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ABSTRACT

ADIOS (ADvanced Isolation On Sounding-rockets) is a development project
for a cost-effective p-gravity platform on sounding rockets. The previous
project VibraDamp has been successfully tested on REXUS 7. This abstract
will discuss the advancement in flight readiness of the platform by a design
update.

Due to movements and vibrations induced by other experiments on a
sounding rocket, the quality of the p-gravity is extensively reduced. To
decouple an experiment with stringent requirements on the p-gravity, a group
of students of the FH Aachen University of Applied Sciences invented a
platform as free flying experiment container. This platform is theoretically able
to decrease the influences of the residual forces onto the contained
experiment down to five percent. The technical design of the VibraDamp
project, working on the eddy current principle, achieved a damping of up to
85% for peaks and 65% on average. The major goal of ADIOS is to increase
the average damping and hence, to increase the quality of the p-gravity by
design improvements of the platform. During the reduced gravity flight phase,
the experiment container is uncoupled and free flying. The container is
damped by small neodymium magnets. The first eigenfrequency of the
container is given by the adjustment of small beam springs. During launch
and landing, the container is securely locked to avoid damage onto the
experiment. The secondary goal is to decrease the mass of the platform by
using carbon fibre reinforced materials. A lower mass of the platform yields in
a longer reduced gravity phase due to a higher altitude of the ballistic flight.
Additionally, the mass of the contained experiment could be extended. The
big advantage of the ADIOS platform is the easy adaption to a broad range of
different types of experiments with demanding requirements to the quality of
p-gravity. The damping system can be easily adjusted to the

Experiment Container

Locking Mechanism

Bulkhead with power supply and

=l Data Acquisition

Picture 1: Overview - ADIOS Experiment Platform
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size and mass of the contained experiment by the layout of magnets and
springs. A single small box of electronics will run the locking mechanism
independently from the experiment. In the actual status, the ADIOS platform
will be tested on the REXUS 11 flight in March 2012 in Kiruna / North
Sweden. Acceleration sensors mounted on the free flying experiment
container and on the rocket structure will measure the residual acceleration
onto the elements of the platform. Calculations with Fourier transformations
can determine the difference of accelerations between the container and the
rocket structure. To measure the acceleration onto the container, a highly
accurate measurement system has to be established. Usually, the noise of
the sensors is higher than the measured signal. Therefore a complicated
compensation of the signal and processing of the data is compulsory to obtain
evaluable data. The applicability of the principle is already proven by the
VibraDamp project on REXUS 7. If the improvements of the ADIOS platform
design accomplish the goal of 85-90% damping in average, the platform can
be offered to scientific experiments to use cost-effective sounding rockets
without a rate control system.

RX11 ADIOS SEDv5.3 070ctober2013_Final.docx
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1 INTRODUCTION

1.1  Scientific / Technical Background

In designing a rocket one is faced with the challenge of developing a
lightweight structure on the one hand which is able to withstand the high
mechanical loads during launch and landing on the other hand. Observing
both requirements is hardly achievable without a good knowledge of all acting
forces and resulting loads onto the structure during the flight of the rocket. For
that, tension shall be measured during launch and landing because those are
the critical phases with high mechanical loads. During the reduced gravity
phase, there is no tension measurement necessary because the acting forces
are very small. But they might be too high for experiments which rely upon a
high microgravity quality. For those, a passively damped experiment container
will be designed which shall isolate the experiment against external forces
using the eddy current principle for damping. Because this experiment
container shall be a Free Flying Experiment Device (FFED), it has to be fixed
to the outer structure during launch and landing to prevent any movement of
the FFED and therefore, any disturbances or even damages caused by the
FFED. This will be done using a locking mechanism.

1.2 Experiment Objectives

The ADIOS Experiment is divided in two different experimental parts with
different goals. The primary part (EXP1) is the further development of the
VibraDamp Project, launched on RX7 in March 2010. The goal is to measure
the performance of the developed passive isolation by the comparison of the
accelerations on the damped system and the rocket structure.

The secondary part (EXP2) is the practical verification of a numerical analysis
of the loads and forces acting onto the rocket structure during the whole flight
time. Due to the loads, tensions shall be measured at different interesting
points on the structure like motor separation level, nose cone and centre of
mass.

