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Christoph Winterhalter 
Head of the ABB Research Center 
in Ladenburg

Dear friends and colleagues,

‘Successful together’ is the headline of our employee and leadership model in the German  
corporate research center. Our working culture is based on the following seven pillars: Respect 
for colleagues, interdisciplinary teamwork, open communication, integrative management culture, 
continuous personal development, professional project work, and a pro-active conflict resolution 
culture. ‘Successful together’ is not only a good summary of our working culture, but also the 
foundation for an excellent co-operation with our customers, our ABB business units and our 
academic partners.

Especially in automation significant innovation potential can be found at the boundaries between 
disciplines or by transferring ideas from one industry to another. The only way to tackle these 
opportunities is by working in an interdisciplinary fashion involving several research programs 
or established business units. The ability to co-operate across organizational borders and  
disciplines is a key success factor especially for research organizations. 

Understanding our customers’ present, future and latent needs, evaluating new technologies  
in the context of ABB’s businesses and successfully transferring project results to our internal 
customers is essential to create sustainable value for ABB.

In 2011 we have continued to focus on streamlining our activities and strengthening our inter-
nal and external innovation network. 

Bundling our interdisciplinary competence in the context of our focus areas and building up 
domain expertise has already helped us to secure a much more active involvement in business 
strategies of our internal customers.

Such an early involvement in the strategy process of our operational units ensures our capability 
of verifying the technical feasibility of new technologies and to calculate the value in their specific 
business context to justify R&D investment decisions.

As a corporate research center we have also focused our university co-operations in order to 
have access to the latest inventions in the academic world and to attract top talents for ABB. 
One cornerstone in that direction has been to set up a framework agreement with the  
Karlsruhe Institute of Technology (KIT).
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Since we actively promote job rotations and internal transfers to our ABB business units world-
wide, the external fluctuation rate remains low. In 2011 we managed to increase our staff and 
hired a record number of 20 new scientists and engineers from top universities.

During 2011 we also hosted several events with ABB top management from both the divisions 
of Process Automation and Discrete Automation & Motion. Once again we participated in the 
Hanover Fair by presenting our concept robot FRIDA, which offers new possibilities for human 
robot collaboration in small parts assembly.

Our annual colloquium series in 2011 focused on innovation processes in other companies. 
This allowed us to host numerous external speakers, who presented to our technical ABB 
community the approaches to innovation used in various industries.

In November we had our annual press day, with contributions from our research centers 
throughout central Europe, focusing around the energy infrastructure of the future. We had a 
large number of participating journalists, leading to numerous subsequent articles and further 
requests for additional publications and interviews. 

This annual report will give you an overview of our core activities in more detail. I am convinced 
that it will raise your interest and that you will enjoy reading it. Finally, I would like to thank all 
our partners at the universities, the different ABB business units and our colleagues from the 
other Corporate Research Centers in ABB for the very constructive, productive and successful 
cooperation throughout the year, and last but not least I would like to express my sincere  
gratitude to all our employees for their great contributions and dedication in 2011.

Christoph Winterhalter
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ABB Corporate Research Center
Ladenburg

The German Corporate Research Center in Ladenburg 
(DECRC) is one of seven local Research Labs in the global 
ABB Corporate Research community. Functionally, it belongs 
to the Global Lab “Automation”, which means that the 
research activities are focused on automation technology 
for industrial automation, utility automation and building 
automation. With respect to local organization, the German 
research center is part of the ABB AG in Mannheim.

Our Business
Our core business is the execution of Research & Development 
projects. Our deliverables are project results, such as new 
technologies or technology platforms, hardware or software 
prototypes, industry-specific solutions or new processes. Our 
customers are the business units in ABB, which transform the 
results of the R&D projects into commercial products and 
solutions. 

The R&D projects in ABB Corporate Research are organized 
in ten technology programs and managed by globally respon-
sible program managers. The programs provide the funding 
for most of the projects. Additional funding sources are public 
funds and direct funds by corresponding ABB business units.

Our Vision and Mission
“Leadership through Innovation” – this is our vision. Recognized 
as an excellent industrial Research Center we create sustainable 
value for ABB business. We are striving for innovations, which 
means project results creating significant value for ABB’s 
business units. 

Our mission is to deliver results – quickly, reliably, effectively 
and efficiently. Results in this context are technological inno-
vations with measurable, documented and confirmed value. In 
order to achieve these results, we are continuously improving 
the effectiveness and efficiency of our innovation process, while 
striving for a high level of operational excellence and stakeholder 
satisfaction.

Our Innovation Network
We drive the innovation process in a network involving all our 
employees, partners and customers in a way that emphasizes 
their strengths and competences in their respective roles. The 
innovation network is built on three cornerstones: customer 
focus, inventive culture and project management.

The three main players in this innovation network are our focus 
areas, our senior principle scientists and our research groups.

Figure 1: Our Innovation Network

Customer orientation
 – Understanding business impact
 – Understanding our customer‘s present, 

future and latent needs

Project management
 – Gate model application to  

permanently control cost,  
delivery, quality and value

Inventive talent
 – Creativity / risk taking
 – Attract top talents at universities
 – Intellectual property management

Enable BUs to  
utilize project results
 – Technology training
 –  Product development  
support

 –  Product management  
support

 – Supplier qualification
 – BU transfers / job rotations

Verify technical
feasibility for ABB
 – Pre-studies
 – Technology evaluations
 – Market requirement specification
 – NPV calculation

Active involvement
in business strategy
 – Technology consulting
 – Roadmap development
 –  Evaluation of business model 
and organizational setup
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Our Focus Areas
In a focus area, we bundle our technical competence across 
research groups around the needs of our key customers. Each 
focus area addresses a well defined customer group with  
specific deliverables. The focus area manager works closely 
with the customer in order to understand his business and  
his current and future needs. Together with other colleagues, 
such as senior principal scientists, he is deeply involved in the 
development of business strategies and technology roadmaps 
and the resulting portfolio of research projects. At the end of 
the innovation process, he takes care that the project results 
are implemented in successful products, thus ensuring that 
inventions from research are really turned into valuable  
innovations.

In the German Corporate Research Center we have established 
five focus areas addressing our key customers. The focus 
areas are:

Plant Automation
The scope of this area comprises next generation architectures 
and engineering methods for process automation systems 
from field to plant level. 

Key deliverables are architectures for flexible, safe and scalable 
control systems and workflows and tools for efficient engineering.

Key customers are the ABB businesses in process automation, 
power plant automation and network management.

Factory Automation
The scope of this area comprises new technologies and engi-
neering methods for efficient integration of key components in 
discrete automation applications.

Key deliverables are automation platforms, engineering tools 
and methods, as well as discrete automation applications.

Key customers are the ABB businesses in low voltage drives, 
PLCs and robotics.

Building Automation
The scope of this area comprises home & building automation 
enabling energy efficiency, ambient assisted living, E-mobility 
and grid interaction.

Key deliverables are sensing and monitoring solutions, integra-
tion solutions of electrical and energy building infrastructure, 
low-power device concepts, and energy management solu-
tions.

Key customers are the ABB business in building automation 
and installation.

Service Solutions
The scope of this area comprises technologies, processes, 
and business models for industrial service automation.

The key deliverables are solutions for installed base manage-
ment, service engineering, serviceability, process and production 
optimization, monitoring, diagnosis and sensor technology, as 
well as reliability management.

Key customers are the Service business units in ABB divisions 
and the ABB group service council.

Power Device Mechatronics
The scope of this area comprises new actuator and sensor 
solutions on device level for efficient and reliable transmission 
and distribution of electricity.

The key deliverables are reliable and scalable actuation plat-
forms for switchgear and breakers, sensing and monitoring 
solutions, robust design & optimization of power devices, and 
methodologies for faster product and application development.

Key customers are the ABB businesses in high voltage and 
medium voltage power products.

Dr. Christian Zeidler
Focus area manager 
Plant Automation

Christoph Winterhalter
Focus area manager 
Factory Automation

Dr. Dirk John
Focus area manager 
Building Automation

Dr. Guido Sand
Focus area manager  
Service Solutions

Dr. Sven Soetebier
Focus area manager 
Power Device Mechatronics
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Our Senior Principal Scientists
A senior principal scientist is the highest technical authority in 
his field of expertise. As a renowned member of the academic 
community, he opens the door to research partners and top 
talents at universities. He is involved in the development of 
technology strategies and roadmaps, and he drives creation of 
new ideas and inventions as well as the protection of strategic 
intellectual property. With prestudies and technology evaluations, 
he proves the technical feasibility of new ideas and their value 
for ABB.

It is our goal to have Senior Principle Scientists in all technology 
fields which are important for our focus areas. Currently we 
have six Senior Principle Scientists in the German Corporate 
Research Center in the following technology fields:

Robotic Automation
Dr. Björn Matthias

Vision-based intelligent Industrial Robots
Dr. Fan Dai

Control System Engineering
Dr. Rainer Drath

Production modeling, scheduling, and optimization
Dr. Iiro Harjunkoski

Modeling & Simulation 
Dr. Jörg Gebhardt

Magnetics and Current Sensors
Dr. Rolf Disselnkötter

Our Research Groups
Research groups are responsible for the effective and efficient 
execution of Research & Development projects. In order to 
fulfil this task, they establish and maintain an adequate quantity 
and highest quality of resources, both personnel and infrastruc-
ture. This includes in particular world class scientists and highly 
qualified project managers, as well as state-of-the art lab 
equipment and computing environments. It is the main goal of 
our research groups to maintain a high level of operational 
excellence. 

Our resources and competences for efficient and effective 
project execution are organized in eight research groups: 

Industrial Software Technologies
Software technologies play an important role in industrial 
products and systems, and are increasingly contributing to 
functionality and creation of added value. Seamless integration 
of powerful, high-quality software has therefore become a 
decisive competitive advantage.

Automation Engineering
Worldwide demand for the modernization or reconstruction of 
power and process plants as well as factory automation remains 
strong. A large proportion of projects in ABB‘s core areas of 
automation and electrical is design and engineering.

Process and Production Optimization
Production optimization covers diverse disciplines such as 
detailed production planning, quality optimization, control 
technology, diagnostics and decision support, which also 
influence each other. Therefore, the development of modern 
optimization solutions demands profound knowledge of the 
individual disciplines, as well as good knowledge of the areas 
of integration and software engineering.

1 2 3

4 5 6

Senior Principal Scientists: 1 Robotic Automation, Dr. Björn Matthias  |  2 Vision-based intelligent Industrial Robots, Dr. Fan Dai   
3 Control System Engineering, Dr. Rainer Drath  |  4 Production modeling, scheduling, and optimization, Dr. Iiro Harjunkoski
5 Modeling & Simulation, Dr. Jörg Gebhardt  |  6 Magnetics and Current Sensors, Dr. Rolf Disselnkötter
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Life Cycle Science
ABB offers comprehensive support services for its products, 
ranging from classic repair and spare-parts service to perfor-
mance service for entire plants. Our research group supports 
these services with innovative solutions for the entire product 
lifecycle. ABB’s particular goals in this area are increasing 
customer satisfaction, reducing costs and prolonging the life-
cycle of products and plants.

Mechatronics and Actuators
Mechatronic systems are characterized by integrated aspects of 
mechanical engineering, electrical engineering and information 
technology. Mechatronics represents an inherently interdisci-
plinary field, and applies these three subject areas to extend 
the functionality of conventional components. This interaction 
of disciplines gives rise to a vast assortment of opportunities 
for the improvement of existing products and the development 
of innovative new technologies.

Robotics and Manufacturing
Automation solutions based on flexible programmable robots 
or machines for discrete manufacturing can be found in almost 
every assembly line today. However, the requirements for these 
solutions are changing continuously. For use in today’s broad 

range of applications, modern automation solutions must be 
ever more flexible and more fully integrated into the different 
production environments.

Industrial Sensor Technology
Sensors and field devices are key elements of automation and 
power systems. They supply the relevant information on pro-
cesses and material properties in the form of measurement 
values, thus helping our industry customers to increase their 
productivity. The application areas of sensors range from pro-
cess control and optimization, quality control and device 
monitoring right through to plant asset management.

Intelligent Devices
Automation devices, which form the heart of all automation 
solutions, are expected to meet increasingly tough demands in 
terms of functionality, user-friendliness, communicative ability 
and integration into control systems. The required device  
intelligence is increasingly implemented in the form of software 
components that run as embedded systems in the devices, 
which inevitably entails increased energy consumption. As the 
energy available is often limited, measures for reducing energy 
consumption are set to be a key requirement for successfully 
designing intelligent automation devices.

Head of research groups: 1 Industrial Software Technologies, Bastian Schlich  |  2 Automation Engineering, Georg Gutermuth
3 Process and Production Optimization, Dr. Guido Sand  |  4 Life Cycle Science, Dr. Marco Ulrich  |  5 Mechatronics and  
Actuators, Dr. Gregor Stengel  |  6 Robotics and Manufacturing, Dr. Thomas Reisinger  |  7 Industrial Sensor Technology,  
Dr. Armin Gasch  |  8 Intelligent Devices, Dr. Dirk John

1 2 3 4

5 76 8
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Facts and Figures

Key Figures

Revenues     15,5 M€

Employees     108

Temporary employees, Students   55

Inventions     74

Patent Filings     40

Publications     113

Project Portfolio
In 2011, the total project revenues in the German Corporate 
Research Center amounted to approximately 15,5 million Euro, 
which is an increase of more than 8% compared to 2010. This 
is due to the fact that we could build up the required project 
execution capacity by a very successful recruiting campaign 
in 2011. In 2012, we plan to keep the capacity constant on 
this level, which means that we can expect a similar project 
volume. On group level, ABB is continually increasing the R&D 
investments in general as well as the funding for corporate 
research. 

The research projects are mainly funded centrally by corporate 
funds. In 2011 the funding split was as follows:

 – Corporate Funds 84,4 %
 – Business Unit Funding 12,5 %
 – Third Party Funding 3,1 %

Figure 2: Funding split of research projects

The fraction of corporate funds increased slightly, while third 
party funding decreased again compared to 2010. A reason 
for this is the fact that in 2011 some public funded projects 
were successfully completed, while some larger new projects 
with third party funding were still under preparation. With these 
projects starting in 2012, we can expect third party fundung 
to increase again in the future. Direct funding by ABB business 
units could be increased by more than 10 % in 2011, which  
is an indicator for our close and successful cooperation with 
our customers. This certainly a result of the meanwhile well 
established concept of customer-oriented focus areas.  

Regarding project type a clear focus remains on technology 
development and product development projects. The fraction 
of this project type increased in 2011 to 75 %, which is exactly 
our target value. 15% of the total project volume were dedicated 
to prestudies and technology scouting projects, which is a bit 
less than in 2010, but still very adequate and in line with our 

 Third Party

 Business Units

 Corporate Fund



ABB Research Center Germany | Annual Report 2011  11

targets. The percentage of consultancy projects was kept 
constant at 10 %, reflecting the good cooperation with our 
customers in ABB business units on all levels. 

Almost all our projects are associated with one of the global 
research programs, with the exception of some discretionary 
funded prestudies and some consultancy projects. This ensures 
that the projects are in line with the strategic technology plans 
of the programs and with the technology, product, and business 
strategies of ABB business units. The latter is more and more 
driven by our focus area managers, who have a deep knowledge 
of the related ABB businesses and customer needs, and are 
regularly involved in the development of business, product 
and technology strategies.

All technology or product development projects have to follow 
the ABB Gate Model. The Gate Model is a business decision 
model that helps to steer a project from the project customer’s 
point of view. We continue to monitor the quality and effi-
ciency of project execution based on the Gate Model as one 
of our key performance indicators. In 2011 the overall quality 
of project execution was satisfactory, but we identified some 
improvement potential in the areas of project setup and plan-
ning, as well as  transfer of project results to our business 
units. In 2012 we will put some focus on project result transfer, 
thus ensuring that the technical results are really turned into 
valuable innovations for ABB.

Project Results
Project results are new or improved technologies, demonstrators 
or prototypes, which create value for ABB once they are 
implemented in new products, solutions or processes by ABB 
business units. Each technology development project is valuated 
qualitatively and quantitatively. Quantitative analysis results in 
the expected net present value (NPV) of a project, based on 
estimated business figures. Qualitative analysis describes the 
business case and some additional, intangible value contri-
butions. Additional project results are inventions and related 
patents, as well as scientific or technical publications.

In 2011, a record number of 15 recognized significant project 
achievements with high expected value for ABB business were 
created in our research center. They spearhead a long list of 
further project achievements, which together represent an 
impressive result of our research work. The top achievements 
are:

 – Technology plan for an ABB-wide common electrical & device 
integration strategy and roadmap 

 – Proof of concept for device integration tools and components 
made for ABB devices and systems 

 – Developed software architecture for integrating an FDI-based 
device management system into the next generation 800xA 
control system

 – Semantic knowledge portal pilot for Process Automation 
Service 

 – Scaled up of new spring drive concept for high voltage  
circuit breakers 

 – Implementation of newly developed latch technology into 
new spring drive concept for high voltage circuit breakers 

 – Validation and proposal for optimized design of an ultrafast 
high voltage DC disonnector drive 

 – A technology prototype of a new medium voltage single-coil 
electromagnetic actuator platform design is successsfully 
verified

 – A new twin bent tube coriolis flowmeter ready for produc-
tization

 – Concept of a rule-based system installation and update 
technology for Symphony+ power plant control system

 – A prototype of the Symphony+ Composer system finished 
and basis for future development 

 – Heat powered autonomous temperature sensor ready for 
product development

 – Concepts for next generation factory acceptance test  
simulation

 – Concept for a high-level software architecture for the  
integrated discrete automation engineering tool 

 – Demonstrator showing all features of the collaboration 
manager for discrete automation engineering developed

In addition we contributed to three further significant project 
achievements, which were created under the lead of our col-
leagues in other research centers. These are:      

 – Improved performance and scalability of the Robotic 
Remote Service backend system

 – Development of enhanced capability of electric machines 
condition monitoring

 – Improved workflow for team collaboration with Matlab/
Simulink and model modularization in model based design

Figure 3: Project revenues by project type

Technology / Product Development

Scouting and Prestudies

Consultancy
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Patents are an important means of protecting the intellectual 
property created by the research projects. In 2011 we could 
successfully maintain the very high level of inventions we 
achieveved in the year before. Even more important than the 
quantity of inventions is the fact that 94 % of the DECRC 
inventions that were decided to be filed were taken over by  
a business unit as a beneficial owner and is used by these 
units to protect a product or block competitor. This is a clear 
indicator for the high quality and strategic relevance of the 
inventions. The number of first filings could also be increased 
based on a larger backlog of inventions to be filed. The filing 
rate (percentage of inventions which have been decided to  
be filed as a patent) is on the same level as in 2011 (65 %). 
The majority of the remaining 35 % was filed as a utility model 
or kept as a trade secret. Only 10 % of the inventions were 
abandoned, which shows again their high quality. 

It is our goal to increase the impact of patent filings by 
system ati cally creating protective shields for important new 
technologies and products in the frame of our R&D projects. 
In order to achieve this goal, we have closely integrated all 
project related IP activities with the gate model we use in our 
projects.

Publications in renowned journals and active contributions to 
conferences are important to demonstrate the high scientific 
and technological level of our research work. The number of 
publication by researchers from the German research center 
could be increased again to the high level we had in the years 
2008 and 2009. The larger part of our publications are still the  
contributions to conferences and similar events. This reflects 
our strategy to give our researchers the opportunity to be 
highly visible in the academic community, and to contribute 
actively to future technology trends. Even more important, the 
number of publications in renowned journals, which had been 

definitely too low in 2010, could by nearly doubled in 2011. 
This means that our goal to reach the high level of 2009 again 
has been successfully achieved.

Human Resources
Our employees are the main assets of our research center.  
By the end of 2011 we had 108 permanent employees which 
is even a bit more than the budget at this point in time. This  
is the result of our very successful recruiting activities during 
the whole year. In addition, we employed a total number of 55 
temporary employees like students, guest scientists or people 
on job rotation. This is a very appropriate measure to increase 
the visibility and attractiveness of the ABB Research Center 
as a future employer towards students. As a general strategy, 
we are always willing to temporarily increase the headcount if 
we have the opportunity to hire world class people. 

The world class competence level of our employees, including 
technical, social and management skills is a prerequisite for 
excellent research results. This starts at the educational level 
of the persons we hire. In 2011, 92 % of the employees held 
academic degrees. The majority of these (50 % in total) hold  
a PhD. 

It is part of our mission to recruit talented young engineers and 
scientists, give them the opportunity to work for some years 
in corporate research in order to get familiar with many ABB 
businesses and products, and later offer them new career 
opportunities in operational ABB units. In 2011 we managed 
to hire a record number of 21 highly qualified new scientists, 
the highes number in the last ten years. At the same time we 
could transfer eight people to other ABB units which is more 
than double the number we had in 2010. In the future we plan 
to keep the internal fluctuation and related recruitment on an 
adequate level. In general there is still a bit a lack of good 

Figure 4: Inventions and First Filings Figure 5: Publications

Invention
Disclosures

First Filings

Conference
contributions

Publications
in journals
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engineers and scientists, at least in some areas like engineering 
and service technologies. But due to the attractiveness of the 
jobs we offer and the attractiveness of the region where we 
are located we have no major problem to fill our open positions 
with excellent people. 

The unique academic environment in Germany, with five elite 
universities in the immediate vicinity, is the main source of our 
new employees. 57 % of the newcomers in 2011 came from 
german universities, thereof 42 % from the closer region, mainly 
from the recently established Karlsruhe Institute of Technolgy 
(KIT). But another 25 % were recruited from Universities all all 
around the world, showing that we try to get the best people we 
can find. 15 % of our recruitements came from other industrial 
companies, while unfortunately only one new employee could 

Figure 6: Personnel structure development

Figure 7: Educational level of employees Figure 8: Branches of study of DECRC employees

be enlisted from an other ABB unit. In 2012 we want to transfer 
more people from ABB business units to the research center, 
thus strengthening our network within the ABB community.

In the German research center we maintain an interdisciplin-
ary, multi-national team with a high educational and cultural 
diversity. The whole Human Resource portfolio currently  
consists of more than 10 nationalities with a wide range of 
education, where the focus is on electrical and mechanical 
engineering, physics and computer science. This education 
portfolio shows a slight shift towards engineering disciplines 
and computer science compared to the previous years. 

We attach great importance to the continuous development 
and education of our scientists, both by attending seminars 
and by training-on-the-job or job rotations. Since two years 
we are bundling our training and education activities in the 
frame of the DECRC Academy, supported by an education 
database and an electronic workflow for training requests and 
training appraisals. With this tool we always maintain a clear 
picture of our further education portfolio and its effectiveness. 
In average, we keep spending about 5 % of the revenues for 
personnel training and development.

