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Preface
The Graduate School on Engineering Mechanics, a joint initiative of the Eindhoven and Delft Universities of
Technology and the University of Twente, organizes on an annual basis the Engineering Mechanics
Symposium. The aim of this symposium is to stimulate the communication and the exchange of information
with respect to ongoing research in the field of Engineering Mechanics. To achieve this the program contains
a keynote lecture by a leading expert in the field, topic sessions in relation to the selected research program
of the Graduate School, poster presentations of actual research projects by PhD-students and a meeting of
the senior academic staff.
The Eleventh Engineering Mechanics Symposium takes place October 30-31, 2008 at De Werelt in
Lunteren.
In the opening session Prof. Gerhard Holzapfel from the Graz University of Technology in Graz, Austria and
the Royal Institute of Technology in Stockholm, Sweden, will present a keynote lecture entitled:
Measurements and Modeling of 3D Fracture in Biological Tissues.
Furthermore, four workshops are organized that partly run plenary and partly run in parallel.
Topics of this years' workshops are:
•

Interface and surface mechanics
Organized by Joris Remmers (TU/e, main organiser), Angelo Simone (TUD) and Dik Schipper (UT)

•

Reliability and uncertainty
Organized by Miguel Gutiérrez (TUD, main organiser), Ton van den Boogaard (UT) and Annemarie
Aarts (TU/e)

•

Model identification, validation and DOE
Organized by Daniel Rixen (TUD, main organiser), Peter van der Hoogt (UT) and Ines Lopez (TU/e)

•

Mechanics for miniaturisation
Organized by Johan Hoefnagels (TU/e, main organiser), André de Boer (UT) and Matthijs Langelaar
(TUD)

Firstly, the Workshop Organizers provide Plenary Introductions on the trends and challenges of the
Workshops. Two of those Plenary Introductions have been included in the morning program on the first
Symposium day, whereas the other two have been included in the morning program of the second
Symposium day.Next, two of the actual Workshops have been scheduled to run in parallel on the first
Symposium day, whereas the other two have been scheduled to run in parallel on the second Symposium
day. Each Workshop consists of two parts, separated by a break. Each part consists of 2 presentations by
AIO’s/ Postdocs. The duration of each of the AIO/Postdoc presentations is 20 minutes and followed by 10
minutes of discussion.
For the best AIO-presentation within each workshop a prize will be awarded. Winners will be announced
directly before the closing of the symposium on Friday, October 31.
Additionally, there are two poster discussion sessions in which PhD-students participating in the Graduate
School on Engineering Mechanics present their current research project. In relation to these presentations a
contest is organized in which an external jury selects the best three contributions. This year’s members of
the jury are: Prof. C.J. van Duijn (Rector Magnificus TU/e), Prof. J.M. Hoekstra (Dean Aerospace
Engineering TUD), Prof. J.A.M. Kuipers (Director IMPACT, UT). Winners will be announced directly before
the closing of the symposium on Friday, October 31.
On Friday, October 31 a meeting of the senior academic staff participating in Engineering Mechanics takes
place.
This report contains more detailed information on the Eleventh Engineering Mechanics Symposium. Included
are the following sections:
• Section 1: Detailed program of the symposium
• Section 2: Abstracts of the keynote lecture and introduction to the workshops
• Section 3: Abstracts of presentations in the workshops
• Section 4: Survey of poster presentations
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1
PROGRAM

This section contains the detailed program of the Eleventh Engineering Mechanics
Symposium. Information on the keynote lecture and introductions to the sessions are
presented in section 2. Abstracts of the presentations can be found in section 3.
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Program Eleventh Engineering Mechanics Symposium
Thursday, 30 October 2008
10.00-10.30

Registration and Informal get-together

10.30-12.40

Opening Session

10.30-10.40
10.40-11.40

Opening of the Symposium by Prof. Marc Geers
Opening lecture: "Experimental Measurements and Modeling of 3D Fracture in
Biological Tissues" by Prof. Gerhard Holzapfel

11.40-12.10

Trends and challenges in “Ïnterface and Surface Mechanics”
by Dr. Joris Remmers
Trends and challenges in “Reliability and Uncertainty”
by Prof. Miguel Gutiérrez

12.10-12.40
12.45-13.45

Lunch

13.50-14.50

Workshops 1 and 2, part A

Room Azië
Room Afrika

Workshop 1:
Room Afrika
Interface and Surface Mechanics

Workshop 2:
Reliability and Uncertainty

Rob Bosman (UT)
Interface temperatures at interacting surfaces

C.V. Verhoosel (TUD)
Reliability analysis of fracture in piezoelectric
components with a random microstructure
G.J. van Zwieten (TUD)
Inverse modeling of earthquake fault
parameters using InSAR

Jiupeng Song (UT)
Self healing surfaces

Room Amerika

14.50-15.50

Poster Discussion Session:
Room Azië
Presentation of current research projects, carried out by PhD students and
Postdocs participating in Engineering Mechanics

15.50-16.20

Break

16.20-17.20

Workshops 1 and 2, part B

Workshop 1, cont’d:
Room Afrika
Interface and Surface Mechanics

Workshop 2, cont’d:
Reliability and Uncertainty

Frans van der Meer (TUD)
Modeling delamination between cracking plies

Pawel Owczarek (UT)
Oil free piston compressors – design, modeling
and experiments
Agnes Blom (TUD)
Design and manufacture of a Composite
Cylinder with Circumferentially Varying
Stiffness

Murthy Kolluri (TU/e)
Study of interface delamination by a newly
designed miniature mixed mode bending setup

Room Amerika

17.30-18.30

Poster Discussion Session II:
Room Azië
Presentation of current research projects, carried out by PhD students and
Postdocs participating in Engineering Mechanics

18.30-19.00
19.00-22.00

Informal reception
Dinner
Announcement of winning contributions in the Poster contest

22.00-24.00

Bar
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Program Eleventh Engineering Mechanics Symposium
Friday, 31 October 2008
08.45-10.00

Plenary Session

08.45-09.00

Upcoming course program and developments
by Prof. Marc Geers
Trends and challenges in “Mechanics for Miniaturisation”
by Dr. Johan Hoefnagels
Trends and challenges in “Model Identification, Validation and Design of
Experiment” by Prof. Daniel Rixen

09.00-09.30
09.30-10.00
10.00-11.00

10

Room Afrika

Workshops 3 and 4, part A

Workshop 3:
Room Afrika
Mechanics for Miniaturisation

Workshop 4:
Room Amerika
Model Identification, Validation and Design
of Experiment

Yogesh Karade (TU/e)
Controlled sub-Micrometer Surface
Morphologies by Thermal Relaxation of locally
Crosslinked Stretched Polymers Samples
Casper Bolsman (TUD)
Insect Inspired Wing Actuation Mechanisms

René van der Steen (TU/e)
Modeling and experimental validation of a
small solid tire

11.00-11.30

Break

11.30-12.30

Workshops 3 and 4, part B

Peter Sloetjes (UT)
Wavelet-based methods for rotating machinery
Monitoring and identification

Workshop 3, cont’d:
Room Afrika
Mechanics for Miniaturisation

Workshop 4, cont’d:
Room Amerika
Model Identification, Validation and Design
of Experiment

Emre Dikmen (UT)
Multiphysical Effects on High Speed Micro
Rotordynamics
Hamed Sadeghian (TUD)
Mechanical Characterization of
nanoelectromechanical cantilevers

Muammer Ozbek (TUD)
Optical Measurements and Operational Modal
Analysis of a 3MW Wind Turbine
Roy Visser (UT)
Scratching the residual lifetime of glassy
polymers?

