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Preface

The Graduate School on Engineering Mechanics, a joint initiative of the Eindhoven and Delft Universities of Technology,
the University of Twente and Groningen, 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 Koiter lecture by a leading expert in the
field, topical 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 Twenty-sixth Engineering Mechanics Symposium takes place October 30 - October 31, 2023 at Hotel Papendal in
Arnhem. In the opening session, Prof. Ernst Rank will present a Koiter lecture entitled: “Immersed Boundary Methods:
From Basic Principles to Efficient Inverse Modelling”

Furthermore, four workshops are organized that partly run plenary and partly run in parallel. Topics
of this year’s workshops are:

Trends and challenges in “Dynamics”
Organized by dr.ir. Gerard Verbiest (main organizer, TUD), dr. ing. Idoia Cortez Garcia (co-organizer, TU/e), dr. Dario
Di Maio (co-organizer, UT), prof. dr. ir. Maryam Ghandchi Tehrani (co-organizer RUG)

Trends and challenges in “Green mechanics”
Organized by dr. Vanessa Magnanimo (main organizer, UT), dr. ir. Antonis Vakis (co-organizer RUG),dr. Alessandro
Cabboi (co-organizer, TUD), dr. Paul Grassia (co-organizer, TUe)

Trends and challenges in “Advanced Discretization and Solution Techniques”
Organized dr. ir. Clemens Verhoosel (TU/e, main organizer), Dr. ir. Frits de Prenter (co-organizer, TUD),Prof. dr. ir. Harm
Askes (co-organizer, UT), Dr. ir. Christobal Bertoglio (co-organizer, RUG)

Trends and challenges in “Mechanobiology”
Organized by prof. dr. ir. Erik van der Giessen (main organizer, RUG), dr. Dave Matthews (UT, co-organizer ), prof. dr. ir.
Olaf van der Sluis (co-organizer, TU/e), dr. ir. Nazli Timer (TUD, co-organizer)

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 AlOs/postdocs. The duration of each of the AlO/postdoc presentations is 20 minutes and followed by 10
minutes of discussion.

For the best AlO-presentation within each workshop a prize will be awarded. Winners will be announced directly
before the closing of the symposium on Tuesday, October 31, 2023.

Additionally, there are two poster discussion sessions in which PhD-students and postdocs participating in the Graduate
School on Engineering Mechanics present their current research project. In relation to these presentations a contest is
organized in which a jury selects the best three contributions.

This year’s members of the jury are:
Prof.dr.ir. Inna Gitman (UT, chairperson), Dr.ir. Payam Poorsolhjouy (TUe), Dr.ir. Pablo Drutetta (RuG), Dr. luri Rocha
(TUD).

Winners will be announced directly before the closing of the symposium on Tuesday, October 31, 2023.
On Tuesday, October 31 a meeting of the senior academic staff participating in Engineering Mechanics takes place.

This report contains more detailed information on the Twenty-sixth Engineering Mechanics Symposium. Included are the
following sections:

e Section 1: Detailed program of the symposium

e Section 2: Abstracts of the koiter lecture and introduction to the workshops

e Section 3: Abstracts of presentations in the workshops and a short introduction of the presenters

e Section 4: Survey of poster presentations
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Program 26th Engineering Mechanics Symposium

Monday and Tuesday, 30-31 October 2023

Lars Janssen (TUe)
Cut-Off Frequency Selection with Guaranteed Assembly
Accuracy in Component Mode Synthesis

Monday, 30 October 2023
10.00-10.30 | Registration and Informal get-together Foyer1 & 2
10.30-12.40 | Opening Session Athene room C
10.30-10.40 | Opening of the Symposium by prof.dr.ir. Harald van Brummelen
10.40-11.40 | Koiter lecture by prof. Ernst Rank, Technical University of Munich
11.40-12.10 | Trends and challenges in “Dynamics” by dr.ir. Gerard Verbiest
12.10-12.40 | Trends and challenges in “Green mechanics” by dr.ir. Vanessa Magnanimo
12.45-13.45 | Lunch Foyer1 & 2
13.50-14.50 | Workshops 1 and 2, part A
Workshop 1: Athene room A Workshop 2: Athene room C
Dynamics Green mechanics
13.50-14.10 13.50-14.10

Floriana Anselmucci (UT)
Enhancing Soil Strength through Vegetation:
Green Mechanics in Geotechnical Engineering