Administrative
and support staff

Scientific staff

 PHD degree

 Bachelor level degree

 Master level degree

 non-academic
 Mathematics

 Electrical Engineering

 Physics

 Others

 Mechanical Engineering

 Computer Science
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Events and Highlights

January··············February·························March················April·······························Mai····················June······························

1 Ulrich Spiesshofer, 
Head of Discrete 
Automation and

2 Concept Robot 
FRIDA at  
Hannover Fair

3 Group Technology 
Forum in Ladenburg

Motion division,  
visits DECRC

4 atp best paper 
awards for  
Mario Hoernicke 
and Rainer Drath

1

2

43
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Juli·························· August·····················September···············October··················· November················December················

5 DECRC Grillfest 6 Comfirmation of 
DECRC Certifi-
cation

8 Service event 
with KvD  
(association of 
german service

9 DECRC  
Press day: 
Future energy 
infrastructure

10 DECRC exhibits 
at NAMUR  
general  
assembly

11 „Ladenburger 
Budenzauber“ 
– Christmas 
event at ABB

7 Inauguration of 
new Climate 
Chamber

managers)  
at DECRC

site Ladenburg

5

6

7

8 9

10 11
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Cooperations with Universities
and Public Research Institutes

Successful innovation requires the combination of a range 
of competencies ranging from basic research to technology 
development and productization. In industrial research, 
our focus is on the development of new technologies and 
technology platforms for future products. In order to ensure 
the basic research and special skills we need for this 
development, we maintain a comprehensive network that 
includes leading universities and research institutes both 
in Germany and in other parts of the globe.

Bilateral Cooperations

Karlsruhe Institute of Technology (KIT)
Forschungszentrum Informatik
Prof. Dr.-Ing. J. Becker
Automation Devices

Karlsruhe Institute of Technology (KIT)
Forschungszentrum Informatik
Institute for Program Structures and Data Organization
Prof. Dr. Ralf H. Reussner
Evolution of Heterogeneous Software Systems

Rheinisch-Westfälische Technische Hochschule Aachen
(RWTH)
Informatik 11 – Embedded Software Laboratory
Professor Dr.-Ing. Stefan Kowalewski
Verification of PLC Software

Rheinisch-Westfälische Technische Hochschule Aachen
(RWTH)
Lehrstuhl für Prozessleittechnik (ACPLT)
Prof. Epple
Vorsitzender des Freundeskreises (Harbach)

Rheinisch-Westfälische Technische Hochschule Aachen
(RWTH)
Lehrstuhl für Prozessleittechnik (ACPLT)
Prof. Epple
Automation of Engineering

Technische Universität Kaiserslautern
Automatisierungstechnik
Prof. Dr.-Ing. habil. Lothar Litz
Foundation Fieldbus Function Block emulation

Technische Universität Kaiserslautern
Fachgebiet Mathematik
Prof. Dr. Sven O. Krumke
Production Optimization in the Metals Industry

Helmut Schmidt Universität Hamburg
Institut für Automatisierungstechnik
Prof. Alexander Fay
Engineering of Automation Systems

Universität Kassel
Fachgebiet Mess- und Regelungstechnik
Prof. Dr.-Ing. Andreas Kroll
Advanced Process Control

Universität Kassel 
Fachbereich Maschinenbau 
Fachgebiet Mehrkörpersysteme
Prof. Dr. Bernhard Schweizer
Co-Simulation

Technische Universität Braunschweig
Institut für Werkzeugmaschinen und Fertigungstechnik (IWF)
Prof. Dr.-Ing. Dr. Jürgen Hesselbach, Dr.-Ing Annika Raatz
Flexible Manufacturing Systems, Robotics and Mechanism
Technology

TU Dortmund
Process Dynamics and Operations
Prof. Dr.-Ing. Sebastian Engell
Collaborative Production Optimization

TU Dortmund
Industrielle Robotik und Produktionsautomatisierung
Prof. Dr.-Ing. Bernd Kuhlenkötter
Robotics & Manufacturing, Human-Robot-Collaboration

TU München
itm - Informationstechnik im Maschinenbau
Prof. Vogel-Heuser
Integration Technologies

Universität Tübingen
Technische Informatik
Prof. Dr. Wolfgang Rosenstiel
Investigation of possibilities for formal verification of
embedded software

Technische Universität Berlin
Institut für Prozess- und Verfahrenstechnik
Prof. Wozny
Support for training and education

TU Ilmenau
Fakultät Maschinenbau, Fachgebiet Entwurf mechatronischer
Antriebe
Jun.-Prof. Dr.-Ing. Tom Ströhla
Actuation Technology
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TU Ilmenau
Fakultät für Informatik und Automatisierung,
Institute of Computer Engineering
Prof. Dr.-Ing. Detlef Streitferdt (JP)
Model-Driven Design

TU Dresden
Institute for Applied Computer Science – Industrial
Communications
Prof. Martin Wollschlaeger
Integration Technologies, Automation Systems Design

TU Dresden
Institut für Automatisierungstechnik
PD Dr.-Ing. Annerose Braune
Integration Technologies, Automation Systems Design,
XML in Automation

TU Dresden
Institut für Feinwerktechnik und Elektronik-Design
Dr. Ing. Holger Neubert
Simulation of Inductive Components

Universität Mannheim
Lehrstuhl Wirtschaftsinformatik II, 
Prof. Dr. Martin Schader
Software Failure Cost

Hochschule Mannheim
Institut für Automatisierungssysteme
Prof. Seitz
PLC virtualization for education and training

Hochschule Darmstadt
Automatisierungstechnik
Prof. Dr.-Ing. Stephan Simons
Automatic Library Testcase generation

Hochschule Ruhr-West
Wirtschaftsinstitut
Lehrgebiet Wartungs- und Instandhaltungsmanagement
Prof. Dr. Katja Gutsche
Life Cycle Management

Duale Hochschule Mannheim
Fachbereich Mechatronik
Prof. R. Lemmen
Automation System Engineering

ifak – Institut für Automation und Kommunikation e.V.,
Magdeburg
Prof. Ch. Diedrich
Integration Technologies

Carnegie Mellon Universtity
Center for Advanced Process Decision-making (CAPD)
Prof. Grossmann, Prof. Hooker
Planning and scheduling methods

Carnegie Mellon Universtity
Center for Advanced Process Decision-making (CAPD)
Prof. Biegler
Optimization of polymerization processes

Imperial College London
Centre for Process Systems Engineering (CPSE)
Prof. Nina Thornhill
Plant wide disturbance analysis

Karlsruhe Institute of Technology, Ehrenhof
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Laboratório Nacional de Energia e Geologia IP, LNEG, Lisbon,
Portugal
Department: Unidade de Modelação e Optimização de Sistemas
Energéticos
Dr. Pedro Castro
“Planning and Scheduling Modeling and Optimization”

University of Ljubljana
Faculty of Mechanical Engineering
Laboratory of Measurements in Process Engineering
Prof. Ivan Bajsic´, Gregor Bobovnik
Flow meter technology

University of Dubrovnik, Dubrovnik, Croatia,
Prof. Vjekoslav Damic
Simulation of sensor systems

INGAR - Instituto de Desarrollo y Diseño (CONICET). Santa 
Fe, Argentina
Dr. Analía Rodriguez (PostDoc über CMU)
LV Motors Stock Pooling – Supply Chain Design Optimization

University cooperations within larger joint projects

Project PAPYRUS
Plant-wide asset management for large-scale systems

Aalto University: Prof. Sirkka-Liisa Jämsä-Jounela
Universität Duisburg-Essen: Prof. Steven Ding
University of Lorrainee: Prof. Dominique Sauter,
Prof. Christophe Aubrun

Project NEPTUNE
Simulation and Optimization in water distzribution networks,
information management, risk-based decision support

University of Cambridge, Prof. Kenichi Soga
Imperial College, Prof. Cedo Maksimovic
University of Exeter, Prof. Dragan Savic
University of Sheffield, Dr. Joby Boxall
De Montfort University, Prof. Bogumil Ulanicki
University of Lancaster, Prof. Ian Marshall
University of Leicester, Prof. Ian Postletwaite

Project PINCETTE
University of Oxford, Prof. Daniel Kroening
Università della Svizzera Italiana, Prof. Natasha Sharygina
University of Milano-Bicocca, Prof. Mauro Pezzè
VTT Technical Research Centre of Finland, Dr. Boris Krasni

Project Q-ImPreSS
FZI Forschungszentrum Informatik / Universität Karlsruhe,
Prof. Ralf Reussner
University of Mälardalen Sweden, Prof. Ivica Crnkovic
Politecnico Milano Italy, Prof. Raffaela Mirandola
Charles University Prague Czech Republic,
Prof. Frantisek Plasil

Project ROSETTA
Fraunhofer IPA (Germany)
K.U. Leuven (Belgium)
Ludwig-Maximilians-Universität Munich (Germany)
Lunds Universitet (Sweden)
Politecnico di Milano (Italy)

Project Aletheia
Aletheia – semantic federation of comprehensive product
information

Industrial Partners Aletheia:
SAP AG
ABB
BMW Group
Deutsche Post World Net (DPWN)
Eurolog
Giesecke & Devrient
ontoprise
Otto GmbH & Co. KG
University Partners:
Fraunhofer IIS
Freie Universität Berlin
Humboldt-Universität zu Berlin
Technische Universität Dresden
TecO

Project ADIWA (Alliance Digital Product Flow)
Industrial Partners:
SAP AG
ABB
DB Schenker
B2M Software AG
Globus
DFKI GmbH
Software AG
SOPERA
ubigrate
Universities and Research Institutes:
Fraunhofer IESE
Frauenhofer ITWM
Frauenhofer SIT
Frauenhofer IML
TU Darmstadt
TU Dresden
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Project Energy-SmartOps
Energy savings from smart operation of electrical, process and 
mechanical equipment

Imperial College of Science, Technology and Medicine London 
(UK), Prof. Nina Thornhill
Cranfield University (UK)
Swiss Federal Institute of Technology Zurich (Switzerland)
Technical University of Krakow (Poland)
Carnegie Mellon University (USA)

Academic Services

Lectures by employees from Corporate Research Center
Ladenburg at Universities

Dr. Martin Hollender
TU Darmstadt
Institut für Automatisierungstechnik und Mechatronik,  
Fachgebiet Regelungstheorie und Robotik, Prof. Adamy
“Prozessleittechnik”

Dr. Berthold Schaub
Karlsruhe Institute of Technology (KIT)
Institut für Elektroenergiesysteme und Hochspannungstechnik 
(IEH)
“Numerische Feldberechnung in der Rechnergestützen
Produktentwicklung”

Manfred Rode
SRH Hochschule Heidelberg
Fachbereich Elektrotechnik, Prof. Gottscheber
“Regelungstechnik”

Manfred Rode
DHBW, Duale Hochschule Baden-Württemberg Mannheim
Fachbereich Ingenieurwesen
Studiengang: Mechatronik, Prof. Lemmen
„Regelungstechnik-2 / Fuzzy-Control“

Manfred Rode
Hochschule Darmstadt
Fachbereich Elektrotechnik und Informationstechnik,
M.Sc. Fernstudium, Prof. Hoppe
“Prozessautomatisierung”

Werner Schmidt
DHBW, Duale Hochschule Baden-Württemberg Mannheim
Fakultät Technik
Studiengang: Mechatronik, Prof. Korthals
“Informatik / Programmieren”

Dr. Jörg Gebhardt
DHBW, Duale Hochschule Baden-Württemberg Mannheim
“Thermodynamik”
“Elektrodynamik”

Dr. Rainer Drath
HFH Hamburger Fernhochschule
Studienzentrum Stuttgart
“Automatisierungs- und Regelungstechnik”

Dr. Mike Barth
Hochschule Pforzheim
Masterstudiengang: Produktentwicklung, Prof. Engeln
“digitaler Entwurf”
Bachelorstudiengang: Mechatronik, Prof. Blankenbach
“Produktentwicklung”

Peter Weber
DHBW, Duale Hochschule Baden-Württemberg Mannheim
“Datenbank Design und Entwicklung”
“Realtime Programming and Concurrency”
“SW Entwicklung und Programmierung”

Dr. Dirk John, Dr. Philipp Nenninger, Dr. Wolfgang Mahnke
Hochschule Karlsruhe
“Seminar Automatisierungstechnik”

Dr. Markus Aleksy
Universität Mannheim, Department of Information Systems
“Distributed Systems”

Dr. Ralf Gitzel
FH Ludwigshafen  
“Anwendungsentwicklung in JEE”

Others

Dr. Markus Aleksy
International Doctorate School, Università di Modena e  
Reggio Emilia, Italy
Member of the Technical Scientific Committee

Dr. Iiro Harjunkoski
Ministry of Education, Greece
Research grant proposal evaluator at Thalis and Archimedes 
programs
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Memberships in Industrial  
and Scientific Panels

A crucial factor for us is active participation in industry asso-
ciations and standardization organizations, which enables us 
to help shape the political, economic and technical foundations 
for research.

Memberships and active collaboration in industrial /  
academic associations and standardization bodies

Christoph Winterhalter

Forschungszentrum Informatik Karlsruhe (FZI)
Member of board of trustees

Fraunhofer Institut für Optronik, Systemtechnik und  
Bildauswertung (IOSB), Karlsruhe
Member of board of trustees

Landesverband der Baden-Württembergischen Industrie e.V. (LVI)
Arbeitsausschuss „Bildung, Forschung und Technologie“

Deutsche Kommission Elektrotechnik Elektronik Informations-
technik im DIN und VDE (DKE)
Beraterkreis Technologie

Zentralverband Elektrotechnik- und Elektronikindustrie e.V.
(ZVEI)
ZVEI-Vorstandsarbeitskreis „Forschung und Entwicklung“

Karlsruhe Institute of Technology (KIT)
Förderkreis International Department

Dr. Berthold Schaub

Schmalenbach-Gesellschaft für Betriebswirtschaft e.V.
Arbeitskreis „Forschungs- und Entwicklungsmanagement“

Deutsche Gesellschaft zur Zertifizierung von Management-
systemen (DQS)
DQS Erfa Club Metall-Maschinenbau und Elektro

Dr. Friedrich Harbach

VDI/VDE-Gesellschaft für Mess- und Automatisierungstechnik
(GMA)
Vice-chairman of the GMA

DKE Deutsche Kommission Elektrotechnik Elektronik Informa-
tionstechnik im DIN und VDE
Committee K931 “Systemaspekte”

Dr. Christian Zeidler

Deutsche Akademie der Technikwissenschaften (acatech)
Themennetzwerk „Informations- und Kommunikations-
technologie (IKT)“

Gesellschaft für Informatik (GI)
Head of Fachgruppe 2.1.9, „Objekt-Orientierte Programmierung“

Zentralverband Elektrotechnik- und Elektronikindustrie e.V.
(ZVEI)
Working group „Systemaspekte“

Bundesverband der Deutschen Industrie e.V. (BDI)
Initiative „IT für die Energiemärkte der Zukunft“

Dr. Sven Soetebier

VDI/VDE-Gesellschaft für Mess- und Automatisierungstechnik
(GMA)
Fachausschuss 4.15 „Mechatronik“

VDI/VDE-Gesellschaft für Mess- und Automatisierungstechnik
(GMA)
Fachausschuss 4.16 „Unkonventionelle Aktorik“

Dr. Björn Matthias

VDI/VDE-Gesellschaft für Mess- und Automatisierungstechnik
(GMA)
Active collaboration in Fachausschuss 4.13 „Steuerung und
Regelung von Robotern“

DIN Normenausschuss Machinenenbau (DIN NA 060-30-02AA
„Roboter und Robotikgeräte“)

ISO Technical Committee standardization work (ISO/TC184 SC2
Robotics Working Group WG3 Industrial Safety)

Dr. Thomas Reisinger

VDI/VDE-Gesellschaft für Mess- und Automatisierungstechnik
(GMA)
Fachausschuss 4.13 „Steuerung und Regelung von Robotern“

Dr. Oliver Becker

VDI/VDE-Gesellschaft für Mess- und Automatisierungstechnik
(GMA)
Fachausschuss 4.17 „Energie-Effizienz in der Antriebstechnik“



ABB Research Center Germany | Annual Report 2011  21

Dr. Armin Gasch

Informationstechnische Gesellschaft im VDE (ITG)
Fachausschuss 9.4 – Funktionswerkstoffe, Sensoren, Aktoren
Programmausschuss 16. GMA/ITG-Fachtagung Sensoren und 
Messsysteme 2012

Dr. Jörg Gebhardt

Deutsche Physikalische Gesellschaft (DPG),
Arbeitskreis Industrie und Wirtschaft

Dr. Marco Ulrich

ISA
Working group 100.18 “Power sources and standardization
for energy harvesting systems”

VDI/VDE-Gesellschaft für Mess- und Automatisierungstechnik
(GMA)
Fachausschuss 5.21 „Funkgestützte Kommunikation, Stan-
dardisierung batteriegestützter Energieversorgungslösungen“

Arbeitsgemeinschaft industrieller Forschungsvereinigungen
Member of industrial board of project „Piezoelektrischer
Mikro-Energiegenerator für mobile Anwendungen (Power-
Piezo)”
Coordination: Hahn-Schickard-Gesellschaft

Arbeitsgemeinschaft industrieller Forschungsvereinigungen
Member of industrial board of project „Leistungsoptimierter
Energy Harvester mit erweiterter Frequenz-Bandbreite
(eBand)“
Coordination: Hahn-Schickard-Gesellschaft

Dr. Dirk John

PROFIBUS & PROFINET International (PI)
TC4/WG9 Field Device Integration (FDI)

Florian Kantz

Jugend Forscht – Region Nordbaden
Jury Fachgebiet Technik

Alexander Kaiser

Field Device Integration (FDI)
WG “Specification” (Lead editor Specification Part 1 – Overview, 
editor Part 4 - Device Packages), FDT Delegate
Lead of WG ”Tools & Components”

Roland Braun

PROFIBUS & PROFINET International (PI)
TC4/WG9 “Field Device Integration (FDI)”

Field Device Integration (FDI)
WG “Specification”
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Dr. Daniel Großmann

Field Device Integration (FDI)
Leader of WG “Tools & Components Architecture Team”

PROFIBUS & PROFINET International (PI)
TC4/WG1 Electronic Device Description Language (EDDL)

Zentralverband Elektrotechnik- und Elektronikindustrie e.V.
(ZVEI)
Forschungsgemeinschaft Automation

Dr. Dirk Schulz

VDI/VDE-Gesellschaft für Mess- und Automatisierungstechnik
(GMA)
Fachausschuss 5.23 „XML in der Automation“

PROFIBUS & PROFINET International (PI)
TC2/WG9 “Fieldbus Integration”

Dr. Philipp Nenninger

IFAC
Technical Commitee 3.3  
“Telematics: Control via Communication Networks”

IFAC
Vice-Chairman Technical Commitee 4.1 “Components and 
Technologies for Control”

Dr. Roland Weiss

OMAC: The Organization for Machine Automation and Control
ABB Representative for Technology Provider & Integrator
Members together with Anders Lager, ABB Robotics

Dr. Wolfgang Mahnke

OPC Foundation
OPC UA Working Group (Definition of the new OPC UA Standard)

OPC Foundation
Member of Technical Advisory Council (TAC)

OPC Europe
Member of OPC Europe Advisory Board

VDI/VDE-Gesellschaft für Mess- und Automatisierungstechnik
(GMA)
Fachausschuss FA 5.16 „Middleware-Standards in der
Automatisierungstechnik“

PLCopen
Technical Committee 4 – Communication on the topic
“IEC 61131-3 INFORMATION MODEL IN OPC UA” (Definition
of an OPC UA based information model for IEC 61131-3)

Dr. Bastian Schlich

VDI/VDE-Gesellschaft für Mess- und Automatisierungstechnik
(GMA)
Fachausschuss FA 1.50 „Methoden der Steuerungstechnik”

Stefan-Helmut Leitner

VDI/VDE-Gesellschaft für Mess- und Automatisierungstechnik
(GMA)
Fachausschuss FA 5.22 „Security“

OPC Foundation
OPC UA Working Group (Definition of the new OPC UA Standard)

OPC Foundation / OPC UA Early Adapter
Development of the standard OPC UA C-Stacks (Security 
Module)

Georg Gutermuth

VDI/VDE-Gesellschaft für Mess- und Automatisierungstechnik
(GMA)
Fachausschuss 6.12 „Durchgängiges Engineering von
Leitsystemen“

Dr. Mike Barth

Interessengemeinschaft Automatisierungstechnik der
Prozessindustrie (NAMUR)
Arbeitskreis 1.10 “PLS engineering”

Dr. Rainer Drath

Deutsche Kommission Elektrotechnik Elektronik Informations-
technik im DIN und VDE (DKE).
Fachausschuss K941 „Fließbilder“
Fachausschuss K941.0.2 Automation ML

Automation Markup Language (AutomationML) Konsortium
Chairman of subgroup “Architecture”

VDI/VDE Gesellschaft für Mess- und Automatisierungstechnik
(GMA)
FA 1.50 “Safety”
Stellv. Fachausschussleiter

IEC TC65 SC65E WG9
Standardization of Automation ML Expert
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Dr. Ralf Behnke

VDI/VDE-Gesellschaft für Mess- und Automatisierungstechnik
(GMA)
Fachausschuss 5.13: „Sicherheit von Software in
Automatisierungssystemen“

Dr. Alexander Horch

VDI/VDE-Gesellschaft für Mess- und Automatisierungstechnik
(GMA)
Chairman of Fachausschuss 6.23 “Plant Asset Management”

Interessengemeinschaft Automatisierungstechnik der
Prozessindustrie (NAMUR)
Invited member of Arbeiskreis 4.13 “Asset Management”

Manufacturing Enterprise Solutions Association (MESA)
International Member

ZVEI Arbeitskreis ‘Energie-Effizienz durch Prozessautoma-
tisierung’

Dr. Iiro Harjunkoski

Zentralverband Elektrotechnik- und Elektronikindustrie e.V.
(ZVEI)
Arbeitsgruppe “Manufacturing Execution Systems (MES)”
ETH Zürich, (Switzerland)
Member of the Recruiting Committee for Assistant Professor
Chemical Systems Engineering 2009-2010

Swedish Academy of Engineering Sciences in Finland
FOCAPO 2012
Member of Technical Advisory Committee

Dr. Martin Hollender

IEC TC65A WG15
Management of Alarm Systems for the Process Industries

Manfred Rode

VDI/VDE-Gesellschaft für Mess- und Automatisierungstechnik
(GMA)
Fachausschuss 6.11 “Computer Aided Control Engineering”
Fachausschuss 6.22 “Advanced Automation”

Dr. Sleman Saliba

Gesellschaft für Operations Research (GOR) e.V.