12.35-12.50

- Announcement of winning contributions in the AIO/Postdoc
Presentation contest
- Closure

12.50-13.50

Lunch

14.00-15.30

Assembly of Project Leaders EM

16.30-20.00

Meeting of EM Advisory Board

Room Amerika
De Lunterse Boer
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KEYNOTE LECTURE
and

INTRODUCTION TO THE WORKSHOPS

This section contains abstracts of the Keynote Lecture by Prof. Gerhard Holzapfel and
Introductions to the workshops “Interface and Surface Mechanics”, “Reliability and
Uncertainty”, “Mechanics for Miniaturisation” and “Model Identification, Validation and
Design of Experiment” by the session organizers.
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Keynote Lecture
Experimental Measurements and
Modeling of 3D Fracture in
Biological Tissues
Gerhard A. Holzapfel
Graz University of Technology, Institute of Biomechanics
Kronesgasse 5-I, 8010 Graz, Austria
and
Royal Institute of Technology (KTH), Department of Solid Mechanics
School of Engineering Sciences, Osquars Backe 1, 100 44 Stockholm, Sweden
E-mail: Holzapfel@TUGraz.at , Home Page: www.biomech.tugraz.at
HU

UH

HU

UH

Balloon angioplasty is the most frequently used therapeutical procedure worldwide for
reducing the severity of atherosclerotic stenoses. This purely mechanical procedure
frequently leads to tissue dissection within arterial layers, in particular to the dissection of
the middle layer of the artery. The mechanical properties of the middle layer are controlled
by a complex three-dimensional network of (rubber-like) elastin, collagen fibrils (which are
both proteins), and smooth muscle cells. These constituents are combined within thin layers
that are arranged in repeating lamellar units. The related mechanical response suggests
that a constitutive model should be formulated within the framework of nonlinear anisotropic
elasticity, while the lamellar structure of the tissue favors a dissection type of failure.
The presentation shows very recent investigations of the dissection properties of human
arteries (carotid bifurcation and aorta) by means of direct tension and peeling tests [1,2].
The direct tension test demonstrates the strength of a tissue layer in the radial direction,
while the peeling test allows a steady-state investigation of the dissection propagation.
The related model uses the concept of strong discontinuities in conjunction with the
application of the theory of cohesive zones in order to capture the experimentally observed
dissection phenomena [3]. The dissection is regarded as a gradual process in which
separation between incipient material surfaces is resisted by cohesive traction. The
underlying numerical framework is based on the Partition of Unity Finite Element Method,
where a priori knowledge of the local behavior of the solution in the finite element space is
included in terms of the Heaviside function. The model has been utilized for tetrahedral
elements, and a 3D non-planar crack-propagation package captures the evolution of noninteracting dissections [4]. The required material parameters are determined from
experimental data obtained in the author’s laboratory.
[1] J. Tong, G. Sommer, P. Regitnig, G.A. Holzapfel. Mechanical strength of tissue components and their
interactions in human carotid bifurcations. submitted.
[2] G. Sommer, T.C. Gasser, P. Regitnig, M. Auer, G.A. Holzapfel. Dissection properties of the human aortic
media: an experimental study. ASME Journal of Biomechanical Engineering, 130:021007, 2008.
[3] T.C. Gasser and G.A. Holzapfel. Modeling the propagation of arterial dissection. European Journal of
Mechanics A-Solids, 25:617-633, 2006.
[4] T.C. Gasser and G.A. Holzapfel. 3D crack propagation in unreinfoced concrete. A two-step algorithm for
tracking 3D crack paths. Computer Methods in Applied Mechanics and Engineering, 195:5198–5219, 2006.
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Workshop 1
Interface and Surface Mechanics
Joris Remmers1, Dik Schipper2, Angelo Simone3
1

Eindhoven University of Technology, Department of Mechanical Engineering
Section Numerical Methods in Engineering, PO Box 513, 5600 MB, Eindhoven
phone: +31 40 2473175 e-mail: J.J.C.Remmers@tue.nl
2
University of Twente, Faculty of Engineering Technology
Laboratory for Surface Technology and Tribology, PO Box 217, 7500 AE, Enschede
phone: +31 53 4892469 e-mail: D.J.Schipper@ctw.utwente.nl
3

Delft University of Technology, Faculty of Civil Engineering and Geosciences
Section of Structural Mechanics, PO Box 5048, 2600 GA, Delft
phone: +31 15 2787922 e-mail: A.Simone@tudelft.nl

Interfaces and surfaces often play a pivotal role in the mechanical behaviour of structures
and systems. Interfaces and surfaces can be denoted as (internal) boundaries where two
materials, which can be both in a solid or fluid phase, interact. The mechanical response is
characterised by (i) the material interactions between the two constituents and (ii) the
geometrical properties of the boundaries. The material interactions can be purely
mechanical, such as the adhesion of two constituents in a composite material. However,
thermo-mechanical, fluid-structure and electro-chemical interactions are possible as well.
For example, in the analysis of surface corrosion, electro-chemical reactions are the
dominant mechanism in the degradation of the mechanical properties of the material. The
geometrical properties include the roughness of the surface and the presence of asperities,
which play a key role in the field of tribology.
One of the challenges in the analysis of the mechanical response of these systems is the
fact that interfaces and surfaces cannot be considered as continua on the scale of the
structure. Therefore, alternative solution techniques are required, such as multi-scale
approaches and advanced discretisation techniques. From an experimental point of view,
these large differences in length scales often require miniaturisation of experiments. In
addition, in order to fully understand the complex material interactions at interfaces, the use
of multi-physics models is necessary.
In this workshop, we provide an overview of the activities within the Engineering Mechanics
research school in the field of interface and surface mechanics. The four presentations will
address both numerically oriented projects as well as experimental studies.
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Workshop 3
Mechanics for Miniaturisation
Johan Hoefnagels 1, Matthijs Langelaar 2, and André de Boer 3
1 Sec. Mechanics of Materials, Dep. of Mechanical Engineering, Eindhoven University of Technology
2 Dep. of Precision and Microsystems Engineering, Faculty 3mE, Delft University of Technology
3 Sec. Applied Mechanics, Faculty of Engineering Technology, University of Twente

Miniaturization is a general trend in the microsystems industry, driving the design and
manufacturing of smaller and smaller devices, structures, and parts. When the dimensions
of a structure are decreased to the same order of magnitude as the characteristic length
scales of the material's microstructure or the governing physical processes, significant
changes in thermo-mechanical properties may occur. As a consequence, traditional
continuum thermo-mechanics approaches may loose their validity and predictive nature,
and improved scale-dependent theories are crucial. Examples of distinct changes in the
micro-realm include the viscous forces in a fluid (larger at the microscale), the effective
strength of materials (smaller or larger at the microscale), surface area to volume ratios
(larger at the microscale), realizable electric field strength (higher at the microscale), and
manufacturing constraints at the micro-level.
In this presentation, an overview is given of the large range of topics that can be gathered
under the umbrella of ‘Mechanics for Miniaturization’. Topics include, but are definitely not
limited to, the fields of:
- integrated circuits (IC),
- micro-electromechanical systems (MEMS),
- micro-robotics,
- microfluidics,
- micro-manufacturing,
- micro aerial vehicles.
These topics will be discussed on the basis of:
- applications,
- experiments,
- modeling,
- and future challenges.
A choice is made not to focus on those systems where the length scales are decreased
down to the nanometer scale of atoms and molecules to trigger quantum-mechanical
anomalies (e.g., quantum dots or carbon nanotubes). Instead, the microsystems discussed
are all governed by principally the same thermo-mechanical considerations as present at
the macroscale. However, due the relative change of scales upon miniaturization, the
outcome of these considerations can be quite different.
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Workshop 4
Model Identification, Validation
and Design of Experiment
D.J. Rixen1, I. Lopez Arteaga2 and P. van der Hoogt3
1

Dpt. Of Precision and Microsystem Engineering, Delft Univ. Tech., Mekeweg 2, 2628CD Delft,
The Netherlands, phone +31 (0)15 278 1523, e-mail d.j.rixen@tudelft.nl
2
System Dynamics and Control, T.U. Eindhoven, P.O. Box 513, 5600 MB Eindhoven, The Netherlands
phone +31 (0)40 247 2611, e-mail I.Lopez@tue.nl
3
Institute of Mechanics, Processing and Control - Twente, University of Twente
P.O. Box 217, 7500 AE Enschede, The Netherlands
phone +31 (0)53 4892454, e-mail P.J.M.vanderHoogt@ctw.utwente.nl
HU
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HU

U
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Twenty years ago, when computing power and numerical methods were making
tremendous progress, several scientists were inclined to believe that very soon the era
would come were experimenting would be obsolete and everything would efficiently and
accurately be simulated. Well …nowadays serious scientists feel the need to combine
computer models and experimental testing more then ever.Indeed some systems are so
complex (micro or nano systems or high-tech machines) that simulations are still not
capable to encompass all the mulstiscale and multiphysical interactions. Probably science
will always need experiments for validation of the models, to observe what can not be
understood and finally to provide inspiration for improving the simulation techniques.
In the last decade the accuracy and speed of sensors and data acquisition systems have
become such that new applications of experimental mechanics have arisen. For instance it
is possible to measure accurately the dynamics of subcomponents and re-assemble the full
model (Frequency Based Substructuring), or to perform hybrid simulation where parts of a
system are simulated while others are included as hardware-in-the-loop. Such advances
open new perspectives for fast prototyping of high-tech systems and efficient optimization of
complex structures. Another example of new experimental methods enabled by advances in
sensors and acquisition hardware is the measurement of micro and nano systems as well
as the measurement of mega structures with optical techniques (see the wind turbine
measured by photogrammetry in the picture below).
In engineering mechanics, experimental testing
plays an essential role in education and
research. In education, teaching science by
illustrating with experiments and teaching how
to do experimentation using good science is the
golden way to attracting and motivating
students for the future.