14.20-14.40

Jip van Tiggelen (UT)
Challenges in simulating the forced vibration response of
assembled space structures

14.20-14.40

Robbert Nienhuis (RUG)

Ocean Battery: the mechanics of a novel underwater
energy storage technology

Poster Discussion Session |: Athene room B

Ruben Guis (TUD)
Confocal Atomic Force Microscopy

14.50-15.50 | Presentation of current research projects, carried out by PhD students and
Postdocs participating in Engineering Mechanics
15.50-16.20 | Break Foyer1& 2
16.20-17.20 | Workshops 1 and 2, part B
16.20-16.40 Athene room A | 16.20-16.40 Athene room C

Enxhi Sulollari (TUD)
Vibration-Induced Friction Force Modulation

16.50-17.10

Mahshad Farzannasab (RuG)

Experimental Identification of Nonlinearity and
Eigenvalue Assignment of a Nonlinear Electromagnetic
System by the Receptance Method

16.50-17.10

Shima Rezaie (TUe)

Gold Decorated Carbon Nanotube for Molecular Hydrogen
Storage- A First-Principles Study

Poster Discussion Session 2: Athene room B

17.30-18.30 | Presentation of current research projects, carried out by PhD students and

Postdocs participating in Engineering Mechanics
18.30-19.00 | Informal reception Foyer1 & 2
19.00-22.00 | Dinner, including lecture by Karin Sluis Foyer 1 &2
22.00-24.00 | Bar Dug Out




Program 26th Engineering Mechanics Symposium

Monday and Tuesday, 30-31 October 2023

Tuesday, 31 October 2023

09.45-10.05
Kevin Dijkstra (TUD)
Local THB-Spline Bézier Projection

08.45-09.45 | Plenary Session Athene room C
Trends and challenges in “Advanced Discretization and Solution Techniques”
08.45-09.15 .
by dr. ir. Clemens Verhoosel
09.15-09.45 | Trends and challenges in “Mechanobiology” by dr.Vito Conte
09.45-10.45 | Workshops 3 and 4, part A
Workshop 3: Athene room C | Workshop 4: Athene room A
Advanced Discretization and Solution Techniques Mechanobiology
09.45-10.05

Elmer Middendorp (TUe)
Simulating Heart Valve Growth and Remodeling after the
Ross Procedure

10.15-10.35

Robin Willems (TUe)

An isogeometric analysis framework for ventricular
cardiac mechanics

10.15-10.35

Shari Gamaniel (UT)

Tongue Equivalent Design for Tribological Assessment of
Astringency in Plant Based Proteins

10.45-11.15 | Break

11.15-12.15 | Workshops 3 and 4, part B

Workshop3, cont’d: Athene room C
Advanced Discretization and Solution Techniques

Workshop 4, cont’d: Athene room A

Mechanobiology

11.15-11.35
Hugo Verhelst (TUD)
Isogeometric Analysis of Wrinkling

11.15-11.35
Saber Shakibi (RuG)
Towards a Multiscale Model of the Brain ECM

11.45-12.05
Reidmen Arostica Barrera (RuG)
Parameter estimation in fluid-solid interaction

11.45-12.05

Ebrahim Yarali (TUD)

Poisson’s Ratio-Driven Bone Cell Growth in Meta-
Biomaterials

12.20- 12.50 | Biezeno lecture by Dr. Bjorn Nijhuis Athene room C
12.50-13.00 | Prize ceremony and closure Athene room C
13.00-14.00 | Assembly of Project Leaders EM (lunch included) Athene room A
13.00-14.00 | Lunch Foyer1 &2
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KOITER LECTURE



The Koiter lecture at the Twenty-sixth Engineering Mechanics symposium will be given by:

Ernst Rank

Previous distinguished keynote speakers at the Engineering Mechanics symposia were:

2022 Michael Ortiz
2021 Katia Bertoldi
2020 Ellen Kuhl

2019 Marco Amabili
2018 William Curtin
2017 Zhigang Suo
2016 Kurt Maute

2015 Stefanie Reese
2014 Anja Boisen

2013 Wolfgang Wall
2012 Roger Owen
2011 Oded Gottlieb
2010 Herbert Mang
2009 Charbel Farhat
2008 Gerhard Holzapfel
2007 Bernard Schrefler
2006 Alan Needleman
2005 Peter Wriggers
2004 Alan Grodzinsky
2003 Ole Sigmund
2002 Norman Fleck
2001 Edwin Kreuzer
2000 Ekkehard Ramm
1999 John Hutchinson
1998 Pieter Zandbergen,
Werner Schiehlen