Dr. Jan Schlake

VDI/VDE-Gesellschaft für Mess- und Automatisierungstechnik 
(GMA)
Fachausschuss 6.23 “Plant Asset Management”

Dr. Guido Sand

VDE Verband der Elektrotechnik Elektronik Informations-
technik e.V.
Task Force Demand Side Management

Christian Stich

Zentralverband Elektrotechnik- und Elektronikindustrie e.V.
(ZVEI)
Arbeitskreis „Systemaspekte“

Dr. Lothar Schuh

Fraunhofer Gesellschaft (FhG)
Expertenforum “Life Cycle Costs Calculation”

Dr. Ralf Gitzel

Zentralverband Elektrotechnik- und Elektronikindustrie e.V. 
(ZVEI)
Arbeitskreis Energieeffizienz

Dr. Nicolaie Fantana

International Council on Large Electric Systems (CIGRE)
Secretary of Working Group B3-12 “Obtaining value from
condition monitoring”
Working Group B3-06 “Substation management”
Working Group A2-23 “Lifetime Data Management”
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Technical Results

The following technical papers describe the technical results and status of our 
research activities in more detail. As examples of major projects and research 
topics, they provide a good overview of the work in our research groups during 
the year 2011 to the technically interested reader. In particular, the topics are:

Waterproof calculations - Guidelines for cost-efficient, top-quality simulations  
in product development

Modelling of Inductive Components

MPES Platform for 3-phase HV GIS Systems – A System Engineering Case Study

Energy Harvesting Powered Wireless Field Devices – a Building Blocks Approach

Sensor-Based Condition Monitoring

A Robot Concept for Scalable, Flexible Assembly Automation

A PLCopen-based approach for robot integration into PLC-controlled Applications

Cloud Deployment of Control System Functions

MORPHOSIS – Measuring Software Architecture Sustainability

FDI – An open Standard for Device Management

Integration of Maintenance and FDI Device Management Systems

Engineering Workbench and Common Components (EWOCC)

Next Generation Factory Acceptance Test

Save energy by keeping steel slabs hot throughout the production process

PolyCon – Using Dynamic Optimization to improve efficiency of polymerization  
processes

26

32

38

42

47

53

59

64

67

71

74

78

83

90

95
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Waterproof calculations
Guidelines for cost-efficient, top-quality simulations in product development

Dr. Ulf Ahrend, Dr. Octavian Craciun, Dr. Jörg Gebhardt, Dr. Adrian Hozoi,  
Dr. Faiez Ktata, Kim Listmann, Aaron Price, Dr. Christian Simonidis

Thorough physical understanding, state-of-the-art proce-
dures for simulation, and efficient workflows for model 
validation are identified as the three key ingredients for 
risk reduction in complex product developments.

Based on these mandatory elements, the following article 
illustrates model-based product development on various 
examples ranging from temperature sensors to high voltage 
earthing switches. 

Modeling & Simulation can efficiently drive and support 
physical prototyping if best-practice experience is used in 
combination with state-of-the-art experimental and com-
putation tools.

Guidelines for Efficient Development
Model-driven development has commonly accepted advantages: 
It reduces expensive and time-consuming physical prototyping 
and project risk. It leads to enhanced knowledge of product 
functionality and, in addition, furthers continuous usage of this 
knowledge in follow-up activities. It significantly improves  
project results through deepened understanding of product 
performance.  

In order to leverage these opportunities, it is important to 
apply the methods reasonably, observing principles of work 
and cooperation. This can be visualized as steps of opera-
tional excellence in product development, as shown in  
Figure 1.

The starting point will always be a thorough physical and 
mathematical analysis of the project background, leading to 
simple and quick first models. These can be used efficiently 
for draft designs and early identification of  important risks. 

With the project gaining speed, these models usually get more 
and more accurate and detailed, describing the product  
features with potentially high accuracy. In many developments 
in DECRC, two principles have been identified to be important 
in this phase. 

First, it proves to be key data basis to collaborate on a well-
defined common product. Team rules and processes for 
change management are set up to make this definite. 

Second, but of equal importance, the accuracy of the models 
has to be systematically backed by experiments and tests. 

Three-dimensional electric radio-frequency field for sensor communication inside a generator circuit breaker
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The models must show they have predictive power and give 
reproducible results which correspond as close as possible to 
real device behavior. This is the basis for successful optimization 
steps taken later on, possibly on system level.

The examples given in the following sections focus on the  
efficient interplay of simulation and experiment in product design 
processes. They show that these guidelines of model-based 
development may serve as lines of thought for a modern, 
highly efficient development methodology.

Autonomous Temperature Instrument
A special type of energy-autonomous temperature measurement 
devices is based on thermo-generators which produce power 
for the sensor operation. For these devices it is crucial to predict 
temperature fields in all possible thermal application cases in 

order to evaluate feasibility of a given design. While the basic 
setup of a heat transfer model (see Figure 2) is readily done  
in any commercial FE (finite-element) code, it turns out that  
a number of important parameters are not known exactly. An 
example includes the thermal contact resistances at part 
interfaces.

Of course, temperature measurements can be carried out for 
benchmarking. However, manual tuning of the model is not 
a reasonable method to explore the parameter space and fit 
experimental data. Therefore, the ABAQUS FE model has 
been coupled to an optimization program (in this case mode-
FRONTIER) in order to scan the parameter space automatically, 
visualize results vs. inputs, and allow efficient parameter iden-
tification. Results are given in Figure 3. 

Figure 1: Steps of operational excellence in product development.  |  Figure 2: The Autonomous Temperature Instrument and setup of the thermal model. 
It consists of a considerable number of parts whose thermal interactions must be identified.  |  Figure 3: Simulation results vs. experiments. Above, a 
scatter plot is shown which serves to find clustered values and correlations in multi-dimensional parameter space. Below: After parameter identification, 
even for transient thermal processes the experimental temperature field (bold curves) can be predicted (fine lines) up to deviations below 1K.

1 3

2
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Identification of device-internal parameters, as realized here, 
leads to a considerably deepened understanding of the device´s 
thermodynamics. In addition, reliability and predictive power 
of the device model is increased. It can be used efficiently as 
a starting point for further developments.

Radio Frequency-Based Temperature Monitoring in Gen-
erator Circuit Breakers
Generator circuit breakers (GCB) are the main breaker between 
a power plant and the grid. The main purpose is to interrupt 
generator and grid fed short circuit currents, to protect either 
the generator or the main transformer. These circuit breakers 
typically handle electric power in the order of gigawatts.

The temperature of major components of the GCB like the  
primary conductor (cf. cylindrical rod in  Figure 4), which 
accommodates currents in the order of 100 kA, is a critical 
parameter to monitor. This is to identify loss of cooling power, 
local overheating due to degradation of contact surface, and 
prevent capital faults at an early stage, or to allow the operator 
to run the GCB system with slight overload in a controlled 
way. Nowadays, overload operation becomes more and more 
relevant since power plants are frequently asked to operate 
with varying and also high power output as a consequence of 
the changing energy supply infrastructure.

The temperature measurement of the conductor needs to be 
contactless due to the high electric potential at which the  
current is flowing through. Possible technologies to measure 
temperature on high potential include optical or radio frequency 
(RF) based techniques. 

One option among the RF techniques is the use of passive 
surface acoustic wave (SAW) sensors. These sensors are 
attached to the conductor. They uitilize an RF signal, which is 
exchanged between the sensor and the transceiving unit. The 
whole SAW device operates entirely passive, i.e. it draes energy 
from the RF field and needs no additional power supply. 
Therefore, this technique is quite robust and nearly maintenance-
free.

One of the crucial aspects of the SAW solution is to have good 
RF coverage of the space inside the GCB compartment to 
supply the sensors with enough RF power and thus, ensuring a 
stable communication and temperature measurement. However, 
the interior of the GCB system is quite complex and contains 
lots of conducting components that considerably influence the 
propagation of the RF signal.

The distribution and propagation of the RF field and influences 
of built-in components as well as antenna positions need to be 
understood. The goal is to guarantee a stable operation with a 
fixed sensor configuration no matter how the interior of the 
GCB system is designed.

Therefore, one has to study a large variety of different 
 – GCB system sizes, 
 – GCB system cooling schemes,
 – built-in component configurations and 
 – antenna positions 

in order to figure out if a “universal” and reliable sensor system 
installation is feasible.

Figure 4: Electric field strength of the RF field on the surface of the cylindrically shaped conductor.  |  Figure 5: Simulation investigation and measurement 
results of a relevant error parameter.

4 5
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This requires a very large parametric study to analyze the  
sensitivity of the RF-field distribution to the different parameters.

The only way to obtain a profound understanding of the RF  
distribution in addition to the parameter sensitivity is to employ 
numerical simulations. Thus, an FE model of the GCB system 
and the RF antenna was built in Comsol Multiphysics to compute 
the electromagnetic field inside the device. The advantages of 
the numerical solution are:
 – easy implementation of parameter studies
 – comparatively fast and cheap and
 – high spatial resolution.

The FE model provides the steady-state solution of the  
electromagnetic field inside the GCB. The field strength is a 
measure of the RF power that is emitted into the GCB cavity. 

The result shows an inhomogeneous field distribution with 
typical patterns (cf. Figure 4 and title figure) separated by 
about half a wavelength. The conclusions taken from the  
calculations agree with findings from experiments.

Optimized Shield Electrodes for High Accuracy Voltage 
Sensors
Shield electrodes for voltage sensors serve three main  
purposes:
 – Optimal distribution of the electric field in order to with-

stand high voltage
 – Immunity against external interference sources
 – Minimization of parasitic influences

Within a work package of a Research & Development project 
with the Business Unit Power Products Medium Voltage  
(BU PPMV), shield electrodes for voltage sensors have been 
optimized by 3D FE simulations at our Research Center 
(DECRC) and validated by measurements in the BU PPMV 
and here at DECRC.

Very good correlation between simulation and measurements 
was found, allowing the design to be rapidly optimized by  
balancing the parasitic couplings. This greatly increased the 
accuracy of the sensor developed. 

Single Coil Actuator for Medium Voltage Circuit Breakers
The dynamic characteristics of electromagnetic actuators are 
strongly influenced by their shape, material properties, electrical 
and mechanical components. The magnetic, electrical and 
mechanical field dynamics are mutually coupled and hence, 
affect each other. Therefore, in order to optimally design these 
devices it is important to develop multi-domain analysis method-
ologies that will enable virtual prototyping of medium voltage 
breakers.

An initial step in this process is represented by an FE analysis. 
The materials’ non-linear behavior and the eddy currents are 
considered in order to evaluate the forces that are occurring in 
the actuator as a function of the driving current and displace-
ment.

The interaction between the electronic control unit, the electro-
magnetic domain as well as the mechanical subsystem of a 
circuit breaker is being studied in a multi-domain simulation. The 

Figure 6: Finite Element Modeling and Analysis of Electromagnetic Actuators  |  Figure 7: Multi-domain Modeling and Simulation

6 7
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8

Figure 8: Hardware-in-the-Loop Optimization

sensitivity analysis of different design parameters is realized 
by coupling this workflow with an optimization tool (mode-
Frontier).

Furthermore, the final validation of the identified control strategies 
is realized directly on the prototype in a Hardware-in-the-Loop 
simulation. This fully flexible approach enables the study of the 
mechanical system response for different design parameters. 
Moreover, coupling this simulation to the optimization software, 
high precision controller optimization is realized. This way, an 
adaptive control strategy depending on the ambient temperature 
has been identified and optimized.

Modular Simulation and Validation of Make Proof Earthing 
Switches (MPES)
A scalable design with reduced number of parts and costs was 
desired for Make Proof Earthing Switches (MPES) in 3-phase 
common enclosed high voltage GIS systems based on the 
standard actuation platform. System engineering methodology 
included iterative planning, detailed physical modeling of all 
product systems and components, and verification testing of 
prototypes and simulation models a with risk assessment of 
the development process overlayed.

DECRC’s modular simulation methodology therefore involves 
script-based multi-body models including detailed physical 
effects of friction, clearance and elasticity in joints and electrical 
contacts. Sub-models are created in accordance with platform 
components, different system models are derived by combining 
related sub-models.

Therefore, assembly designs and behavior of exchangeable sub-
components within one system could be simulated conveniently. 
Physical effects of overall systems or isolated single models 
could be successfully investigated. Already existing systems 
have been experimentally tested involving modern sensor 
technologies and measurements were used for validation of 
related system models.

Customer and ABB Internal Benefit
This article showcased the variety of problems that are solved 
within the development framework at ABB Corporate Research. 
Advanced modeling and simulation techniques, and coupling 
effects between multiple domains, are key tools in today’s 
development process. However, their application needs  
profound understanding of the underlying physical and  
mathematical principles. This is due to the interdisciplinary 
nature of mechatronic systems.

Combining this knowledge with the tools, leads to an in-depth 
understanding of physical effects in ABB products. In particular 
if detailed measurements of the considered effects are simply 
impossible, high-fidelity simulations are lacking alternatives. 

Increased system knowledge and modular simulation concepts 
enable vast virtual design exploration (including optimization) 
and lead to more precise product development in shorter time 
with fewer prototypes required.

As a central ingredient of efficient development processes, 
high performance measurements are necessary to verify  
the numerical results. Laser Doppler-vibrometry, high-speed  
monitoring of mechanism performance and painstaking use of 
reproducible thermodynamic environments such as climate 
chambers are among the important experimental techniques 
in this context. The physical prototypes and experimental 
design always have a clear correspondence to the models 
previously developed providing two main advantages:

Firstly, this enables Hardware-in-the-loop simulation. Coupling 
prototypes with simulation software provides virtual test stands 
that allow software component optimization before the product 
is complete. This further accelerates its time to market. Secondly, 
measurements can be used to fit model data. This facilitates 
later re-use of the model for further design iterations.

Together, this effort leads to improved products for ABB with 
a higher value for our customers.
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Figure 9: Modular system model of current ELK-04 based on sub-model 
components

9

Internal Customers
All the listed contributions are sponsored by the “Sensors and 
Signal Processing” or the “Mechatronics” Research & Develop-
ment Program of ABB.

Internal customers included the Business Units Measurement 
Products, High & Medium Voltage Products, High Voltage 
Switchgear and Robotics Systems.

Contact: 
Dr. Jörg Gebhardt 
Phone: +49 (0) 6203 71 6473
Email: joerg.gebhardt@de.abb.com
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Modelling of Inductive Components
Dr. Rolf Disselnkötter

In transmission, distribution and control systems inductive 
components are all-around. Automation causes sensors, 
transformers and actuators to spread into new applications 
with the need to fulfill different, mostly more stringent 
technical requirements. In other cases the main focus is 
on cost reduction.

Numerical simulation can support the design, optimization 
and detailed analysis of inductive components and predict 
their performance in the systems into which they shall be 
integrated.

In a strategic cooperation with the Technical University  
of Dresden we are developing modeling and simulation 
methods for inductive components, which should be 
applicable to various products and systems. The 3D-FE-
models can describe complex shapes and simultaneously 
cover various physical effects like magnetic saturation, 
cross-talk, eddy currents, transient response, bidirectional 
coupling with electric circuits, and effects from heating 
caused by the power losses.

In this report the implemented methods and first results are 
discussed, and an outlook is given on the improvements 
and extensions planned for the continuation of the coop-
eration.

Problem description
Inductive components are omnipresent in systems for the 
transmission, distribution and control of electrical power. They 
may occur as distribution transformers, coils, chokes, instrument 
transformers, sensors and actuators. Usually, they are composed 
of one or more windings which are coupled to a magnetic circuit 
containing ferromagnetic material. The component as a whole 
is part of an electrical circuit with which it interacts.

In simple cases the design of the inductive component may 
be based on empiricism and on analytical calculations. If the 
system geometry is more complex or if more influences need 
to be taken into account for achieving further improvements 
starting from an already high level of development, analytical 
calculations need to be complemented or replaced by numerical 
simulations. In this case suited models and simulation tech-
niques are required. Today’s computer performance allows the 
handling of model complexities which were formerly not 
accessible.
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Figure 1: Closed loop current sensors are used for current measurement in control applications.  |  Figure 2: Flux density and field distribution in and 
around a gapped magnetic core as used in a closed loop Hall sensor.  |  Figure 3: Current sensor with a shape suited for flat bus bars.  |  Figure 4: Sensor 
arrangement in a three-phase configuration.

One type of inductive components are the closed loop current 
sensors (Figure 1), which are produced by ABB1 mainly for use 
in control applications. In them the flux induced by the primary 
current Ip is fully compensated by the generated secondary 
current Is, which in turn produces the output signal Vm as voltage 
drop across the output resistor. In this way the output signal 
forms a fairly good image of the primary current, and it is largely 
independent of any material non-linearities. In the passive mode 
(at high frequencies) the sensor will act like a normal current 
transformer, in which the secondary current will be induced  
by the flux change. At DC and at low frequencies on the other 
hand, a Hall element in the air gap of the magnetic core will 
sense any residual flux and accordingly correct Is by means of 
an amplifier. This is the active operation mode of the sensor.

Closed loop current sensors are an example of inductive com-
ponents in which a number of influences may affect properties 
like accuracy and dynamic range in the different operation 
modes. Among these are:

 – the magnetic characteristics of the core material: permeability 
(usually a function of the flux density), saturation inductance, 
remanence, frequency response.

 – the core shape: Air gaps or local constrictions of the core 
cross section will lead to an inhomogeneous flux distribution 
and to external stray fields that can interact with other 
components (Figure 2). Stray fields may also appear with 
elongated core shapes (Figure 3).

 – the electric conductivity and shape/structure of the magnetic 
core and the windings: These may lead to inhomogeneous 
current distributions in the conductors and bus bars and 
also to increased electrical losses and local heating from 
induced eddy currents.

 – the temperature dependencies of the material properties: 
Electrical conductivity (and in some cases the magnetic 
permeability) will change as a function of the temperature. 
This may influence the performance of the device.

 – transient interactions with the surrounding electrical circuit: 
Non-linearities will change signal shapes and amplitudes 
and induce harmonics. This may generate further effects in 
the electrical circuit.

 – magnetic and electric crosstalk: In dense multi-phase con-
figurations (Figure 4) there may be impact from the magnetic 
and electric fields generated by the (other) phase conductors. 
This should be taken into account if high accuracy is required.

3
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Depending on the specific application one or more of the 
aforementioned influences need to be implemented in the 
simulation models for covering the most relevant effects.

Solution Approach
The goal of the described activities is the development of  
general conceptions and modeling techniques for the analysis 
and design of inductive components (e.g. sensors or actuators). 
They should be applicable or at least adaptable to a large 
range of related problems.

Although the geometrical dimension of a model should be kept 
low in order to reduce the calculation effort, it is often not 
possible to correctly describe a 3D-problem in an equivalent 
two-dimensional geometry (e.g. with rotational symmetry or 
with infinite length in one dimension), especially, if the geometry 
is strongly non-symmetric and stray fields need to be correctly 
considered. Therefore, the focus is here on 3D-modelling. 
Because of the diversity of the involved phenomena (electric, 
magnetic, thermal, ...) a Multiphysics simulation program seems 
to be the best choice for solving this type of problems. The 
FE-program COMSOL-Multiphysics was selected here as a 
suited tool as it includes the required modules and interfaces 
and also a simple Spice-based circuit modeling mode, which 
can be coupled to the FE-models.

Three-dimensional, transient, non-linear FE-simulation can be 
quite challenging, and it requires the appropriate methods and 
approximations to obtain good numerical stability and to keep 
memory demand and calculation time reasonably low. Therefore, 
a strategic cooperation with the Technical University of Dresden2 
has been started in 2010 in the context of which the models 
and methods are being developed.

Figure 5 shows the geometry of the virtual test system which was 
used for the development of the models. It does not correspond 

to a real sensor design and is rather like a gapped current 
transformer, however without the electronic feedback. There 
are even two air gaps in the core frame: a full gap at the top 
and a partial gap on its right side, which have different impact 
on the flux distribution. Further, there is a primary winding  
(a straight conductor) that carries the injected current, and a 
split secondary winding which is composed of two coils that 
are in series connection. The two windings are magnetically 
coupled through the core.

This test design has an asymmetric geometry which requires 
full 3D modeling. By using a parameter based model geometry 
we allowed for both easy modifications and the application of 
automatic optimization procedures. In addition to the secondary 
winding itself also the coil bobbins have been modeled as they 
will have impact on the thermal behavior of the system.

The entire model includes the magnetic parts, the electrical 
subsystems on the primary and secondary sides, the thermal 
model, and the interactions between the different subsystems. 
These components will be shortly discussed in the following.

The magnetic system is described by Ampère’s circuital law and 
by Faraday’s law of induction. For the core material a non-linear 
relationship between the flux density B and the magnetic field 
H is assumed. In order to avoid circular variable definitions in 
the constitutive relations, the magnetic characteristic needs to 
be defined in the H = f(|B|)eB form. Comparing different possi-
bilities for the implementation of the characteristic we found 
that a piecewise cubic interpolation of the discrete data points 
or the fit of a global rational function (Figure 6) will result in good 
numerical stability and the shortest solution times, if they are 
properly chosen.

Due to the magnetic non-linearity the problem cannot be  
adequately solved in the frequency domain. Instead, a time-

Figure 5: 3D-Geometry of the model transformer.  |  Figure 6: H(|B|)-curves for different magnetic materials based on an analytic model.
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Figure 7: Coupling of the primary and secondary electric circuits to the FE 
model of the transformer.

7

dependent (transient) simulation is required. In COMSOL 
Multiphysics we used the Magnetic Fields-Mode (mf) for this, 
because in 3D it is currently only with this mode that a transient 
magnetic analysis can be performed. Unfortunately, the mf-mode 
solves only for the magnetic vector potential A, and not for the 
electric potential V. This means that only that part of the electric 
field which depends on A (the induced field) will be automatically 
calculated. The induced voltage can be obtained by integrating 
the electric field component parallel to the conductors over the 
respective volumes of the primary and secondary windings. 
The latter is approximated by eight prismatic subdomains 
(Figure 5) within each of which the wire orientation is assumed 
to be constant. The calculation of the Ohmic voltage drops 
and electrical losses on the other hand needs to be manually 
implemented by defining the necessary equations. In modeling 
the primary and secondary current distributions it has to be 
taken into account that the current in the secondary winding 
is wire-bound resulting in a nearly constant current density, 
while the primary copper conductor is a bulk bus bar, where 
skin effect may cause an inhomogeneous distribution at higher 
frequencies.

