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EDITORIAL

Moore’s Law predicts, to a large extent, developments in semiconductor manufacturing. The requirements of 
smaller features, higher accuracy and high throughput place strong demands on the mechatronics way of 
development. Over the years, wafers have tended to become larger and thinner. Handling that kind of 
‘pancake’ is a mechatronic matter of controlling degrees of freedom.

For me it started back in 1985, with the project “Predictive modelling”, aimed at developing new CD drives 
and optimising the use of modelling and simulation techniques. The mechatronics approach is characterised 
by efficient modelling and simulation, fast estimation of feasibility and risks, pulling risks to the first stages 
of the project and being optionally supported by well-considered delimited experiments.

The resulting development in terms of new actuators with higher bandwidth was presented at Philips Centre 
for Manufacturing Technology (CFT) and was disseminated in the course “Introduction to optical disc drive 
systems”. Very inspiring. Jan van Eijk was participating in the project and it was in the beginning of his 
impressive professional career in the field of mechatronics and systems engineering. He was recently 
honoured with the Martin van den Brink Award 2016 (also in this issue).

The American Society for Precision Engineering (ASPE) recently organised its 5th Topical Meeting in a 
series on the precision design and control of mechatronic systems. The opening tutorial, “The Dutch 
Approach to High Performance Motion Control”, provided participants with the opportunity to become 
more acquainted with both fundamental principles and recent developments in the field of mechatronic 
system design (also in this issue). 

In 2004, after four interesting years at ASML involved in reticle exchange time reduction, the next challenge 
was at Singulus Mastering in Eindhoven, the Netherlands, for the development of a complete new machine 
platform for Blu-ray disc mastering. Model-based system engineering was again an important ingredient in 
the multi-disciplinary environment. The opportunity of greenfield systems engineering gave wings to the 
project team and co-development parties. It resulted in the introduction of a new mastering machine – the 
recorder concept was the winner of the Mechatronics Award 2007. 

Systems engineering based on the mechatronics approach can improve the mutual understanding between 
experts in different fields of engineering, i.e. mechanical, electrical, control and software. The strength of 
the DSPE network is to offer a vital platform for mechatronic systems engineering. The activities of the 
society, by means of Mikroniek, seminars, congresses and other events, improve the mutual 
understanding of disciplines. 

Modelling techniques in whatever form and level of sophistication can serve as the common language for the 
professional stakeholders in a mechatronics kind of project. On the one hand, models of such a kind that 
they describe the quintessence of the system properties should exist and, on the other hand, there should be 
models that focus on architectural overview, suitable for the communication between the various 
stakeholders. Creative use of modelling and state-of-the-art visualisation techniques are important elements 
in the further evolution of the mechatronics approach. 

Theo Bookelmann
System Architect at Tegema
tbookelmann@tegema.nl

THE MECHATRONICS 
APPROACH
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TRANSITION FROM MECHATRONICS AUTHORITY TO ROBOTICS EXCELLENCE

HIGH-TECH IN EVOLUTION
Dutch high-tech mechatronics is, without reservation, world-leading. 
Outstanding systems engineering know-how formalises development 
of advanced mechatronics systems with predominantly linear and 
predictable input-output behaviours, which greatly facilitates mainly 
linear control designs for these systems. However, does this suffice for an 
equally prominent position in the field of robotics? A review of projects 
carried out by Segula Technologies Netherlands highlights the need for 
nonlinear system modeling and control expertise.

DRAGAN KOSTIĆ, PIETER VAN ZUTVEN, BART BASTINGS AND PATRICK SMULDERS

AUTHORS’ NOTE

Dragan Kostić 
(mechatronics architect), 
Pieter van Zutven 
(mechatronics engineer), 
Bart Bastings (mechatronics 
engineer) and Patrick 
Smulders (director of system 
architecture) work for Segula 
Technologies Netherlands, 
based in Eindhoven.
This article is in part based 
on a keynote delivered at 
Vision, Robotics & 
Mechatronics 2016 in 
Veldhoven, the Netherlands.

dragan.kostic@segula.nl 
www.segula.nl
www.tue.nl

Introduction
Is the mechatronics prominence a sufficient capital for the 
Dutch to claim an equally prestigious position in the field of 
robotics? What from the existing mechatronics heritage can 
readily help us to compete with the international robotics 
leaders? What technological gaps do we still need to fill in 
to reach robotics excellence? These questions are addressed 
by presenting several projects carried out by Segula 
Technologies Netherlands.