Reflective markers on a 80m wind turbine for
photogrammetric measurements of in-operation
vibrations
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In our presentation we will shortly review the
experimental activities in the Engineering
Mechanics groups of the 3 TUs of The
Netherlands and indicate promising research
direction in the experimental community.
Researchers from Delft, Twente and Eindhoven
will present their current work during the
workshop
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INTRODUCTION PRESENTERS
AND
ABSTRACTS OF PRESENTATIONS

This section contains abstracts of presentations at the Eleventh Engineering Mechanics
Symposium. Abstracts are in alphabetic order on the (first) author. Abstracts of the
keynote lecture and an introduction to the workshops are presented in section 2.

Elventh Engineering Mechanics Symposium

17

18

Elventh Engineering Mechanics Symposium

Short Introduction speakers at the 11th Symposium of the Graduate School on
Engineering Mechanics (in alphabetic order)
Abstract title: Design and manufacture of a composite cylinder with
circumferentially varying stiffness
Workshop: Reliability and uncertainty
Blom, A.W. (Agnes)
Delft University of Technology, Faculty of Aerospace Engineering
Advisor: prof.dr. Zafer Gürdal; Co-advisor: Dr. Patrick Stickler (Boeing)
EM research theme: Reliability and Optimization
Description Research:
Agnes Blom is a 3rd year PhD student of the EM Research group “Aerospace Structures”. She started
her project in September 2005. Her research is part of the research area “Structural Tailoring”. Goal of
the project is to show weight saving potential of variable-stiffness, fiber-steered composite shells and
to increase the understanding of the mechanisms that enable the structural improvement. The project
includes the development of the necessary tools for design, analysis and optimization, while taking
manufacturing into account. After a design study a baseline and a tailored shell have been built.
Finally, analysis results will be validated by means of a mechanical test of the shells.
Agnes’s research is being conducted in co-operation with Stork Fokker AESP and the Boeing
Company. In 2007 she spent a full year at Boeing in Seattle.
She received the Amelia Earhart fellowship in 2005, she won the prize for best thesis given by the
NVVL (2005), was awarded the Jefferson Goblet award for best paper at the AIAA-SDM conference
(2005) and recently received the 2008 Boeing Engineering Student of the Year Award.

Abstract title: Insect inspired wing actuation mechanisms
Workshop: Mechanics of miniaturization
Bolsman, C.T. (Caspar)
Delft University of Technology, Faculty of Mechanical, Maritime and Materials
Engineering (3ME), Department of Precision and Microsystems Engineering
Advisor: Prof.Dr.ir. Fred van Keulen; Co-advisor: Dr.ir. Hans Goosen
EM research theme: Computational and Experimental Mechanics
Description Research:
Caspar Bolsman is a 3rd year PhD. student within the research group Fundamentals of Microsystems.
He started his project in November 2005. His research is part of the Atalanta program which is one of
the projects within the DevLab. The Atalanta program aims at the development of an artificial miniature
flying sensor platform (insect/butterfly). This artificial insect is a demonstrator for the design and control
of complex and adaptable systems. The overall program includes all components required for such a
device, such as sensors, actuators, data management in distributed systems, power storage and
management and reliability of complex systems amongst others. This project aims at the development
of the actuation (flying) mechanism within the boundaries set by the overall program. Focus is on
correct reproduction of insect wing kinematics, the application of resonant properties and the use of
compliant mechanisms.
Caspar started his academic career in the biological sciences. His biological interests are nicely
combined with an engineering approach within this project.
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Abstract title: Temperatures and contact pressures at interacting surfaces
Workshop: Interface and surface mechanics
Bosman, R. (Rob)
Twente University of Technology, Faculty of CTW
Advisor: prof.dr. D.J. Schipper
EM research theme: Computational and Experimental Mechanics
Description Research:
Rob Bosman is a PhD at the chair of Surface Technology and Tribology at the University of Twente.
He started his project in February 2007. His research is done as part of a project within the Bosch
group on the mild wear of boundary lubricated contacts. In this type of contact the load is carried by
contacting asperities rather than by the lubricant itself. The wear is thus taking place at these
contacting sites and is concentrated in the first 30-70 nanometer of the material. To be able to
characterize the contact parameters at these contact sites a thermo-elasto-plastic contact model is
being developed which can handle real surface data measured on a interference microscope as an
input.

Abstract title: Multiphysical Effects on High Speed Micro Rotordynamics
Workshop: Mechanics for miniaturization
Dikmen E. (Emre)
University of Twente, Mechanical Engineering Department
Advisor: Prof.dr. André de Boer;
Co-advisor: Peter van der Hoogt, Ben Jonker, Ronald Aarts
EM research theme: Structural Dynamics and Control
Description Research:
Emre Dikmen is a PhD student at University of Twente in Structural Dynamics and Acoustics Group.
He is involved in the Microned project; Advanced Modeling of dynamic microsystems. The aim of the
project is to develop dynamic analysis methods for the design of microsystems with high speed
rotating parts. Classical rotor dynamic modeling approaches can not be applied directly due to the
effects becoming crucial in micro level. Multiphysical effects such as interaction with the surrounding
air, thermal effects should be taken into account and modeling techniques for special bearings should
be studied while examining the rotor dynamic behavior.
Up to now, thermal and flow induced effects on rotor dynamics of geometries with moderate flow
confinement are studied. An experimental setup is being built in order to verify the developed models.
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Abstract title: Controlled sub-Micrometer Surface Morphologies by Thermal
Relaxation of Locally Crosslinked Stretched Polymers Samples
Workshop: Mechanics of miniaturization
Karade Y. (Yogesh)
Eindhoven University of Technology; Micro and Nano-scale Engineering
(Mechanical Engineering Dept.)
Advisor: Prof.dr. Andreas Dietzel; Co-advisor: Dr. Yves Bellouard
EM research theme: Computational and Experimental Mechanics
Description Research:
Yogesh P. Karade is a PhD student in micro and nano-scale engineering group, associated with
Mechanical engineering department of TU/e. Yogesh started his PhD in January 2006 in collaboration
with Max Planck institute for Polymer research, Mainz, Germany. His PhD research is related to ion
beam induced structuring on polymers and metals. Ion beams provide unique advantage of controlled
interaction with surfaces on length scales of micro & nanometers, laterally. These interactions can be
utilized for fabrication of extremely small features required for MEMS industry.
Yogesh is working on projects related to interactions of ion beams with uniaxially stressed homopolymers, ion beam induced guided phase separation of polymer blends & ion beam induced intermixing of shape memory alloys
( Ni-Ti ).