As the electric potential is not available in the mf-mode, the 
coupling of the FE-model with its environment needs to be 
done via the current and not through the voltage. Currents 
can be injected by means of “external” current densities which 
are superimposed to the model domains. In the simulations, 
an external AC current will generate a time-varying magnetic 
field and therefore also eddy currents in the conductive copper 
bus bar. They will oppose the external current in the center 
region of the conductor. The resulting total current density 
distribution will describe the real one apart from the fact that 
due the eddy currents its amplitude will be much too low. In 
the model we apply the correct scaling factor by means of  
a global equation (ge-mode) in which the external current is 
adjusted to make the integral of the total current density  

distribution over the conductor cross section equal to the 
amplitude of the primary current that couples the transformer 
to its environment. For the secondary winding such a scaling 
is not required as there will be no eddy currents due to the 
fragmentation of the winding cross section into small wires. This 
has been accounted for by modeling the eight prismatic sub-
domains as bulk regions with a low conductivity of only 10 S/m.

An alternative method for modeling skin-effect in bulk 3D- 
conductors could be the use of small source-domains with low 
conductivity, which are attached to the conductors outside the 
regions of interest. A uniform external current density could  
be injected into these source-domains and from there into the 
conductors. Beyond an appropriate inlet zone the simulated 
current density profile in the conductor should be equivalent 
to the distribution in a real bus bar. This method was verified 
in first tests, however it was not yet implemented in the trans-
former models.

By calculating the primary and secondary currents and voltages 
as described above, we have defined the interfaces, by which 
the transformer model can be coupled to an external electric 
circuit. Figure 7 shows the simple example which we used in our 
simulations and which includes the FE-model of the transformer. 
The external primary and secondary circuits are modeled in the 
Electrical Circuit-Mode (cir) by connecting predefined compo-
nents at electrical nodes, or (with some limitations) by importing 
a SPICE net list. The transformer itself is modeled with two 
voltage sources. In our model its primary side is connected to 
a sinusoidal current source, while an external load resistor is 
driven from its secondary side. As it is possible to integrate more 
sources and components like inductors, capacitors and tran-
sistors in cir-mode, the simple circuit could be easily replaced 
by a more complex one, which would be closer to real sensor 
electronics.

Electric and magnetic material properties are usually tempera-
ture-dependent. Therefore, the effects of self-heating should be 
considered in a more detailed analysis of magnetic components. 
For this purpose, we bidirectionally coupled the electromagnetic 
model to a thermal FE model of the assembly. Losses are 
computed in the electromagnetic model based on the local 
conductivity and current density. (For this calculation the real 
conductivity in the secondary windings is taken.) The local 
losses are then used to calculate the temperature field in the 
thermal model. Based on a linear temperature coefficient this 
will in turn redefine the local conductivity in the electromagnetic 
model and thus the total winding resistance.

In many cases the focus is mainly on the performance of a 
device under steady state conditions. In this case the time 
scales of the electrical and the thermal signals may be very 
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different, and a full transient simulation up to steady state 
would require much data storage and time. As we assumed 
periodic currents in our model, the losses will be also periodic 
and have a stable mean value per full period in steady-state. 
This average power can be used as a heat source, which 
allows to couple a transient electromagnetic simulation with a 
stationary thermal model, when the time-dependent thermal 
behavior is of no interest. The implemented thermal model 
considers the following effects:

 – Ohmic heat generation in the conductors
 – heat conduction in all solids and narrow air gaps
 – thermal contact resistances between solids in direct contact
 – external convection and radiation at the outer surfaces

To simplify the calculations, heat exchange due to external air 
convection has only been taken into account in the form of 
Cauchy boundary conditions on the solid-air-interfaces. This 
approach is supported by the Heat Transfer-Mode (ht) of 
COMSOL. Convection and radiation between different solids 
are not accounted for and can usually be neglected between 
opposing surfaces and at not too high temperatures. As the 
electric field is not available, COMSOL cannot automatically 
compute the Ohmic losses in the electromagnetic model. 
Instead, we applied Domain ODEs and DAEs-modes (dode) 
for implementing the equations for the local power density 
that is generated by the local current density in the different 
domains. Its time-average is usually calculated over three or 
more full signal periods depending on electrical settling times. 
The quantity is then used as heat source field in the stationary 
thermal model. Therefore, we solved the problem by iterating 
alternate solutions of the two submodels starting at ambient 
temperature. The solutions usually converged within five iteration 
loops (Figure 8). On an Intel i7 PC with 8 GB RAM running 

Windows Server 2008 the solution time was about 16 hours for 
a study including five stationary steps and four time-dependent 
steps, each with three signal periods.

Technical Accomplishment
Modeling of inductive devices including the various effects which 
may have impact on their performance is a typical example of 
a multi-physics problem. With the models developed so far a 
number of the involved coupled phenomena can be already 
simulated:

Figure 9 shows the primary and secondary transformer currents 
which result from a transient simulation of the full model system. 
The secondary current has been multiplied with the number of 
wire loops to give a comparable signal amplitude. Ideally, the 
two signals should be identical. The visible amplitude and phase 
errors are due to the imperfect coupling of the model trans-
former which results from the two air gaps. Figure 10 depicts 
a snapshot of the current distribution in the primary bus bar, 
which is dominated by the skin effect. Due to the existence of 
the air gaps the resulting change in the field distribution may 
also have an impact on the sensor accuracy.

The distribution of the magnetic flux density in the transformer 
core can be seen in Figure 11. Its analysis allows to identify 
local demagnetization or saturation effects during the full signal 
period, and hence to optimize the magnetic design to mitigate 
potential critical issues.

Figure 12 shows the temperature distribution at the surfaces 
of the components. It is visible that the heating effect is from 
the primary and the secondary windings, and that there is 
also some indirect heating of the magnetic core.

Customer and ABB Internal Benefit
The aim of the described activities is the development of 
improved methods for the simulation of inductive components. 
Precise simulation models can facilitate the development and 
analysis of various types of ABB’s products like sensors, trans-
formers, actuators, tripping devices and motors. New and 
improved products will likewise serve ABB and its customers.

It is planned to continue the activities with further model 
improvements and extensions within the ongoing strategic 
university cooperation. Important next steps are the experi-
mental verification of the simulation accuracy, modeling of 
electric effects, improvements on model efficiency and stability, 
and automatic design optimization.

Figure 8: Maximum temperature and mean power losses in the primary  
conductor and the secondary coils as a function of the number of iterations.

8
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Figure 9: Primary and total secondary current of the model transformer in the circuit shown in Figure 7.  |  Figure 10: Instantaneous amplitude distribution 
of the z-component of the total current density in the center plane.  |  Figure 11: Instantaneous distribution of the absolute value of the magnetic flux  
density in the center plane of the core.  |  Figure 12: Stationary surface temperature distribution (Ambient temperature is 300 K)
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MPES Platform for 3-phase HV GIS Systems – A System  
Engineering Case Study

Sebastian Breisch, Wolfgang Waldi, Thomas Stahl, Dr. Gregor Stengel,  
Dr. Sven Soetebier

Summary
This case study provides an overview of the standard actuation 
platform development for the Make Proof Earthing Switches 
(MPES) for high voltage 3-phase common enclosed Gas Insu-
lated Switchgear (GIS) applications. An improved actuator 
MPES platform design was investigated based on the spiral-
model systems engineering methodology to achieve high 
functional integration, improved quality and reduce material and 
lifetime costs. The results have shown the feasibility of a scalable 
design with reduced number of parts and costs, supported 
with simulations and prototypes. The implementation of the 
design methodology enabled a successful project outcome 
through a detailed understanding of the system solution,  
proposed roadmap for future developments and acceptance 
of results by all stakeholders. 

System Overview 
High Voltage (72.5kV and above) GIS was first introduced in 
1965, with the first three phase common enclosed design 
launched in 1978. ABB produces a wide range of GIS systems 
with a reduced footprint of up to 90% compared to conven-
tional substations. GIS are designed with interchangeable 
modules enabling them to be quickly adapted to meet customer 
requirements within high density and total cost efficiency. The 
combination of compactness and modularity offers customers 
an attractive solution that can be adapted to existing buildings, 
portable containers, barges, platforms and even below public 
grounds.

For the lower range of high voltage switchgear, encapsulating all 
three phases in one common enclosure, ABB currently provides 

three MPES systems, the ENK (up to 72,5kV, 40 kA short circuit 
current and 2500 A nominal current), ELK-04 up to 145 kV,  
40 kA short circuit current and 2500/3150 A nominal current 
and ELK-04 up to 170 kV, 63 kA short circuit current and 
4000 A nominal current, shown in figure 1. In all three MPES 
designs a bi-stable electromechanical actuation unit is used 
to earth high voltage conductors through tulip contacts, even 
when they are still energized. These designs to date have not 
been harmonized, requiring parallel manufacturing, development 
and service processes.

The next generation MPES aims to provide an optimized  
common platform design for all 3-phase GIS. A platform family 
design of the MPES should be optimized for life cycle cost 
(including sourcing, assembly, installation, supervision, com-
missioning, repair, maintenance, spare parts) and retrofitting. 
In order to reduce maintenance cost over more than 30 year 
lifetime of GIS, stringent verification of part supply stability 
was required and reuse of proven components was preferred. 
Finally, any actuation unit platform design should be suitable 
for both actual GIS systems and those under development. 
Due to several parallel developments in this area, evolutionary 
changes in requirements had to be managed in order to align 
the product portfolio and match customer needs. 

Make Proof Earthing Switch
The make-proof earthing switch can safely close on full short 
circuit current. This module can be placed on the feeder side 
or on the busbar side. It drastically reduces the effects of 
incorrect switching operation. The make-proof earthing switch 
is equipped with a spring operating mechanism to ensure very 

Figure 1: (a) Make Proof Earthing Switches and (b) GIS Substation
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fast closing speed. The operating mechanism is loaded by an 
electrical motor and contains all required components for a 
safe mechanical movement as well as electrical interlocking.

Position indicators and auxiliary switches are positively con-
nected to the operating mechanism in the same manner as for 
the disconnector and earthing switch module. In that way, an 
accurate indication of the main contact position is always 
assured. Manual operation of the make-proof earthing switch 
is possible via a crank handle as well. 

The closed make-proof earthing switch can be isolated from 
the operational earthed enclosure during an inspection. It  
is therefore possible to create an electrical connection from 
outside the housing of the earthing switch via the movable 
contact pins (which are insulated from each other) to the main 
circuit. This facilitates the adjustment and check of the pro-
tective relays, the switching times and the location of cable 
defects considerably. During operation, the insulation is short-
circuited.

Systems Engineering Methodology
A complete system design approach was undertaken in order to 
optimize the actuation unit for the make proof earthing switch. 
The design process was based on the four step spiral model:
 – Iterative planning and capture of requirement specifications
 – Risk assessment to review development process
 – Detailed development and modeling of sub-systems
 – Verification testing of prototypes and simulation models

The aim of the above design phases was to capture critical 
functions, interfaces and features as required within both current 
and future designs. Due to the research nature of the project, 
several iterations were required to capture and consolidate 
the requirements. This was achieved based on a spiral model 
process [1] with iterative simulations, prototypes and verification 
testing, in order to understand all sub-systems and operating 
functions. At each step as critical aspects were identified, a 
detailed review of the embodiments was made, based on cost 
and functional stability. 

Figure 2: ELK-04 Make Proof Earthing Switch   |  Figure 3: Cross Section of Make Proof Earthing Switch  |  Figure 4 + 5: Spiral-Model Systems Engineering 
Design Methodology [1][2]
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This method was selected due to its ability to structure research 
and development projects requiring cross disciplinary expertise 
with initially uncertain or evolutionary requirement specifications. 
Successful implementation of this methodology required close 
collaboration and involvement by stakeholders through regular 
design reviews and goal orientated project management, adapt-
able to changes in the project scope as required at each iteration 
in the overall development.

Development Process
The development process was divided into three phases, shown 
in Figure 6, with each phase resulting in a further agreement 
of requirements by stakeholders and an increase in the number 
of requirements realized by the design. In each of the three 
phases a number of teams were required to work in parallel  
to achieve a successful goal as defined in each phase. This 
interaction required close collaboration between the teams with 
different disciplines and regular reviews with stakeholders.

In the first development phase a Matlab/Simulink simulation was 
developed to compare the kinematics for the ELK-04 up to 
145 kV and ELK-04 up to 170 kV MPES systems. The simulation 
offered a highly simplified conceptualization of the MPES  
systems. Forces were calculated statically and no dynamic or 
electrical arcing forces were considered. The purpose of this 

analysis was to investigate the transmission ratios between 
the different inputs and outputs of the existing MPES designs 
to further understand the current designs. 

Based on these simulation findings, an embodiment concept 
was developed to demonstrate the feasibility of the proposed 
solution. The design limited internal stresses and reduced the 
number of part variants required for the MPES platform family. 
One design feature of the actuation unit, based on learning’s 
from the first prototype, was that assembly should be realized 
from a single direction. 

In the second phase of the development a Pro/Mechanica 
simulation was developed for the ELK-04 MPES, to produce 
further understanding of the dynamic interaction between rigid 
components in the MPES system. In particular, it was used to 
observe the influence of the friction and the speed of the moving 
contacts. This model was further used for the investigation into 
feasibility of introducing higher speed contact motion. Though 
this model provided an improved understanding of the MPES 
system, it was limited with respect to scalability and could not 
be easily modified to demonstrate the improved actuation pack 
principle, as the simulation was highly linked to the CAD 
model from which it was generated.

Figure 6: Development Process for improved MPES
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Findings in the second development iteration enabled functional 
integration across a number of key interfaces. This allowed for 
improved quality and reduced the number of possible failure 
points. An example of functional integration includes introducing 
the end stop damper directly into the actuation unit, which 
could then be assembled and operated independently of the 
intended application system. This offered the added benefit of 
outsourcing production where further cost reductions to be 
realized.

The third phase in the development process was based on 
the model created in MSC Adams focused on the scalability 
of the model and enabled the user to modify parameters 
quickly and easily. This flexibility enabled a more detailed  
sensitivity analysis to be made. The initial parameter set for 
masses and inertias was extracted from CAD. The model was 
used to provide a detailed understanding of critical interactions 
during high speed motion by introducing some special joints 
and flexibility in MSC Adams (Flex) into the simulation. The 
third design iteration enabled a further reduction of cost and 
optimization of the overall system. Additionally, based on the 
improving understanding of the functionality in the system, 
this phase of the development also identified opportunities for 
further development, where subsequent optimizations could 
be realized.

Prototyping and Validation
Building of physical prototypes is still a very important part  
of the overall development process. The detailed design of  
the prototypes enabled knowledge sharing in manufacturing 
best practices and expertise through parallel simulation and 
pro totyping efforts. One key advantage of the new design is 
that a large number of variants can be tested with low effort, 
providing detailed data and result validation data to the overall 
development.  

The lifetime validation tests at the early stage of the development 
process, based on the first functional prototype, allowed early 
concept validation and provided supporting data for decisions 
for the rest of the development. The second technology dem-
onstrator addressed the improvements recommended based 
on the lifetime testing and additional simulation results, refining 
the design and providing an improved experimental data set 
for the next development step. 

Building a number of prototypes in the development process 
allowed a larger range of design variants to be validated by tests 
ensuring the quality and performance of key design features. 
Testing and validation of the design was primarily driven by 
the verification processof simulation models, including leading 
edge measurement equipment like a high speed camera, laser 

sensors. This combination allowed for key effects to be mea-
sured providing valuable feedback to the simulation and 
design optimization process. 

Summary
The developed actuation unit design has demonstrated a suc-
cessful implementation of the spiral model system engineering 
design methodology. During the technology development  
process a number of actuation unit variants were investigated. 
Through a detailed evaluation of the MPES system, concurrent 
simulation, prototyping and experimental testing, a new platform 
concept with significant lifecycle cost savings and improved 
quality has been demonstrated. The improved design of the 
actuation pack case study for GIS MPES provides a first step 
in the design methodology and in realizing customer benefits 
to a wider development in next generation GIS systems.
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Energy Harvesting Powered Wireless Field Devices – a Building 
Blocks Approach

Dr. Kai König, Dr. Marco Ulrich, Holger Kaul

1. Wireless field devices and energy harvesting
Wireless devices have received increasing attention in the  
process industry over the last years. After wireless technology 
has dramatically changed the way we live our lives and do 
business, the next logical step is to introduce this technology 
into production processes, as well. As the primary means of 
collecting information about the process, field instruments are 
vital to the operation of plants in the process industry. Generally, 
communication and power supply of such sensors are done 
by hard wiring, which can be very complex and laborious. In 
particular, sensors in remote locations, on rotating parts, and 
sensors added to an already-operating plant instead of during 
commissioning could benefit the most from a wireless solution. 
Since a plant can only be operational if all necessary assets 
are functioning correctly, demands on reliability in the process 
industry are far more stringent than for consumer devices. This 
requirement is paramount to the development of all ABB devices 
since only reliable components allow reliable closed-loop control 
of plants, and is a reason why wireless technologies have been 
adapted more slowly in process instrumentation than in  
consumer products. 

Although specialized wireless solutions exist in the process 
industry since the 1960s, until now, they have been successful, 
only in specialized markets or products like water (e.g. ABB’s 
AquaMaster) or flow totalizers in oil and gas (e.g. ABB’s Total-
flow). From the experience with fieldbus technology, it is clear 
that any wireless protocol that aims at achieving critical mass 
requires an industry standard with many device manufacturers 
adapting it. Such a standard is now established as wirelessHART, 
which combines state-of-the-art wireless technology with the 
ease of use of the HART protocol. 

Plants in process automation usually have a projected lifetime 
of about twenty years. In order to maximize the return on invest-
ment, plant utilization should be as high as possible over the 
lifetime of the plant, thus unscheduled downtimes must be 
minimized. Asset monitoring is a new trend targeting to detect 
possible defects in equipment before they cause breakdown and 
to allow the root cause to be eliminated in a scheduled manner. 
In order to do so, additional sensor information is required, 
which further increases the number of sensors installed. For 
any sensor, total cost should be as low as possible in order to 
maximize the benefit. Since wiring and installation can amount 
to almost 90 % of the total cost for the device, wireless is a 
logical option in this scenario. 
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Wireless devices and sensors offer more installation flexibility 
and reduced installation costs due to the absence of wiring 
effort. Although primary cells (batteries) offer an autonomous 
energy supply in principle, this solution suffers from strongly 
limited lifetime, and hence potentially high maintenance cost 
through battery exchange and increased risk of failure. There-
fore, additional energy sources are necessary for a more 
efficient way of operating wireless devices. 

Energy harvesting (EH) offers to improve the maintenance-free 
lifetime of wireless devices into the lifetime range of process 
plants by converting ambient energy or energy coming from the 
process itself into usable electrical energy. In principle, this kind 
of energy exists in abundance in many processes, in forms 
such as thermal gradients, vibrations, flow or light (figure 1). 
Using suitable generators, this energy can be used to power 
wireless devices, allowing for truly autonomous transmitters [1]. 

A number of different instruments including temperature, pres-
sure, and vibration sensors, have been realized as low-power 
wireless devices using a battery for power, or may be converted 
to low-power wireless variants in the future. We can distinguish 
three approaches of combining these wireless field devices 
with energy harvesting:

 – Simple “plug-in” adapters do not modify the existing battery-
powered field devices. Instead, an adapter connecting to 
an external harvester by cable is inserted into the battery 
compartment and mimics a battery. The harvester output 
electronics are adapted to provide the appropriate voltage. 
While very quick and simple to implement, such solutions 
naturally tend to be inefficient and bulky compromises 
since generally, a regular battery compartment has no 
appropriate cable lead-through to attach the EH sources.

 – Energy harvesters can be seamlessly integrated into a new 
transmitter design. There is significant development effort 
but little flexibility, so the selected energy harvester used 
must be suitable for most situations where the instrument 
is to be used to achieve a substantial number of units sold. 
However, seamless integration has the advantage that the 
design has the same “look and feel” as a battery-powered 
device, and it can be optimized for low cost and size. There-
fore, an integrated EH concept will be superior to “plug-in” 
energy harvesters in both production cost and performance, 
and is the design of choice for common harvester-sensor-
combinations.

 – A modular “building blocks” solution would be based upon 
a generic power management, which can accept power from 
any energy harvester and which can distribute power to a 
range of sensors. While this solution would still connect an 
external harvester to a field instrument, the instruments 
would be optimized for the use of energy harvesting, and  
a more conventional appearance of the device could be 
maintained. This solution would be even more versatile 
than plug-in adapters, as the energy harvesters would not 
need to be modified. Energy storage by supercapacitor or 
rechargeable battery could be integrated into the power 
management as well, allowing to bridge gaps in the supply 
of harvested power. 

Obviously, an integrated solution is preferable in cases where 
a standard combination of power source and sensor is frequent, 
such as the case of a temperature transmitter powered by a 
thermal gradient harvester, which could be employed in most 
cases where the temperature of a hot process medium is 
being measured. This use case has been chosen for the ABB 
Autonomous Temperature Instrument (ATI) [2, 3], which is  
currently being field tested at end customer sites.

Figure 1: Energy harvesting converts ambient energy or energy available in the process itself into usable electrical energy.
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The “Energy Harvesting Building Blocks” project complements 
the ATI by providing a modular concept that enables a greater 
variety of combinations between energy harvesters such as 
thermal gradient harvesters, vibration harvesters, indoor and 
outdoor solar cells, or pressurized air microturbines, and sen-
sors such as wireless temperature and pressure transmitters. 
The conditions for successful use of these energy harvesting 
technologies have been examined, and a demonstrator for a 
modular energy harvesting power management has been built.

2. Energy harvesting technology overview
A number of different instruments, including temperature, 
pressure, and vibration sensors, have been realized as low-
power wireless devices using a battery for power, or may be 
converted to low power in the future. Just as these and other 
instruments with different characteristics would benefit from 
becoming energy autonomous, the range of energy sources 
with different properties is wide:

 – Photovoltaic: 
Photovoltaic cells have become a robust and established 
technology, and outdoor use is routine. However, while the 
radiation intensity outdoors can reach a power density of 
approximately 1.000 W/m2, typical values for indoor appli-
cations lie only around 1 W/m2 [4]. Hence, the amount of 
energy that can be harvested indoors is rather limited, and 
special indoor cells should be used. In most cases, photo-
voltaic cells will need to be combined with some form of 
energy buffering to compensate for the day-night cycle.

 – Thermoelectric:  
Thermoelectric generators (TEG) generate electric energy 
from temperature differences. They use the Seebeck-effect 
to convert temperature gradients (e.g. between hot or cold 
process media and the ambient air) into electrical power [5]. 
The efficiency of TEGs is rather low (typically below 1 %), and 
a temperature difference of at least several °C is required, but 
in the process industry, large thermal reservoirs are common, 
which means that sufficient power is available. Thermo-
electric generators have already been studied extensively 
and proven suitable for application in the process industry 
in the ATI project. Where sufficient thermal gradients are 
continuously available, they may be the energy harvesting 
system of choice, as they offer excellent robustness and 
reliable commercial products can be bought from different 
suppliers.