The field of high-tech mechatronics is one of the pillars of 
the Dutch industry. Since the pioneering works of Royal 
Philips Electronics on optical storage systems, the national 
experts in this field have been establishing functional 
synergy of precision mechanical engineering, electronics 
control and systems thinking which facilitates design and 
development of high-tech products [1]. Theoretical and 
technological achievements in mechatronics have been 
fueling international success of many companies from the 
Netherlands. For instance, ASML, FEI and Océ are global 
market leaders in lithographic equipment, electron optics 
and printing systems, respectively.

The economic growth of the Netherlands strongly depends 
on the export industry to which the mechatronics 
companies contribute with many high-tech products and 
services. To maintain and increase prosperity, the Dutch 
industry needs steady productivity growth and permanent 
expansion of the product portfolio. Robotics offers solutions 
for both needs. 

In particular, robots can increase the productivity and 
diversity of products, while also providing cost savings, by 
flexible automation of complex manufacturing processes, 
substituting human workers in health-critical tasks, 

outperforming human capabilities in terms of speed, 
precision, strength, endurance, and rapid analysis, as well as 
the ability to centrally manage and execute complex logistics 
and customise products for different markets and individual 
customers. Such a potential of robotics is internationally 
well-recognised [2] and is one of the main drivers for the 
Dutch Smart Industry initiative [3] [4].

Unlike the USA, Japan, South Korea, China, and Germany, 
the economy of the Netherlands is not yet at the forefront of 
deploying robots in industry. On the other hand, the Dutch 
high-tech mechatronics industry is among the best ones in 
the world. What can be done to turn the Netherlands into 
an international robotics authority, too? Can we boost high-
tech robotics developments by employing the existing 
mechatronics know-how only? This article offers some 
answers to these questions.

Firstly, we address an important characteristic of the 
existing mechatronics approach − a system design 
optimisation for a limited number of the working points, 
such as motion or temperature setpoints. To achieve high 
system performance, the mechatronics design aims at 
predominantly linear input-output behaviour of the 
resulting system in the vicinity of these setpoints. The linear 
dynamics greatly facilitates understanding of the system 
dynamics and control design for high performance and 
robustness against disturbances. This we illustrate by a 
mechatronics design of a linear guiding mechanism for a 
die-bonding machine.

Secondly, we point out at an intrinsic property of robotics 
systems − these systems operate in wide working ranges 
within which the robot dynamics may change while 
exhibiting significant nonlinear effects. Dealing with 
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TRANSITION FROM MECHATRONICS AUTHORITY TO ROBOTICS EXCELLENCE

changing and nonlinear system dynamics is not common in 
classical mechatronics but is inevitable for achieving 
advanced performance in high-tech robotics. 

Fortunately, the Netherlands has a strong academic heritage 
in nonlinear systems [5] which can readily be combined 
with the existing mechatronics know-how. By theoretically 
sound and explicit treatment of nonlinear robot dynamics, 
many principles of the mechatronics system design 
approach can still be used for the advanced design of new 
and the improvement of existing robotic systems. These will 
be illustrated by several examples with industrial robots and 
professional printers.

Finally, we resume similarities and key differences between 
high-tech mechatronics and robotics, and we present 
future perspectives. 

High-tech mechatronics
An example from the project portfolio of Segula 
Technologies Netherlands will serve to illustrate our point: 
the design of a guiding mechanism for a die-bonding 
machine (Figure 1). We recall the key steps of mechatronics 
system design:
1.  specification of functional and performance requirements 

with error budgeting,
2.  modeling (kinematic, dynamics, and/or servo control),
3.  CAD,
4.  analysis (FEM, simulation of multi-body dynamics and 

servo control),
5.  concurrent engineering,
6.  integration and testing.

The architecture of the die-bonder is described in [6]. In 
this machine, the guiding mechanism belongs to a module 
providing the vertical motion of a die to be soldered to 

another one while applying a contact force in a range 
between 0.2 N and 1 N. The detailed description of this 
module can be found in [7]. 