RX11 ADIOS SEDv5.3 070ctober2013_Final.docx
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1.3 Experiment Overview
The ADIOS experiment is divided in two parts (EXP 1 and EXP 2).

EXP 1 contains following hardware:

1 FFED including magnets and springs
1 Locking mechanism including three servo motors, clamping rings, and
limit switches

M Two tri axial acceleration sensors

EXP 2 contains following hardware:

1 12 strain gauges and amplifiers (8 one-axial, and 4 two-axial strain
gauges)
1 6 temperature sensors for temperature compensation of the measured

strain

Both experimental parts will fit into a 300 mm REXUS module. The data
acquisition (DAQ), the control of the locking mechanism, and the
communication with ground are going to be handled by a real-time controller.

RX11 ADIOS SEDv5.3 070ctober2013_Final.docx
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1.4 Team Details
1.4.1 Contact Point
The Team ADIOS can be contacted:
REXUS@fh-aachen.de ' m
ADIOS_On_REXUS@qdee advanced isolation on sounding-rockets
no vibrations, good vibration
FH Aachen
Fachbereich 6 / Luft- und Raumfahrttechnik
Studierendenprojekt ADIOS
Hohenstaufenallee 6 1 Room 02105
52064 Aachen Picture 3: URL
Link to ADIOS
NRW / Germany Website
Name E-Mail Phone

Stefan Kramer Stefan.Kraemer@alumni.fh-aachen.de

Brigitte S. Mller Brigitte.Mueller@alumni.fh-aachen.de

Dominique-Jonas Daab | Dominique-Jonas.Daab@alumni.fh-aachen.de

Lysan Pfutzenreuter Lysan.Pfuetzenreuter@alumni.fh-aachen.de

Vladimir Klassen Vladimir.Klassen@alumni.fh-aachen.de

Joana Hessel Joana.Hessel@alumni.fh-aachen.de

Fabian Baader Fabian.Baader@alumni.fh-aachen.de

Tobias Wagner Tobias.Wagner @alumni.fh-aachen.de

Georg Gdalewitsch Georg.Gdalewitsch@alumni.fh-aachen.de

Johannes Stahl Stahl.johannes@alumni.fh-aachen.de

Andreas Gierse Andreas.Gierse@dialup.fh-aachen.de

+49 176/ 61261739

Table 1: Contact details of the Team members

RX11 ADIOS SEDv5.3 070ctober2013_Final.docx
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1.4.2 Team Members

Stefan Kramer (B.-Enq)

Project management, Structure, Science
1% Semester i Astronautical Engineering (M.-Sci)
FH-Aachen - Luft- und Raumfahrttechnik
Apprenticeship: Precision Mechanic - Technician

Brigitte S. Muller

Outreach / PR, Management Assistance

12" semester i Astronautical Engineering (B.i Eng)
FH-Aachen - Luft- und Raumfahrttechnik

Apprenticeship: Precision Mechanic - Technician

Dominigue-Jonas ( Nick ) Daab

Electronics

12" semester i Astronautical Engineering (B.i Eng)
FH-Aachen - Luft- und Raumfahrttechnik
Apprenticeship: Mechatronics - Technician

Lysan Pfitzenreuter (M. -Enqg)

Science, Programming, Data Acquisitioning
Graduated 1 Astronautical Engineering
FH-Aachen - Luft- und Raumfahrttechnik

Joana Hessel (B.-Enq)

Structure
1% semester i Astronautical Engineering (M.-Sci)
FH-Aachen - Luft- und Raumfahrttechnik
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Fabian Baader (B.-Enq)

Programming / Experiments Controle

1% semester i Astronautical Engineering (M.-Sci)
FH-Aachen - Luft- und Raumfahrttechnik

Tobias Wagner (B.-Enq)

Structure, Electronics
1™ semester i Astronautical Engineering (M.-Sci)
FH-Aachen - Luft- und Raumfahrttechnik

Georg Gdalewitsch (B.-Enq)
Data Acquisitioning, Data Analysis S/W

3" semester i Astronautical Engineering (M.-Sci)
FH-Aachen - Luft- und Raumfahrttechnik

Dipl.- Ing Andreas Gierse

Science, Electronic Development
Graduated
FH-Aachen - Luft- und Raumfahrttechnik

Picture 4: Team ADIOS
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1.4.3 Team structure

At the moment the Team consists of ten team members studying at the FH
Aachen. Participants of the former project VibraDamp are supporting the team
with knowledge and the experience regarding the REXUS-Project.