Abstract title: Study of Interface Delamination by a Newly Designed
Miniature Mixed Mode Bending Setup
Workshop: Interface and surface mechanics
Kolluri, M. (Murthy)
Eindhoven University of Technology, Faculty of Mechanical Engineering.
Mechanics of Materials group
Advisor: prof.dr.ir. M.G.D.Geers
Co-advisors: dr.ir. J.P.M.Hoefnagels, dr.ir. J.A.W. van Dommelen
EM research theme:Computational and Experimental Mechanics
Description Research:
Murthy Kolluri is a 2nd year PhD student in Mechanics of Materials group under the supervision of Marc
Geers. He is currently working on "Characterization and prediction of interface delamination in
integrated microsystems".
He obtained his bachelors from National Institute of Technology, Warangal (India) in 2004 and masters
from Indian Institute of Science, Bangalore (India) in 2006. His present interests are experimental
materials characterization, interface fracture mechanics and microscopy.
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Abstract title: Modeling delamination between cracking plies
Workshop: Interface and surface mechanics
Meer, F.P. van der (Frans)
Delft University of Technology, Faculty of Civil Engineering and
Geosciences.
Advisor: prof. dr. ir. L.J. Sluys
EM research theme: Computational and Experimental Mechanics
Description Research:
Frans received his MSc degree cum laude from the faculty of Civil Engineering and Geosciences at
Delft University of Technology. His graduation work was on time dependent shape functions for finite
element analysis of heat conduction problems.
In April 2006 Frans started his PhD-project, at the Computational Mechanics group of the same faculty
under supervision of Prof.dr.ir. L.J. Sluys, on numerical simulation of complex failure mechanisms in
composite laminates. The research is connected to the field of numerical methods and that of materials
science. The aim is to be innovative in the former, while being inspired by recent findings in the latter.

Abstract title: Oil free piston compressors - design, modeling and
experiments
Workshop: Reliability and uncertainty
Owczarek P. (Pawel)
University of Twente, Faculty Engineering Mechanics
Advisor: prof.dr. J. Huétink; dr ir H.J.M. Geijselaers
EM research theme: Computational and Experimental Mechanics
Description Research:
Pawel Owczarek has graduated from the Wroclaw University of Technology. Currently is working as
PhD researcher on the project “Design rules for close tolerance and lubricant free piston compressors”.
The project is a joint activity of structural mechanics, tribology and thermal engineering groups to
achieve advanced piston compressor.
The aim is to formulate a set of design rules for an oil-free, tight clearance piston cylinder assembly
derived from both experiments and numerical simulations. The carbon based coatings are investigated
as a potential lubrication solution for the sliding surfaces. The piston cylinder clearance directly affects
the efficiency. Using FEM model the shape deviations caused by thermal expansion are analyzed. The
new design concept and the performance of selected materials will be tested on the home developed
gas spring test rig.
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Abstract title: Optical Measurements and Operational Modal Analysis of a 3
MW Wind Turbine
Workshop: Model identification, validation and DOE
Ozbek, M. (Muammer)
Delft University of Technology, Faculty of Mechanical, Maritime and
Materials Engineering, Section of Engineering Dynamics
Advisor: prof. dr. Daniel Rixen
EM research theme: Structural Dynamics and Control
Description Research:
.
Muammer Ozbek is a PhD student in the Engineering Dynamics section of 3ME faculty (Mechanical,
Maritime and Materials Engineering) in TU Delft. His research is mainly related to the development of
new remote measurement systems to be used in monitoring wind turbine dynamics and adaptation of
operational modal analysis, OMA, techniques to be applied on wind turbines where some difficulties
are still encountered in application of conventional data analysis procedures.
The research is in close collaboration with ECN (Energy Research Center of the Netherlands) Wind
Energy Department and partly funded by We@Sea research program.

Abstract title: Mechanical Characterization of nanoelectromechanical
cantilevers
Workshop: Mechanics for miniaturization
Sadeghian H. (Hamed)
Structural Optimization and Computational Mechanics (SOCM) group,
Department of Precision and Microsystems Engineering, Delft University
of Technology
Electronic Instrumentation Laboratory, Microelectronics Department,
Delft University of Technology
Description Research:
Hamed Sadeghian is PhD researcher of the Structural Optimization and Computational Mechanics
group (SOCM), department of Precision and Microsystems Engineering, collaborating with Electronic
Instrumentation Laboratory, Microelectronics department at Delft University of Technology. His PhD
project concerns mechanics of nanostructures and especially surface and interface effects on
mechanical behavior of structures with a few nanometer thickness, fabrication of ultrathin resonators
and new methods for detection of viruses and DNA molecules. This project is part of Dutch national
research program on micro technology, MicroNed.
His current research interests are multiscale modeling of material properties; atomistic simulation,
Quasicontinuum approach, Experimental research on MEMS and NEMS and nanomechanical
architecture.
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Abstract title: Wavelet-based methods for rotating machinery monitoring
and identification
Workshop: Model identification, validation and DOE
Sloetjes, P.J. (Peter)
University of Twente, Faculty of Engineering Technology
Advisor: prof.dr.ir. A. de Boer
EM research theme: Structural Dynamics and Control
Description Research:
Peter J. Sloetjes is a PhD student working in the field of Applied Mechanics. In August 2004 he started
writing a proposal for research on the dynamics of microfabricated rotor systems. In Februari 2005 he
started his research on “Smart Rotating Machines”, focusing on basic models of rotordynamic
behaviour, on algorithms for diagnosis and control and on experiments with piezoceramic components
for sensing, actuation and energy harvesting.
Rotating machinery dynamics is characterized by parametric and temporal dependencies (due to
changes in rotor orientation, speed, etc), with further nonstationarity arising from faults (such as
contact at disks, blades or bearings) and unpredictable changes in the system dynamics arising from
aging and deterioration. To uncouple dynamic behaviour at different spatiotemporal scales, algorithms
for modeling, diagnosis and control may take advantage of wavelet transforms. In diagnostics, wavelet
transforms enable algorithms to learn and recognize characteristic time series, to localize uncommon
events and to identify fast time-varying systems. Experiments are designed to test the practical
feasibility and effectiveness of the investigated methods.

Abstract title: Self healing surfaces
Workshop: Interface and surface mechanics
Song, J. (Jiupeng)
University of Twente, Faculty of Engineering Technology
Advisor: prof.dr. ir. Dik Schipper; Co-advisor: Dr. ir. Matthijn de Rooij
EM research theme: Computational and Experimental Mechanics
Description Research:
Jiupeng Song is a post-doctoral researcher at the group of Surface Technology and Tribology. He
started his project in August 2007. He participates in the research project “Mechanical and thermal
activated self healing surfaces made of ceramic composites for mechanical components”.
His main work is investigating the self healing mechanism of the beneficial layer formed on the ceramic
surface during dry sliding and developing a demonstrator in this material for valve seats in diesel or
CNG engines. His research includes sample preparation, tribological tests, surface and microstructure
analysis, modelling and numerical simulations.
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Abstract title: Modeling and experimental validation of a small solid tire
Workshop: Model identification, validation and DOE
Steen, R. van der (René)
Eindhoven University of Technology, Department of Mechanical
Engineering, Section Dynamics and Control
Advisor: prof.dr. Henk Nijmeijer; Co-advisor: dr.ir. Ines Lopez
EM research theme: Structural Dynamics and Control
Description Research:
.
René van der Steen is a PhD 3-student of the EM Research group “System Dynamics and Control”.
He started his project in July 2006. His research is part of the research area “Vehicle dynamics, tire
dynamics and control”. His research focuses on tire modeling using finite elements, with special
attention to robust friction models.
Other participants:
Vredestein banden B.V. and TNO Automotive

Abstract title: Reliability analysis of fracture in piezoelectric components
with a random microstructure
Workshop: Reliability and uncertainty
Verhoosel C.V. (Clemens)
Delft University of Technology, Faculty of Aerospace Engineering
Supervisors: prof. dr. ir. Miguel Gutiérrez, prof. dr. ir. René de Borst
Advisor: Prof.Dr.ir. Fred van Keulen; Co-advisor: Dr.ir. Hans Goosen
EM research theme:Reliability and Optimization
Description Research:
Clemens is Ph.D.-cadidate at Delft University of Technology. His MicroNed project on numerical
modelling of micro electromechanical systems (MEMS) started in September 2005. The research has
focussed on the development of finite element models for the simulation of fracture in piezoelectric
components. Random effects that usually play a significant role in miniaturised components are
incorporated in these models.
In addition, Clemens developed a dissipation-based arc-length method for modelling ductile and brittle
fracture (combined research with Miguel Gutiérrez and Joris Remmers).
His research on numerical methods for stochastic fluid-structure interactions is also still ongoing
(combined work with Miguel Gutiérrez, Steven Hulshoff and several M.Sc. students).