During their bonding, the dies are rapidly heated up until a 
solder material has melted. The contact force between the 
dies has to be kept at the setpoint despite change of the 
mechanical stiffness due to the melting of the solder 
material. The maximum allowed horizontal misalignment 
error between the dies is 0.5 μm after completion of the 
soldering process. These requirements are turned into 
performance specifications summarised in Table 1.

Table 1. Technical requirements on the die-bonding module with the 
guiding mechanism.

Vertical stroke (Z) 10 mm
Horizontal reproducibility (X, Y) 0.15 μm
Robustness against external vibrations 0.20 μm
Minimum parasitic eigenfrequency 170 Hz
Force regulation accuracy (up to 1 N) 20 mN

1

2a

2b

1  The die-bonding 
machine.

2  The guiding mechanism 
of the die-bonding 
machine.

  (a) CAD drawing.
  (b) Prototype.
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To facilitate realisation of challenging requirements on 
positioning accuracy, contact force and temperature control, 
while strictly accommodating specifications on the 
environmental conditions and isolation of external 
vibrations, Segula utilises a systematic product development 
approach which incorporates different model-based design 
and analysis techniques, including CAD, FEM, model-based 
control, dynamical and servo-control simulations, etc. The 
CAD drawing and the corresponding physical realisation of 
the guiding mechanism are shown in Figure 2. 

The resulting mechanism is a product of the sophisticated 
mechatronics methodology which begins with analytical 
calculations of the mechanical stiffness using standard 
formulae based on the mechanical concept shown in 
Figure 3a. After making the CAD drawings, the analytical 
calculations have to be verified by rigorous analysis using 
the corresponding finite-element model (FEM) shown in 
Figure 3b. Table 2 displays the verification results that 
confirm good correspondence between the analytical and 
the FEM analysis results.

Table 2. FEM verification of the analytical stiffness of the guiding mechanism.

Guide mechanism 
stiffness

Analytical FEM results Difference 
(%)

Vertical 335.7 N/m 314.6 N/m 6.3
Torsional, undeflected 6,891 Nm/rad 6,609 Nm/rad 4.1
Torsional, deflected 5,288 Nm/rad 5,357 Nm/rad 1.3
Stiffness reduction 0.767 0.786 2.4

The next steps are dynamical analysis using modal calculations, 
Bode plots and servo-control simulations. Figure 4a shows 
results of the finite-element vibration mode analysis − the first 
four eigenmodes are shown together with their corresponding 
frequencies. The lowest eigenmode corresponds to the desired 
vertical motion of the guiding mechanism, while the other 
ones correspond to parasitic lateral and angular structural 
deformations. Since all the undesired modes are well above 
170 Hz, we can conclude that the design meets the requirement 
on the minimum eigenfrequency given in Table 1. 

3a 3b

4a

4b

3  The single part of 
the straight guide 
mechanism.

  (a) Concept design.
  (b) FEM model.
4  Dynamical analysis 

results.
  (a) Modal analysis.
  (b) Bode plots.
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REPORT OF EUSPEN’S 16TH INTERNATIONAL CONFERENCE AND EXHIBITION

BIGGER, BROADER, 
BETTER...

This year, the annual euspen Conference and Exhibition was held in 
Nottingham, UK. The event had more delegates, more paper submissions 
and more businesses in attendance than in the past few years, but did that 
make it any better? “The annual event gave me hope for the future. I had a 
number of conversations with younger researchers who taught me new 
things. I also found out a lot from my learned colleagues”, one of the 
senior participants commented.

MARTIN O’HARA, CHRIS YOUNG, MARK MEUWESE AND SVEN PEKELDER

EDITORIAL NOTE

This report was compiled 
from various contributions. 
The effort by all authors is 
acknowledged, for they did 
an excellent job under a tight 
time schedule.
Martin O’Hara is National 
Strategy Manager for Ultra 
Precision at the EPSRC Centre 
for Innovative Manufacturing 
in the UK. 
Chris Young, Managing 
Director & CEO of UK-based 
Micro PR & Marketing, is 
media partner of euspen.
Mark Meuwese and Sven 
Pekelder are both Chief 
Technology Officers at Settels 
Savenije, based in Eindhoven, 
the Netherlands.

martin@ultraprecision.org
www.ultraprecision.org
chris@microprm.com
www.microprm.com
sven.pekelder@sttls.nl
www.sttls.nl