DLR / SSC / ESA @2 Consulting

(EuroLaunch)
Dipl.-Ing. Engelbert Plescher
Contact FH Aachen
Dipl.-Ing. Rudolf Vetter

4
VibraDamp

@ ADIOS Project Management
8 Stefan Kramer

;% ADIOS Team member

Structure Science Programming & DAQ Electronics Outreach / PR
i Y 3 [ 5 P
H 2 Joana Hessel \9, Lysan Pfiitzenreuter B.-En H A2 viadimir Klassen | A pominique Daab & Brigitte Mller
Ca Ca 9 [ ] ol - ek
VibeaDarmy 8 8 v,
3 = @ @ o
7 Stefan Kramer [ Y % Georg Gdalewitsch ca Tobias Wagner & Consulting:
u_() 2 Stefan Kramer [ : } Press Office
~7 Tobias Wagner oA 2. Fabian Baader | A% Frederik M3rz r
A FH Aachen
Consulting: @ ...
2 g \ ¥ Lysan Pfiitzenreuter B.-Eng i
i D!pl. Ing. Rudolf Vetter R Consulting:
VibraDamp VibraDarmp :

& Andreas Gierse
VibraDamp

Figure 1. Team structure

The management is the major link between the Team ADIOS and the
EUROLAUNCH Consortium, the DLR RY and the DLR Space Agency on the
one hand side and the team members on the other hand side. Acquiring
sponsors and handling the financial budget and manpower is another aspect
of the management.

The structure will be improved by using light weight carbon fibre composites.
Due to this change in the construction new calculations and FE-Method
simulations have to be made to proof the reliability of the experiment. The
responsible team members will do the CAD-Modelling and the structural
analysis.

In a close relationship to the structure the science branch is developing the
simulations on which the experiments will base. Important is a good
knowledge of structural analysis and design. The major part of this workload
will be within the framework of at least one master thesis.

The major part of work in the field of programming will cover the development
of the S/W for the cRIO with LabVIEW to control the experiment functions as
well as the DAQ.

Electronics will be a complex and comprehensive part of the experiment. The
power supply and the sensor control needs to be developed and build.

RX11 ADIOS SEDv5.3 070ctober2013_Final.docx
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The outreach program and the link for public relations is covered by Brigitte
Muller. Due to the parallel work for two other student projects she is in touch
with the department of P/R of the FH Aachen and to local media. The
administration of the ADIOS website will also be done by Brigitte Mdiller.

The ADIOS-Logo has been created by Sabina Zits, a Communication Design
student of the department of Design of the FH Aachen.

RX11 ADIOS SEDv5.3 070ctober2013_Final.docx
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2 EXPERIMENT REQUIREMENTS

2.1  Functional Requirements
The essential requirements to the experiment to achieve reliable data are:

EXP1: Verification of damped System / FFED

F.1: The experiment shall measure the accelerations on the damped
FFED during reduced gravity phase using a tri-axial acceleration
sensor.

F.2: The experiment shall measure the accelerations on the
undamped structure during reduced gravity phase using a tri-
axial acceleration sensor.

F.3: The damping system shall isolate the FFED from influences due
to the rocket

F.4: The locking mechanism shall prohibit any movements of the
FFED during launch and landing

F.5: For verification the FFED shall be excited by a defined
imbalance in a broad bandwidth of frequencies.

EXP2: Determination of static loads

F.6: The mechanical loads onto the structure due to launch and
landing shall be determined by a separate tri-axial acceleration
sensor.

F.7: The mechanical loads onto the rocket structure shall be
determined by strain gauges mounted in three levels of the
module structures during the whole flight.

Infrastructure

F.8: All acquired data shall be stored on a reliable data storage
device.

F.9: The acquired data shall be sent particularly via telemetry.
F.10:The control and DAQ shall work autonomously.

