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Opening address

On behalf of ESA I am very pleased to welcome you to this 9" European Conference on Spacecraft
Structures, Materials, and Mechanical Testing. Continuing with good tradition, the conference is co-
sponsored by CNES, DLR and ESA.

This series of conferences was initiated in 1985 and has stimulated at European and international
level the exchange of information and joint sponsoring of developments in the area of structures,
materials and testing methods. The extensive attendance here today manifests the continuing purpose
of this event.

Structures, Materials and Mechanical Testing are disciplines with long histories going back to the
industrial revolution. However, as far as space applications are concerned, significant and far-
reaching advances have been witnessed in the last four decades, driven by the development of space
systems with increasing complexity and dimensional constraints, and significantly higher service
lifetimes. Such requirements necessitate ever-growing interaction between various disciplines,
including structures, materials, thermal control, propulsion, and dynamic control. There is continuous
progress in advanced problem simulation, and advanced manufacturing and testing techniques to
address adequately the various issues.

Since the last conference at CNES Toulouse in 2002 many significant events have occurred.

The dramatic accident of the Columbia shuttle put in the spotlight that structural integrity cannot be
taken for granted, and that multidisciplinary assessment of the system, including aerothermal,
structures and operations, is essential.

The subsequent redefinition of the USA policy towards Exploration and CEV, and the setback to the
ISS programme has, in the light of past experience, to be watched carefully, and some lessons should
be learned. Indeed, regarding Europe’s contribution to potential international joint projects, any
element of such cooperation should allow Europe to progress in successfully completing the goals
which might be set out, even if international partners drop out. On the other hand, it is through
international cooperation that significant advances have been achieved, for example Huygens was
taken to Titan by the US Cassini spacecraft.

The modified plan for the Ariane 5 ECA launch and other events in the domain of launchers have also
highlighted that fundamental aspects such as load definition, structural stability, and manufacturing of
composites also require attention. The recent successful ARS launch is a much-welcomed sign of
recovery in this area.

An overall policy frame for future launchers including reusables, aiming also at the post Ariane-5 era,
is being established in the FLPP programme of activities. The valuable experience in hot structures
and thermal protection systems that was acquired in Europe in the frame of the X-38 and CRV
activities needs to be pursued further, bringing into fruition cooperative European demonstration
flights.

In the area of Telecommunication and Navigation, the Galileo programme is now approaching launch
of its two test-bed satellites (GSTB-V2), and the IOV satellites are being designed.

In the science area, Europe has been extremely successful. I am proud to mention some of the
successes: Rosetta is on its path to comet Churyumov-Gerasimenko and transmitting pictures of the
Earth and Moon; Huygens had a spectacular landing on Titan; SMART-1 is orbiting the Moon; and
Mars Express is orbiting Mars, where it has detected ice and is returning amazing pictures. Issues
affecting the MARSIS radar deployment indicate once more the importance of structural analysis in
space systems.

In the antenna area, the development of a large, 12 metre, unfurlable antenna in cooperation with
Russia is progressing well.



Advanced testing facilities such as Hydra have been employed efficiently for system verification. The
ATV testing campaign on Hydra, which included classical sine and modal testing, was completed in a
shorter period thanks to the capabilities provided by the shaker. More recently a luggage container of
the Airbus 380 was successfully vibrated on Hydra.

The spacecraft business in general has now entered industrial maturity, forcing reductions in design,
manufacturing, and testing costs of the space segment in order to succeed in the market. The
predictions regarding decreasing size of spacecraft in all domains have not yet materialised. At
present various large, medium, and small spacecraft units are being adapted for missions and cost
objectives.

New classes of programmes are being established e.g. Aurora, targeted on long-term exploration
goals, and scientific missions with very high precision and stability requirements. Structural concepts,
technologies, and methods are being developed to meet special user requirements. These include:

* deployable and inflatable structures for large appendages, solar panels, thermal shields and
antennas, capable of boosting performance of small spacecraft, and also for space habitats;

* advanced actively-controlled structures, either to control large flexible structures, or to ensure
stability of optical structures;

* new advanced materials (e.g. fibres, resins, curing methods, smart materials) and manufacturing
technologies applicable to these concepts;

* improved and specific design, development and verification methods e.g. virtual spacecraft,
verification of inflatable structures and landing systems;

* reduction of conservatism, by designing against flight loads rather than against test.

Looking ahead, the ISS could be used as a test bench for technologies that are difficult to validate on
the ground. This might be an area which needs to be explored closely with US colleagues.

