the current REXUS User Manual.

Furthermore multiple tests with different experimental set-ups were executed on the
sensitive Pirani-sensor.

Following tests were executed:
X Sinus eigen frequency search before Random conducted on each axis
X Random strain test conducted on each axis
X Sinus eigen frequency search after Random conducted in each axis
X Eigen frequency search with differently damped Pirani-Sensors
X Random tests in Z-direction with instantly applied full load as flight simulation

X Function tests of the mechanics

Vibration Test Report Team MOXA Seite 3/27
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Documents

Important points for the execution of the tests and strain levels

x Aktuelles REXUS User Manual;
Document ID: RX_UserManual_v7-11_08Janl4.doc

Data sheets of the t est equipment
X Shaker-Systemdescription;
Document ID: 3000241D-V8-V3_System.pdf
X Shaker-Softwaredescription;
Document ID: Dactron_Software_Beschreibung.pdf
x PCB acceleration sensor;
Document ID: PCB-353B03.pdf
x PCB acceleration sensor;
Document ID: PCB-M353B18.pdf
x Bruel&Kjaer 3-Axis acceleration sensor;
Documet ID: 4504A _triaxial_CCLD_accelerometer.pdf

Vibration Test Report Team MOXA
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Test organisation

The vibration test was executed at the institution of light construction and plastics
engineering (ILK) in Dresden-Johannstadt. The necessary test equipment with software,
sensor acceleration and required tools was provided. Furthermore the test adapter, which
is a second little REXUS-module with a bulkhead for the test period, was provided from
ZARM Bremen. The tests take 3 days and was executed on the 7th of January and 13™ of
January. The interposition occurred by Dr. Tino Schmiel and Paul Rossman from the
institution of aerospace and space flight at the ILK.

Cooperators
X Rainer Saalfeld, test bed leader of the ILK
X Alexander Mager, Team leader
X Nathanael Warth, Responsible for the test and mechanics
X Max Oswald, Mechanics

X Sebastian Weixler, Mechanics

Ambience conditions

During the tests the temperature was around 20°C, the relative humidity 55 +10% at
normal air pressure. The shaker stood in a big dead room with aeration. In each case a
hydraulic pump was engaging to achieve a constant operating temperature.

Vibration Test Report Team MOXA Seite 5/27
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Test object

The complete module was tested in the experiment organization which is complete for the
flight. In order to the test it should be simulate a realistic behavior as possible. Except the
boards, the oxide sensors and the skirt battery were QW XV HG L BoadKdnd skiftH V W
batteries were replaced by dummies with an approximate similar mass and were built in

like in the flight configuration. The oxide sensors could be neglected because of the low
mass and the retain assembly.

Vibration Test Report Team MOXA Seite 6/27
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Picture 1: Test arrangement, X-Axis

Picture 2: Experiment organisation, X-Axis
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Picture 3: Experiment organisation with components description , X-Axis
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Test configuration

Test equipment

Nr.: Equipment Manufacturer
1 56kN Shaker System V8-440 LDS Dactron
2 Power amplifier SPA56K LDS Dactron
3 Vibration adapter Deutsches Zentrum fur Luft- und Raumfahrt
4 Acceleration sensor PCB, Bruel&Kjaer

Adapter of vibration

To realize a facsimile test behavior as possible the module which should be tested was
screwed on a second, empty REXUS-module. Thereby it was achieved an almost original
fixing. The lower empty module was screwed over his own bulkhead (ground) with the
vibration desk.

Picture 4: Vibration adapter on the vibration desk
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Test process

The test process for the X, Y, and Z-Axis was in each time as follows:

Testorganisation and preparation

I Vg
Visual control

A
Sinus- Eigenfrequencies searching

~
Random Qualification

v
Sinus- Eigenfrequencies searching

~
Visual control

Visual control

During the visual control the components, cable management and all boltings were

checked before and after every test run for subsidence, damage and bulking blasting
phenomenon.