 – Kinetic converters:  
Direct conversion of mechanical movements like vibrations 
into electrical energy can be done with different transducer 
mechanisms. 

 – Electromagnetic mechanisms use a flexibly mounted 
coil, which is moving inside the static magnetic field of  
a small permanent magnet. This induces a voltage 
according to Faraday’s law (figure 2). 

 – Piezoelectric transducers are based on piezoelectric 
materials. By means of a proof mass supported by a 
beam of piezoelectric material, the kinetic movement 
results in a displacement of the mass, which induces 
mechanical stress on the beam, which results in a  
voltage. 

 – Electrostatic transducers are based on a charged vari-
able capacitor. When mechanical forces are employed, 
work is done against the attraction of the oppositely 
charged capacitor plates. As a result, a change in 
capacity induces a current flow in a closed circuit. 

However, all these principles are based on a mechanical 
resonator. In consequence, the systems only deliver a  
reasonable power output if the resonance frequency of the 
harvesting device matches the external excitation frequency. 
We have demonstrated on the Flow and Process Test Rig 
(FPTR) that, e.g. if variable frequency drives are used, this 
can be a major limiting issue for the application of vibration 
harvesting systems. Still, highly developed (in particular 
inductive) harvesters with a guaranteed lifetime of 20 years 
capable of providing 1 to 20 mW at resonance are com-
mercially available and are strong alternatives in use cases 
where fixed vibration frequencies are present [6].

Figure 2: Inductive 50 Hz vibration energy harvester mounted on a motor 
of the Flow and Process Test Rig (FPTR). At a resonance frequency of 
50 Hz, the harvester provides several mW of power in this location.
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 – Pressurized air as a source of electrical power: 
In certain locations where no electrical power supply has 
been established, pressurized air (or other gasses) may be 
available as a source of power. Examples of such locations 
would be natural gas pipelines in remote areas or parts of 
the extremities of certain industrial robots. Conversion of 
the mechanical energy stored in the pressurized air or gas 
to electric energy can be achieved by expanding the gas in 
a controlled fashion, e.g. by releasing it to the environment 
through a turbine and generator. While the efficiency of 
such systems is low and lifetime of the mechanical parts 
may be an issue, large amounts of power (e.g. up to 9.6 W 
at 3000 l/h for one prototype) can be provided.

In conclusion, none of these four power sources can be a 
general-purpose solution for all applications, but for each, use 
cases exist where it excels. Thus, a building blocks approach 
with a generic power management that can accept any of 
these, or even upcoming alternative, power sources would 
indeed be the most comprehensive response to the demand 
for autonomous wireless devices.

3. Power storage and power management: A building 
blocks approach
In many cases, power supplied by energy harvesters cannot 
be assumed continuously available. For example, solar power 
may be subject to day-night-cycles or working hours, and 
vibrations or thermal gradients may not be available during plant 
downtimes, shutdown, or startup, or be otherwise dependent 
on the mode of operation. The power consumption profile of 
typical wireless sensor nodes is also discontinuous: Depending 
on the duty cycle and update rate of the sensor, peak loads 
may occur which have to be buffered because EH systems 
are not able to support these high short-term currents. 

Therefore, we have built a demonstrator with a power man-
agement that not only provides two low-voltage inputs (≈ 1 V) 
for sources such as thermoelectric generators or solar cells, 
and two medium-voltage inputs (≈ 5 V) for sources such as 
vibration energy harvesters or microturbines. It can also control 
an energy buffer based on supercapacitors or lifetime-optimized 
solid-state batteries (current Li-ion batteries are neither capable 
of 20 years lifetime nor of enduring the industrial temperature 
range of -40 to 85 °C). 

Up to two instruments or other power consumers at 3.6 V can 
be connected. Optionally, the power management is controlled 
via USB from a LabView interface on a laboratory PC, which 
allows monitoring input and output currents and voltages for 
characterizing harvesters, buffers and instruments (see figures 3 

and 4) as well. Without measurement devices, the power 
management can be pre-configured and operated independent 
of external control. Then, the prototype system fits inside the 
electronics compartment of ABB field instruments such as the 
ATI and demonstrates the feasibility of modular energy har-
vesting. Combined with voltmeters and a laboratory computer, 
it is used to characterize and compare existing and new energy 
harvesters, energy buffers and wireless instruments during 
upcoming energy harvesting activities at the research center. 
This approach also allows for the simulation of the different 
scenarios in real field applications, as well (variable selection 
of EH sources and different power load levels).

4. Summary and conclusion
This article summarizes our research and development done in 
the area of energy harvesting for process field instrumentation. 
Different energy harvesting sources were evaluated and rated 
with respect to their applicability for industrial process auto-
mation. Two different concepts were discussed: 

The modular concept has one central and universal power 
management that allows the modular attachment of several EH 
sources and the flexible buffering with rechargeable energy 
storage devices. This can then be used as a generic power 
supply unit for any kind of wireless sensor node. The individual 
external energy harvesting units are attached, directly or using 
short cables, to the power management unit. Hence, the system 
can be adjusted to the application environment of the corre-
sponding device - similar to a building blocks architecture. 

Figure 3: EHBB concept demonstrator schematic diagram: a generic 
power management unit allows for the attachment of different energy har-
vesting sources and energy buffers. The unit can be used as a widely 
applicable autonomous power supply for any kind of wireless field device.
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With an integrated concept, all necessary components are 
combined within the device. The advantage for the end- 
customer is that the system has the same look-and-feel as a 
regular battery powered device – but with an enhanced func-
tionality since no regular maintenance intervals for battery 
changes are necessary. The fixed combination of measurement 
device and EH source has the additional advantage that the 
power management can be optimized for the specific device-
harvester combination chosen, which leads to the best 
possible overall efficiency.

In conclusion, an EH-powered temperature transmitter was 
developed with fully integrated thermoelectric generators. In 
addition, a concept demonstrator of a power management 
platform shows the technical feasibility of the modular concept. 
Both developments help further evaluating the potentials of 
EH technology to enable truly autonomous devices for process 
automation. Since they solve one central issue of current wire-
less devices (battery changes), they may contribute to further 
establish wireless solutions in industrial field instrumentation 
in order to better understand and control processes and 
therefore make them more profitable.
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Sensor-Based Condition Monitoring
Dr. Ulf Ahrend

Condition monitoring is usually considered as the continu-
ous evaluation of the health of e.g. an electrical machine 
throughout its serviceable life. It is meant to be proactive, 
i.e. it shall provide early indications when a fault is likely 
to occur. In this respect it can be distinguished from  
protection schemes which are retroactive.

Almost all kind of monitoring activities require information of 
the device, process or system and are ultimately provided 
by some kind of sensor. Sensor-based condition monitoring 
is to evaluate opportunities and develop monitoring and 
service solutions with dedicated sensors. The requirements 
may be quite different to classical sensing applications. 
Influences of maintenance and service business schemes 
as well as reliability and customer acceptance play an 
important role and are sometimes dominating technical 
challenges.

This article gives a quick glance on recent activities at 
DECRC.

Overview
Monitoring and diagnostics of e.g. a motor’s health requires 
sensing and evaluation of signals which are indicators of a 
specific fault or degradation process. The sensing can be done 
continuously through an integrated sensing system or discon-
tinuously through e.g. handheld or clamp-on devices.

The choice between protection, clamp-on or online monitoring 
systems is always related to a certain business strategy. One 
can distinguish between 
 – breakdown maintenance,
 – planned maintenance and 
 – condition based maintenance. 

The latter clearly requires a continuous monitoring of the motor’s 
health whereas the second strategy may rely on handheld 
systems and a discontinuous evaluation of system parameters. 
The breakdown service does almost need no monitoring at all 
since it usually results in a replacement of spare parts after an 
incident has occurred.  In any case there has to be a simple 
and reliable protection system to prevent harm to the operators 
or capital losses.
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The maintenance schemes listed above may thus be paired 
with corresponding monitoring schemes as summarized in 
Table 1.

Maintenance Schemes Monitoring Schemes

Breakdown maintenance/reactive 
maintenance

No monitoring at all, only protec-
tion required to prevent physical 
injury of operators or capital losses

Planned/preventive maintenance Discontinuous sensing/off-line 
analysis through handheld/clamp 
on systems

Condition based/predictive main-
tenance

Continuous (on-line) monitoring, 
sophisticated data analysis for 
fault prediction

Table 1: Comparison of maintenance schemes and corresponding  
monitoring effort.

In general, condition based maintenance requires more complex 
installations and evaluation schemes and one has to consider 
also cost aspects while deciding for a certain strategy.

Large motors which cause high losses if they do not function 
properly are predestinated for continuous monitoring. On the 
other hand one has to keep in mind that it may be economically 
reasonable to continuously monitor much smaller motors  
(e.g. less than 20kW) if they play a vital role in a process or 
are difficult or time consuming to replace. In the end, the value 
for the end customer will decide which monitoring strategy to 
take. 

Installations in hazardous areas often require a continuous on-
line monitoring. It has to ensure all the time that catastrophic 
failures are prevented. 

The motivation for a certain monitoring scheme is manifold and 
can go far beyond the pure maintenance of the motor itself. 
Particularly continuous monitoring can offer additional benefits 
for the customer like increased motor efficiency, reduced cap-
italized losses due to breakdown or reduced replacement 
costs. It also bears the potential of building up data bases for 
trend analysis and may enable the creation of a large variety 
of novel service products.

The benefit of additional monitoring features has always to  
be viewed under aspects of reliability. If poor sensing systems 
are used one will be faced with the burden of maintaining the 
monitoring system. The worst case scenario for the customer 
would be to invest in a complex monitoring system that pro-
duces false alarms and has to be turned off. 

The monitoring system should be far more robust than other 
motor components which are subject to regular replacement. 

Ideally, the monitoring components would last the whole life-
cycle of the motor. In a realistic scenario one should aim to 
choose reasonably robust parts and ensure that they can be 
replaced easily. Reliability is not only an issue for the sensing 
hardware but also for the diagnostic algorithms. They should 
give clear indications of the kind of fault, the severity of a  
malfunction and possibly the cause of the problem. 

Reliability and replaceability are usually the reason why non-
invasive monitoring techniques are preferred. However, if 
robustness and replaceability are guaranteed the incorporation 
of additional sensing components will pay off through a signifi-
cantly improved diagnosis and new opportunities in setting  
up additional service businesses.

The ideal monitoring scenario would be a system that is capable 
of delivering

 – an early diagnosis of the inception of a problem,
 – a clear indication on the type of fault,
 – a quantification of the severity of the malfunction,
 – the identification of the cause of a problem including  

suggestions how to fix and how to prevent its reoccurrence 
in the future and

 – the prognosis of the remaining lifetime.

The last criteria will be the hardest to achieve. For example, 
the identification of the fundamental causes of a problem may 
require combining information of different monitoring systems 
like vibration and current measurements to arrive at a clear 
picture on the origin of the fault.

In all applications of monitoring it is important to see what is 
the most valuable way to fulfill the task. It may be sufficient to 
log and analyze running data which is already available, e.g. 
for control purposes. In some circumstances it will be valuable 
to install additional sensing systems to be able to access vital 
data of a device.

The general approach in condition monitoring is to obtain a 
clear diagnosis with a minimal number of measurements. This 
is motivated by the goal to provide a cost effective monitoring 
system. However, the overall amount of investment will ultimately 
be determined by the importance of an asset in the whole 
process environment. For example, a low voltage motor would 
only allow small investments in monitoring in general. If the 
motor does not play a vital role for the whole process the end 
customer is not willing to pay for a complex monitoring system. 
However, if the same motor does play a vital role, meaning 
that significant portions of the production terminate if it is not 
working properly, monitoring becomes attractive in order to 
allow predictive maintenance. 
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If the motor can be replaced easily it may be still the economi-
cally more favorable option to have some replacement motors 
on stock. The only case where large monitoring expenses can 
be justified is when the LV motor is hard to replace (e.g. due 
to accessibility) and monitoring allows reduction and precise 
scheduling of maintenance tasks.

Therefore, the answer if condition monitoring makes sense is 
ultimately determined by its benefit for the end customer. This 
decision can be quite application specific. In general condition 
monitoring will only be applied for assets which are ranked as 
critical for the overall performance of a process.

Sensor Requirements for Monitoring
The requirements of sensors that are used for monitoring  
purposes shall be explained with the example of monitoring 
an electric motor.

An electric motor is a quite complex electro-mechanical systems 
with various operation or efficiency parameters to be monitored. 
They can be grouped into four major classes as depicted in 
Figure 1.

Sensors incorporated in the target motor are desired to serve 
a certain monitoring task. On the other hand it is of utmost 
importance that the additional components have reasonable 
reliability. They are not allowed to impose an increased prob-
ability of failure or disrupted performance to the motor and 
thus jeopardizing its reliability.

It is usually hard to find quantitative statements regarding reli-
ability. In most cases statements are very application specific 
and only of qualitative nature.  

However, considering the average lifetime of typical motors 
which is well in the order of decades it is unrealistic to expect 
a similar span of proper performance of a sensor system of 
modest complexity.

A rough environment of potentially high vibration levels, elevated 
temperatures, strong magnetic fields and - if, e.g., mounted 
on rotating parts - mechanical stresses due to centrifugal 
acceleration will present quite demanding conditions affecting 
reliability and lifetime.

Even though the motor is said to have a lifetime of several 
decades it comprises various component groups or modules 
like bearings, stator frame and windings, cooling system etc. 
which are replaced much earlier.

In order to set up realistic requirements for the lifetime of sensors 
to be added one should rather seek to adhere to the following 
strategy: Ensure that the sensor system has a minimal lifetime 
which is consistent with regular replacement intervals of major 
components of the motor. For acceptance of the solution the 
possible replacement of sensors should not require additional 
maintenance sessions. The maintenance of the monitoring 
system should rather be performed together with usual 
inspections.

The focus must then go towards replaceability of monitoring 
equipment. 

Additionally, one may think of redundant systems. Redundancy 
cannot, however, increase the lifetime of a component. It only 
reduces the probability that all the sensors fail at the same 
time. For example, if two temperature sensors A and B have a 
probability of 30% to fail within the minimal required lifetime 
then the overall likelihood that both sensors fail at the same 
time (complete failure) is only 9%. This assumes that the 
redundant systems are not influencing themselves.

Again, one should note that redundancy does not elongate 
the lifetime of a sensing system but reduces the probability of 
a complete failure.

If the replacement of sensors that are close to the end of their 
lifetime and do not function properly or have already ceased 
operation, respectively, one needs to assess if it is acceptable 
to have a monitoring system only working at the beginning of 
the motor lifecycle. 

In any case it has to be ensured that the monitoring system 
provides an intrinsic easy to interpret status check. This status 
evaluation and control shall allow that diagnosis is stopped if 
there are indications of malfunction of the monitoring system 

Figure 1: Basic classification of monitoring techniques of an electric motor 
or generator
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itself. Ideally the monitoring system should clearly state the 
consequences for operation that result from the failure of a 
certain diagnostic feature (e.g. if rotor temperature monitoring 
fails to work: advice to run a motor always well below the rated 
power in order to prevent overheating and capital losses).  
Ultimately, the control feature shall prevent issuing misleading 
information that may result in wrong decisions regarding  
operation of the motor.

The estimation of the reliability is very difficult due to many 
parameters that can affect it as mentioned earlier. One may 
try to distinguish between internal or intrinsic parameters like 
ageing or material degradation of components during operation 
and external or extrinsic parameters like mechanical stresses, 
humidity or chemical exposure. Those external parameters 
summarize the environment impact and influence parameters 
that are not directly related to the measurement task. For 
example, for a vibration sensor acceleration would be an 
intrinsic parameter whereas for a temperature probe this would 
be an extrinsic parameter affecting the reliability and lifetime 
of the temperature measurement.

A sensor system consists of multiple components. It can be 
broken down into the following parts: sensing element, energy 
supply, signal conditioning, signal A/D conversion, signal pro-
cessing, communication and interface and possibly cabling/
coupling/joints. 

For these entire components one usually expects quite different 
reliabilities. The part with the lowest reliability will determine 
the overall reliability of the system. Since intrinsic reliabilities 
cannot easily be changed or controlled (this would require 
design changes of the sensing system) one should try to look 
at the extrinsic parameters. 

Therefore, in order to deal with reliability and replaceability in a 
reasonable way one should seek to put most of the sensor 
system components in places where the external influences are 
low – if at all possible. For example, if we are to measure some 
physical quantity in a harsh environment an ideal approach 
would be to place only the very sensing element in this harsh 
environment and do the signal processing etc. in a safe place 
which is also easily accessible.

The proposed strategies in looking for integrated sensor  
solutions are again summarized:

Ensure that monitoring components have a lifetime reasonably 
longer than that of other primary components subject to regular 
replacement (reference lifetime)

 – Consider redundant solutions for sensors with lifetimes only 
slightly greater than the reference lifetime of primary com-
ponents or with a significant probability for failure within the 
reference period

 – Try to find modular solutions where only a minimal number 
of sensor system components is exposed to a harsh  
environment

 – Allow a cost effective replacement of the monitoring system
 – Provide a status control scheme and self check of the 

monitoring system as well as clear operator guidelines for 
failure events

Taking the aforementioned general considerations into account 
we will analyze the three identified solutions in greater detail in 
the following sections.

Figure 2: Non-contact temperature monitoring of a mechanical coupling between a motor and a pump based on infrared radiation sensing: The left
picture shows the coupling between motor and pump, the figure in the middle displays the heat-up of the coupling (average control area temperature) 
and the right picture is the thermal image as measured by an IR detector
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Examples
IR temperature monitoring on rotating parts

Temperature measurements on rotating parts require some kind 
of non-contact measurement scheme. One possible method 
is based on the detection of infrared radiation. Robust and 
cost-efficient infrared detectors made of silicon offer a sufficient 
performance for monitoring requirements.

A simple demonstration of an application of an IR array detector 
is given in Figure 2. The detector measures the temperature of 
a rotating coupling of a pump. Du to misalignment or also 
bearing failures the coupling may exhibit a pronounced heating 
which could be taken as an indicator for some mechanical 
failure.

The average temperature of a particular control area is plotted 
in the lower diagram of Figure 2. It represents the average 
heating of the coupling during a 50 minute start-up phase.

Electric motor condition monitoring and diagnosis
Further examples of sensor-based condition monitoring are 
current signature sensing in motors and generators.

Faults in these complex electro-mechanical systems can show 
up in various ways. For example, a bearing defect  may result 
in pronounced mechanical vibrations of the rotor and whole 
motor frame but it may also appear in current signatures. 

Electrical measurements are robust and comparatively easy to 
perform making current signature analysis quite a popular tool 
for monitoring.

An example of the current spectrum of a healthy and faulty 
motor is displayed in Figure 3.

The current signatures can be used to define fault indicators 
for monitoring and diagnostic purposes.

The benefit is to early identify problems and avoid or limit 
downtimes. Monitoring the right parameters also allows the 
customer to continuously check if his motor runs with the 
desired efficiency and performance.

Temperature monitoring of generator circuit breakers
Generator circuit breakers (GCB) are the main breaker between 
a power plant and the grid. The main purpose is to interrupt 
generator and grid fed short circuit currents, to protect either 
the generator or the main transformer. These circuit breakers 
are able to handle typical electric power in the order of Giga 
watts.

For monitoring and operation purposes it is desirable to know 
the temperature of the main electric conductor of the GCB. One 
possible monitoring solution is to use radio frequency-based 
(RF-based) surface acoustic wave sensors for temperature 
detection. 

The reliability and robustness of the solution is of utmost impor-
tance as mentioned previously. In order to study the robustness 
of the RF solution, i.e. a solution that is independent of a  
particular configuration of the GCB system extensive RF  
simulations were carried out. Details are also described in a 
separate article in this brochure (“Water-proof calculations”).

Figure 3: Normalized current spectrum signature of a healthy motor (blue) and of a motor with an electric defect (red).  |  Figure 4: Electric field strength 
of the RF communication signal projected on two slices inside the breaker enclosure.
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A typical simulated RF field is given in Figure 4. These studies 
are used to see which components of the GCB system are 
altering the RF communication field of the monitoring system. 
The whole set of simulation also answers the fundamental 
question if a generic and stable solution is feasible.

Conclusions
Sensor-based condition monitoring is a broad field with vari-
ous application opportunities within the large ABB product 
portfolio. The large variety of applications goes along with  
a large variety of suitable sensor systems. Development of 
proper and accepted solutions may involve the whole chain 
starting from sensor selection and possibly development to 
end customer interviews and strong incorporation of service 
business models.

Customer
R&D Program: Sensors and Signal Processing Program  
(A. Andenna)
DMMG: Machines Service
CHHOS: BU High Voltage Breaker

Contact:  
Dr. Ulf Ahrend 
Phone: +49 (0) 6203 71 6167
Email: ulf.ahrend@de.abb.com
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A Robot Concept for Scalable, Flexible Assembly Automation
A technology study on a harmless dual-armed robot from ABB

Ladenburg, Germany: Sönke Kock, Timothy Vittor, Björn Matthias 
Västerås, Sweden: Henrik Jerregard, Mats Källman*, Ivan Lundberg,  
Roger Mellander, Mikael Hedelind

This paper introduces a new robot concept that aims at 
closing the gap between a manual assembly and a fully 
automatic assembly. It is intended to be used for handling 
and assembly of small parts in a highly agile production 
scenario, which employs both human workers and robots 
in the same line, with a frequent need for reconfiguration. 
The development is at a stage where several prototypes 
leave the research lab and are being tested in pilot appli-
cations, with more work required to reach a fully agile 
assembly scenario. Substantial parts of the remaining 
research work are done in the FP7 project ROSETTA.

Keywords-agile assembly; human-robot collaboration; 
assembly concept; scalable robot automation

1. Introduction 
Today’s assembly lines of many products have high require-
ments on simplicity, adaptability, and re-deployability. This is 
due to the trend of mass customization and the ever increasing 
pace of new product introduction to the market, driven by fast 
changing technologies, new market trends and by the accel-
erating pace of individualization of most societies in general [1]. 
Using traditional automation even with a high degree of in-built 
flexibility, as found in today’s industrial robots, manufacturing’s 
abilities are being increasingly outpaced by the speed and the 
unpredictability of the market.