To conclude, space structures, materials and testing are fundamental and specialised key elements for
space missions, and as such they are recognised by ESA as a core technology within its research and
development programme. R&D activities need to be pursued to keep abreast in this multi-mode and
fast-changing field, in particular where such technologies constitute key enabling elements of the
mission. The area of lessons learned requires special attention, to consolidate knowledge for future
missions. I encourage you all to look for opportunities on how we can organise collaborative
programmes, and consider partnership possibilities between public and private sector, in particular for
flight and in-orbit demonstration.

I have seen the programme of the conference. It is impressive, and I would like to thank the Technical
Committee for organising a very comprehensive programme covering all relevant aspects of space
structures mechanical architecture, design, and verification. In addition, exhibition and poster sessions
have also been organised to cover the underlying issues and challenges.

Structures and structural dynamics is my area of specialisation and I thank so many colleagues and
friends for their highest professional dedication over the years, and for being here today. The
Structures Section is the largest section in ESA, providing valuable support to all Agency satellite and
launcher projects and Agency technology programmes. I am particularly pleased that Michel Klein
and Torben Henriksen, both dear colleagues of the highest technical and personal integrity, have
professionally continued efforts which I initiated in this domain some years back. I would like also to
thank the Conference Bureau team for organising this series of events with the highest professional
quality.

I have no doubt you will be busy these two and a half days in pursuing advances in spacecraft
engineering, design, materials and testing. I hope that the social programme which has been organised
will contribute to strengthening existing relations and establishing new contacts.

On behalf of ESA, I now formally declare open this European Conference on Spacecraft Structures,
Materials and Mechanical Testing. Best wishes to you all for a stimulating, productive and enjoyable
conference.

C. Stavrinidis



DLR Welcome Address

On behalf of DLR, the German Aerospace Research Center and Germany’s Space Agency, I would
like to welcome the participants to the 9th International Conference on Spacecraft Structures,
Materials and Mechanical Testing. It’s an honour for me to open the conference on behalf of DLR. I
have attended the conference series for more than a decade already. I am really pleased to meet again
many scientists whom [ cooperated with in several projects. This conference is always a good
opportunity to meet the community of engineers involved in spacecraft structures development and
mechanical testing. The programme selected by the programme committee offers a fantastic overview
of recent developments, results and perspectives of spacecraft structures. My thanks to the committee
for the selection work, structuring the contributions into interesting sessions over the next three days.

Materials, structures and mechanical testing are the backbone of the process chain of the development
of high performance spacecraft. Sustainable effort to reduce weight, thus enabling new missions, is
based on new materials, advanced structural design, new manufacturing technologies and finally on
reliable and representative testing. I am really longing to learn about new materials, active materials,
adaptive structures, realization of deployable and inflatable structures, and to hear reports on test
campaigns.

The conference programme announces contributions on new materials and experiences from the
application of advanced materials:

* nanotechnology

* introduction of new features into materials and structures through multifunctional materials

* the application of active structures for vibration control, control of structural deformations

We will have several sessions on compeosite structures:

* new tooling and processes

* design, manufacturing and testing

* fittings and joints

* hybrid titanium composite material

* modelling and robust design

* polymerisation in free space

Recent developments of deployable and inflatable structures will be presented:

e UV-curable inflatable structures
* polymerisation in free space

* modelling

* mechanical testing

Reports will be given about test campaigns including

* new sensors and actuators

* advanced test methods

* fundamental aspects of mechanical testing

Many thanks to the organisation committee, especially to Torben Henriksen, the ESTEC Conference
Bureau, and thanks to ESTEC for hosting the conference.

I wish the conference fruitful discussions, new ideas, maybe new projects, extending the network. I'm
sure the conference will contribute to pushing back the frontiers of science.

Finally I would like to announce that DLR will organize the 10th International Conference on
Spacecraft Structures, Materials and Mechanical Testing in Berlin in 2007.

M. Sinapius



CNES Welcome Address

On behalf of CNES, the French Space Agency, I am pleased to welcome you to this new edition of
the Conference on Spacecraft Structures, Materials and Mechanical Testing.

First of all, I would like to apologize for David Assemat, CNES Toulouse Deputy Director, who had
planned to be here today to participate in the opening session of this conference but had to change his
agenda at the last minute.

Then, I think we can thank our colleagues from ESTEC for the organisation of this edition of the
Conference, we can be sure that it will be a success with all the presentations which are planned and
the technical exchanges they will generate.

This Conference is a kind of ‘birthday’, as the first edition took place twenty years ago in Paris, and
we can see the distance that has been covered: thirty papers were presented at that time, compared
with more than a hundred and fifty this year.