Elventh Engineering Mechanics Symposium

25

Abstract title: Scratching the residual lifetime of glassy polymers?
Workshop: Model identification, validation and DOE
Visser H.A. (Roy)
University of Twente, Faculty of Engineering Technology
Advisor: prof.dr.ir. R. Akkerman
Co-advisors: dr.ir. T.C. Bor & L.E. Govaert
EM research theme: Reliability and Optimization
Description Research:
Roy Visser is a PhD student at the department of Production Technology. He started his project in
September 2005. The main objective of his research project is to develop a method to determine the
residual lifetime of unplasticised poly (vinyl chloride) (uPVc) pipes which are used for gas distribution
purposes. The lifetime of uPVC pipes is limited by their impact behaviour, which is influenced by
physical ageing. The main focus of the research project is on the influence of physical ageing on the
mechanical properties of uPVC.
Other participants:
The research project is financed by four gas distribution service providers: Cogas Infra & Beheer BV,
Continuon, Essent Netwerk and STEDIN.net. The project is partly carried out at Eindhoven University
of Technology

Abstract title: Inverse modeling of earthquake fault parameters using
InSAR
Workshop: Reliability and uncertainty
Zwieten, G.J. van (Gertjan)
Delft University of Technology, Faculty of Aerospace Engineering
Supervisors: Prof. M.A. Gutiérrez and Prof. R.F. Hanssen
EM research theme:Computational and Experimental Mechanics
Description Research:
Gertjan is a PhD student in the faculty of Aerospace Engineering of Delft University of Technology. His
PhD work is a collaboration between two research groups, Engineering Mechanics (EM) and
Mathematical Geodesy and Positioning (MGP), and focuses on inferring earthquake mechanisms from
space borne measurement data – in particular radar interferometry (InSAR).
His work at EM combines the Partition of Unity Method (PUM) and Stochastic Finite Element Method
(SFEM) to model the earth’s short-term elastic response to sudden fault slip.
The work at MGP provides the InSAR measurements to constrain the model. The goal of this work is to
enhance the accuracy of seismic solutions, and to capture uncertainties of the analysis in a sound
probabilistic framework.
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This paper presents a method for designing and analyzing cylindrical shells with
circumferentially varying fiber angles, within the constraints of advanced fiber placement
manufacturing technology. Variable-stiffness shells show improvements up to 17 percent
when compared to traditional laminates due to redistribution of the applied loads.
Fiber paths are defined for the
design of cylindrical shells with
circumferentially
varying
stiffness,
based
upon
advanced
fiber
placement
technology. Using the finite
element package ABAQUS
and the response surface
optimizer Design Explorer a set
of optimal designs is generated
for a cylindrical shell loaded in
pure bending, subjected to
manufacturing and structural
constraints. These designs are
compared to a traditional
design consisting of 0°, 90°
Figure 1. Strain, fiber and load distributions
and ± 45° plies and show
improvements of up to 17 percent. The optimum fiber paths result in a laminate that has a
relatively soft layup on the compression side of the cylinder and a hard laminate on the
tension side of the laminate (figure 1). This causes more loads to be picked up by the
tension side and fewer loads to be picked up by the compression side, thus increasing the
total load level at which the shell starts buckling.
Even though only one load level has been
considered a clear potential for improved structural
performance has been demonstrated.
In July 2008 both the optimum traditional and the
optimum variable-stiffness cylinder (figure 2) have
been built at Boeing in Seattle using an Ingersoll
advanced fiber placement machine. At the end of
2008 these cylinders will be structurally tested at
Delft University of Technology in Delft.