Often, the volume of a newly developed product, especially in 
consumer industries, is hard to plan for because of the uncer-
tainty of market acceptance. To mitigate the risk, manual 
assembly is a good option to minimize the initial investment 
cost. This is why many manufacturers of electronic products 
have turned to manual production in regions with low labor 
costs. However, once in that corner it is very difficult to switch 
to automatic production even if volumes allow doing so, and 
the investment cost and ramp-up time of an automatic line is 
often prohibitive.

Parts of the research leading to these results has received 
funding from the European Community’s Seventh Framework 
Programme FP7/2007-2013 – Challenge 2 – Cognitive Systems, 
Interaction, Robotics – under grant agreement No 230902 – 
ROSETTA. 

Other parts received funding from the Swedish innovation 
agency Vinnova through the Robotdalen project, and from 
provincial R&D funds of Swedish province Västmanland.

In such scenarios, assembly equipment is best utilized by not 
being dedicated to a particular product or line – instead, it 
should be quickly reconfigurable to produce a new batch of a 
completely different product or sub-module (agile assembly). 
It should also allow to be incrementally introduced to a manual 
line to increase the degree of automation without the need for 
a completely new line (scalable automation).

* Present address: Atlas Copco Corporation, Stockholm, Sweden
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ABB are investigating such concepts. In this paper, we introduce 
a new robot concept that facilitates creating an assembly line 
with scalable automation and high ability to be easily recon-
figured. The robot fits into assembly stations that can also be 
used by human workers. Moreover, it is harmless to be used 
in collaboration with workers and can reach a similar cycle 
time as humans when performing the same task.

2. Industry needs
Case studies were carried out in the electronics industry to 
understand why most of the assembly today is still performed 
manually, despite vulnerability to issues known from the elec-
tronics industries in low wage manufacturing countries – high 
worker turnover, worker exposure to unhealthy emissions and 
risk of repetitive motion injuries, regional labor shortages, etc. 
This is particularly the case for low to medium batch production. 
Fully automated lines are only found in high volume production 
due to their high investment cost and inflexibility. They are 
often found in high cost countries. 

No good solutions have been found between fully manual and 
fully automatic, despite the desire to incrementally automate 
the manual lines.

It was identified that the major obstacles for automation are
 – Investment cost
 – Effort for installation/re-configuration, lack of flexibility to 

quickly adapt
 – Experiences from previous automation attempts, where too 

high ambitions led to high cost and too little flexibility 
 – Difficulty to combine automation with manual labor

We investigated several assembly plants in Asia and in Europe 
where the assembly processes have been mapped and analyzed 
in order to identify the requirements for automation. The parts 
being assembled have been classified based on their individual 
properties. The assembly process was mapped in the form of 
assembly graphs and detailed information regarding each 
assembly operation.

Based on the analysis, it was seen that a robot concept would 
be helpful that addresses the above shortcomings, by
 – Minimizing investment cost to enable a reasonable payback 

time, i.e. designing a research manipulator without any 
restraint on material cost was not an option

 – Being easily portable between different stations, to address 
frequent changeovers of production lines

 – Allowing for low risk, incrementally scalable automation
 – Being easily combined with manual labor in a safe and  

natural way, without adding safeguards and interlocks that 
increase engineering and installation effort beyond economic 
viability

3 Major Results
The resulting robot concept is depicted in Figure 1. The key 
properties are described here:

3.1 Safety
A major research direction in European robotics is physical 
Human/Robot Cooperation (pHRC), which targets robots to 
become “intrinsically safe” in cooperation with humans. We 
can confirm that an intrinsically safe robot, i.e. a robot that 
requires no or a minimum of safeguarding, drastically reduces 
the engineering and commissioning effort and thus the threshold 
for automation, and could be an enabler for scalable assembly 
automation solutions as proposed here. 

Most researchers conclude that the key for achieving this is 
lightweight design combined with a compliant structure in 
either links or joints [3], [4], micro-macro actuation [5], sensi-
tive skins  [6], [7], variable stiffness actuators [8] or even joint 
torque sensing and control [9]. The drawbacks of these 
approaches is that they either reduce the accuracy and control 
bandwidth required for industrial applications, neglect the 
inertia of the robot payload in the overall impact analysis, or 
increase the cost beyond what is acceptable to make an  
economically viable solution. For example, in [10] it was con-
cluded that no collision detection scheme can respond fast 
enough to limit injury caused by the very rapid force spike that 
occurs during impact.  In addition, the authors conceded that 
variable stiffness joints do not improve safety and may even 
make matters worse. [11] gives a good overview of the area.

Our approach to intrinsic safety is to make a truly “harmless” 
robot by design, with minimized cost increase over conven-

Figure 1: Robot concept
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tional designs. This is accomplished by means of four simple 
layers:
 – Low payload and robot inertia,
 – Mechanical design free from pinch points and sharp edges, 

as well as covering exposed regions with soft padding,
 – Power and speed limitation,
 – Software-based collision detection.

The enabler to achieving a cycle time that is comparable to a 
human assembly worker is the reduction of nominal payload. 
This measure reduces the injury risk even at arm velocities 
exceeding 250 mm/s which is a well-known, “traditional” limit 
for safe robot operation. Irreversible injuries can be ruled out 
with the four safety layers even at theoretically possible speeds 
by far exceeding 1 m/s; and the amount of padding needed to 
reduce the collision impact becomes quite acceptable from a 
design point of view. From a safety certification aspect, low 
injury risk leads to reduced requirements on the safety level of 
electronics and software involved in the control and supervision, 
which reduces cost. All radii and design-gaps were carefully 
optimized to eliminate clamping risks. Under no circumstance 
can a human body part be clamped between parts of one of 
the robot arms. A dual arm robot by nature has some unavoid-
able pinch points, such as between the two arms or between 
one arm and the robot body. For such clamping situations 
care has been taken to ensure that the drive train will not be 
capable of delivering harmful forces. This is guaranteed by 
physical limits of the drive train. This is further supported by 
the collision detection that will turn off motors in case of a 
clamping situation.

We found that by having two arms working in parallel, the pro-
ductivity increases above linear, allowing for finding a better 
trade-off between safety and cycle time than for a single-armed 

robot. Hence the initial robot concept is a dual-arm design.  
Of course, single arms can be derived if so required.

A more detailed analysis of the safety concept can be found 
in [12] and in our future publications. Our development effort 
is accompanied by a certification authority.

3.2 Accurate and agile movement
The accuracy of the robot concept has been designed 
according to the requirements of the target applications. A 
special focus has been on the agility of movement in narrow 
spaces, employing 7-axis kinematics for both arms, allowing 
for a large workspace and extreme arm reconfigurations  
combined with a small installation space.

In a typical manual assembly cell, space is often very limited. 
Part containers, trays and magazines are arranged on different 
levels to achieve a high density. Of course there are ergonomic 
limits to prevent repetitive motion injuries, or successive 
exhaustion. For a robot such limits do not exist. Hence, the 
robot reach and agility were carefully optimized to be able to 
reach almost every point in a volume resembling a compact 
assembly work station. Through the kinematic redundancy, 
the robot can maneuver the elbows independently from the 
tool center point (TCP), which allows to even pick parts from 
the top of shelves that occupy parts of the workspace (see 
Figure 2). The controller supports programming and moving 
the elbow independently from the TCP to optimize the arms’ 
postures along the trajectory.

Figure 3 shows two renderings from the ABB “Robotstudio” 
simulation tool. In the picture, the robot arm is about to pick 
up a component from a tray on a shelf. In the left picture, the 
right elbow is colliding with the frame of the station. Utilizing 

Figure 2: Agile movement, picking above and below a shelf  |  Figure 3: Collision avoidance using kinematic redundancy
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the redundancy of the robot (null-space jogging) the user can 
easily change the configuration of the elbow so that it stays 
clear of the station frame, shown on the right. This type of 
functionality in the robot controller and the engineering system 
also enables the development of automatic collision avoidance 
algorithms to ensure that the arm is always moving along  
collision-free trajectories, without user involvement.

Such extreme agility is unknown from 6-axis kinematics, and 
opens up new possibilities in integrating robots in existing, 
human-centric environments, or even in totally new, compact 
cell designs.

One important aspect of realizing a robot optimized for compact 
operation in cramped workstations is to avoid external cabling, 
due to the risk for cable collisions or entanglement. Because 
of this the robot was designed with a completely concealed 
cabling. The cabling protrudes throughout the robot arm all 
the way to the flange where process air and signals are avail-
able through a quick attachment interface connector.  

3.3 Flexibility
To meet the agile production scenarios frequently found in the 
consumer electronics industry, but increasingly also in other 
market sectors, the proposed concepts includes a flexible 
gripper, camera-based part location plus all the features that 
are known from ABB’s state-of-the-art robot controller, IRC5. 
On top of that, the robot is dimensioned to fit into assembly 

spaces ergonomically designed for human workers, so that it 
can replace a human worker in a station when the production 
is changed, or it can be replaced by a human if the new  
production layout so requires.

This flexibility allows finding the best match of robotized and 
manual stations, where robots should perform either simple 
tasks that are easy to automate or those tasks that are very 
sensitive to product quality and/or warranty cost. Rather  
than relying on fixed tooling and hard automated part feeding 
systems, we want to use flexible part feeding supported by 
machine vision. The camera will be the interlocking device 
towards the human worker in the neighboring station. We 
found that in many assembly applications, mastering of robot-
friendly flexible part feeding is the key to success.

A flexible gripper has been designed concurrently with the 
robot [12]. It follows the same safety principles - minimized 
mass and reduced injury risk by carefully avoiding sharp 
edges and hard material (Figure 4). 

3.4 Easiness to deploy and to reconfigure
The robot prototypes come as portable dual-arm units with a 
controller that is integrated into the torso (Figure 5). They can 
be easily carried around and mounted into work stations with 
minimum requirements on installation. Due to the intrinsic 
safety of the proposed robot solution, the requirements on 
performing a safety assessment for the installation is minimized. 

Figure 4: Multi-functional, light-weight gripper Figure  |  5: Portable, desk-mounted robot with controller integrated
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Normally, no safeguarding or enclosing of any kind is required, 
which allows for very fast installation, commissioning and  
relocation. 

4. Ongoing and future work 
There are also robots employed in the EU research project 
ROSETTA [14] and these robots will serve as a future research 
platform, used by ABB with selected academic and commercial 
partners. Figure 6 shows a prototype robot mounting a circuit 
board in a plastic housing. While the right arm is inserting the 
board, the left arm is already grasping for the next part to be 
assembled.

The project consortium of ROSETTA addresses many remaining 
open research issues on the basis of our new robot research 
platform to take the concept to the next level. The ROSETTA 
project is developing methods to engineer and program robot 
systems in ways that are more intuitive, more related to the 
task, and less specific to the installation. This will require 
robots to be able to execute tasks more autonomously, with-
out the need for detailed description of every step, and will 
lead to a significant reduction in programming effort. Once 
programmed, the robots will use sensor-based learning to 
autonomously improve their abilities (“skills”) to perform the 
task quickly, quite like a human worker. When the assembly 
operation is optimized in this way, the robot shares the knowl-
edge of how to best perform the operation with other robots 
by sending the parameters over a network to a central server 
[15]. If a whole population of robots does the same, it results 
in a quick build-up and enhancement of production knowledge 
(“cumulative learning”). 

The production scenario that involves robots and humans 
working side-by-side (Figure 7) and interacting safely requires 

that design, control and supervision devices and methods are 
found for robots to be harmless, and to act in a way that 
humans anticipate and feel comfortable with [16], [17]. This 
involves developing human-like motion patterns [18], speech 
interaction as well as avoidance of any situations that may 
pose a hazard or uncomfortable situation to human workers 
or operators. The human and machine cooperation will be 
supervised by a multi-level sensor system involving different 
sensor types [19], [20] and a reasoning unit that will analyze 
the robot environment and give the robot instructions in real-
time how to adjust to changing environments and to human 
presence. This development will thus add a fifth, perception-
based layer of safety to the original concept.

Finally, ROSETTA will also develop tools to assess the injury 
risk of the robot based on biomechanical simulations to verify 
the assumptions that were made for the design and safety 
certification [21], [22].

Summary
We presented an assembly concept based on an easily portable 
dual-arm robot with flexible grippers that is designed to work 
next to and in cooperation with human workers. This concept 
can be deployed in an environment that is a hybrid between a 
manual and an automatic assembly line. 

Companies within the electronics industry have previously 
tried automation in their assembly lines and often found it to 
be inflexible and expensive. Based on market studies in the 
electronics industry, the concept addresses the identified 
industry needs of agile production, and to ease the transition 
from manual to automatic assembly by scalability. Our goal 
was set to create a robot that is harmless, yet can achieve 
human cycle times in assembly and material handling.

Figure 6: Application testing Figure  |  7: ROSETTA production scenario
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This ABB robot concept is the base for future research with 
the ultimate goal of agile assembly with a scalable automation 
component, enabled by compact, harmless robot technology 
and flexible grasping. Demonstration robots are now in further 
application testing to verify the requirements and to validate 
the assumptions. Initial tests indicate that the goals can be 
reached (Figure 5).
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A PLCopen-based approach for robot integration into  
PLC-controlled Applications

Dr. Oliver Becker, Dr. Fan Dai

Conventionally, industrial robots are programmed in special 
proprietary languages. With the growing integration of 
industrial robots into PLC controlled machines and manu-
facturing lines, programming of industrial robots is done 
in tight relation with PLC controlled devices. In order to 
reduce engineering complexity as well as training effort 
for service personal, machine builders and line integrators 
request more and more robot programming directly in a PLC 
language. The PLCopen working group „motion control“ 
therefore worked out a specification for coordinated motion 
control, which is also applicable to industrial robots. How-
ever, some important details for the implementation are kept 
free for the manufacturer of controllers and robots. Some 
other aspects relevant for ABB-robots are not addressed at 
all. In order to optimally utilize the capabilities of industrial 
robots, some extensions and adaptations are necessary. 
This article discusses the related aspects and describes 
an experimental implementation.

Motivation
Industrial robots are increasingly used as part of machines that 
were traditionally controlled by programmable logic controllers 
(PLC), because they are more flexible. Furthermore especially 
in applications with multi-axis coordinated motion they are 
often much cheaper than special constructions. However, 
programming and commissioning of robot applications require 
expert knowledge that is not common for PLC engineers.

In the past, PLC and robot technologies have been developed 
almost separately due to different application requirements. This 
led to different control architectures, programming concepts 
and programming languages. Engineers of the respective 
domains gained different skills and view points, depending on 
their education and main area of work, thus taking either PLC-
centric, robot-centric or integrator’s view. As a consequence, 
machine logics and robot control are programmed separately 
on different controllers or at least in different tasks. Today PLC 
and robot controllers exchange typically individual signals only, 
which are defined in close cooperation of robot and PLC  
programmers. This “best practice” is not only laborious but 
also limits the performance of the complete system.
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Machine builders traditionally have a PLC centric view, because 
robots were only occasionally used as part of the machine. 
But there is a clear trend to replace special mechanics with 
standard robots, especially more and more Delta robots are 
used in packaging lines and machines. Seamless integration of 
robots into the machine is thus important for machine builders, 
and therewith the programming of the machine and the robot 
in a common language. This allows consistent programming, 
simplified maintenance and reduced training costs for service 
personal. Since machine builders primarily use PLCs for machine 
control, there is a demand to enable programming of robot 
applications in PLC languages using PLC tools. 

Controlling robot applications via PLC
Industrial robotics technologies have been developed continu-
ously in the last decades. Today’s powerful robot controllers 
are optimized for different automation tasks with consideration 
of the special robot application requirements. These include 
high path tracking accuracy under complex conditions like 
compliant mechanical robot structure, varying tool loads etc. 
Also high repeat accuracy of motion, online debugging and 
optimization of motion sequences, safe behavior like stopping 
on path after collision detection and complex error manage-
ment are important requirements. Therefore, robot controllers 
cannot be simply replaced with a traditional PLC by adding 
motion control functionality. Instead, in short or mid-term sce-
narios praxis-proven robot control technology will be combined 
in a meaningful way with a PLC without re-implementing 
them:

 – Programming the application on a PLC which acts as  
master while the robot controller executes the motion  
commands

 – A SoftPLC running as parallel task to the robot motion  
control on the same hardware. Again, the application is 
programmed using a PLC language

Of course, there are also certain robot applications which can 
be adequately implemented on a modern PLC. Examples are 
applications without high safety requirements and only simple 
motion functionality, which causes no significant mechanical 
resonances. Pick and place applications which are performed 
with Delta robots enclosed in machine housings are prominent 
realizations.

This article focuses on today’s situation and describes, besides 
the programming concept, also the interfacing concept between 
a PLC and a robot controller, where the PLC acts as the master 
controller of a robot application, rf. Figure 1. The implementation 
is hardware independent, since the proposed concept solves 
the problem of coupling the cyclic logics task with the event-

based motion control task of a robot, independently from the 
hardware architecture. In this article the terms “PLC” for the 
logics task, and “robot controller” for the robot motion task 
that can run on the same controller hardware are used similarly.

Robot application programming according to PLCopen
Due to the wide acceptance of the PLC languages defined in 
IEC 61131 and the increased usage of PLCopen functionality 
for motion control purposes, PLCopen part 4 “coordinated 
motion” [1] was chosen as basis for optimal integration of 
ABB robots into a PLC environment. The PLCopen specifica-
tion which is based on IEC 61131 defines function blocks for:

 – The definition and parameterization of kinematic structures
 – Definition of coordinate systems
 – Several motion commands 
 – Synchronization of robot motion with external axes

In addition, logics and motion commands can be mixed easily. 
This simplifies application programming which is based on 
tight PLC-robot integration significantly.

PLCopen also addresses a solution to combine the different 
programming philosophies of PLC and robot programming. The 
PLC-centric philosophy assumes quasi-parallel execution of 
logic tasks which is realized by cyclical execution of all function 
blocks of a PLC program. In contrast, the focus of the robot 
centric philosophy is on programming motion sequences which 
are activated by dedicated events. According to PLCopen 
specification, both philosophies are integrated by defining a 
motion sequence connecting the desired motion function 
blocks through their respective inputs and outputs either by 
graphical lines or suitable variables. For this purpose, every 
function block exhibits an “execute”-input for activation and 
the outputs “active”, busy” or “done” in order to indicate its 

Figure 1: From PLC application program to robot motion
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respective status rf. Figure 2. Both input and outputs of each 
function block are evaluated cyclically in the task frequency of 
the logics task.

Creating smooth and precise robot motion
While the basic PLCopen concept works in general well for 
simple servo axes, dedicated robot specifics have to be con-
sidered when coupling a robot with a PLC. ABB robots are 
well known for exhibiting high path accuracy that is independent 
from the path velocity. This is achieved by a dynamic look-
ahead algorithm that reduces the path velocity if e.g. motor 
limits are exceeded. In case the robot internal motion queue 
doesn’t contain enough target values, the look-ahead algorithm 
also slows down the robot to avoid undesired overshoot if no 
new target values are generated from the programmed motion 
sequence. Consequently the robot stops at the last target 
position of the motion queue regardless of the programmed path 
velocity. Smooth and precise robot motion therefore requires 
sufficient fast generation of new target values. On the other 
hand, not too many target values should be generated in 
advance in cases where the robot trajectory shall be modified 
on short notice e.g. by a new sensor information. These  
conflicting requirements are addressed and fulfilled with the 
following procedure:

The PLCopen commands are stored within two queues, a 
command queue on the PLC side and a motion queue on the 
robot controller side. Both queues are synchronized using 
either fieldbus or inter-process communication of the PLC and 
the robot controller. A motion command is put into the PLC 
queue once the corresponding function block is activated, which 

is reflected by setting the “active” output of the function block 
to “high”. It remains in the queue until the corresponding 
robot motion is finished. Afterwards, the entry can be deleted 
or overwritten. Analogously, all other robot commands that 
are sent from the PLC to the robot controller are also put into 
the queue. They are however executed immediately by the 
robot controller. Therefore, the queue on the robot controller 
side contains motion commands only. If the status of a motion 
command is changing, the robot controller sends the new  
status to the PLC using the respective command IDs as shown 
in Figure 2. The outputs of the motion blocks are updated 
accordingly. The main idea to achieve good robot performance 
is the meaningful usage of the function block outputs in order 
to suitably fill the robot motion queue as illustrated in the 
example in Figure 2:

In this example, the “execute” input of the second function 
block is connected with the “busy” output of the first one. This 
means, that the second function block is activated as soon as 
the first one is being processed and therefore sends its motion 
command directly after the first function block to the queue. 
In contrast, the third function block is activated only after the 
corresponding motion defined by the second function block is 
being executed (“active” = robot is moving). The fourth function 
block waits until the execution of its predecessor is finished 
(„done“). The status of each motion execution is fed back 
from the robot controller to the PLC, and is considered in the 
next PLC task cycle. Using this “active-busy-done” concept 
the PLC programmer can decide if the motion queue shall be 
filled as fast as possible by using the “busy”-outputs of the 
blocks in order to guarantee smooth robot motion. In this 

Figure 2: Processing function blocks for a motion sequence
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case the robot follows the defined path with the commanded 
velocity autonomously. If the path shall be influenced by a 
“last minute” decision, the time instant of the decision can be 
defined by the PLC programmer using the “active” output of a 
motion block that is close the desired junction. Dependent on 
the parameterization of robot speed and moving distance, the 
robot motion can still be smooth also in this case. If the robot 
is supposed to stop after a motion command is finished, the 
PLC programmer has to use the “done” output. No explicit 
stop command is necessary in this case. Figure 3 shows an 
extract of an application program that was built up in the 
DECRC-lab. Figure 4 depicts the PLC-HMI that also includes 
the motion block states in order to monitor the motion queue.

Enhancements to PLCopen specification
Besides the basic concept of interfacing PLC and robot control 
to build continuous motion sequences, additional aspects were 
added to the existing PLCopen specification to exploit the full 
robot functionality:

As well known, robot kinematics often have singularities and 
can reach some positions with different joint configurations. It 
is therefore important to allow specifying joint configuration in 
order to define Cartesian positions as motion target for robot 
motion unambiguously. This is for example possible for ABB 
robots by specifying the quadrants of related joints. Therefore 
we added an optional “Configuration” input to all motion 
blocks.

Additionally, we have foreseen an optional input parameter 
called „Teach-Identifier“. Teach-in of motion positions is a very 
important, well known and proven method for defining or opti-
mizing robot motion. In the industrial practice, it is the most 
intuitive method to adjust robot program to the real environment, 
where the robot is moved e.g. via joystick to the desired posi-
tion, and the position value is taken over as parameter for the 
motion command. Teach-in is done in a special operation mode, 
the “teach mode”, where the well known tools of industrial 
robotics can be used. If the optional string-input is not param-
eterized, the motion block behaves like a conventional block 
as specified in PLCopen. However, if the input is parameterized, 
the position and configuration input of the block is interpreted 
as “default” position and configuration. The actual, e.g. taught, 
value will be stored within a teach table.