The different conferences, organised in the Netherlands (Noordwijk), Germany (Braunschweig) and
France (Toulouse and Paris), have always provided the opportunity of discussion at an international
level about the state of the art and about the evolution of technology and practices in the field of
spacecraft and launcher mechanical design, development and verification, including the advances in
testing techniques. Each conference has pointed out a kind of focal point such as structural dynamics,
new launcher mechanical environments, mechanical testing, micro-dynamics, shock environments...
which were at that time the up-to-date leading subjects in our mechanical community.

Since the last Conference in Toulouse, we can emphasise the return to flight of Ariane 5 ECA which
is a great success for European industry and for the Agencies which have led the work to solve the
problems encountered during the first flight.

We can also have a quick look at the various recent satellite programmes and see that the
developments performed for these different projects give us good examples to illustrate the main
subjects that we had to face in the past few years and that we will have to cope with in the near future.
Globally, the subjects that were taken into account by the Conference three years ago seem to be still
up-to-date:

* Design, manufacture and qualification of large, very light appendages. Ultra-light reflectors and
light panels for solar arrays are good illustrations of the current trends concerning mass reduction.

* The mechanical qualification of these light structures and of systems using local dampers has led
to many analyses due to their non-linear behaviour. The combination of analysis and test to
achieve qualification is one important point of interest and it includes all the questions concerning
model correlation and updating.

* Stochastic analyses are another point of interest as they can allow a better management of the
specification and dimensioning margins, and different projects have started to use them as an
engineering tool.

* Qualification against the shock environment coming from the launcher or from internal
pyrotechnic devices remains a heavy task for the project teams, with the recurring questions: how
to define the environment for the equipment? how to qualify the units? what test installations to
use? are we able to define the strength of the units through analysis? This shock environment is a
source of costs for the launcher and satellite industries. Being able to cope with it with little effort
will be great progress.

I expect that this conference, as all of its preceding editions, will give you the opportunity to have a
precise description of the state of the art in the mechanical world of space programmes and will give
to all of you the opportunity to have fruitful discussions with colleagues coming from the different
industries and agencies. I am convinced that all participants will find the conference both useful and
informative and I wish it great success.

G. Turzo
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Mark Ayre, Stefano Carosio, Raimondo De Laurentiis, Alessandra Monero, Donato Zangani, Julian F.V. Vincent

3 Deployable structure for flexible solar generators
Klaus Seifart, Wolfgang Géhler, Tilo Schmidt, Ralf John, Stephane Langlois

198 Thermo-mechanical behaviour of single-ply triaxial weave carbon fibre reinforced plastic
Ahmad Kueh, Omer Soykasap, and Sergio Pellegrino

168 Modeling of triaxial woven fabrics for antenna reflectors
Andreas Obst, Giuseppe Palermo, Lorenzo Ticci, Julian Santiago Prowald



Session 8: Stochastic Analysis

Session 8.1 Stochastic Analysis — 1

53 Stochastic analysis, to do what?
Stéphane Mary, Emmanuelle Riviére, Jean-Noél Bricout

75 Relative importance of uncertain structural parameters
H.J. Pradlwarter

39 Application of high order derivatives to structural probabilistic analysis
Stéphane Perrin, Stéphane Garreau, Michel Rochette

103 Probabilistic laminate analysis using ESAComp software
Markus Wallin, Pauli Leppdnen

217 Uncertainty and reliability analyses of large aerospace structures
G.1 Schuéller, A. Calvi, H.J. Pradlwarter, S. Fransen, M.F. Pellissetti, C. A. Schenk, M. Klein, and A. Kreis

Session 8.2 Stochastic Analysis — 2

66 A stochastic approach to the validation of spacecraft structural dynamic models
Nicolas Roy, Santiago Garcia de Paredes

83 Application of the fuzzy finite element method to spacecraft design
David Moens and Dirk Vandepit

124 Stochastic launcher-satellite coupled dynamic analysis
S. Fransen, M.F. Pellissetti, H.J. Pradlwarter, A. Calvi, A. Kreis, G.I. SchuAeller, and M. Klein

76 Static and dynamic reliability analysis of INTEGRAL satellite in view of low failure probability
M.F. Pellissetti, G.I. Schudeller, H.J. Pradlwarter, A. Calvi, S. Fransen, and M. Klein

Session 9: Shock

Session 9.1 Shock — 1

219 Low induced shock actuator: hold down and release mechanism for satellite & launcher platforms
A. Mobuchon, G. Robert, A. Roussy