RX11 ADIOS SEDv5.3 070ctober2013_Final.docx
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2.2 Performance requirements
2.2.1 Acceleration Sensors

EXP1: Verification of damped System / FFED

P.1: The two tri-axial sensors need to measure accelerations with an
accuracy up to 10° g

P.2: The measuring range should be 2 g

P.3: The ACC-Sensor shall be resistant against static loads of
launch: 20 g

EXP2: Determination of static loads

P.4. The acceleration data shall be acquired with a sample rate of
200 Hz

2.2.2 Strain gauges (EXP2)

P.5: Each strain gauge shall measure the strain with a sample rate of
4000 Hz and should measure with a sample rate of 16000Hz

P.6: The strain gauges shall have a resolution of 1000 U
P.7: The strain gauges shall be calibrated for usage onto aluminium

2.2.3 Isolation

P.8: The Isolation setup by magnets and springs shall reach an
isolation of min 90 % on the FFED.

2.2.4 Electronics

P.9: The Power consumption shall be in average beneath 1 A

2.2.5 Imbalance generator

P.10: The imbalance generator shall give a defined vibration to the
FFED

RX11 ADIOS SEDv5.3 070ctober2013_Final.docx
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2.3 Design Requirements

2.3.1 Structure

D.1:

D.2:
D.3:

D.4:

D.5:
D.6:
D.7:

The internal bulkhead should stay as stiff as possible by reduced
weight.

The Isolation shall work passively.

The locking mechanism shall prohibit any movements of the
FFED during launch and landing

There shall be easy access to electronic boards for maintenance
and calibration

Electronic access via Ethernet connector at assembled status.
The Experiment shall fit into a REXUS 300mm Module

To economise weight the locking mechanism shall be build from
carbon fibre composites

2.3.2 Electronics, Sensors, Programming

D.8:

D.9:

D.10:
D.11.:
D.12:
D.13:
D.14:

D.15:

D.16:
D.17:
D.18:

The strain gauges should be mounted on the inside of the outer
structure.

EXP1 and EXP2 shall work independent from each other. If one
fails the other one shall not be affected seriously.

The electronics shall be as simple as possible

The electronic setup should be as light weight as possible
The Electronics shall cope with £28 V

Power consumption needs to stay beneath 3 A peak

The data volume on the cRIO shall not exceed 0,7 GB for all
data

The strain shall be measured at three cross-sectional areas,
where one is located near the motor adapter, one is located in
the Adios-experiment and a third cross-section near the
nosecone adapter.

The sensors shall be temperature compensated
The ACC-Sensors shall be Shock resistant up to 20 g

The four strain gauges of one cross-section shall be attached to
the structure as shown in Figure 2.

RX11 ADIOS SEDv5.3 070ctober2013_Final.docx
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Rexus Structure

Strain Gages

Figure 2: Application of the strain gauges onto the structure
Additional Requirements to the performance of the strain gauges:
The strain gauges shall be calibrated for aluminium

Thestrain gauges shall have a minimal se
The sample rate for the strain shall be the same as for the temperature

H w0 Dnh e

The data volume on the cRIO shall not exceed 0.7 GB measured for all
data.

5. Each strain gauge shall measure the strain with a sample rate of 4000
Hz and should measure with a sample rate of 16000Hz

2.4  Operational Requirements

O.1. The temperature of the structure shall not under-run - 20°C.

0.2: The Esrange recovery crew should disarm the experiment with a
transport plug.

RX11 ADIOS SEDv5.3 070ctober2013_Final.docx
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3 PROJECT PLANNING
3.1  Work Breakdown Structure (WBS)

The following work breakdown structure shows the preliminary work packages
for the single subsystems. Regarding the readability, the subsystems are
showed in particular in Appendix D.
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Figure 3: Work breakdown structure of ADIOS, status: 07 October 2013

A frequent update of the status icons shows the progress of the single
processes. The caption shows the meaning of the status icons. It is also
attached in Appendix D. E.g. red flags show critical processes and green ticks
the already finished work packages.

3.2 Resources

3.2.1 Manpower

The actual team size has been enlarged up to ten members.
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The team members do their work on the project voluntarily. High motivation
and the goal: the launch campaign in sight, is forcing the team to spend an
uncountable amount of time to the project. The fields of specialisation of the
single members represent their skills and major interests.

Andreas Gierse (Member of the further project VibraDamp) is heavily
supporting the team in the field of electronics.