Another important function of today’s robot controllers is to 
precisely raise digital signals during robot movements on the 
path which is implemented as well in the proposed concept 
by adding a dedicated function block. Further on, enhance-
ments regarding the definition of coordinate systems are 
specified, e.g. for the definition of a tool coordinate system.

Technology demonstrator
The above described concept and enhancements of the 
PLCopen specification were experimentally implemented into 

Figure 4: PLC HMI and respective states

Figure 3: Robot control via PLC
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the Factory Automation Test and Integration Environment (FATIE) 
at ABB Corporate Research in Germany. FATIE represents a 
robotized automatic packaging line. According to the concept, 
an IRB140 robot is controlled by the IRC5 robot controller via 
an AC500 PLC as application master, s. Figure 5. The appli-
cation contains a combination of robot motion, processing of 
digital sensor information and actuation of several pneumatic 
actuators. Ref. [2] describes this application in detail. The title 
figure shows the robot in action.

The application program is completely implemented in IEC61131 
languages with the respective PLCopen motion functionality on 
the AC500 PLC, which is installed as pre-configured module 
in the IRC5 robot controller cabinet. Additional I/O modules  
or other external devices can be connected to the PLC in the 
normal way. Application programming is done with the standard 
ABB PLC programming tool ControlBuilder Plus. Communica-
tion between IRC5 and AC500 is based on Profinet.

Conclusions and Outlook
This paper described a concept to program and control robot 
applications via PLC, using only the well-known PLC languages 
of IEC 61131 within the PLC environment. No special robot 
knowledge is required any more for setting up the addressed 
robot applications. Thus, any PLC programmer who has  
general motion control knowledge is enabled to set up or 
maintain a robot application. 

The functional integration of PLC and robot controllers opens 
up the diversity of PLC functionalities like a large number of I/Os, 
complex logical operations and control of different types of 
auxiliary axes to robot applications. In addition, using the PLC 

as application master for robots enables easy realization of 
applications that are difficult to solve with regular PLCs capa-
bilities only.

Evaluations on test implementations have shown the general 
feasibility and the high potential of the described concept  
for PLC controlled automation applications. Further studies 
will be done with typical applications in order to identify addi-
tional development needs and appropriate concepts for easy 
implementation of such applications utilizing the described 
programming concept. That may include methods for easy 
integration of sensor systems, methods and tools for easy 
application engineering and commissioning.
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Figure 5: The IRC5 robot controller with integrated AC500 PLC
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Cloud Deployment of Control System Functions
Using cloud infrastructure to run control system components

Jens Doppelhamer, Thijmen de Gooijer, Stefan-Helmut Leitner

For the PC based functions of a control system, setting 
up and maintaining the IT infrastructure needed to run 
them is costly. Can these costs be reduced by running 
some functions on “cloud infrastructure”? To answer this 
question, we tried to understand the following: How does 
cloud based IT infrastructure look today? Why would  
anyone want to run DCS components in the cloud? What 
are the potential benefits and drawbacks? For our current 
systems: What options do we have today, what is already 
feasible, what are the limitations and obstacles?

Problem Description 
Provision and maintenance of the IT infrastructure needed to 
run a contemporary Collaborative Process Automation System 
(CPAS) is costly: Housing, reliable power supply, and cooling 
must be facilitated and considerable expertise and manual 
work is needed for the installation and configuration of PCs, 
of the networking hardware, and of the software components. 
Licensing must be taken care of not only for the DCS software 
itself but also for the OS and other platform components. During 
the life-time of the CPAS system, the health of PCs and network 
equipment must be monitored and failed components must be 

replaced with new ones that are available as spare parts or need 
to be procured. There may be several software-only system 
upgrades and, less frequent, combined upgrades of both 
hardware and software. 

While in some cases CPAS components may have unique 
requirements towards the underlying IT infrastructure, there are 
also many similarities to those for other, mainstream business 
software applications. Most important, for a contemporary 
CPAS, major parts of the functionality are built on off-the-shelf 
components, i.e., PC Hardware, mainstream Microsoft oper-
ating systems, and networking based on Ethernet and the 
Internet Protocol suite.

For many business applications, platform virtualization1 nowa-
days is ubiquitous as a means to consolidate IT infrastructures 
and to reduce system ownership costs. More recently, proven 
cost and operational benefits have made virtualization an 
important deployment option also for CPAS products. ABB is 
the technology leader for this with its 800xA system, being the 
first on the market to support virtualization use for production 
systems later followed by other vendors.
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Technical Approach
Lately, for many business and consumer applications, cloud 
computing2 has become an alternative model for the delivery 
of IT related services, promising further reductions of the 
costs for IT related services for both providers and consumers, 
basically by leveraging shared resource usage across organi-
zations to increase the economies of scale.

Cloud based infrastructure services, often called Infrastructure-
as-a-Service (IaaS), are one facet of cloud computing. In this 
model, computation, storage, and networking resources are 
provided from one central location to many consumers across 
the internet. Software-as-a-Service (SaaS) is another important 
software delivery model. In this model, infrastructure and 
application software are owned and maintained by a central 
service provider, users of the functions are not concerned with 
the hardware or software components underlying the service 
offering.

In the course of the project described here, which was run  
in 2011 at DECRC and SECRC and funded by the Industrial 
Software Systems research program, we investigated the 

potential of using cloud based infrastructure to decrease the 
cost of provisioning and maintenance of control system  
functions.

Infrastructure-as-a-Service …
In general, an IaaS provider offers a computing environment 
and an infrastructure in the form of virtual machines with scalable 
compute and memory resources. Along with this, it also provides 
networking and storage services. The provider typically bills the 
services based on the amount of resources used. Users can 
access and manage the environment via self-service portals 
or APIs and deploy their applications onto the, usually virtual-
ized, infrastructure. Even though the provider handles all “real” 
IT infrastructure provisioning, usage of IaaS still requires IT 
expertise, many decisions have to be made around network 
topologies, communication, storage, etc.

Currently, the market for IaaS is still immature. The offered 
services and their terms and conditions are all unique, the 
underlying technologies mostly proprietary, and both the  
overall market and the individual offerings are evolving rapidly.

Figure 1: Example Setup Overview
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... and Control System Functions
The higher levels of control system functionality, business 
planning, and logistics and manufacturing operations manage-
ment (in level 3 and 4 in the ISA 95 model) may follow enterprise 
software into the cloud sooner or later. On the opposite end, 
the unique requirements of software that is part of or close to 
control may require traditional deployment for the foreseeable 
future. For functions in between, e.g., for monitoring, record 
keeping, or higher level supervisory control, requirements vary 
greatly by industry. Non-production functions, e.g., engineering, 
simulation, or testing are obvious candidates for deployment 
on cloud-based infrastructure. 

While the use of IaaS can be a suitable way to leverage cloud 
computing for some control system functions in the mid-term, 
SaaS service delivery models can bring additional benefits 
and may be preferable in the long-term. 

An Example Setup
As one example, shown in Figure 1, we set up a system that 
delivers on-demand access to ready-made installations of some 
CPAS functions, including engineering, HMI, and control simu-
lation applications. Amazon’s IaaS offering was used, providing 
pay-per-use virtual machines, storage, and networking. 

Pre-installed machine instances can be created and managed 
through an easy-to-use web interface, and permission to create 
and access them can even be shared via email. Based on 
Amazon’s IaaS platform, this system can quickly scale up and 
down from zero to hundreds of running machines with no up-

front investment or need for commitment to a minimum 
resource usage.

As sketched in Figure 2 above, the individual instances are 
shielded from each other, from the internet and, of course, 
from other machines that are running in Amazon’s data center. 
Users can access the applications only through a separate 
gateway and several firewalls. Special care has been taken to 
make remote access possible for users located behind corpo-
rate firewalls. BU CT runs this set-up since November 2011, 
allowing its users to try out new functionality in the 800xA 
system. Hundreds of “on-demand” CPAS installations have 
been created in the cloud since then.
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1  Platform virtualization software makes it possible to simulate the hardware of 
several computers on one physical computer, i.e. a virtualization environment 
running on one powerful machine can provide multiple virtual machines, each 
with its own operating system, e.g. Windows.

2  The term cloud computing is used for many very different things. In the follow-
ing, we follow Gartner’s definition of cloud computing as “a style of computing 
where massively scalable IT-enabled capabilities are delivered ‘as a service’ to 
external customers using Internet technologies.”     

Figure 2: Example Setup in Amazon’s Virtual Private Cloud
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MORPHOSIS – Measuring Software Architecture Sustainability
Dr. Heiko Koziolek, Dr. Dominik Domis, Dr. Thomas Goldschmidt, Dr. Philipp Vorst,  
Dr. Roland Weiss

Managing the evolution of ABB’s industrial software systems 
cost-effectively is a challenging task because of their high 
complexity and long lifetime. Software evolution comprises 
adding new features, addressing customer issues, and 
keeping the system compliant with changing technology 
platforms and third-party software components. Limited pro-
active evolution planning and software architecture erosion 
(i.e., violation of prescribed software module structures in 
the source code) often lead to huge maintenance costs. For 
this reason, we applied several state-of-the-art sustainability 
evaluation and improvement approaches to the software 
architecture of an industrial software system that is currently 
under development at ABB. We combined our selection  
of approaches in a novel, lightweight method called  
MORPHOSIS that can also be applied to other industrial 
software systems.

Problem Description 
Architectural analyses carried out at ABB for long-living  
industrial software systems have revealed many typical soft-
ware evolution problems. After several years of development 
and evolution, several new technologies and customer require-
ments were introduced into the system and personnel has 
changed. Due to this, the initially designed module structures 
decay over time as undesired dependencies are introduced. 
Several software modules show an undesired high coupling 
and cyclic dependencies to other software modules. Missing 
information hiding (e.g., lacking encapsulation in modules) 
hampers the comprehension of the system by new developers 
because individual parts cannot be understood on their own. 
At the same time, compile times increase as more and more 
dependent modules need to be incorporated, and defects 
require fixes at scattered parts of the source code. It also gets 
more and more difficult to integrate new features into the system 
as extensions concern multiple parts of the code. This leads 
to increasing maintenance costs and longer time-to-market 
periods for new features.
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Compared to software development in aeronautics or for military 
applications, the software development budget in industrial 
automation is more limited. Therefore, a lightweight approach 
that provides a good cost-benefit ratio is needed for improving 
the sustainability of industrial software systems.

Solution Approach
As a part of the research project MORPHOSIS, we developed a 
lightweight but holistic approach for sustainability improvement 
of ABB systems (Figure 1). To deal with the challenge of tech-
nology changes and the necessary re-designs, we included 
an evolution scenario analysis based on the software architec-
ture design and documentation. To avoid architecture erosion 
and ensure the compliance of the source code to the designed 
architecture, we employed architecture enforcement tools for 
supervising the implementation. Finally, we set up an architec-
ture-level metric tracking framework based on state-of-the-art 
architectural metrics, which provides trends of sustainability 
over the course of development and evolution.

Evolution Scenario Analysis
Our evolution scenario analysis was performed by a small 
analysis team. For saving effort, we did not involve expensive 
stakeholder workshops. Based on interviews with domain 
experts for emerging business and technology trends, we 
developed a list of generic evolution scenarios for industrial 

software systems. Example scenarios are increasing perfor-
mance or security requirements, changing the operating system 
or the middle ware, as well as new deployment targets such 
as smart phones or the cloud. The list can be used for top 
down elicitation of concrete evolution scenarios for a specific 
system. For the system under analysis we investigated its 
requirements, architecture documentation, and source code 
(bottom up). Guided by the list of generic evolution scenarios, 
we assembled a list of seven concrete evolution scenarios 
most relevant for the system under analysis. For example, one 
scenario concerns the replacement of a larger component in 
the system whereas another scenario deals with the introduction 
of a new platform. The list contains a subjective evaluation of 
each scenario’s impact on software maintainability, which 
eases prioritization. We documented each evolution scenario 
using a template. The template contains a description of the 
scenario, the most affected artifacts in the architecture, an 
assessment of the probability of occurrence, and the effort for 
realizing this scenario, as well as concrete recommendations 
for preparing and improving the architecture.

Architecture Enforcement
For enforcing that the intended architecture from the design 
phase is correctly implemented in the implementation phase, 
a set of structural rules was derived from architecture models 
of the system. Such rules include, e.g., the layering of the 

Figure 1: Overview of the MORPHOSIS activities: different phases and artifacts are covered in a holistic approach.
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code as sketched in Figure 2. All assemblies of a layer are only 
allowed to access the layer below. This enables for example to 
change lower layers (e.g., operating systems) without affecting 
the modules on the topmost layers. In the implementation 
phase, the code is automatically checked against these rules 
and the development teams are immediately informed about 
violations. In this way, the architecture is enforced in the code 
and one source for architecture erosion is continuously 
tracked.

Architecture-level Metric Tracking
We created an architecture-level metric tracking framework to 
continuously monitor sustainability-relevant characteristics of 
the software during coding. Some metrics assess the style of 
structuring, modularizing, encapsulating, and layering the code 
such as the Cyclic Dependency Index, which indicates cyclic 
dependencies between modules, which hamper changes and 
testing. In addition, customizable metrics such as assuring 
low-complexity code, writing comments, or defining classes 
and interfaces in namespaces can be defined. 

The metric values are tracked bi-weekly when new metric 
reports are generated for the code. Our tooling highlights poor 

values for certain metrics and aggregates basic metrics to 
higher-level metrics. The aggregated metrics can be used by 
architects or project managers to assess the sustainability of 
the software without checking every basic metric. The tool 
also includes trend visualizations for showing the changes of 
the measured values over time and for deciding whether the 
implementation adheres to the desired quality standards. This 
provides a comprehensive view onto the current maintainability 
of the system on an appropriate level of detail for all relevant 
stakeholders and facilitates making the right decisions.

Technical Accomplishment
Our MORPHOSIS approach was applied in the software 
development of a large, industrial software system from ABB. 
The evolution scenario analysis identified seven evolution  
scenarios that will likely become relevant in the next five years. 
Figure 3 shows the estimated occurrence probability of each 
evolution scenario over the year that the scenario becomes 
relevant. The required effort for implementing the scenario  
is indicated by the size of the corresponding bubble. In this 
example, the system is already well prepared for several  
scenarios. Scenario 7, which would cause the highest costs, 
has the lowest probability to occur. 

2 3

Figure 2: Simplified example layer diagram describing allowed module dependencies.  |  Figure 3: Evolution scenario ranking (the size of a bubble  
indicates the expected impact of the scenario on the system).
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The check of the architecture enforcement rules had identified 
multiple violations that have been corrected. The values of most 
architectural-level metrics were quite good for the considered 
system. The architecture enforcement as well as the metric 
tracking is automatically performed by the tool NDepend for 
C# code and by the tool CppDepend for C++. Both are 
included as part of the build process on the Microsoft Team 
Foundation server of the project. This avoids manual effort  
to track the metrics. The architecture enforcement rules  
are derived from a UML model of the architecture and are  
specified in the Code Query Language (CQL) from NDepend/
CppDepend.

An additional result of MORPHOSIS is a Microsoft Excel based 
tool for calculating further architecture-level metrics from the 
NDepend/CppDepend data, aggregating and visualizing the 
results, as well as showing their trends. Figure 4 shows a 
screenshot of the tool. On the left-hand side, the list of used 
metrics is shown as well as their values at the timestamp 
selected above. The buttons can be used to display an expla-
nation of each metric and the code artifacts that have the 
worst values. The trends over time of the selected metrics  
are shown on the right-hand side of the screen.

A follow-up project will start in 2012. In this project, we will 
validate the approach over a longer period of time and on 
another large ABB system. The sets of evolution scenarios 
and sustainability metrics from the former analysis will also be 
revised, the definition of the architecture enforcement rules 
will be automated for Enterprise Architect, and the aggregation 
and visualization of the metrics in Excel will be improved.

ABB Benefit
ABB’s software development units will gain the following  
benefits from applying the MORPHOSIS approach:

 – Lower maintenance and evolution costs for their software
 – Preparation of the architecture for relevant evolution  

scenarios
 – Avoiding of the negative effects of architecture erosion
 – Consistency of architecture and code
 – Better insight and supervision of sustainability during the 

coding phase

Internal Customer
Process Automation Division, BU Control Technologies
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Figure 4: Spreadsheet visualization and reporting for assembly-level architecture metrics and class-level metrics. 
The tool offers different levels of reporting granularity and the ability to compare metrics and to analyze their trends.
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FDI – An open Standard for Device Management 
Dr. Daniel Großmann, Dr. Benjamin Danzer, Alexander Kaiser, Roland Braun

Device Management
Today’s intelligent field devices provide an ever growing amount 
of information and become more flexible. Utilizing digital com-
munication, users are able to exploit their full potential. During 
Engineering or Commissioning, these devices can be configured 
to perfectly match the requirements of the application and thus 
provide reliable and accurate measurements. When the plant 
is in Operation status information can be used for predictive 
maintenance allowing customers to cut maintenance cost and 
to increase plane availability at the same time. Valve positioners 
for instance often provide information about the valve’s current 
stiction and friction – information that can be used to determine 
the performance of the valve. When a intelligent field device 
reports a problem, in depth device diagnosis points to the 
root cause of the problem and how to fix it.

Supporting all these use cases, that’s the core of device man-
agement. And since end users want to have to flexibility to use 
best of breed field devices, the integration of these devices 
has to follow open standards.

Such a standard is currently being defined: FDI or Field Device 
Integration. Launched in 2007, FDI defines a common solution 
for the integration of field devices into control systems. The 
project that was originally run by fieldbus organisations (Fieldbus 
Foundation, HART Communication Foundation, Profibus 
Nutzerorganisation, FDT-Group and OPC Foundation). In  
September 2011, the FDI Cooperation was founded. The FDI 
Cooperation  is a so called limited liability company (LLC) with 
the mission to drive the technology development of FDI. With 
the fieldbus organisation being the legal owners of the FDI 
cooperation, the board of managers consists of ABB, Emerson, 
Endress+Hauser, Honeywell, Invensys, Siemens and Yokogawa 
– A clear statement that FDI is supported on an broad basis. 
ABB as one of the main drivers in FDI currently holds the 
position of the Executive Director within the FDO Cooperation.

The FDI concept is based on the client-server architecture 
model. In such architectures, a server provides services that 
various clients (usually distributed) access. In the FDI client-
server architecture, an FDI server provides access to the 
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“information model”. The information model maps the com-
munication topology of the automation system by representing 
the communication infrastructure and the field devices as 
objects. In concrete terms, this means that the data, functions 
and user interface of field devices are available in the information 
model.

FDI clients then access the information model via the FDI server 
in order to load the user interface of the field device and display 
it on the client side. From within the client interface, a user 
could choose to make parameter changes to the device. When 
user completes the changes, the client interface transfers the 
changes back to the information model. In addition, FDI clients 
can also access the device parameters in the information model 
without a device-specific user interface (e.g. for condition 
monitoring).

The data, functions and user interfaces of the FDI server that 
have to be represented in the information model are defined by 
the device manufacturer by means of the FDI device package 
with the following contents: Device definition, business logic, 
user interface descriptions and user interface plug-ins. The 
device definition describes the field device data and the internal 
structure (e.g. blocks). The business logic primarily ensures 
that the device definition remains consistent. User interface 
descriptions and user interface plug-ins define the field device 
user interfaces.

Device definition, business logic and user interface description 
are based on Electronic Device Description Language (EDDL, 
IEC 61804-3). The user interface plug-in offers the advantages of 
freely-programmable user interfaces familiar to Field Device Tool/
Device Type Managers (FDT/DTMs). In order to communicate 
to the field devices, the FDI Servers uses FDI Communication 
Servers providing access to the field network together with 
Nested Communication to “translate” between communication 
protocols – Both concepts are derived from FDT.

Committed to Interoperability
As the saying goes “Open standards are good. Everybody 
should have one.” the key to a successful standard lies in its 
interoperability. Especially in the field of device integration and 
management interoperability is key to meeting the customer’s 
expectation. ABB has understood that and, as a result initiated 
the implementation of so called common Tools and Components. 
These Tools and Components are targeting the two groups of 
FDI technology users – the device manufacturers and tool/
system vendors. To facilitate the development of Device  
Packages, a common development environment (IDE) will be 
provided. This makes sure that Device Packages are devel-

oped in an efficient and consistent way. Also tests will be 
available in the IDE to automatically check whether a Device 
Package conforms to the FDI Standard. But developing a 
Device Package is only half of the story as it will be consumed 
by a tool or system that typically is developed by somebody 
else. This is where the Host Components kick in. These are 
components that implement the core functionality of FDI and 
that tool or system vendors can use to build their software 
that consumes the Device Packages. That way, Device Package 
developers can be sure that their Device Package behaves in 
the same way no matter in which tool or system they are  
consumed. And to close the loop to Device Package develop-
ment the IDE even contains an FDI runtime environment build 
from the common host components to provide Package 
developers means to “run” their Packages.

To drive the development of these common Tools and Com-
ponents, ABB, respectively DECRC, took the lead in two 
working groups within the FDI Standardization. The “Tools and 
Components” team specified the requirements for the common 
Tools and Components while the “Tools and Components 
Architecture” team defined the concepts and architecture for 
the implementation. Having that said, FDI and especially ABB 
is not only talking about interoperability but really acting on it.

Going Public
Developing an open standard for device integration that is 
supported by the industry and that is dedicated to interoperability 
is a great. However, following the technical presentations about 
FDI is quite often not an easy task and may sometimes even 
be boring. As a result, it’s hard to really get a picture what FDI 
is all about. To address that issue, ABB decided to feature FDI 
as one of the main topics of the NAMUR General Assembly 
2011. Showing FDI at this venue is an excellent fit as NAMUR 
has been and still is involved in FDI, stating requirements and 
providing constructive feedback.

DECRC took up the task to build the world’s first FDI  
Demonstrator – A functional model that implements the FDI 
Specification and that even already integrates first draft versions 
of the common host components. By integrating intelligent 
field devices with HART, Profibus DP and PA and Foundation 
Fieldbus communication interfaces as well as from different 
vendors (ABB, Endress+Hauser, Emerson Rosemount, Yokogawa 
and Siemens), the demo shows that FDI works for multiple 
communication protocols and is interoperable across vendors. 
The demo was presented as one highlight of the exhibition that 
accompanies the NAMUR General Assembly speeches and 
workshops. But besides all these technical facts the real high-
light of the FDI demo was that it didn’t need a lot of explanation. 
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Both the participants of the NAMUR General Assembly as well 
as the press could just see what FDI is all about – and learn 
about its benefits at the same time. Together with the work-
shop session on FDI and a press conference the presentation 
of the demo was a huge success – A bold statement of ABB’s 
commitment to FDI and as well as the enormous progress FDI 
made since it was initiated in 2007.

