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Dear reader,
once again, a six month period of the project has passed
and we are pleased to give you another short update on
our activities in this issue of our newsletter. Openmind
develops the first production system for the manufacturing
of individualised minimally invasive disposables. In order to
reach this goal, two major challenges have to be taken into
account: advancing the essential manufacturing technologies
towards highly flexible continuous production and finding
a way to control this new process in terms of production
efficiency and quality aspects.
During the last months, we have made huge progress in
both fields. The first important step was the final definition
of our data structures and communication interfaces. The
resulting framework will guide us during the implementation
phase. In order to guarantee compatibility with other Industry
4.0 applications far beyond the scope of the project, the
consortium chose OPC UA as communication standard in
this context. If you are interested in the ideas and concepts
that link the project to Industry 4.0 aspects, please have a
look at the Focus On Article, which is featuring the software
architecture and data structures of the project. The second
major step was the start of the hardware development. The
design phase for the prototypes of the manufacturing stations
had been finished at the end of 2016. The renderings give a
first impression of the modules. A more detailed look at the
manufacturing stations and in-process metrology units will
be part of our second newsletter in summer 2017.
If you are interested in more information or if you want to
contact us please visit our webpage or join the discussion on
LinkedIn.com

Openmind - On-demand production of entirely customised
minimally invasive medical devices is a project that aims to
develop a flexible technology for manufacturing medical
disposables. The project will create a first generation of
new minimally invasive devices - like guidewires, catheters,
micro instruments - compatible with MRI (Magnetic
Resonance Imaging) technology.

Christian Wasiak,
Project Coordinator
February, 2017
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Follow us on social media. Your opinion matters.
Interact, share and comment. Openmind is an unrestricted club that needs your contribution to succeed.
Join us here:
https://twitter.com/openmind_eu		
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https://www.linkedin.com/company/openmind-project

FOCUS ON
Openmind in the context of Industry 4.0
The overarching ambition of Openmind is to develop the first production
system for the manufacturing of individualised medical disposables. This
goal is linked with three major challenges:
• Aiming at the market of disposables requires cost efficient production
• Individualised manufacturing calls for very flexible processes and
• The medical device sector in general imposes highest requirements on

quality management processes

To overcome the combination of these challenges a high degree of data
exchange and networked communication is needed. Predictive data
mining technologies, for example, help to increase the efficiency of production processes by providing self-configuration and self-optimisation
features. Efficient mass customisation can be realised with web-based
product configuration systems. And finally, maximised device interoperability and seamless data exchange relies on future-proof communication standards. Today many of these aspects are referred to as Industry
4.0. In the following the core approaches of the project in this context are
presented.

Good process knowledge
In the first phase of the developing process, process knowledge was collected from each technology and was used to build a first model for each
of them separately (cf. Focus On article of last newsletter). The combination of these technologies especially in a continuous process chain is
a completely new approach; at the current stage the behaviour of this
future process is estimated by linking the separated models. In the upcoming months, more and more data will be generated with in-process
metrology units and centrally stored in the process data base. With this
data the model will be refined.
Possibility to predict the process behaviour between two samples
The possibility to predict the behaviour of the process is a result of the
two former assumptions. The most important challenge in this context is
to properly define the “sample” in the individualised continuous production process. The solution is to discretise the continuously manufactured
product into small “bricks” of a fixed length. Under this assumption the
variation within a single brick is reduced. By feeding data from formerly
produced bricks with similar properties into the process model it is possible to predict the properties.

Statistical process control tailored to small series production

Possibility to control directly the customer specification

One important task in the project is to be able to monitor the running
process consistently and to evaluate it regarding robustness and quality. Various concepts have been elaborated in the past decades based
on statistical methods. Because of the individual and mostly small size
production in Openmind, a modified method based on the classical statistical process control (SPC) is developed.