116 Ariane 5 shock environment qualification for an Earth observation satellite
Etienne Courau, Philippe Roy

151 Shock attenuation system for spacecraft and adaptor (SASSA)
Miguel Lancho, Angel Ferndndez, Stefan Kiryenko

Session 9.2 Shock — 2

163 Shock attenuator system for spacecraft and adaptor
Patrick Camarasa, Tony Demerville, Alain Plagne, Stefan Kiryenko

27 Shock analysis philosophy for electronic units
Bertrand Brévart, Valerio Cipolla

80 Projection method in structural dynamics in application to shock propagation simulation for truss
coupled shell structures
Bernhard Kotzias



207 Shock propagation simulation using FEM software
Stéphane Mary, Valerio Cipolla, Etienne Courau, Jean-Noél Bricout

147 Shock qualification methods for equipments
Jean-Baptiste Bernaudin, Valerio Cipolla, Pierre-Augustin Grivelet

Session 9.3 Shock — 3

200 Pyroshock generation
Denis Dilhan - Valério Cipolla - Henri Grzeskowiak - Neil Cable - Stefan Kiryenko

191 ESA/ESTEC shock bench presentation
Stefan Kiryenko, Gaetan Piret, Jan Kasper

29 Development of a simulation process of the behaviour of space equipment subjected to pyrotechnic
shocks, based on characterization and environmental tests
Mathieu Sutra, Didier Mesnier, Alain Berlioz, Bertrand Combes

10 Very first results from pyroshock database for satellites
Alain Girard, Carine Pont, Etienne Courau

Session 10: Composite Structures

Session 10.1 Composite Structures — 1

161 Application of new technologies for Eurostar central tube
Pascual, Julio, Trigo, Jesus

34 Mecabus manufacturing using new tooling and processes
Isabelle Darmanin

129 Design, manufacturing and testing of a reusable CFRP intertank demonstrator
V. Diaz, G.Ramusat

155 Structural design and verification of a large composite structure: thermal control system for
AMS-02 detector

Riccardo Zambra, Maraco Molina, Massimiliano Oliver
Session 10.2 Composite Structures — 2

190 Use of carbon fittings for mechanical interfaces in the carbon fibers resin plastics sandwiches

Marc Berlingerie, Sandrine Rouqui

21 Carbon fibre tube inserts - a light fastening concept with high load carrying capacity
J. Block, T. Brander, M. Lambert, J. Lyytinen, K. Marjoniemi, R. Schiitze, L. Syvinen

20 Enhanced design methods for mechanically fastened joints in composite structures
Pedro P. Camanho, Pedro M. Portela, Antonio R. Melro, and Michel Lambert

114 Hybrid titanium composite material improving composite structure coupling
Axel Fink and Dr. Boris Kolesnikov

70 Use of resin transfer moulding and cobonding technologies in integrated CFRP interface rings

Jesus Trigo
Session 10.3 Composite Structures — 3

156 Modelling delamination caused by defects in large diameter composite cylinders
Thirkettle, Anthony, AOES



206 Failure of Laminates composed of Unidirectional (UD) Laminae - Where are the sources for the
differences between experiment and prediction ?
R. Cuntze

180 Failure criteria for FRP and CMC: theory, experiments and guidelines
C. Kaiser, Hendrik Weihs, Karl-Heinz Zuknik, A. Obst

Session 10.4 Composite Structures — 4

211 Factors of Safety (FoS) for Fibre-Reinforced Composite Structures.

How can we avoid in the Design Verification separate FoS values for ‘initial failure of composites’ replacing
‘onset of yielding’ of the isotropic case?

R. Cuntze

92 A new approach for robust design of composite cylindrical shells under axial compression
Christian Hiihne, Raimund Rolfes, Jan Tessmer

117 Design of variable stiffness composite panels for maximum fundamental frequency using

lamination parameters
Shahriar Setoodeh, Mostafa M. Abdalla, and Zafer Giirdal

145 Load carrying capability of stringer stiffened curved composite panels in the postbuckling region
T. Mécker and H.-G. Reimerdes

Session 10.5 Composite Structures — 5

95 CFRP electronics housing for a satellite
Timo Brander, Kristof Gantois, Harri Katajisto, Markus Wallin

210 Electronic enclosure for SAR antennas made of CFRP
R. John, S. Brunner, W. Gohler, G. Willich, A. Newerla

141 Multifunctional equipment design by using high thermal conductivity fibres
J. Marcos, M. Segura, J.C. .Antolin, A.Landaberea, F. Lamela, G. Atxaga