Vibration Test Report Team MOXA Seite 10/27
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Test requirement

The vibration test for the module is passed if following points are given:

x For each axis (X, Y and Z) the test was executed according to the test run and the
particular results logged

X The defined test values which are fixed in the tables 6.4.1 and 6.4.2 were achieved
in all axis directions

X The eigen frequency progress before and after the particular random tests accord
approximately and show:

o Relative to the resonance frequency discrepancies are less than + 5%
o0 Relative to the strain at resonance frequency displacement is less than + 25%

X The visual control DIWHU HYHU\ WHVW UXQ GRHVQ®WtheKRZ KDUG
damages

Vibration Test Report Team MOXA Seite 11/27
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Test structure and sensor configuration

Test structure on the shaker

The module was mounted on a test adapter with 30 M5x16 cheese head screws with
hexagon socket. The clamping torque betrug 5,4 Nm (maximal allowed 6,5Nm).

The test adapter was screwed on the vibration desk with 9 M8 cheese head screws with
hexagon socket and 24 Nm of clamping torque for the X- and Y-tests. All screws were fixed
with a dynamometric key.

Between the bulkhead of the adapter and the vibration desk is a distance of 8mm. 7KDW V
why around every 9 screws was laid a big M10 screw nut (height 7,8mm) to beware a

bending and so a damage of the bulkhead and of the adapter module. The 30 cheese

head screws were released for the conversion from the X- to the Y-axis. Then the test

module was turned by 90° to the left and stabilized again.

The swing unit was disconnected with the vibration test for the Z-axis test and was
straighten up from the horizontal to the vertical. The adapter with test module was screwed
directly on the swing unit for the Z-axis. The reason for this procedure is that the swing unit
uses the same mount as the vibration desk.

Picture 5: Test organisation , X-Axis
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Picture 6: Test organisation, Y-Axis
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Picture 7: Test organisation , Z-Axis
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Monitoring of the incoming power flux

The incoming power was measured for each test by an acceleration sensor (type PCB-
353B03). The sensor was mounted on the Hatch close to the module always in the
direction of the axis which was under investigation. The Hatch perfectly suites for this
DSSOLFDWLRQ GXH WR LWV ULJLG IL[IDWLRQ

Sensors, Positions, Channeloccupation  und Fixing

Sensor Type Measuring Channel Position, Function Fixing
N. direction
A-1 PCB-353B03 Uniaxial 1 Vibration desk, oscillation bin; in | Screwed
each direction of excitation,
Referencesensor for the power
output
M-1 Bruel&Kjaer X,Y,Z 2(X),3(Y), | In the electronic box, of the third | Sticked (hot glue)
4505A triaxial 4(2) platine from below
CCLD
M-2 Bruel&Kjaer X,Y,Z 5(X),6(Y), On the hose clamp of the Pirani- | Sticked (hot glue)
4505A triaxial 7(2) Sensors
CCLD
R-1 PCB-353B03 Uniaxial 8 Hatch, in each direction of Sticked (wax)

excitation, referencesensor for
the power input

Vibration Test Report Team MOXA
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Channel 8,
here in Y-
Direction

Channels 5,6,7

Picture 8: Sensor arrangement , X-Axis

Cable feedthrough

Channels 2,3,4;
_ The 3-Axis sensor
is arranged in the

box

Vibration Test Report Team MOXA Seite 16/27



REXUS 15/16 Team MOXA 16.01.14

O

Picture 9: Sensor arrangement referencesenso

Channel 1,
Referencesensor in
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Testlevels

The test procedure and the test levels were set and defined on the bases of intense
discussions and consultations with Mr Dieter Bischoff (ZARM Bremen) prior to the
execution of the experiments.