Koiter Lecture
Immersed Boundary Methods:
From Basic Principles to Efficient Inverse Modelling

Prof. Ernst Rank

Technical University of Munich
Institute of Advanced Study

Immersing a structure in a larger body is a standard operation (typically associated with the
term ‘trimming’) in geometric modelling. Immersing a computational in a ‘fictitious domain’
was suggested already in the 1960ies to approximate partial differential equations without
the need for boundary conforming meshing. This principle has attracted greater attention in
Computational Engineering since it was shown that Immersed Boundary Methods (IBM) can
be implemented without compromising the computational accuracy compared to classical,
boundary conforming finite element approximations.

This talk will begin with an introduction in the general principles of IBM and then concentrate
on a specific variant, the Finite Cell Method, an efficient combination of IBM with
Isogeometric Analysis and Higher Order Finite Element Methods. The coupling of numerical
analysis to various types of geometric models for solid structures including phase field
formulations will be shown. We will address an analysis of ‘as-designed’ versus ‘as-built’
lattice structures produced by additive manufacturing, discuss non-linear fracture problems
based on computer tomograms and then extend the approach to inverse problems. As a field
of application, we will focus on Ultrasonic NonDestructive Testing, where a numerical model
is iteratively modified to identify defects inside a solid structure.
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Workshop 1

Trends and Challenges in
“Dynamics”

G.J. Verbiest?!, Idoia Cortes Garcia?, Dario Di Maio®, Maryam Ghandchi Tehrani*

1Delft University of Technology, Department of Mechanical Engineering
2Eindhoven University of Technology, Department of Mechanical Engineering
3University of Twente, Faculty of Engineering Technology
4University of Groningen, Department of Mechanical Engineering

Dynamics is a fundamental field of physics and engineering with applications ranging from nanoscale
chip fabrication to space exploration and from biomechanics to renewable energy. Recent trends in all
these fields challenge current methods to measure, model, understand, and predict the dynamical
behavior of such complex, multidisciplinary applications. In particular when aiming for extrema in
amplitudes and frequencies across different length scales challenges remain, as they exhibit complex
and often unpredictable behavior, requiring advanced mathematical tools and computational
techniques such as Al. Moreover, advancements in materials science and control systems are driving
the development of novel dynamical systems, such as soft robotics and autonomous vehicles, reshaping
industries and pushing the boundaries of what is possible.

In the Dynamics workshop, we will see examples of a framework on how to reduce interconnected,
high dimensional dynamical systems to reduce computational costs, experimental active vibration
control for nonlinear systems, accurate stress analysis for structures under dynamic loads to be used in
e.g. satellite launches, and an advanced Atomic Force Microscopy (AFM) based on confocal
displacement sensing with application in high-speed AFMs.

Overall, these discussions shed light on the evolving challenges and innovative solutions in the dynamic
analysis of complex systems, spanning from vibration control to computational modeling, nonlinear
dynamics, and nanoscale measurements.

x i ity of
UNIVERSITY OF TWENTE. o / groningen



Workshop 2

Trends and Challenges in
“Green Mechanics”

Vanessa Magnanimo?, Alessandro Cabboi?, Paul Grassia3, Antonis Vakis*

lUniversity of Twente, Faculty of Engineering Technology
2Delft University of Technology, Department of Mechanical Engineering
3Eindhoven University of Technology, Department of Mechanical Engineering
4University of Groningen, Department of Mechanical Engineering

Following the great attention on sustainability of the recent years, we propose a workshop on “green
mechanics”, to introduce the concept and explore its significance in addressing the pressing environmental
challenges of our time. We will provide an overview of the key principles and methodologies that underpin
this emerging field, multidisciplinary by nature, with a focus on innovative solutions in materials science and
engineering where mechanics plays a key role.

In 2010 [1], the International Energy Agency identified the critical areas that should lead to the undelayable
reduction of C02 emissions by 2050. The area that will have the largest impact (38%) is the so-called End-Use
Energy Efficiency sector, where the aim is “doing more with less” [2]. The grand challenge of green
mechanics would be to reduce this energy consumption in production and fabrication of materials and
manufacts, and/or reduce their degradation, or at least achieve a better control of the production and final
material performance.