The Openmind production system will be equipped with various in-process metrology units. However some essential properties of the product cannot be tested with the final product because important characteristics have been covered or modified by subsequent process steps
or because they have to be tested in a destructive manner. For these
characteristics, the relationship between the specified product requirements and the available process parameters and measurements must
be developed individually.

SPC is one of the most popular methods for monitoring the quality and
functionality of a specific process, process chain or a process step. The
main aim of SPC is to control the respective process, maintain its (previously verified) stability, uncover possible process influences and additionally, ensure the compliance with customer requirements the way
they are reflected in the product’s individual requirements.
The standard definition of SPC is based on some assumptions as follows:
• Mass production context
• Good process knowledge
• Possibility to predict the process behaviour between two samples
• Possibility to control directly the customer specification in non-de-

structive tests.

At the first sight there are almost none of these assumptions fulfilled for
Openmind as a whole, which is a combination of continuous technologies
such as pullwinding, laser ablation, marking and coating. To provide the
applicability and its advantages, the SPC method is analysed regarding
small and single size lots as well as to take the individuality of personalized products into account. With respect to the mentioned assumptions
above, this means:
Mass production context
The market for medical disposables is truly mass production. However,
the guidewire production is planned to be established as a production
initialised by direct customer orders for individualised guidewires. Due to
the individualisation factor, the amount of ordered devices with identical
configuration can be seen as very small scale. Therefore a way to maximise the data stock for each configuration has to be found.
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Hierarchical data structure at different levels of detail
The requirements and modifications mentioned in the section before
make clear, that the process and quality control system of the Openmind process will have to be able to evaluate data from various data
sources, over different levels of detail and across the whole production
history.
Economically efficient mass customisation requires a high degree of automation. The Openmind process faces this requirement by linking formerly separated manufacturing stations to a continuous production line.
On the one hand, this approach minimises the need for handling tasks
and other human intervention. On the other hand, the linking of the manufacturing stations creates a system of very high complexity in terms of
parametrisation. The complexity is even increased by the idea of manufacturing many different product configurations in the same production
run. In order to make this complexity manageable for a human mind,
the operator of the machine will be supported by a predictive process
model.
In order to fulfil this task, the model needs to handle data at three different levels. Before the start of a production run, the model is fed with
a set of individual product specifications (product level) and returns a
stream of process parameters to run the process (machine level). The
translation of specifications into parameters is done based on a set of
rules that is created by training the model regularly with historical data.
This historical data is generated permanently by the in-process metrology units and additional quality control procedures (quality level).

Of course, the customer is not expected to give a ready-to-use product specification. Therefore a forth level is located on top of the other
three levels where a simplified product configuration is defined by the
end-user (customer level). In the first implementation of the Openmind
process, this forth level is not accessed by the process model. In fact,
a pre-processor is used to translate the product configuration into a
product specification. The whole concept is depicted in Figure 1.

The OPC architecture has been developed by a group of industrial partners from the automation sector and the standard is maintained by the
OPC foundation. The latest revision OPC UA (Unified Architecture) is implemented for a series of platforms such as Windows, Android, Unix and
is also supported by most of the important machine control suppliers
such as Beckhoff, Mitsubishi, National Instruments, Omron, Siemens. In
addition, various APIs (application programming interfaces) allow to develop own software modules.

Figure 1: Data structure with different levels of detail

Even though the customer level is not in the focus of the Openmind developments, an exemplarily web-based configurator will be set up in the
near future to show how the initial product configuration might be collected.
Starting with the product configuration the concept of “bricks” as container for information is used. Each product consists of a characteristic
sequence of bricks. While only a very limited variation is allowed within
a single brick, the individualisation of the product is constituted by the
combination of different bricks. With each level of detail more information is added to a brick. All brick data is stored in the central process
data base.