Eigenfrequencies searching

Sinus Eigenfrequencies searching
AXis Frequency spectrum Input level
X,Y 5-2000 Hz 0,25¢g
Z 5-2000 Hz 0,59
Sweep Rate: 2 Oct/min
Randomstrain
Random

AXxis Frequency spectrum Input Level
All Axis 20-2000 Hz ‘ 6,34gRMS - 0,018g%/Hz
Duration: 10s/10s/10s/60s
%-Input: 25%/50%/75%/100%

Vibration Test Report Team MOXA Seite 1827



REXUS 15/16 Team MOXA 16.01.14

Results

In the following subsection the eigen frequencies of the respective axis are given.
Concerning the structural investigations, only eigen frequencies lower than 1000 Hz are of
interest. The data of measurements conducted under higher frequencies would not be very
precise due to smaller amplitudes. Because of this fact the software finds eigen
frequencies which differ extremely from measurement to measurement. Concerning these
findings the graphs, which plot the eigen frequency of the two measurements, are of
significance.

X-AXis

After the first test measurements of the shaker were conducted, the scan for the eigen
frequency of the x axis from 5 to 2000Hz with 0.25g was started. Concerning the structural
analysis the first three eigen frequencies are of interest:

Time Eigen frequency Eigen frequency
before Random after Random

00:00:02 Start at 5,00 Hz Start at 5,00 Hz
00:03:26 514,30 Hz 512,79 Hz
00:03:29 538,95 Hz 545,30 Hz
00:03:47 840,94 Hz 840,94 Hz
00:03:51 926,22 Hz -
00:04:02 1194,83 Hz -
00:04:07 1312,15 Hz -
00:04:09 1379,09 Hz -
00:04:11 1428,39 Hz -
00:04:13 1518,94 Hz -
00:04:16 1643,85 Hz -

We assume a very stiff constriction of our module due to the fact that the eigen
frequencies are found at 514 and 539 Hertz. The eigen frequency plots before and after
the Randomtest in direction of the x-axis are within the range of errors identical. The eigen
frequencies show only small shifts and are position within the rage of errors of + 5%. Also
the strain of the eigen frequencies are within the range of errors of +25%.

Vibration Test Report Team MOXA Seite 1927



REXUS 15/16 Team MOXA 16.01.14

Vibration Test Report Team MOXA Seite 20027



REXUS 15/16 Team MOXA

16.01.14

Y-AXis

The search of the eigen frequency using 0.25g in the range of 5 2000 Hz in direction of

the y-axis leads to the following results:

Time Eigen frequency Eigen frequency
before Random after Random

00:00:02 Start at 5,00 Hz Start at 5,00 Hz
00:03:16 414,14 Hz 414,14 Hz
00:03:21 435,17 Hz 435,27Hz
00:03:24 471,06 Hz 469,69 Hz
00:03:29 538,95 Hz 540,53 Hz
00:03:33 605,90 Hz 609,45 Hz
00:03:36 629,39 Hz 627,55 Hz
00:03:48 843,41 Hz 850,85 Hz
00:04:02 1146,86 Hz -
00:04:04 1230,32 Hz -
00:04:07 1312,15 Hz -

Also in this case the eigen frequency is quite high. The comparison of the eigen frequency

shows good match with the eigen frequencies gained under strain.
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Z-AXis

After the conversion of the shaker for the tests in direction of the Z-axis, eigen frequency
test runs were conducted. Due to the fact the first test runs F R X Olig éxgtited over the
hole frequency spectrum (section 8.1), the strain was changed from 0.25 to 0.5g, still also
in this case the test was conducted from 5 to 2000 Hz. The following eigen frequencies

were found:
Time Eigen frequency Eigen frequency
Before After

00:00:02 Start at 5,00 Hz Start at 5,00 Hz
00:02:35 223,32 Hz 231,98 Hz
00:03:09 314,53 Hz 331,54 Hz
00:03:56 1156,97 Hz -
00:04:00 1198,33 Hz -
00:04:02 1278,04 Hz -
00:04:03 1304,49 Hz -
00:04:06 1483,79 Hz -
00:04:14 1753,19 Hz -
00:04:15 1886,28 Hz -

During comparison of the eigen frequency curves before and after the randomtest we

noticed that the graves are similar but they are shifts in the values of the eigen

frequencies. These values are within the range of +5% and details are shown in section

8.2.
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Evaluation on the test measurements and discussion

Z-Axis zFinding the eigen frequency using 0,25¢g

As mentioned in Section 7.3, during the test measurement, which should determine the
eigen frequency in the direction of the Z-axis, a measurement error occurred. The shaker
did start the search for the eigen frequency but stopped the measurement to early at 1500
Hz.