Dipl.-Ing. Rudolf Vetter, Team manager of VibraDamp is consulting the
ADIOS management and gives advice in the field of structure dynamics.

Mr. Dipl.-Ing. Engelbert Plescher is the reliable and important link to the
university. He provides the team with his experience and expert knowledge in
the field of technical aspects as well as project management. Mr. Plescher
himself has participated the MAPHEUS 01 i Program of the DLR providing
the RAMS experiment. He also was responsible for several parabolic flight
experiments.

3.2.2 Workload

The following table shows the possible workload which can be done in a week
by each team member.

Team member

Field of work

Estimated workload [h/week]

Stefan Kramer Management, Structure 15+

Brigitte Mller Outreach, Websng, 10+
Management assistance

Dominique Daab Electronics 10+

Lysan Pfutzenreuter

Science, Programming

25h from 1th June 2011

Joana Hessel Structural design 8
Fabian Baader Programming cRIO 8+
Tobias Wagner Electronics, Structural design | 8
Georg Gdalewitsch Programming Data analysis 10
TOTAL 107

Table 2: Possible workload of each team member

RX11 ADIOS SEDv5.3 070ctober2013_Final.docx
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3.2.3

Budget

Following an estimation of the budget needed for the successful realization of
the ADIOS experiments.

Subsystem | Element Buy Phase
Structure External On Stock D
(RX (RX 71
Module) VibraDamp)
Internal Carbon fibre 2 00 Q Providedby | D
composite ADCO
parts
Locking 800 C
Mechanism
Magnet 200 D
holders
Sensors Acceleration | 6x Kistler On Stock
(2x out of (RX 7/
order) VibraDamp)
2xX ASC (tri 3500 (DLR) C
axial) 2g (ordered)
Strain 691 0 | Sponsored | C
gauges by HBM
DAQ / ¢ Rio NI (RX 7)
Storage " -Rio Modules 1300 G C
Electronics | Boards 2000 C-D
asap
Amplifiers / Filters 1500 C-D
asap
Isolation Magnets / Springs 50 D
Tests Hardware 1000 D
Office Outreach / PR / Print paper 500 A-E
supplies / Posters / Stickers
Project 14.55 0
costs

Table 3: Budget list of parts
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3.2.4 External Support

The TEAM ADIOS is deeply grateful for the support, given by the following
companies. A realisation of the ADIOS project would not be possible without
their sponsoring. Thank you all!

FH Aachen

The application for the FH Aachen internal commission for education
and studies was successful and the team ADIOS will be supported with
anamountof 50000 f or the year 2011,

Additionally the FH-Aachen will partially finance the participation fees
and travel cost for the ELRGA-Symposium (European Low Gravity
Research Association) in Antwerp/Belgium in September 2011 for three
students.

FH AACHEN

FH Aachen i Lehrwerkstatt

Special thanks goes to the Lehrwerkstatt for the fast and uncomplicated
cooperation by building structural parts for the ADIOS experiment.

ADCO (Advanced Composites)

The directors of ADCO assured ADIOS to provide the

carbon fibre composite parts for the experiment under er O
the condition of practical support by the team. For the ADCO =
sponsor it is important that the team gains experience o

with the material.

TRACO Electronic THACO

TRACO supports the team ADIOS with two free POWER
TRACO'samo unt i n fprthe pow8rBupply unit. POWEH

KNIPEX Pliers

The Knipex Company is providing a Four-Mandrel
Crimping Plier for turned D-Sub connector pins as a m
permanentloan. The plier 1 s amount
can be also used for further and parallel space related The Pliers Company.
student projects. Additionally the Knipex Company has
conducted a crimping course to the Team ADIOS.

10000
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Picture 5: Four-Mandrel Crimping Plier

HBM Hottinger Baldwin Messtechnik:

The HBM sales office in Dusseldorf-Erkrath has sponsored the

whole delivery of strain gaugHBMnounting
delivery included strain gauges, glue, temperature sensors and

covering silicone.

ERNI Electronics

The ERNI Company confirmed the sponsoring of D-Sub i
connectors for the ADIOS experiment. The sponsored amount
connectors is about 70 conectors including all needed

accessories. The delivery is i ng abo
FCT Electronics =

The FCT Company has sponsored the Team ADIOS by FET%

providing D-Sub connectors and pins as well tools for ;

the assembly.