Software architecture for seamless data exchange
Besides the concept of data bricks at different levels of detail, the communication between the involved systems at these levels is another important aspect for the information management concept. Widely used
standards shall be implemented in Openmind to assure that the developments of the project can easily be adapted to other applications in
the future. The conceptual software architecture is depicted in Figure 2.
On the machine level the OPC (Open Platform Communication) standard will be used to exchange information between control systems,
manufacturing stations and in-process metrology units in the production system.
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Figure 2: Software architecture and data cycle

On the quality level the standard AQDEF (Advanced quality data exchange format) will be used. AQDEF had been developed by a group of
automotive OEMs and important suppliers and provides a framework
to edit and store data from different sources in a structured manner.
AQDEF is already supported by a number of suppliers for metrology
systems. In Openmind the software SPCprocessLink is used to collect
the data from the machine level and converts it into the AQDEF format before storing the edited data bricks in the process data base. The
evaluation of the process data for quality management purposes will be
done with the software tool chy.stat that is inherently able to process
AQDEF data.
The product level is very much linked to a certain application, in the case
of Openmind linked to guidewire manufacturing. Therefore, the concept
of the data bricks will be implemented on a proprietary basis. However,
the process model will rely on standardised interfaces like the API of the
process data base to interact with the other levels.

Conclusion
In order to fulfil the requirements of a highly flexible and at the same
time cost efficient continuous production in a medical device context
Openmind will follow two approaches: on the one hand widespread
standards like OPC UA and AQDEF will make the lower level components
like machine systems and quality control procedures be prepared for
other applications in the future. On the other hand tailored software
components like the process model will maximise the outcome for the
current application.

With us in this issue...

Bo Reenberg Hansen
Consultant

Reenberg & Co
Setting the Global standard for “Connected technologies”. This is, in a
few words, the vision of Reenberg & Co. Openmind project has interviewed Bo Reenberg Hansen, consultant and senior project manager. Bo
has a vast experience in the medical field. For more than 20 years his
work has dedicated a special focus on Transfer, Ramp-up, Extrusion and
Injection Moulding form early development to full scale production. We
have asked him a couple of questions on our project.

Dear Mr Reenberg, as you know, Openmind will develop a new
production chain based on FRP (fibre-reinforced plastics) production processes (micro-pullwinding). This technology combines,
in a miniaturized manner, the well-known pultrusion process with
additional winding sections to come up with a new generation of
multi-modal minimally invasive devices customizable by doctors.
According to your experience, and from a technical point of view,
to what degree is this process innovative?
As I see it, the innovative part is primarily related to the customization
options, which are done, of course, in a miniaturized manner. Such a
small scale requires a new way of thinking and a new set of knowledge.
When things are made on a larger scale, a certain level of “forgiveness”
is accepted. A change in the material or in the equipment does not compromise the final product in a significant way. On the contrary, when
you work within microns, it is a totally different story. The biggest task of
the Openmind project is, from my point of view, to specify the requirements of the FRP. Trial runs will follow and the documentation phase will
gather all the information needed. Once the preliminary study is done
and the customization of the devices to optimal usage starts, that is
where the innovation really begins. This is the ground-breaking part of
the Openmind project. Just think about the advantages of having a light
and controlled product, partially flexible, but still strong and stiff. This is a
large improvement from what is in use today and will clearly cause less
trauma and complications to the patients. I predict a small revolution in
this area if the project succeeds.
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In recent research projects guidewires made of FRP have been
developed. Nevertheless, they have been developed relying on
conventional processes and thus mostly employ the same discontinuous steps. The approach of the Openmind process comprises
two pillars: the integration and flexibilisation of all relevant process steps into a continuous and fully automated process chain;
the seamless monitoring of all steps and the feedback of the data
into the process for optimisation and process development. How
do you evaluate this approach? What do you think about it?
The general approach of a technology based project is that of taking
some well-known processes and combine them. This has been the procedure and the strategy for many companies so far, and their way to
bring new products to the market. What I think is really innovative and
positive about the Openmind Project, is that it brings scientific and technical partners together. They work to drive production to a new level,
where it is not only the customized devices that matter, but also the
process, which is fully automated and controlled. Everybody is talking
about Industry 4.0, meaning that the process settings is controlled and
documented. What I see, is that the Openmind project takes this concept
a step further, combining inline measuring with data mining algorithms to
predict new process parameters from what has already been gathered
during earlier production. This is something that, when confirmed and
approved, will be beneficial for the output and the development speed,
but even more for the safety and usage of the devices. This could implement a wide range of different industrial processes. I hope, and I am
sure, that the outcomes of the Openmind project will be useful and that
they will turn into a huge success.