Figure 2. Variable-stiffness shell

[1] A.W. Blom, J. List, P.B. Stickler, Z. Gürdal, “Design and Manufacture of a Composite Cylinder with
Circumferentially Varying Stiffness”, American Society of Composites 23rd annual technical conference,
Memphis, TN, USA, 2008
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Introduction
Miniaturization of flying devices is attractive for many applications. The design and
development of flapping wing Micro Air Vehicles(MAVs) is highly inspired by flight in nature.
Aerodynamical studies of natural flight at the smaller scales, for example, hummingbirds
and larger insects, have provided the mechanisms of lift production which are paramount
for successful artificial flight at these scales. Wing kinematics dictate the lift production.
From a mechanical point of view the insect thorax, in which the wing movement originates,
is equally interesting. The thorax wing combination is a tuned resonator [1]. The application
of resonance reduces the inertial cost of wing movement while also providing means of
amplitude amplification. Traditionally gears, links and electric motors have been used for
flapping wing MAVs. When moving to smaller scales other technologies such as compliant
mechanisms and linear actuators become more attractive alternatives for application in
flapping wing MAVs.
Hovering flight
The aim of this project is to provide a mechanical platform which provides: first hovering
and in a later stage slow moving flight. Energy-wise, hovering flight is the worst case. All lift
production has to come from flapping the wings due to the absence of induced flow. As
mentioned the wing kinematics dictate lift production. Recent study has shown that the wing
rotation in steady state flight in insects is passive [2]. Wing rotation in a flapping wing MAV
can thus be provided by passive means, for example, tailored torsional wing stiffness and
wing hinge or a combination of both. Focus here is on design of the wing hinge, since
compliant wings cannot account for all the wing rotation. Results from numeric models
suggest that linear springs might be enough to copy insect wing kinematics.
When looking at the thorax wing system as a resonator the mass properties are
concentrated in the wings. A spring-like structure has to act as the thorax equivalent in
order to fully exploit resonance. Besides the spring-like properties the thorax has to be
coupled to the wings and provide space to place the actuator. Wing coupling can be
achieved fully compliant or by means of compliant mechanisms. The design of the thorax
has to be done in unison with the choice of actuator. Focus is now on using a ring as
primary storage for potential energy. Rings provide self contained vibration modes as well
as a multitude of options to couple the wings.
Modeling
Different configurations which use a ring as a spring structure are modeled and tested.
Different methods of thorax wing coupling are presented. These resonating structures are
coupled to the wings by means of different wing hinge concepts. The hinge stiffness is
adjusted such that wing movement accurately represents the kinematics needed for
efficient lift production.
References
[1] R. Dudley. The biomechanics of insect fight: form, function ,evolution. Princeton University Press,
(2000)
[2] A. J. Bergou, S. Xu, and Z. J. Wang, Passive wing pitch reversal in insect flight, J. Fluid Mech. 591, 321337 (2007)
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In tribology calculating the contact temperatures, pressures and subsurface stresses between
and in contacting bodies makes it possible to estimate lubrication failure and effectiveness,
material failure and other tribological phenomena. The contacting temperatures and pressures
can be split up into two scales: macroscopic and microscopic. The calculation can be done
trough different calculation methods: analytical, Finite Element Method and Boundary Element
Method. The main interest will be on the BEM. With this method only the boundary is meshed
creating a small number of inequalities that need to be solved. This decreased the calculation
times drastically and improves the quality of the solution. With the advantage that real surface
data can be used in the model instead of fitted data as in analytical contact models. Using this
method combined with a semi-analytical solution for the elastic residual stresses due to a plastic
core an elasto-plastic contact code is developed. Using the pressures coming out of the contact
model contacting temperatures can be calculated using a BEM based thermal model. This model
can be used for example to calculate the transition from mild to severe wear in boundary
lubricated contacts.
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Multiphysical Effects on High
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Recently, a great number of researchers have been working for the development of devices
such as micro electric motors, micro turbines, etc. which include high speed rotating
components. Therefore, advanced rotordynamic models are required for the design of these
components. However classical rotor dynamic modeling approaches can not be applied
directly due to the effects becoming crucial in micro level. Multiphysical effects such as
interaction with the surrounding air, thermal effects should be taken into account and
modeling techniques for special bearings should be studied while examining the rotor
dynamic behavior.
In this research work, thermal and flow induced effects on rotor dynamics of geometries
with moderate flow confinement are studied. The reduced gap (air gap/rotor radius) in these
geometries is two orders of magnitude greater than the ones in small air gap geometries
such as bearings and seals (0.1 to 0.001). Flow is generally turbulent as high speed rotors
run in such confinements. Therefore inertial effects as well as viscous effects become
significant. Antunes et al. [1] developed a theoretical model for flow induced forces in terms
of added mass, damping and stiffness. In this study flow induced forces are implemented to
the rotor finite element model as a spring-damper and added mass at each node. Finite
element modeling of the rotor is based on Timoshenko beams (including the flexibility of the
rotor shaft) and each element has four degrees of freedom at each node.
As the rotation speed increases, the heat loss due to air friction and the temperature
increase in the air gap between rotor and stator becomes more significant. Then the change
of air properties due to temperature change in the air gap should be considered when
calculating the flow induced forces. Therefore, a thermal model is established in order to
calculate the heat dissipation and the temperature increase in the air consequently. In this
model, the rotor, stator and the gap between is modeled as lumped thermal networks,
required convective heat transfer coefficients and heat dissipation are calculated by
empirical correlations. Then the new air gap temperature is used to calculate the flow
induced forces with updated air properties.
By this way, thermal and fluid effects in medium gap confinements are coupled with the
rotordynamic models and their effects on critical speeds and vibration response are
investigated.
References
[1] Antunes J., Axisa F. and Grunenwald T. ,1996, “Dynamics of rotors immersed in eccentric annular flow part
1:Theory”, Journal of Fluids and Structures, 10, pp.893-918.
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The generation of increasingly smaller surface features is a highly demanding task for the
development of functional devices. Beside the common light-based lithography, ion
projection direct structuring can be used to modify sample surfaces not based on
photoresist processes [1]. The ion projector allows irradiating areas within substrate
surfaces with a resolution down to a few 50 nm [2]. This type of structuring is well
established for inorganic materials but not explored in detail for soft matter surfaces as
those of polymers. We present a technique, Ion Projection Direct Cross-Linking (IPDC), to
fabricate polymer substrates with locally structured surfaces in the sub-μm scale induced by
stress relaxation after annealing the polymer substrates above Tg.
Atactic polystyrene (PS) powder of Mw of 2.6 × 105 g·mol-1 (PDI= 1.07) was annealed at
160 °C and after that pressed at 20 kN into small substrates. To orient the polymer chains
the samples were stretched at ratios of 200 to 300 % of initial size (Fig. 1a). Using ion beam
projection, hydrogen vacancies can be generated locally on the stretched PS samples (Fig.
1b). The hydrogen vacancies lead to crosslinking of the PS chains [3]. The thickness of the
crosslinked layer can be controlled by the ion species and ion kinetic energy. Annealing the
sample results in a relaxation of polymer orientation. Since the relaxation of oriented
polymer chains is hindered in the crosslinked areas of the PS sample, distinct surface
morphologies are generated [4] (Fig. 1c).
Here we describe the effect of the depth of the H-vacancies induced by different 73 keV ion
projectiles, Helium (He+), Argon (Ar+) and Xenon (Xe+). H-vacancies determine mainly the
degree of PS chain crosslinking. For these three projectiles we have calculated the Hvacancy distribution using SRIM [5]. The depths of the Hydrogen (H) vacancy maxima in the
PS substrates, tmax, H, were determined to be 730 nm, 84 nm and 30 nm for these three
ions, respectively. To further reduce the penetration depth of the projectiles and therefore
tmax,H, we evaporated a 25 nm thick Au layer on top of the PS surface as a shield For this
case we determined a tmax,H of 6 nm from the Au/PS interface.
For comparison of all surface morphologies, all the samples were exposed to the ions
through square shaped openings of the mask such that, an array of square-shaped crosslinked areas of 32 × 32 μm2 is generated (Fig. 1b, top view) on the surface. After annealing
these areas deform to rhombic shapes, reflecting the contraction opposite to the stretching
direction and the elongation perpendicular to it (Fig. 1c, top view). Additionally, ripples are
formed in the irradiated areas perpendicular to the stretching direction as observed with
scanning force microscopy (SFM). In the case of Au-covered PS substrates, Xe+ irradiation
and after having removed the Au layer by KI/I2 solution, we observed ripples in the
unshielded PS with a periodicity Rp of 250 nm (Fig. 2a).
For uncovered PS substrates we measured a Rp of 450 nm to 12 μm for Xe+, Ar+, and He+
Elventh Engineering Mechanics Symposium
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projectiles, respectively (Fig. 2b).
References
[1] Bruenger WH et.al, Journal of Microlithography Microfabrication and Microsystems 2(2003) 34-48.
[2] Bruenger WH et.al, Microelectronic engineering 46 (1999) 477-480.
[3] K. Büscher et al., Microelectronic engineering 83 (2006) 819-822.
[4] F. Katzenberg, Surface & Coatings technology 200 (2005) 1097 – 1100.
[5] C. Charitidis et. al, Thin Solid Films 482 (2005) 177-182.
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A new miniature test setup capable of in-situ characterization of interface delamination is
designed and constructed. Two unique features of the newly designed setup are its
compactness to fit under a scanning electron microscope (SEM) and its ability to trigger
delamination in bilayer samples over a full range of mode mixity from pure mode I to mode
II loading. The present setup was aimed at studying delamination in interface structures
representative of sizes typically present in system in packages (SIPs) and other miniature
interface structures existing in microsystems. Another elegant feature of this new miniature
version is its loading mechanism to accomplish mixed mode loading which works in the
horizontal plane allowing real-time microscopic imaging (e.g., with SEM) during a
delamination test. Consequently, this setup provides the benefits of in-situ testing to extract
additional information from the delamination experiment such as the cracking mechanism,
crack opening profile, and precise crack tip location in addition to conventional energy
release rate, GC, measurements. In this paper, first the design of the new test rig
configuration, aimed at eliminating nonlinearities in the force displacement response arising
from friction, geometry and gravity etc, is presented. Then, its working principle is discussed
by highlighting some of the important practical issues and design constraints. Calibration
performed using specially designed calibration samples indicated the presence of some
nonlinearities originated from clearance in the dove-tail connectors used (to attach sample
to the test setup). Nevertheless, a successful correction procedure to eliminate these
nonlinearities is presented. Finally, results from in-situ delamination experiments conducted
on homogeneous bilayer samples under SEM observation, enabling precise crack length
determination, are discussed. The energy release rate (calculated from the measured crack
lengths) as a function of mode mixity for these samples is presented.
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This research project deals with computational modeling of failure in fiber reinforced plastic
laminates. The scope is on laminates with unidirectional plies, i.e. the fibers are long and
straight and within each layer all fibers are oriented in a single direction. Strength, stiffness
and toughness of the laminate as a whole can be controlled via the orientation of the fibers
in the different plies.
Prediction of strength and, particularly, toughness of a laminate with a specific geometry
under specific loading conditions is challenging, because it may differ from case to case
which failure processes are decisive. Different processes such as fiber failure, splitting,
delamination, distributed matrix cracking and fiber kinking may all play a role. Therefore,
computational analysis of progressive failure requires realistic description of each of the
possible failure processes and their interaction.
The phantom node method with a mixed mode cohesive law has been applied for the
representation of splitting in a ply: straight cracks running between the fibers are modeled
as a mesh-independent discontinuity in the displacement field. Because the splits have a
different orientation in the different plies, opening of these cracks is only possible when they
are accompanied by delamination, i.e. damage in the interface between the plies.
This presentation will focus on the question how the model for splitting in a single ply can be
applied to analysis of a complete laminate, with splitting in multiple plies and delamination
between them. Delamination is modeled with interface elements with a damage law. An
advantage of the phantom node approach over more traditional partition-of-unity-based
methods is encountered. Namely that, because nodal displacement values remain
meaningful, unadapted interface elements can be used for the through-thickness
connection of elements that represent in-plane cracked plies. It is illustrated that the need
for accurate representation of the complex micromechanical stress field is limited, because
the process is energy-driven. The performance of the approach in combination with a robust
loading algorithm is demonstrated with an example in which failure is constituted by a
sequence of splitting and delamination events.
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Introduction
Material wear and working gas deterioration limit life time and reliability of Stirling
compressors. The aim of the project is to design a high performance oil-free piston
compressor for application in cooling systems. The proper material selection regarding
sliding, anti-wear properties and the piston cylinder assembly design are considered for
improved efficiency.
Modeling
In engineering analysis the total Lagrangian formulation is frequently used where the
material displacement is equal to the mesh node displacement. The material derivatives
can be easily obtained since the state variables are evaluated in material points. In the
Eulerian formulation, the material flows through a frame of reference (mesh) which is fixed
in space. The ALE method is a combination of both mentioned formulations; the mesh
displacement can be controlled independently from the material displacement. This
approach is used for thermo - mechanical simulations of the piston – cylinder assembly
under transient thermal loads (from both compressed gas and friction). The thermo-elastic
instability leading to seizure is investigated.
Experiments
A home developed vacuum tribo-tester is used for friction and wear measurements in
vacuum and inert gas atmospheres on the pre-selected materials. The new design
concepts and the selected materials performance will be demonstrated and validated on the
gas spring test rig.
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Recent improvements in turbine technology make wind energy a more promising source by
allowing the development of larger turbines having greater production capacities. However,
an important consequence of this increase in size and flexibility of the structure is the
complicated interaction between different parts of the turbine. Understanding these dynamic
interactions, the corresponding structural behavior and response characteristics is essential
for optimizing the energy produced, ensuring safe and reliable operation and increasing the
life-time of the system. Nevertheless, research is still needed to overcome the challenges of
measuring the dynamical motion of such large rotating systems and to properly exploit the
data. Optical measurement techniques (using photogrammetry or laser vibrometry) appear
to be highly interesting approaches since they allow measuring blade dynamics without the
necessity to place sensors on the turbine. The main objective of this research can be
summarized as investigating the feasibility of using the optical methods (photogrammetry
and laser interferometry) to identify the Eigenfrequencies, modes and damping of the
blades while rotating and interacting with the wind i.e. including aerodynamic coupling and
rotational dynamics.
The research is in close collaboration with ECN (Energy Research Center of the
Netherlands) Wind Energy Department where a wind turbine is made available for the tests.
The selected turbine has a tower height and rotor diameter of 80 meters and is already
equipped with strain gauges placed at the root region of the three blades.
For photogrammetric measurements, 50 reflective markers (with a diameter of 40 cm) were
placed on the turbine. These markers are in the form of very thin reflective stickers and can
also be used for laser interferometry measurements taken by laser Doppler vibrometers,
LDV. The LDV measurements are mainly used to check the accuracy of the results
obtained by photogrammetry and can only be taken while the turbine is at standstill.
Photogrammetric measurement system consists of 4 CCD cameras and flash lights
installed at a distance of 200 meters from the turbine and is utilized to continuously monitor
the response of the system while the turbine is both at standstill and in operation. 3D
vibration characteristics of the structure can be obtained with an accuracy of 1 cm by
combining the separate 2D images recorded from each camera by image processing
methods.
Conventional identification techniques might not be suitable to be applied for wind turbines
because the wind loads acting on the structure do not always satisfy the excitation
requirements assumed by these analysis methods. Therefore, obtained data will be
processed by using modified OMA (Operational Modal Analysis) techniques to overcome
these problems.
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Nanoelectromechanical cantilevers have achieved unprecedented sensitivity in the
detection of displacement, mass, force and charge. For instance, Yang et al. [1] reported
the ultrahigh sensitive mass sensing of molecules even in zeptogram resolutions by using a
nanomechanical resonator. The high sensitivity in detecting molecules is attributed to
scaling down that leads to high-frequency range of a resonator.
The detection principle is the direct transduction of molecular adsorption on a resonator’s
surface into the resonant frequency shift. It was well known that the mass of adsorbed
molecules makes contribution to resonant frequency shift [2] as long as molecular
interactions between adsorbed molecules do not play a critical role on the elastic bending
behavior of a resonator. Although nanocantilevers are demonstrated to be excellent mass
sensors, In order to achieve an accurate mass detection, their mechanical properties and
resonant responses have to be characterized.
If the surface of cantilever is clean without water and contamination, the adsorbed mass
can be calculated using resonant frequency shift. However, working in air causes
adsorption of different gases, water and general surface contamination, which modify the
mass and the stiffness of the cantilever, and result in significant resonance frequency shift.
Therefore, the calculated adsorbed mass does not present the real adsorbed mass of
interest, making the measurements qualitative. In this work, we characterize the resonant
response of ultrathin cantilevers in air and vacuum. Single crystalline silicon (SCS)
cantilevers of various dimensions (1025-14 nm-thick) were fabricated and their resonance
frequencies due to thermal noise were measured in air and in low vacuum. The silicon
device layers were either epitaxed or oxidized to the thicknesses of interest. The real
thicknesses however, were obtained by ellipsometry measurement. The resonance
frequency versus time shows the environmental effect on mass and stiffness of the
cantilever. Moreover, the overall elastic behavior of SCS is studied.
References
[1] Y. T. Yang, C. Callegari, X. L. Feng, K. L. Ekinci, and M. L. Roukes,” Zeptogram-Scale Nanomechanical Mass
Sensing”Nano Lett. 6, 583, 2006.
[2] T. Braun, V. Barwich, M. K. Ghatkesar, A. H. Bredekamp, C. Gerber, M. Hegner, and H. P. Lang,
“Micromechanical mass sensors for biomolecular detection in a physiological environment” Phys. Rev. E 72,
031907, 2005.
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Introduction
Industrial rotating machines can be regarded as open, time-varying and complex systems.
Diagnostic software for such systems should be able to recognize uncommon events and
common faults from machine response data. An attempt to solve this ill-defined task is to
employ algorithms for novelty detection and pattern recognition. In supervised diagnostics,
a novelty detector points out signal anomalies to a human operator, who labels the related
patterns with event descriptions and trains a classifier for different events.
Wavelet based methods
Wavelet transformation is often used to expose local properties of time series. To human
analysts, continuous wavelet transforms can be of use, especially once their resolution and
reliability have been improved by reassignment and multitapering. For machine learning,
the wavelet packet transform is an effective basis, because it is a fast multiscale
decomposition with good time-frequency resolution. To detect signal anomalies, fast
changes are recognized in the time-windowed output of the wavelet packet transform in
different frequency bands. The patterns near these anomalies are classified using a support
vector machine, which is an efficient algorithm for optimizing pattern separation problems in
high dimensional feature spaces such as obtained by wavelet decomposition.
Experiments
Experiments are performed using a setup that contains a flexible shaft with a disk (Figure
1). The target is to detect contact between the shaft and two retainer bearings and to
distinguish different contact conditions (contact at left, right or both bearings). Time series
data is generated by four distance sensors that measure the planar orbits of the shaft at two
positions. It is shown that the different contact conditions can be detected by the novelty
detection algorithm and distinguished by the pattern classifier.