To achieve the goals, the engineering community must embrace a broader, more ecologically conscious
perspective and combine design, production and maintenance principles with factors such as material life
cycle, energy consumption, waste reduction, and the impact of material choices on climate change. Such
integrated approach poses new challenges yet has great potential: “traditional” Engineering Mechanics
concepts can be exploited to develop materials and processes that exhibit improved performance
characteristics while reducing their ecological footprint. The present workshop aims to reflect on the
opportunity and foster a forward-thinking approach to green mechanics, that can lead to very advanced and
environmentally responsible mechanical systems.

[1] IEA Energy Technology Perspectives 2010. Scenarios & Strategies to 2050. International Energy Agency,
Paris, France, 2010.
[2] A. B. Lovins, Energy Efficiency, Taxonomic Overview, Encyclopedia of Energy, 2, 383-401, 2004.

UNIVERSITY OF TWENTE.



Workshop 3

Trends and Challenges in
“ Advanced Discretization and
Solution Techniques”

Harm Askes?, Cristdbal Bertoglio?, Frits de Prenter® and Clemens Verhoosel*

1University of Twente, Faculty of Engineering Technology
2University of Groningen, Faculty of Science and Engineering
3Delft University of Technology, Faculty of Aerospace Engineering

4tindhoven University of Technology, Department of Mechanical Engineering

Computers have been used to solve mathematical problems rooted in science and engineering since their
advent. In the context of engineering mechanics, the finite element method (FEM) and finite volume method
(FVM) are prominent examples of computational methods that have enabled scientist and engineers to solve
problems that were unsolvable before computers were invented. Following pioneering work on these
methods in the 1960s and 1970s, FEM and FVM have found their way in virtually all branches of science and
engineering. These developments have been accompanied by innovations in basically all aspects of
computational techniques.

While the roots of discretization and solution techniques have matured, they have gradually evolved over
the course of the decades. Improvements to these techniques pertain to both technical aspects, for example
improving the accuracy or stability of the methods, and to workflow related aspects such as pre- and
postprocessing, making the methods more powerful in solving real engineering problems. While some of
these developments have improved the understanding of the techniques and their behavior, others have
directly led to new capabilities. Even with the advanced capabilities of computational engineering software
currently available, research on advanced discretization and solution techniques and the development of
methods that are tailored to modern hardware remain driving forces for further innovation.

This engineering mechanics symposium gives a comprehensive overview of ongoing trends and challenges in
advanced discretization and solution techniques. The Koiter lecture has a focus on the Finite Cell method, a
higher-order finite element method for complex geometries, capable of dealing with engineering problems
of tremendous complexity. In the workshop presentations, we will see other examples of innovations in
discretization and solution techniques, in the form of an inverse solver for fluid-structure interaction
problems, and the application of isogeometric analysis — a CAD-based finite element method — to a range of
problems

x i ity of
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Workshop 4

Trends and Challenges in
“ Biomechanics ”

Vito Conte!

IEindhoven University of Technology (TU/e), Department of Biomedical Engineering
lInstitute for Complex Molecular Systems (ICMS), TU/e

Over the past few decades, we have witnessed an extraordinary transformative process of crossbreeding
between the disciplines of Physics, Engineering, and Biology. This process has empowered the development
of cutting-edge technologies to quantify the kinematics, rheology, and dynamics of living cells across various
scales. These scales span from the molecular and subcellular levels (traditionally within the scope of
Biophysics), to the cellular and supracellular levels (traditionally within the domain of Mechanobiology) and
extend up to the tissue, organ, and body scales, (traditionally within the realm of Biomechanics).