Meet the partners...

Simone Maccagnan
Sales Manager

Gimac Microextruders
Gimac is a company focused on the medical device and pharmaceutical industry. It has a vast experience in the manufacturing of
extrusion and micro extrusion equipment, and offers integrated solutions for polymer processing. In Openmind Gimac adapts an existing
micro-extrusion system. This requires modifications to the micro-extrusion system hardware to allow FRP micro profile processing and
extensive process development activities.
More info at: www.gimac.com

What is exactly the role of GMAC in this project?
Gimac, as polymer processing equipment developer and manufacturer,
is engineering a jacketing system able to work in combination with the
rest of the system. Gimac is developing the coating module in order to
harmonise this manufacturing step with the other ones required by the
system. If possible, this process will work in a dynamic way, which means
that the composition (color, stiffness, transparency, etc.) will change
along the length.
Allow me to say that no one else could be more committed than Gimac
in doing this job. This activity is itself a goal we had already set and wanted to go for, even before the starting of the project. Nevertheless, as an
SME, it could have taken longer, until one day we got a call from Christian
Wasiak. He actually sent me an email asking to join the project and cooperate to achieve this challenging target. Honestly speaking, I was not
thrilled by the idea of a public funded project, but, at the same time, I
was enthusiastic to work with Fraunhofer IPT.

According to your experience and to your business, why is this
project innovative?
The innovative side of the project resides in the possibility to generate
new designs and integrate functions that could not have been envisioned
before. The novelty stands in the possibility to produce small amount of
items and see the manufacturing steps done consequently inside the
same machine. This allows to run several iterations per time unit, achieving in this way an optimal result at the end. All these features lead to the
production of smaller, more complex and more performant devices.
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4.0”, by David Nettleton and Elodie Bugnicourt, and give us your
impression.
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System?
Join the conversation.
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Do you want to know more about the project?
Don’t miss the chance to meet Openmind partners at the following events..

Medical Plastic Conference
March 7/8, 2017 • Zaventem, Belgium

Gimac
To know more: www.medicalplastics-conference.com

JEC world 2017
March 14/16, 2017 - Paris, France

FRAUNHOFER IPT
To know more: http://www.jeccomposites.com/events/jec-

Advanced Factories
April 4/6, 2017 • Barcelona, Spain

world-2017

Iris

CPAC Rome Workshop

congress

March 20/22, 2017 • Rome, Italy

Gimac
To know more: http://cpac.apl.washington.edu/event/
CPAC+Rome+Workshop+2017

Medtec Stuttgart
April 04/06, 2017 • Stuttgart, Germany

Gimac
To know more: www.medteceurope.com/europe

To know more: https://www.advancedfactories.com/

Medtec Japan
Gimac
April 19/21, 2017 • Tokyo, Japan
To know more: www.medtec-japan.jp

Aachen Machine Tool Colloquium (AWK) 2017
May 18/19, 2017 - Aachen, Germany

FRAUNHOFER IPT
To know more: http://www.awk-aachen.de/__
C1257B97002C1799.nsf/html/en_home.html

Medical Plastic Conference Medical Tubing 2017
June 06/7, 2017 • Koln, Germany

Gimac
To know more: www.amiconferences.com

This newsletter was released in February, 2017
FOR MORE INFO: info@openmind-project.eu

partners

Interviews: Monica Lancini, Fondazione Politecnico di Milano
Design and editing: Simone Castiglioni