HARWIN

Harwin has provided the connectors for the HAn W| N
acceleration sensors amowst<img«=20® 0. The

crimping plier will be loan for the time of assembly.

NI'T NATIONAL INSTRUMENTS

The NI Acadmic Relations Office has sponsored the NATIONAL
Team with the required NI-Modules: 2x NI 9205 and V]WHUMENTS‘
1x NI 9505 including accessories. The delivery is

amounting 2147

Bollhoff -

The Bodllhoff Group Germany has Sponsored the required Q

HELICOILS for fhe structural parts including the needed tools for _—=
BOLLHOFF

RX11 ADIOS SEDv5.3 070ctober2013_Final.docx
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processing the threads. The delivery i s am

BCE Special Ceramics

: ® PRAZISIONSBAUTEILE
B.CE will supply the Team ADIOS IB(L:IE AUS HOCHLEISTUNGS-KERAMIK
with three ACC-Interfaces for the —

. . Special Ceramics
wall mounting of the acceleration '
sensors.

Erich Frank i Schrauben Metall- und Normteile e.K. I
Schrauben Frank has delivered the whole amount of
more than 700 screws, nuts and bolds. Metall- und Normteile

E&K Leiterplatten, Heinsberg

The Company E&K Leiterplatten GmbH provides the
Flight Hardware- PCB’s for the ADIOS-Experiment.

RX11 ADIOS SEDv5.3 070ctober2013_Final.docx
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3.3  Outreach Approach

The outreach plan is an important part of the project. There are several ways
of represent the project in the public and media.

FH Aachen:

There was already an interview by the department of PR of the FH Aachen
and it was published at the 10" of January on the FH Aachen webpage
(Appendix B).

The own homepage is online on the webpage of the FH Aachen Faculty of
Aeronautical and Astronautical Engineering and on update status.
http://www.fb6.fh- aachen.de/lur/studienprojekte/rexus-adios/

Posters and Handouts (Flyer) in updated versions are in process.

3.3.1 Public presentations
Research and Development at the FH Aachen

The Team has presented the ADIOS-Project at the Research and
Development Symposium of the Faculty of Aeronautical and Astronautical
Engineering. The schedule is attached in the Appendix [B].

ELGRA-Symposium:

A delegation of three members of the Team ADIOS

is going to participate in the Symposium of the e ¥ W % e
European Low Gravity Research Association e e/_’/a S
(ELGRA) in September 2011 in Antwerp / Belgium. g

The Team has represented the project during an oral w * Y K *

presentation at the student sessions and with a
poster at the poster sessions. The poster is attached in APPENDIX B.

The participation fees and travel costs will be partially financed by the FH-
Aachen and by the ESA education office.

The Team is applying for the Student Session at the biennial ELGRA
Symposium in Rome / Italy in September 2013

Space Utilisation Lecture - SUT / Prof. Dachwald (FH Aachen), Prof.
Willnecker (FH Aachen / DLR), Stephan Ulamec (DLR)

In the framework of the SUT lecture, a presentation about REXUS-
Requirements and the ADIOS Experiment has been held by Stefan Kramer on
the 14™ of November 2011.

RX11 ADIOS SEDv5.3 070ctober2013_Final.docx
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NI-User Symposium 2011 Aachen

The Team has been represented by Stefan Kramer at the National
Instruments User Symposium in Aachen on the 2" of December 2011 with an
30 minutes presentation about REXUS and ADIOS in combination with NI-
Components.

21°' ESA Symposium for Rocket and Balloon related Research

The Team ADIOS is going to present the results of the two experiments in the
framework of the ESA Symposium by an oral IE)resentation. The symposium
takes place in Thun, Switzerland between the 9" and 13" of June 2013.