After an intense searching for errors and multiple restarts of the measurement using

different measurement parameters, it was obvious that the problem in not solvable in easy

manner. The only possibility to enable the measurement of the frequency response of the
GHYLFH WR +] LV WR LQFUHDVH WKH VWUDLQ OHYHO $OW
information in the frequency range of 1500 to 2000 Hz. The fact that all axis had been

investigated in the range of 5 to 2000 Hz and no problems for the other measurements

were found, the decision was made to increase the strain level to 0,5 gramm.

Comparison of eigen frequencies

Due to the fact that the shifts of the eigen frequency of the X and Y-axis had been very
small it can be assumed that no measurement errors concerning the stiffness occurred.
The visual control and the check during demounting showed no measurement errors. The
visual control after the test of the z-axis measurement showed no signs of stability
problems. The only thing which was suspicious was a rattling noise occurring during the
last tests. During the following demounting we noticed that the screws of the cap of the
electronic box became loose and these screws are responsible for the irregular noise and
for the displacement of the graphs.

%XW WKLV LVQITW D SUREOHP IRU WKH HYesitad b&fotexive fineIHF D X V |
mounting with screw locking. Furthermore the screws of the electronic box were already
strained by many tests in X- and Y-direction before and due to this fact loosening occurred.

An unwanted loosening of the screw connection during the flight can be excluded if the
mounting with done properly and screw locking is used. Therefore the necessary safety
concerning the stability of our module is given.
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Opening of the Hatch

The independent opening of the Hatch during the Randomtest illustrates the problem
which is multiple appeared. For this the interlocking system was optimized between the
tests. We can conclude that this leads to an extension of the time which it takes to until it
opens by itself. This does not lead to a solution of the problem.

If the Hatch is opened to early, the sensors can get contaminated or damaged due to
particle from the rocket or air turbulences. The Randomtest was executed without a power
enhancement but with maximal vibration power of 0,018 g%/Hz and with duration of 30
seconds to analyze the behavior of the module during the flight. The tests show that the
hatchway opens itself around 3-5 seconds after start.

But the rotation of the rocket knits against this effect. The centrifugal force which results of
this effect knits in the same axis like the bolt of the electromagnet of the closing device.
Due to differences in storage life no defined vibration profile was found and therefore also
the turn-on behavior of each motor is different. The position of the MOXA experiment on
the rocket also decreases the impact of a to early opened hatch. Only the experiment of
the team HORACE is positioned along the axis of height above the MOXA module.
Furthermore no additional experiments are conducted by the team HORACE outside of the
module. TKHUHIRUH ZH GRQMW H[SHFW DQ\ SUREOHPYV

Even thought we F D @é&t&mine the exact point in time when the hatch opens, we can be
sure that in any case no problems should occur.
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Facit

The results of the vibration test shows that the module and the experimental set-up have a
very rigid behavior and that only the interlocking system reacts sensitive of the vibration.

Searching for the eigen frequencies with different arrangement of damper on the fixture of
the Pirani-sensor results for the team intern interests information about the damper
behavior at this component.

It should be realized that the interlocking system using a brad and an electromagnet
GRHVQYW GHPRQVWUDWH DQ RSWLPDO VROXWLRQ

The reliability of the experiment could be warranted for the allowed vibration load.

Nathanael Warth, Responsible person Alexander Mager, Team leader

WWWw.rexus-moxa.de
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