At the heart of Mechanobiology lies a fundamental premise: not only do living cells function as miniature
biochemistry laboratories but they also work as tiny complex mechanical machines. These machines have
dynamic material properties and can move by exerting, sustaining, and transmitting forces with their
microenvironment and between themselves. In this talk, | will therefore quickly touch on the core
mechanobiological paradigm of “mechanoreciprocity”, which embraces the concepts of cellular: i) mechano-
sensing; ii) mechano-transduction; iii) mechano-response; and iv) mechano-adaptation. In the context of
these fundamental concepts, | will illustrate some of the main trends and challenges that, in my view, are
driving research in the field of Mechanobiology. As a relatively new field, we are just beginning to
comprehend how we can leverage the ever increasing bulk of mechanobiological scientific knowledge to
manipulate the kinematics and dynamics of individual cells in a controlled and predictive way. Ultimately,
our aim is to be able to rationally design tissues, organs, and entire organisms as we do with constructions
and machines. Simultaneously, we are also only beginning to explore ways to employ cell mechanics as a tool
to hinder or halt the progression of diseases that exploit these mechanobiological processes for their
development and advancement.

In this context, my talk will move to sketch an overview of the efforts ongoing in the field of mechanobiology
at the four universities organising and promoting this event. By briefly showcasing the specific case studies
featuring representative researchers from each of these institutions, | will set the stage for each researcher
to follow up and illustrate how they are specifically spearheading their pioneering research efforts.

| will conclude with a provocative refined definition of the discipline of Mechanobiology that prescinds from
history and biological scales by presenting the discipline simply as Mechanical Biology — as opposed to
Biomechanics and Biophysics intended as Biological Mechanics and Biological Physics respectively.

x i ity of
UNIVERSITY OF TWENTE. o / groningen
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Workshop 1

“Dynamics”



Cut-Off Frequency
Selection with
Guaranteed Assembly
Accuracy in Component
Mode Synthesis

Lars A. L. Janssen®’, Rob H.B. Fey?, Bart Besselink?, Nathan van de Wouw?

Eindhoven University of Technology, Department of Mechanical Engineering
2University of Groningen, Bernoulli Institute for Mathematics, Computer Science and Artificial Intelligence
“e-mail l.a.l.janssen@tue.nl

Finite Element models of complex engineering systems often consist of millions of degrees
of freedom which makes their usage for, e.g., design and control applications, unfeasible. In
component mode synthesis techniques, the total (assembly) model is subdivided in multiple
components models which are reduced in complexity and coupled to obtain a
computationally feasible reduced-order assembly model.

In the structural dynamics community, it is common practice to reduce the complexity of
assembly models by preserving all eigenmodes of the component models with an
eigenfrequency lower than a single “cut-off frequency”. This cut-off frequency is generally
selected between two or three times the maximum frequency of interest for the model's
application. However, the resulting accuracy of the reduced-order assembly model is based
on the engineer's experience in selecting the cut-off frequency.

In this presentation, we introduce a mathematical approach that allows for the computation
of cut-off frequencies for each component individually, given accuracy requirements on the
reduced-order assembly model. We show that: 1) the required accuracy of the obtained
reduced-order assembly model is guaranteed, and 2) this model contains much less degrees
of freedom compared to the industrial standard approach, which results in significantly
reduced computational costs associated to the usage of the model.



Abstract title: Cut-Off Frequency Selection with Guaranteed Assembly
Accuracy in Component Mode Synthesis.

Workshop: Dynamics
L.A.L. Janssen (Lars)

Eindhoven University of Technology,
Department of Mechanical Engineering

Promotor: Nathan van de Wouw
Co-promotors: Rob H.B. Fey, Bart Besselink

Biography and description of research:

Graduate School on Engineering Mechanics. Graduate School on Engineering Mechanics. Graduate
School on Engineering Mechanics. Graduate School on Engineering Mechanics. Graduate School on
Engineering Mechanics. Graduate School on Engineering Mechanics. Graduate School on
Engineering Mechanics. Graduate School on Engineering Mechanics.

Graduate School on Engineering Mechanics. Graduate School on Engineering Mechanics. Graduate School
on Engineering Mechanics. Graduate School on Engineering Mechanics. Graduate School on Engineering
Mechanics. Graduate School on Engineering Mechanics. Graduate School on Engineering Mechanics.