Figure 1. Setup used for experiments with contact event classification.
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The primary goal of this research is to develop and optimize oxide ceramics containing a
soft phase in terms of self generation and healing of a thin soft layer on the surface. The
objectives of this project include analysis and modelling of the self healing mechanism of
beneficial surface layers on the composite oxide ceramic surfaces, qualification of the
potential effect of the introduced self healing mechanism by assessing the durability of the
demonstrator. For that specific application is selected: valve seats under poor lubricating
conditions or under high mechanical and thermal loads for CNG and enhanced diesel
engines.
Structural ceramics have been more and more used in tribological applications because of
the interesting properties such as high hardness, low density, chemical inertness and a
wide range of working temperature. However, the coefficients of friction for ceramics are
generally high and it is not easy to use lubricants when ceramics are used under high
temperature. In order to reduce the energy loss, the self-lubricating ceramics are desired to
be developed.
The most often used method is adding a soft second phase material into the ceramic
matrix, which can be squeezed out and smeared on the contact surface under the normal
and friction force during the sliding tests. The transferred surface layer is self-healing, but it
depends on the material properties of the ceramic matrix and second phase, interactions
between the two phases, fraction of the each phase and the tribological test conditions such
as load, sliding velocity, temperature, humidity and the material of the counter body.
In this presentation, the self healing composite of 3Y-TZP/CuO is investigated. Tribological
tests and surface analysis have been carried out to study the mechanisms of the surface
layer formation. A new mechanical model for describing surface layer formation of the
ceramic composite with a particulate soft second phase is developed for the pin-on-disc
sliding test conditions. The stress in the composite and inclusion, as well as the stress
concentration at the matrix-inclusion interface are calculated. The inclusion concentration
remained in the composite and the thickness of the transfer layer after multi-pass sliding
tests are predicted. The model can used to analyze the influence the material properties,
inclusion concentration and the load effects on the lubricating film formation.
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The cornering, braking, traction, rolling resistance and wear performance of tires depend on
the generated friction forces. These friction forces depend not only on a specific compound,
but also on the underlying road surface. One of the challenges in numerical simulations is a
correct prediction of these frictional forces. It is well-known that for cornering under high slip
angles the results with a Coulomb friction model are less accurate. By incorporating surface
roughness a more realistic friction model can be obtained, which should provide a better
correlation between FEA and real road experiments.
To gain more insight in the frictional
behavior
of
filled
rubbers
a
Laboratory Abrasion and skid Tester
(LAT 100, [1]) is used. In this setup,
see figure 1, a small solid tire, with
adjustable slip angle, is pressed on
an abrasive disk. The applied normal
force on the tire, temperature, speed
and surface texture of the disk can be
controlled. The present friction
between the abrasive disk and tire
drives the tire and the resulting forces
are measured with a tri-axial force
sensor.