3.3.2 Publications, Papers and Abstracts

Abstracts for the Abstract-Book of the ELGRA-Symposium 2011 in Antwerp.
Publicated at ISBN

Paper for Journal: Microgravity Science and Technology, ISSN: 0938-0108,
Journal no. 12217, Springer Verlag

Paper for 21%' ESA Symposium on Rocket and Balloon Related Research
1 Development and Testing of a System to Damp Vibrations

for Micrigravity Experiments on Sounding Rockets (Stefan
Kramer et al. i EXP1)

1 Experimental In-Flight Modal-Analysis of a Sounding
Rocket Structure (Andreas Gierse etal. 1T EXP2)

3.4 Risk Register

Table 3: Risk Register

ID Affected Risk (& consequence if P |S |PxS Action
Parts not obvious)
TC10 Interfaces | Damage during test B |2 Spare parts

TC20 Motors Damage during test A |1 Spare parts

already on stock

RX11 ADIOS SEDv5.3 070ctober2013_Final.docx
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SF10 Motors Damage during flight A |3 Experiment shut
down
TC30 cRIO Damage during test A |3 Spare part already
on stock
MS10 cRIO/ Programme failure during B |2 Loss of data
Software flight
MS20 cRIO Damage during ascent B |3 Total loss of all
data
VE10 cRIO Damage during pg-phase A |4 Reliable structure
(Loss of locking control) cage
MS30 cRIO Damage during descent A |2 Reduced EXP2
Performance
MS40 Sensors Damage during launch D |3 Loss of data
EXP1 EXP1
MS50 Sensors Damage during ascent A |2 Loss of data
EXP2 EXP2
TC40 Electronics | Damage during test C |2 Spare parts
MS60 Electronics | Damage during flight A |2 Loss of data
TC50 Imbalance | Damage during test A |1 Spare parts
Generator
MS70 Imbalance | Damage during flight A |2 Reduced EXP1
performance
Generator

RX11 ADIOS SEDv5.3 070ctober2013_Final.docx
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Time Schedule
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Figure 4: preliminary time schedule
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4 EXPERIMENT DESCRIPTION

4.1  Experiment Setup

The experiment ADIOS is divided into two sub experiments. Those
experiments will work independently and will not influence each other in case
of malfunction of one experiment. The only malfunction which would affect
both experiments would be a failure of the cRIO.

4.1.1 EXP1: Verification of the damped System / FFED

The experiment consists of a FFED, locked between two disks during the
launch and impact phase.

The FFED is the damped container which easily can be customized for an
experiment with a higher requirement on reduced gravity or micro gravity in an
excited system like a rocket or a space station. Parts of the container need to
be built from a metal to enable the eddy current principle in reaction with the
magnets, mounted on the locking mechanism. In the weight of the FFED is
not improved to have a similar mass like a real experiment.

To achieve the goal of minimized influences due to the outer structure onto
the FFED the knowledge of the effective residual acceleration inside the
FFED is essential. This verifies the working principle and improves the TRL of
this type of a passive damping system.

RX11 ADIOS SEDv5.3 070ctober2013_Final.docx
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FFED with ACC
sensor

Locking Mechanism

Arm-Plug
Connector

Picture 6: Overview of the Experiment

The residual accelerations onto the FFED are very small. Depending on the
sensor setup the noise could be higher than the measured data. To avoid this
loss in accuracy the FFED will be excited by an imbalance generator. This
generator, probably known from the alarm of mobile phones, gives a defined
acceleration in variable frequencies which can be determined and compared.
The excitement will act for about 20-30 s and will be hardly measured at the
outer structure, neither it would affect other experiments. First estimations
showed that a maximum acceleration of 800 pg would suffice to excite the 2kg

FFED. This equates an imbalance of — @ & with a rotating diskofr & 22 mm.

An accurate calculation can be done after the exact knowledge of masses.

4.1.2 EXP2: Determining of static loads

The mechanical loads acting on the structure during the flight will be
measured by strain gauges in critical points. These points need to be
determined by structural analysis by building a FE-Model and simulating the
acting forces. Presumably several measuring points need to be set in several
levels allotted on the inside of the module structures, even at other
experiment modules. Due to the setup the strain gauges will be temperature
compensated. It need to be confirmed if it is necessary to amplify the signal
before transmitting it to the DAQ in the ADIOS Module.
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4.2  Experiment Interfaces

421 Mechanical

4.2.1.1 Cable feed through and D-Sub mountings

The cable mountings will be placed at 180° and a mounting for the D-Sub
connectors will be provided in this position. The D-Sub mounting provides
space for five connectors (D-Dub 15 Pin). The cable harness is fixed by cable
guides (Picture 8: Cable guide) which are glued to the RX-Module wall.

Picture 7: Cable Feed Through at 180°

Picture 8: Cable guide
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