From 30 May to 3 June at the University of 
Nottingham, East Midlands Conference Centre 
in Nottingham, UK, euspen (European Society 
for Precision Engineering and Nanotechnology) 
hosted its 16th annual International Conference 

and Exhibition. Networking opportunities and scale are key 
to euspen’s flagship event, and in this respect the 
Nottingham event was a big success. 
The organisers received 299 abstracts from which 37 oral 
presentations were selected, with 232 poster presentations. 
The 429 attendees (representing 236 individual companies 

or institutions from 27 countries) also accessed three 
keynote addresses, three workshops, and three tutorials, 
covering everything from multifunctional additive 
manufacturing to positioning in six degrees of freedom.

Tutorials
A feature that has become popular at the euspen Conference 
(and other similar events) is the pre-conference tutorials 
and workshops. This time they covered a broad range of 
topics from fundamentals of precision design to biomedical 
fabrication and functionalisation. Despite the Monday being 

1
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a public holiday in the UK, these tutorials and workshops 
were well attended and judging from the comments from 
delegates very well regarded. 

Prof. Alex Slocum (MIT) and Piet van Rens (Settels Savenije) 
gave a very inspiring, high-paced overview of design principles 
for high accuracy. They both brought lots of hardware 
examples to share with the large audience of over 30 attendants. 
Audience and tutors discussed a lot of cases and their 
discussions carried on well into the conference. After several 
tutorials at the annual ASPE conference, are Prof. Slocum and 
Van Rens set to re-appear at the euspen Conference?

In the afternoon there were two tutorials, “Optical 
Measurement Technology” by Prof. Wolfgang Osten 
(University of Stuttgart) and “Introduction Design in Ultra 
High Vacuum” by Mark Meuwese and Sven Pekelder 
(Settels Savenije). In the last tutorial, about ten attendants 
were introduced to the world of vacuum technology and 
various specific topics were selected by the attendants to 
be discussed further. For several attendants the tutorial 
provided a good overview of the intricacies of the actual 
designing and building of a vacuum system, and the aspects 
to take into account, on top of “it needs to be in vacuum...”.

Keynotes
The conference venue had a large steeply raked auditorium 
easily able to seat 520 delegates, hence although busy, it was 
never uncomfortably full. While European delegates as usual 
dominated the audience, there were significant numbers of 
attendees from Japan, China and North America present, 
illustrating how international the event has become.

The keynote presentations often set the tone for the 
conference and the opening keynote from Ben Hughes of NPL 
certainly set a standard for both metrology and precision, 

describing a 6-degrees-of-freedom micro-vibrational test 
facility developed for the European Space Agency (ESA). He 
showed the impressive performance of a 30+ kg testbed able 
to detect the impact of a feather landing on it. 

The second keynote was on multifunctional additive 
manufacturing. Dr. Christopher Tuck, University of 
Nottingham, discussed the activities regarding the 
integration of different additive manufacturing techniques. 
He showed the different possibilities of additive 
manufacturing and the incorporation of different materials 
in a single manufacturing operation, e.g. touch sensors in 
prosthetic hands, where the structural parts, flexures and 
sensors are printed in a single process. In his opinion, the 
real value of additive manufacturing will be found when 
looking across multiple sectors, creating multifunctional 
parts using different materials and different additive 
manufacturing techniques.

Both in the keynotes and the following track, the picometer 
resolution was more or less taken for granted. It shouldn’t be 
taken for granted, not even for something seemingly trivial 
as measuring the diameter of a small machined hole. After 
all, how do you measure, and how do you correlate the 
different measurement techniques, when they all provide a 
different outcome to the question: what is the diameter of 
the hole?

Metrology
Indeed, metrology was a key topic at the event, having a 
high number of European national measurement institutes 
present (NPL and PTB most noticeable) and several well-
known metrology research groups (Nottingham and 
Huddersfield Universities again being prominent). The first 
and last sessions of oral presentations were on Metrology 
and Manufacturing Metrology, however, unlike in previous 

1  Venue for the euspen 
Conference was the East 
Midlands Conference 
Centre, University of 
Nottingham. (Photos: 
Martin O’Hara)

2  The pre-conference 
tutorials and workshops 
were well attended.

2
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