Challenges in simulating UNIVERSITY
. . OF TWENTE.
the forced vibration
response of assembled
space structures

J. van Tiggelen, M.H.M Ellenbroek, B. Rosic, D. Di Maio

University of Twente, Department of Mechanics of Solids, Surfaces and Systems,
P.O. Box 217, 7500 AE Enschede
phone +31534895444, e-mail j.vantiggelen@utwente.nl

To improve the reliability of the machines we design, we need to be more accurate in performing
the stress analysis for structures under dynamic loads. For example, think of satellites which need to
survive the demanding launch conditions on the way to their final orbit. This requires accurate
predictions of the system's dynamics for the dynamic load levels the structure will typically
experience in operating conditions. One of the root causes of poor simulations can be identified in
the jointed interfaces between the components of system assemblies. Every interface contributes to
the forced vibration response by an intrinsic nonlinearity (i.e. friction, nonlinear stiffness, play) and
the nonproportional (non-uniform) distribution of damping generated at the interfaces. Being able
to model and simulate these nonlinearities is paramount for obtaining accurate, predictive models.

In this presentation an example is presented of how challenging can be the validation of system
responses when a product must be certified before being commissioned for a launch or flight.
Several divisions of industry dealing with dynamic models and simulations of forced vibrations are
discovering how the nonlinear dynamics of joints can lead to inaccuracies in the simulated vibration
responses, mainly due to the nonlinear relationships of frequency and damping with the vibration
amplitude (which is high for qualification tests). Hence, the example discussed in this presentation
refers to analysis of test data gathered from a satellite solar array in qualification tests. It is shown
how dissimilar simulated and measured vibration data can be, and how the qualification levels
enhance the nonlinear dynamics, often not predicted by dynamic models. Finally, it presents an
effort to analyse a cut-out of the solar array in terms of frequency and damping nonlinearity.



Abstract title: Challenges in simulating the forced vibration response of
assembled space structures

Workshop: Dynamics
Tiggelen, J. van (Jip)

University of Twente,
Department of Mechanics of Solids, Surfaces and Systems

Advisor: Prof.dr.ing. B. Rosic
Co-advisor: Dr. D. Di Maio

Biography and description of research:

Jip van Tiggelen is a first-year PhD candidate in the Applied Mechanics and Data Analysis chair at the
University of Twente. His research focuses on the nonlinear effect that bolted joints have on the forced
vibration response of assembled structures. In this project, both numerical and experimental approaches
are employed for a better understanding of the relation between vibration amplitude, joint stiffness and
friction generated in joints. The goal is to create and validate predictive models that can be used for
obtaining the stress levels experienced by system assemblies under dynamic conditions.

Jip received his BSc (2020) and MSc (2022) in Mechanical Engineering from the University of Twente. He
completed his MSc with a research project on the nonlinear dynamics of satellite solar arrays, which was
conducted in collaboration with Airbus Netherlands.



Confocal Atomic Force
Microscopy

Ruben Guis', M.U. Arabul?, Z. Zhou? and G.J. Verbiest!

IDelft University of Technology, Mekelweg 2, Delft, 2628CD, Netherlands,
2ASML Netherlands B.V., De Run 6501, Veldhoven, 5504DR, Netherlands
E-mail of presenting author: R.H.Guis@tudelft.nl

Atomic Force Microscopy (AFM) has revolutionized our ability to image and manipulate matter at the
nanoscale, and study the mechanical and physical properties of materials and systems at the molecular
level playing a crucial role in numerous scientific fields, including materials science, biophysics, and
nanotechnology. Fast and accurate measurements of small displacements in the nanometer range of
AFM cantilevers is essential for such applications.

Optical detection methods have emerged as powerful tools for measuring the displacements of AFM
cantilevers with high sensitivity and resolution. To measure the deflection of AFM cantilevers, usually an
optical beam deflection system is used. However, optical beam deflection systems have a limited
detection bandwidth of ~10MHz, because of the weighted sum taken of a 4-quadrant photodetector [1].
Another way to detect these displacements is using an interferometer [2]. However, to accurately
measure quasi-static displacements with an interferometer, the position of the reference mirror and the
laser wavelength should be kept extremely stable. Therefore, this method is rarely used in AFM.

To overcome the limitations of optical beam deflection systems and interferometers, we propose to use
confocal displacement sensing to detect the cantilever deflection in AFM (see Figure). This method is
based on purely geometrical optics. Moreover, the deflection signal can be captured on a single
photodetector, hence the speed of detection is set by the photodetector bandwidth. Since confocal
displacement sensing only needs a single photodetector, its detection bandwidth theoretically can go up
to the GHz regime. This shows the potential for using confocal displacement sensing in high-speed AFMs
as well.