97 Manufacture and assembly of CFRP electronics housing
Jorma Jussila, Timo Brander, Markus Wallin

Session 11: Active Structures

Session 11.1 Active Structures — 1

139 Active vibration suppression in spacecraft structures based on LQG-Controller and Kalman-

Observer
Mark Wagner, Anton Grillenbeck, Ahmed Abou-EI-Ela

166 Feasibility demonstration of an active payload adapter for Ariane 5
Andreas Rittweger, Hans-Georg Beig, Peter Konstanzer, Rafael Bureo Dacal

57 Shape control of network structures based on a concept of force density method
Hiroaki Tanaka and M.C.Natori

202 Damping of composite booms through active piezoelectric interface and piezoelectric patches
F. Bossens, F. Cugnon, A. Kalyani, and A. Preumont

Session 11.2 Active Structures - 2

19 Design and construction of an active, piezo actuated tripod allowing for compensation of focal plane

distortions
E. K. Pfeiffer, C. Kaiser, C. Schoppinger, A. Reutlinger, P. Wierach, M. Miiller, U. Miiller, D. Sciacovelli



104 Electroactive polymers: new materials for spacecraft structures
F. Carpi, P. Sommer-Larsen, D. De Rossi, P. Gaudenzi, L. Lampani, F. Campanile, E. Pfeiffer, G. Neri, S. Baldacci

96 High performance piezoelectric composites
Raino Petricevic and Martin Gurka

142 Modelling of active space structures for vibration control
Tralli A., Olivier M., Sciacovelli D., Gaudenzi P.

64 Coarse pointing device: smart technologies for a system on ISS
L. Acquaroli, F. Onorati

Poster Session

Poster papers

105 Structure-control-optics interaction in high precision telescopes
H. Baier, C. Zauner, M. Miiller

170 Hemispherical emissivity by infrared reflectance
Cristina Borrero del Pino, Marc van Eesbeek, Thomas Rohr

111 Improvements in the DynaWorks® ISSPA identification module

Etienne Cavro, Carine Pont

174 Tuning of SMACTANE® rubber formulation for vacuum compatibility improvement
Tony Demerville, Thomas Rohr Lionel Gaillard

175 Viscoelastic rubber and damping original equipment
Tony Demerville, Philippe Guay

150 Test Data Access System (TDAS)
Ataiilfo Gamonal, Javier Pérez, Angel Blesa

167 The MIRI cold telescope simulator: MTS attachment
G. A. Garcia, 1. Armendariz, J. Barandiaran, F. J. Herrada, R. Santiago

133 Overview of ground-based environmental testing facilities in the ESTEC TEC-QMC laboratories
S. Heltzel, C. Semprimoschnig, M. Moser, M. van Eesbeek

85 European drawer rack (EDR)
Antonietta Itta

171 Validation of the finite element model of an inflatable beam structure using experimental data and
study of its behaviour under the effects of the residual trapped air
E. luliano, R. Potes, S. Langlois, R. Rouméas

52 Cesic® -- Engineering material for optics and structures
Matthias Krodel

196 Fibre-reinforced nanocomposites for spacecraft structures - manufacturing, characterisation and
application
T. Mahrholz, J. Mosch, D. Rostermundt, U. Riedel, L. Herbeck, M. Sinapius

109 Numerical simulation of debris impact on thin-walled metal shields
J. R. Reveles, A. A. Lukyanov, R. Vignjevic

137 Design and development of a large reflector model with inflatable deployment and rib support
structures
Huifeng Tan, Xingwen Du, Liu Yuyan, Zurab Gogava, Horst Baier



4 Astron extreme light weight structures and mirrors
Niels Tromp

221 Status of ECSS E-30 - space engineering handbooks on CDROM: structural materials handbook,
insert design handbook and adhesive bonding handbook
Jo Wilson, Bob Hussey

79 Peculiarities of testing techniques of landing spacecraft thermal protection at the high enthalpy test

bed
LA. Zelenov, A.F. Klishin, G.V. Gotovtsev

82 Research of thermal conditions of the "Mars Express" spacecraft fairing
1.A.Zelenov, A.A.Ivankov, A.F.Klishin

102 Thermal protection and tests method of "Venera" landing spacecrafts
LA. Zelenov, A.F. Klishin, A.F. Shabarchin

Late papers

24 Audible noise and microgravity control of pressurized module under on-orbit vibro-acoustic
environment
P. C. Marucchi-Chierro, S.Destefanis, M.Martini, R.Ullio

201 Hybrid inflation module dissociated energetic materials / ISRS
A. Roussy
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