Figure 1: Schematic overview of the LAT 100

The relevant parts of this setup are modeled, taking into account the non-linear material
behavior. To evaluate the steady state performance of the wheel under different slip angles,
the steady state transport capability of ABAQUS is used.
For the contacting surface in the FE model a smooth rigid surface is used. The
implementation of the friction law is done analogous to a plasticity material model by using
a return mapping algorithm. Therefore the sliding velocity is split into a small elastic and an
inelastic part [2]. The preliminary results of this method are discussed and compared with
measured side-force characteristics on the LAT 100.
Reference
[1] Laboratory Abrasion and skid Tester, Dr. Grosch System, www.vmi-group.com.
[2] P. Wriggers, Computational contact mechanics, Springer, second edition, 2006.
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Piezoelectric ceramics exhibit relatively large deformations through application of an electric
field and vice versa. This electromechanical coupling makes piezoelectrics suitable for
many applications, such as MEMS (micro electromechanical systems). The pronounced
piezoelectric effect on small scales is one of the driving forces of miniaturisation of
piezoelectric components. Since the control of the production processes of piezoelectric
components on this small scale is more difficult than on larger scales, the structural
properties of piezoelectric MEMS are subject to relatively large uncertainties. These
uncertainties can have a significant influence on both the performance and reliability of the
components. Numerical tools for assessing these issues are important for further
development of piezoelectric microsystems.
In this contribution the fracture process of a thin PZT (Lead Zirconate Titanate) specimen is
studied. For this specimen, a significant spatial variation in properties is experimentally
observed. The idea of the proposed model is to simulate crack nucleation and propagation
in a homogenised specimen with random fields for both the bulk and the cohesive
properties. These random fields are derived from the random microstructure by means of
homogenization.
From SEM (scanning electron microscopy) images it is observed that voids are present in
the granular microstructure. This random microstructure is represented by a Poisson
Voronoi tesselation, where voids are modelled by removing some of the grains. The
parameters used for the simulation of the microstructure are determined on the basis of real
statistical data obtained from cross-sectional SEM images. Three-dimensional finite
element simulations are used to obtain the homogenised properties of the microstructure at
specific points on the specimen. Random fields for these properties are created on the
basis of these homogenisation results. Crack nucleation and growth in the homogenised
specimen is modelled by means of the partition of unity method [1] in combination with
cohesive zone models.
The probability of occurrence of failure below a specified critical load is determined using
reliability analysis [2]. Some preliminary numerical experiments are carried out to
demonstrate the capability of the proposed method to determine the probability of failure as
well as the most likely fracture modes. Moreover, the random properties with the most
significant impact on the reliability of the component can be identified.
References
[1] N. Moës and T. Belytschko. Extended finite element method for cohesive crack growth. Eng. Frac. Mech.,
Vol. 69, 813-833, 2002.
[2] R.E. Melchers. Structural reliability analysis and prediction. Wiley, Chichester, 1999.
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In many practical applications of glassy polymers the shift from ductile to brittle fracture
behaviour limits the lifetime of a product. In this study the focus is on the lifetime of polymer
pipes used for gas distribution. The shift in fracture behaviour can be induced by physical
ageing of the polymer product after its production.
Physical ageing causes a significant change in the mechanical properties of polymers. The
resistance against plastic deformation (i.e. yield stress) increases and the deformation
occurs on a more local scale, leading to a decrease of the fracture toughness. As the yield
stress can be used as a measure for the thermodynamic (ageing) state of the polymer, a
non destructive test that provides information about both the yield stress and the fracture
toughness would be very useful to predict the residual lifetime of polymer pipes.
Atkins et al. [1] measured the horizontal force during scratching of metallic surfaces as a
function of the attack angle (the angle between the face of the tool and the surface of the
sample) and either the depth of the scratch or the vertical force (Fv). They observed a
transition from rubbing at low attack angles, towards cutting at high attack angles. A relation
between the transition angle, the fracture toughness and the yield stress was found using
fracture mechanics principles. A similar setup is used in this study to test the applicability of
such an analysis on unplasticized poly(vinyl chloride) (uPVC) pipes. Preliminary tests
conducted with the experimental setup as displayed below (figure 1), give reproducible
results. This study focuses on detecting a shift of the transition angle at different levels of
physical ageing of uPVC. The shift can be related to a ductile-to-brittle transition and thus to
the residual lifetime in practical applications. However, no significant change in scratch
behaviour is found for the aged specimen. This observation is supported by the analysis of
Atkins et al. which has been modified for the use on polymers. Despite the somewhat
disappointing result, new insights are obtained on the analysis of scratching of polymers.

Figure 1: Experimental setup for scratching polymers with varying attack angles, using a
constant vertical force (Fv).
Reference
[1]
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Earthquakes occur at places where shear loading of tectonic faults due to relative plate
motion exceeds a local maximum static friction force. Part of the fault will slip, one side
relative to the other, thereby moving traction to more distant sections of the fault to restore
static equilibrium. The difference in elastic energy between the two states is released in the
form of seismic waves, which spread out and fade. The new equilibrium state will be
noticeably deformed in a large area surrounding the slipped section of the fault. At the
surface this deformation can be measured as the relative motion with respect to a fixed
reference system; for instance, any set of points sufficiently far away from the fault [1].
In this contribution the static deformation field due to earthquakes is studied by means of
space borne remote sensing, using a technique known as InSAR – Interferometric Synthetic
Aperture Radar. SAR antennas are carried by a growing number of satellites, which scan
the earth’s surface with a repeat rate of days to weeks. Taking two such scans together,
one taken before the earthquake and one after, the relative motion of any two points in the
overlapping region can be assessed with centimeter to millimeter accuracy – albeit only the
one component that is directed towards the satellite. These measurements, therefore,
provide high quality information about the earthquake mechanism that augments the more
conventional seismic measurements [2].
The ‘earthquake mechanism’ is understood to be the whole of geometrical properties like
the location of the fault, orientation, geometry, and slip distribution. Given this mechanism
and an accurate description of local rheology it is possible to predict the surface
displacements as observed by a particular satellite. However, in practice the system
contains many uncertainties. Limited knowledge about rheology, satellite orbits,
atmospheric delay, thermal noise, all add to the uncertainty of what is being observed
through interferometry. Likewise, for a given observation it induces uncertainties in the
estimation of the corresponding earthquake mechanism. An accurate probabilistic approach
to this estimation problem is the main focus of this work.
The presented work introduces the deformation model and the InSAR model, which jointly
provide the probability of observations conditional to the earthquake mechanism. A method
is suggested to solve the inverse problem, using information available from seismics as
prior knowledge. With this method, by refining the prior knowledge with InSAR observations
the quality of the parameter estimation problem is expected to improve significantly.
References
[1] C. M. R. Fowler. The Solid Earth. Cambridge Univ. Press, New York, 1990.
[2] M. Simons, Y. Fialko and L. Rivera. Coseismic deformation from the 1999 Mw 7.1 Hector Mine, California,
earthquake as inferred from InSAR and GPS observations. BSSA, Vol. 92, No. 4, pp 1390-1402, May 2002.
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