In our work, we show and experimentally verify a model for the sensitivity of such a confocal system.
Sensitivities similar to an optical beam deflection system or an interferometer can be reached [3].
Finally we use confocal displacement sensing in an AFM and show that it can be used to make a regular
contact mode AFM image of a calibration grating.

References:

1. https://www.zhinst.com/europe/en/blogs/what-
it-takes-high-speed-afm-measurements

2. Andreeva, N. V. (2018). Atomic force microscopy
with interferometric method for detection of the
cantilever displacement and its application for
low-temperature studies. Ferroelectrics, 525(1),
178-186.

3. Siebert, M. et al. (2022). Modeling of fiber-coupled
confocal and interferometric confocal distance
sensors. Measurement Science and Technology,
33(7).

Schematic of the working principle



Abstract title: Confocal Atomic Force Microscopy
Workshop: Dynamics
Guis, R.H. (Ruben)

Delft University of Technology,
Department of Precision and Microsystems Engineering

Advisor: Prof.dr. P. Steeneken
Co-advisor: Dr. G. Verbiest

Biography and description of research:

Ruben Guis obtained his master’s degree in Physics at Leiden University, Netherlands in 2020. For his
thesis project he worked towards 3D imaging at nanoscale by attempting to measure the subsurface
information using resonant hydrogen spins in Magnetic Resonance Force Microscopy.

Started in October 2020, Ruben is now doing his Ph.D. in the Precision and Microsystem Engineering
department at Delft University of Technology, Netherlands, where he is further investigating 3D
imaging at nanoscale; this time using ultrasound to get the subsurface information, by integrating
acoustics at nanoscale into Atomic Force Microscopy.



Experimental roningon
Identification of
Nonlinearity and
Eigenvalue Assignment
of a Nonlinear
Electromagnetic System
by the Receptance
Method

Mahshad Farzannasab®*Maryam Ghandchi Tehrani®
LEngineering and Technology Institute Groningen (ENTEG), University of Groningen, Groningen, The Netherlands

In this study, active vibration control for eigenvalue assignment of a nonlinear system is presented
experimentally using the receptance method. To achieve this, an experimental setup was constructed with a cantilever
beam. A loudspeaker and an accelerometer were attached to the beam in order to create force and measure the
acceleration of the beam. The free end of the beam was connected to a pair of identical neodymium bromide magnets,
and two identical coils were placed parallel to the magnets. When the electrical current in the coils was turned on, the
magnetic field created around the beam could introduce cubic stiffness into the mathematical model of the system, which
was the reason for nonlinearity in the system. To identify the existing nonlinearity experimentally, a step-sine test was
performed over a frequency range of 1 to 160 Hz, with steps of 1 Hz and an interval duration of 6 seconds, at four different
amplitudes, both with the electrical currents switched on and switched off. In the next step, the Frequency Response
Functions (FRFs) of the fundamental harmonics at all amplitudes are compared with each other. In cases of nonlinearity,
the system's response would definitely change with variations in the amplitude of the input voltage.

For eigenvalue assignment, the receptance of the open-loop is first measured experimentally. Then, the
Sherman-Morrison formula is used to calculate the feedback gains. During this step, the desired closed-loop poles were
determined through curve fitting of the measured data. Since, unlike linear systems, the response of nonlinear systems
depends on both amplitude and frequency, an iterative Sherman-Morrison algorithm is developed to calculate the
feedback gains for eigenvalue assignment. Finally, the control gains obtain from the simulation are experimentally
implemented in real-time, demonstrating successful pole assignment. The system remains stable at various excitation
levels and different distances between the coils and magnets.



Abstract title: Experimental Identification of Nonlinearity and Eigenvalue
Assignment of a Nonlinear Electromagnetic System by the Receptance
Method.

Workshop: Dynamics
Farzannasab, M. (Mahshad)

Groningen University of Technology, Department of Dynamics and
Vibration

Advisor: Prof.dr. Maryam Ghandchi Tehrani

Biography and description of research:

Mahshad earned both her bachelor's and master's degrees in Iran, with a particular emphasis on control
techniques during her master's thesis. Currently pursuing a Ph.D. at the University of Groningen within the
Department of Dynamics and Vibration, Mahshad's research centers on the active vibration control of
nonlinear systems. Her work delves deeply into pole placement strategies in nonlinear structures to
mitigate resonance effects.
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The interaction between vegetation and soil mechanics is gaining interest due to the demand for sustainable and
eco-friendly solutions in engineering practices.
Vegetation's influence extends beyond erosion mitigation; it significantly augments the overall strength and stability of soil
structures. This synergy between plants and soil offers innovative approaches to address critical challenges in geotechnical
engineering, including slope stability, embankment design, and foundation engineering. As vegetation takes root in the soil,
it initiates a series of transformations that affect soil structure, moisture dynamics, and mechanical behavior, ultimately
influencing overall soil strength.

In the talk we will see how vegetation's impact on soil is not limited to increased shear strength; it also plays a
pivotal role in delaying the attainment of peak shear strength, it increases the water retention properties of the soil, and
contributes to soil consolidation. Specifically, we will elucidates how the fibrous network created by plant roots reinforces
the soil matrix. Root growth can induce volumetric expansion in dense soils before shear failure, effectively redistributing
stresses and delaying shear failure, ultimately contributing to improved soil stability. Finally, because vegetation's influence
extends to soil moisture content through transpiration and evapotranspiration processes, experimental results will be
presented to show how vegetation improves the water retention capabilities of the soil.

Understanding this eco-mechanical interaction is crucial, with implications extending to agriculture, land management,
infrastructure design, and environmental conservation.

This abstract represents our exploration of green mechanics in soil mechanics, uncovering how vegetation
imparts its strength to the soil mechanics and detailing the research conducted at the University of Twente.

Figure 1 The research presented emphasizes vegetation's role in enhancing the hydro-mechanical strength of soil,
particularly in the context of geotechnical engineering.
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Biography and description of research:

Floriana Anselmucci is currently a Postdoctoral Researcher affiliated with the Soil Micro Mechanics
group at the University of Twente. She completed her undergraduate and master's degrees at the
University of Calabria in Italy, followed by her attainment of a Ph.D. from the University of Grenoble
Alpes in France in 2020. Additionally, Floriana's academic journey has been enriched by
international experiences as she has had the privilege of being a visiting researcher at both the
James Hutton Institute in the United Kingdom and the Georgia Institute of Technology in the United
States.

Her research is centered around the fields of bio-mediated and bio-inspired engineering, with a
primary focus on understanding the impact of vegetation on soil hydro-mechanical responses.
During her doctoral studies, Floriana pioneered a groundbreaking protocol for observing the
dynamic, four-dimensional evolution of plant roots within soil using advanced X-ray tomography
techniques. This allowed her to precisely quantify the influence of vegetation on soil mechanical
properties.

Currently, Floriana is conducting research at the University of Twente, where she is investigating the
hydro-mechanical properties of the vadose zone. Her work involves evaluating how vegetation
affects the stability and properties of partially saturated soil. Additionally, she is actively engaged in
research related to quantifying soil reinforcement using cutting-edge imaging processing
technologies, as well as Digital Image Correlation (DIC) methods.
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Robbert M. Nienhuis

University of Groningen

The Ocean Battery is an underwater pumped-hydro storage (PHS) device that can be deployed in
offshore and onshore energy farms to deal with the intermittency of renewable resources. While
sharing many of the components and features of conventional PHS, namely the hydraulics, pumps
and turbines, distinguishing features such as a buried rigid reservoir and a submerged flexible one
generate interesting research challenges in the mechanics domain. Examples are the dynamic
deformation of the bladder of the flexible reservoir under current and wave loading in offshore
environments, the effects of biofouling on its performance, as well as the stability of the buried rigid
reservoir and the soil surrounding it under cyclic loading. The presentation will give an overview of the

technology as well as the research performed at the University of Groningen to address some of these
challenges.
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Biography and description of research:

Robbert Nienhuis is a PhD candidate in the Engineering and Technology institute Groningen at the
University of Groningen. He has a Master in Industrial Engineering from the University of Groningen and a
background in FEM analysis and design optimization. Within the DOSTA project his work focuses on
developing predictive models for a novel offshore pumped hydro energy storage system. In addition to his
academic research, he is also working for the Ocean Grazer Company where he further focuses on the
development of the Ocean Battery in the industrial sector.

The Ocean Battery is an underwater pumped-hydro storage (PHS) device that can be deployed in offshore
and onshore energy farms to deal with the intermittency of renewable resources. While sharing many of
the components and features of conventional PHS, namely the hydraulics, pumps and turbines,
distinguishing features such 