What’s next?
With the FDI Cooperation in place and the specification and 
the common Tools and Components making good progress 
FDI is now on the Zielgerade. However, to provide a solid and 
validated technology things should not be rushed now. The 
FDI draft specification was publicly made available end of 
2011. In parallel IEC standardization is on its way and also the 
adoption as Chinese national standard is making good progress. 
Now remains the task to resolve possible issues that may be 
found during further validation of the specifications. Also the 
common Tools and Components will be further developed. Both 
specification work and the Tools and Components development 
go hand in hand since at the end of the day of course both 
pieces need to perfectly fit together so that they can then be 
released to the market. This is all now well on its way. And 
DECRC will continue to further drive the topic – As thought 
leader in Device Management.

Contact:  
Dr. Daniel Großmann
Phone: +49 (0) 6203 71 6241
Email: daniel.grossmann@de.abb.com
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Integration of Maintenance and FDI Device Management Systems
Dr. Ralf Gitzel, Dr. Dirk Schulz, Alexander Kaiser, Roland Braun

Abstract
The integration of Computerized Maintenance Management 
Systems (CMMS) with the base levels of the automation pyramid 
enables cost saving potential for ABB’s customers. In our study, 
we chose the Device Management System (DMS) as a promising 
starting point. Integration between the CMMS and DMS will 
avoid media breaks during the creation and tracking of main-
tenance work orders, potentially reduce engineering time, 
improve data quality in the maintenance history records, and 
increase usability on the Device Management System side 
through maintenance status updates.

Background
Today, industrial maintenance enjoys the support of modern  
IT systems. A central role in this activity is taken by so-called 
Computerized Maintenance Management Systems (CMMS). 
Example CMMS products are IBM Maximo or ABB Mincom 
Ellipse. A CMMS supports maintenance in several ways:

 –  Asset and Maintenance Information Storage: The CMMS 
contains a logical representation of plant locations, assets 
including their location and status, as well as information 
about maintenance resources and activities.

 –  Planning and Management Support for Maintenance 
Activities: Maintenance requests can be put into a CMMS 
system by operators or other stakeholders. Based on these 
requests, the CMMS helps a maintenance supervisor to 
create and schedule actual work orders including assignment 
of resources such as tools and workers. 

 –  Monitor and Control Maintenance: The supervisor is 
able to track the status of a work order through the CMMS 
system. This way, it is possible to find troublesome tasks 
but also to measure the general maintenance performance.

A Device Management System (DMS) is a framework into 
which individual device management tools can be integrated. 
These tools support tasks such as the engineering/parameter-
ization, commissioning, diagnosis, and maintenance (repair/
replacement) of devices. The framework functions include:

 –  Data access from a device tool to the physical device 
across fieldbus hierarchies (nested communication)

 –  Data storage capabilities (parameter values, history of 
device condition)

 –  User interface integration
 –  Execution engines e.g. for (predictive) device monitoring 

functions



ABB Research Center Germany | Annual Report 2011  75

Figure 1: FDI-DMS-CMMS Integration Concept  |  Figure 2: Work Order Creation and Tracking

1 2

The upcoming Field Device Integration (FDI) technology  
represents the next generation of such DMS frameworks. It is 
based both on established automation technologies such as 
EDDL and modern software technologies such as Microsoft 
.NET and WPF. With its ability to detect and analyze errors 
and its capability for root cause analysis, the (FDI-) DMS plays 
a crucial role in several phases of the maintenance process, 
possibly starting with a maintenance request. 

Problem Description
In the automation pyramid, the CMMS software resides at level 4, 
the same level as the ERP system. This reflects its properties 
as an organizational tool rather than a control-related system. 
However, the CMMS-based maintenance activities have a very 
strong impact on individual devices or pieces of equipment in 
an automation system. 

The DMS resides close to level 0 of the automation pyramid, 
the field level. Following the engineering and commissioning 
of a plant, its main purpose is to support diagnosis and main-
tenance activities on field devices, such as device repair or 
exchange. The latter activities are jointly executed by field 
maintenance personnel (supervised via the CMMS) and a 
maintenance engineer in the control room (executed via the DMS).

Despite the seeming distance between the two systems in  
the automation pyramid, both CMMS and DMS deal with very 
similar concepts and activities. Still, the level of integration 
between CMMS-level activities and field-level activities (espe-
cially in stand-alone DMS solutions) does not live up to its full 
potential. This has several consequences:

 –  Theoretically, a CMMS provides an excellent record of 
maintenance activities on site. However, in real life, data 
quality is often quite poor with many data fields being left 
empty or filled with wrong information. The reasons for  
this are time pressure, indifference and possibly a lack of 
understanding regarding the required content. Thus, the  
full information potential of the system is not realized, even 
though a lot of this information is already found at lower 
levels of the automation pyramid.

 –  Maintenance tasks require coordination with device-level 
activities such as parameterization or communication  
configuration. However, there is no built-in coordination 
between the CMMS and device management software.

 –  The setup of a CMMS system and the engineering of the 
field devices need overlapping information on the existing 
devices, which means redundant data input during the 
respective start-up/engineering phases.
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 –  In larger plants with several thousand devices, it becomes 
exceedingly difficult for the user of a DMS to keep track  
of individual failures in the context of planned preventive/
corrective maintenance activities.

Solution Approach
Technologically, a CMMS is a specialized enterprise application 
with a strong focus on data management. Maximo for example 
is implemented on top of an IBM Websphere Application Server. 
This architecture enables integration with other systems’  
functionalities. Device monitoring is one of the main functions 
of a state-of-the art DMS, e.g. ABB’s Asset Optimizer (AO) or 
next-generation Field Device Integration (FDI) technology. 

The “FDI-DMS-CMMS” pre-study offers a demonstrator which 
highlights ways of integrating a CMMS system with base levels 
of the automation pyramid.  As shown in Figure 1, the focus 
lies on the DMS, which complements the functionality of the 
CMMS. The DMS is able to detect – over even better predict 
– device failures for the full range of simple and intelligent 
devices up to entire subsystems. Furthermore, it can provide 
detailed, device-specific diagnosis of possible root causes, 
identify a corrective maintenance action, and possibly provide 
device data that supports maintenance personnel during the 
repair or exchange of a device. This kind of information is 
needed in the work orders that the CMMS stores and that are 
assigned to service personnel.

On the other hand, the user of the DMS needs to know when 
maintenance interacts physically with the devices. Given a 
replacement device is available, the process must possibly  
be shut down for a certain period of time, the exchange itself 

must be scheduled to happen, and subsequently the new 
device must be commissioned before the process can be 
started up again; in particular, the impact on the production 
schedule must be estimated and acknowledged.

Finally, based on the close relationship between the DMS and 
the CMMS, the assets represented in both systems are mostly 
the same. During the engineering phase, the DMS system could 
act as a source of information for the set-up of the asset and 
location structure in the CMMS system.

A good illustration of the integration concept in the prestudy is 
the communication during a maintenance task (Figure 2). Within 
the DMS GUI, the user can generate a request in the context 
of a specific device, which already contains failure information, 
date, unique device identifier, and other information needed to 
resolve the problem (see Figure 3). Without the DMS-CMMS 
integration, this information would be entered manually into 
the maintenance system.

Within the CMMS, the requested work order is revised by the 
maintenance manager, scheduled and assigned to a technician. 
When the technician starts with the task, he/she indicates that 
the work order is currently being maintained. After the task, 
the technician marks the work order as awaiting acknowledge-
ment.

Without integration, the DMS user would have to access the 
CMMS system in parallel to find out about the scheduled 
time, the work progress and finally the need to acknowledge 
the finished repair of the device. However, in the integrated 
scenario, the work order status is automatically visible in the 

Figure 3: Work Order Creation within the  |  DMS Figure 4: Status Icon

3 4
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DMS as a small symbol at the bottom of the device (see  
Figure 4). Following the established pattern, the work order 
can be acknowledged directly from the system.

Customer and ABB Internal Benefit
As illustrated by this simple scenario, the DMS-CMMS  
integration saves time and improves data quality merely by 
reducing media breaks. Some other possible customer  
benefits are:

 – Condition-Based Maintenance through automated generation 
of work orders based on information from the DMS.

 – Automatically generated maintenance history data is complete 
and consistent

 –  Devices registered with the DMS can be used to automatically 
update locations and corresponding assets in the CMMS. 
This is particularly useful during engineering and in the 
case of changes and device replacements.  

For ABB, a DMS-CMMS integration concept enables a unique 
selling point, not least in a strong stand-alone FDI device 
management solution.

Contact
Dr. Ralf Gitzel
Phone:
Email: ralf.gitzel@de.abb.com

Dr. Dirk Schulz
Phone: 
Email: dirk.schulz@de.abb.com
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Engineering Workbench and Common Components (EWOCC)
Georg Gutermuth, Pablo Rodríguez Carrión, Christian Messinger

During the ABB Automation World in Orlando, Joe Hogan 
re-launched the Symphony Automation Solution that, with 
more than 6,000 systems installed worldwide, represents 
one of the largest installed bases of distributed control 
systems (DCS) in the world. Among other novelties of the 
new “Symphony™ Plus“, the harmonized engineering 
environment “S+ Engineering” gives an advantage in the 
market but bears some technical challenges as well.  
Corporate Research Germany helped to find solutions  
to some of the most important questions.

Symphony Plus and challenges for S+ Engineering
During a ribbon-cutting ceremony in the Power Generation 
booth at Automation & World, ABB unveiled its new Symphony™ 
Plus distributed control system (DCS). Symphony Plus is the 
total plant automation solution for the power generation and 
water utility sectors. 

It is the latest generation of ABB’s Symphony family of control 
systems with two flavors of controllers: Harmony / Infi90 and 
Melody / AC870P. With more than 6,000 systems installed 
worldwide, over the past 30 years, Symphony represents one 
of the largest installed bases of distributed control systems 
(DCS).

Key customer benefits include improved plant productivity and 
energy efficiency, as well as enhanced operational security, 
plant safety, and a lower total cost of ownership. The last 
point includes a shorter time to production and thus a higher 
engineering efficiency.

The engineering of Symphony Plus (S+ Engineering) is an  
integrated engineering environment that offers specialized 
functionality for development, configuration, management, 
backup, commissioning and maintenance of all Symphony 
Plus components from field-devices and electrical equipment 
to control, I/O units to operator HMI and gateways.
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Features and requirements of the S+ Engineering tools 
include:

 – Simplicity (intuitive, harmonized) to reduce learning effort 
and increase engineering efficiency

 – Scalability (small and server-less applications as well as 
large multi-system, multi-server architectures) to cover 
requirements of large power, decentralized renewables and 
distributed water applications.

 – Seamless integration of the engineering tools among each 
other as well as integration of field devices, process and 
turbine automation systems, electrical and SCADA (Super-
visory Control and Data Acquisition) solutions as well as 
business and maintenance systems.

 – Security (intrusion and failure prevention) to offer a reliable 
control environment and built-in security features that prevent 
unauthorized system access.

 – Evolutionary (compatible with the installed base) to insure 
introducing new technology while protecting the long-term 
investment of customers by ensuring that each new  
generation is fully compatible with its predecessor.

Some of these requirements are quite challenging as fulfilling 
one can make achieving another one more difficult.

The architecture was made in a way that S+ Engineering at 
the same time
 – combines the specialized Control & I/O Engineering for the 

two control families (Harmony, Melody)
 – unifies the engineering of operator graphics and field 

devices

 – is being enhanced with modern System admin, engineering 
and security features

 – uses an evolutionary approach to maintain investments 
made in the software.

Picture 2 shows the solution components that, having each 
one a specific task, work seamlessly together.

Contribution of DECRC
Together with the S+ Engineering project team and its product 
manager, DECRC contributed with various studies, technology 
evaluations and realization proposals to the overall success of 
the current and the future releases of S+ Engineering.

1. Data modeling and storage
Especially the combination of exiting and market proven tools 
and technologies with the goal to introduce new functionality 
that can be used as common components for all applications 
was a challenge for the design and implementation of the new 
release.

A common component based engineering suite requires a 
common data modeling that bases on agreed definitions  
and object models. DECRC helped, and continues to do so, 
to agree on terms and definitions across four development 
locations and nearly 10 user locations.

When tools share data that should not be handled twice (single 
point of data entry) a common data persistency and storage 
solution is required. DECRC collected requirements and proved 
that the management preferred solutions indeed fulfills all of 
them.

1 2

Figure 1: Overview on Symphony Plus architecture and capabilities (Picture taken from [1])  |  Figure 2: Structure of S+ Engineering with 5 common com-
ponents (Picture taken from ABB Image Bank)
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2. Tool integration
To ensure a seamless engineering environment with optimized 
functional components and single-point of data entry, an inter-
face technology had to be found that works across operating 
systems, programming languages and machines, and fulfills 
this in a secure and preformat way. To find a good solution 
EWOCC used a “filter and evaluate” approach, shown in  
Figure 3. 

The filtering step was important to get a small amount of candi-
dates on the technology side (Figure3, right) that could practically 
be analyzed in depth. The 7 final candidates could be clustered 
into TCP/IP based, HTTP-based and middleware approach.

On the requirement side (Figure3, left) 5 integration use-cases 
were identified with requirements from an Engineering and 
usability perspective. For each use-case a specific technology 
proposal was made and all were discussed with BU experts 
and finally followed by the BA.

Depending on the use-case small functional tests have been 
implemented or a complete implementation proposal has 
been worked out for a dedicated middleware component 

(Figure 4). First productization basing on the EWOCC recom-
mendations already passed code freeze and will be released 
with the product in 2012-04.

3. Engineering Workflow analysis
EWOCC analyzed and confirmed with developers and users 
the engineering workflow and tools used today. Several sce-
narios, types of S+ systems and improvements were 
identified. As result EWOCC proposed enhancements will be 
introduced in the future releases. 

4. Overall system view
Early generation Control Systems have been quite proprietary. 
Field devices communicated over a DCS bus with the control-
ler that handled all relevant signals and passed it to a (DCS 
specific) server where the data was visualized for the operator. 
Today the network structure, basing on Industrial Ethernet is 
much more complicated: 

Data sources besides hardwired process I/O can be I/O that 
communicates via fieldbus protocol to the controller or directly 
to the system network, like for example IEC61850 IEDs or 
other subsystems. The control functionality can be distributed 
as well over controller (DCS, safety PLC), fieldbus devices  
(FF, PN) or other nodes (IED, PC). And many data sinks besides 
the System Server have evolved, such as ERP, Asset or A&E 
Management or Logging and Communication servers  
(incl. security, firewall and patcher).

The effect is that the planning and configuration of the network 
and its topology is getting more complex and is requiring more 
knowledge and time [3]. To support this task Symphony Plus 
is the first control system that aims at providing a complete 
overview on the total system and supports its configuration, 
independent of the different technologies.

4Figure 3: Stepwise evaluation approach for identification of suitable  
technologies.  |  Figure 4: Integration broker overview.

3
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5

Figure 5: Two different types of S+ Systems used during the Engineering lifecycle of projects.  |  Figure 6: System Architecture of Symphony Plus with 
focus on IEC61850 integration (Picture taken from [2]).

6
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EWOCC proposed a visualization concept where all devices, net-
works and protocols are represented seamlessly, emphasizing 
the functional perspective and abstracting the technological 
details that make the engineering process cumbersome.

Taking in consideration the different roles from all the technicians 
involved in the whole lifecycle of an automation project, the visu-
alization concept included different levels of details combined 
with routing and placement algorithms optimizing the information 
delivered to the user at any time. For instance, commissioning 
engineers are interested in location and cabling details, in  
the other hand system engineers are focused in allocation of 
functions within the system, while Network engineers prefer to 
see the redundancy aspects of the network topology.

For today’s huge system topologies, modern navigation tech-
niques and presentation algorithms never applied before in 
the field of automation technologies are used enhancing the 
usability throughout the system and providing the optimal 
information in order to find objects.     

Results & Benefit
 – In S+ Engineering discussions, EWOCC results helped 

identifying white spots, structuring discussions and  
agreeing on common understandings and solutions.

 – Detailed technical analysis and proposals for solutions 
helped S+ Engineering management to decide for one 
alternative. All recommendations of EWOCC have been  
followed.

 – In certain cases EWOCC realized software prototypes or 
worked out details in an implementation proposal. All 
results of this category have been used in the current  
productization and will be released in 2012-Q2.

 – The new ideas and concepts of EWOCC triggered discus-
sions and decisions that will influence the next generation 
of S+ Engineering. Two of them will be secured for ABB in 
patents under work.

 – A follow up project is already defined and will be started  
in 2012

Internal Customer
Power Systems, BU Power Generation

Contact
Georg Gutermuth
Phone: +49 (0) 6203 71 6477
Email: Georg.Gutermuth@de.abb.com
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Next Generation Factory Acceptance Test
Mario Hoernicke, Dr. Jürgen Greifeneder

Testing will become more important than ever. The more 
complex a process plant becomes, the more complex and 
comprehensive tests are required to prove the automation 
system’s correctness. Thus, during today’s engineering 
process, extensive factory acceptance tests (FATs) are 
indispensable. Excessively so, the automation systems 
hardware is only partly present on the shop-floor, because 
most of it is directly sent on site. Therefore, the FAT needs 
to be based upon a virtual imitation of the controllers, 
fieldbusses and subsystems. In conjunction with an 
increasing geographic distribution of engineering activities 
and a rising shortage of available engineers, the FAT 
becomes a very time-consuming and longsome procedure 
that cannot prove the system correctness entirely. The 
project “Next Generation FAT” aimed to identify the 
improvement potential in FAT, in order to investigate new 
methods and tools that ease the preparation and execution 
of it.

Today’s FAT procedure
FAT of today’s process plants is an essential part during  
engineering. It is very important to perform the majority of the 
logic tests during that phase, because time in the subsequent 
commissioning is much more expensive. Meaning, the more 
tests are done during FAT, the less effort is required in com-
missioning.

In general, the FAT procedure can be divided in three phases 
(Figure 1):

1. FAT Preparation
During the preparation phase, the hardware is staged on the 
shop-floor. It is configured like it is done later in the real plant 
and hereby prepared for the FAT. But usually, only sample parts 
of the hardware are present, [1], and therefore, the missing 
hardware needs to be imitated by virtual pendants that manifest 
the same logical behavior. When the hardware is cabled and 
the emulation of the missing parts is executed on emulation 
PCs, both, the hardware and the emulation, must be configured 
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according to the engineering data. Additionally, the emulation 
PCs have to be configured to fit into the automation system 
network and fit the needs of the emulation.

2. FAT Execution
Once the preparation of the FAT has finished, the actual tests 
can be performed. Usually the test engineers read through a 
test specification and perform the tests manually. By forcing 
I/O variables, unplugging cables or provoking special situations 
[2] the automation system, especially the control logic, is 
brought into defined states and the behavior of the complete 
system is observed. Often, test sequences are implemented 
in 61131-3 and performed on the controllers [3] to ease the 
preparation of scenarios and to automate their recreation. The 
results of the observation are manually documented in a test 
report.

3. FAT Deconstruction
After the test execution, the FAT environment is deconstructed. 
The implemented test sequences must be removed from the 
engineering tools [3], the hardware must be sent on site, the 
emulation must be stopped on the emulation PCs, and their 
configuration must be switched back to the state before the 
FAT. 

This procedure is repeated for every FAT of every plant.

Discovered Improvement Potential
The FAT procedure as it is done nowadays is a very manual 
process. A lot of effort is required for the preparation and 
afterwards the deconstruction of the test environment. Addi-
tionally, the test execution, including the documentation, is 
very manual and requires high effort. 

During the project, the FAT-workflow has been investigated 
and the following improvement potentials have been discovered.

1. Communication Between Emulators
For each controller type and a few subsystems, e.g. Foundation 
Fieldbus [4] or IEC61850 [5] networks, emulation tools are 
available. The problem is that the controller emulator and the 
subsystem emulator do not communicate with each other, as 
the communication interfaces (CI) are not emulated. This leads 
to additional effort for creating proprietary tools and connections 
between the emulation tools. If the communication characteristic 
is more complicated or a large number of signals are exchanged, 
it is usually not emulated and the test of the communication is 
done in commissioning. The development of a “Generic CI”, 
customizable for the subsystems to be connected, would have 
large advantages. The signal exchange between controllers 
and subsystems could be tested during FAT based on a  
complete virtual environment.

Figure 1: FAT Procedure
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 2. Harmonization of Emulation Tools
The diversity of controllers and subsystems that are used in 
today’s process automation systems and distributed control 
systems (DCS), leads to a large number of emulator types. 

There are emulators for fieldbus systems, e.g. SIMBA [6], there 
are emulators for Field Control Systems (FCS), e.g. Foundation 
Fieldbus [4], for substation automation, controllers and I/O 
simulation, etc. (see also Figure 2).

Each of those needs to be configured manually according to 
the engineering data. Additionally, for each tool one or more 
Ethernet interfaces must be attached to the PC hardware, 
corresponding IP addresses need to be configured and 
adjusted according to the automation system network require-
ments and require, because of the large number of instances, 
a lot of processing power. Every emulator shows the same 
generic structure, see Figure 3. Thus, the harmonization of the 

configuration and orchestration of those tools would have large 
advantages: the configuration could be done automatically 
and in a similar manner for each emulator, the tools could be 
started and orchestrated from a single point of access and 
the manual configuration of the network and the adoption of 
the emulation PCs – according to the needs of the automation 
system network – could be automated, as well.

Figure 2: Emulators for FAT  |  Figure 3: Structure of an Emulator

2
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3. Management of Test Procedure
The most obvious part with saving potential is the test execution 
and documentation. There is a lot of potential to partly automate 
tests, automatically document results and provide an environ-
ment to perform regression tests.

Besides the logic tests of the automation system, there are 
plenty of tests that are very simple and can be done in a static 
manner, without having a dynamic simulation in behind. 
Checking if a value is correctly transferred on a faceplate or 
checking if the words on the faceplates fit into the corre-
sponding boxes are examples for those. An example for a very 
simple test workflow is shown in Figure 4. 

Figure 4: Test workflow to statically check if all I/O variables are correctly assigned.  |  Figure 5: Generic CI Concept

4

5
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By automating only those simple tests, a large saving potential 
is expected.

The Next Generation FAT
During the project, the described improvement potential has 
been tackled in three working packages – each for one of the 
potentials discussed before. 

WP 1 A Generic CI Emulation
During the first working package, a generic CI emulator has 
been prototypically developed that forwards signals from the 
AC800M (Soft-) controller to the subsystem emulation and 
vice versa. The concept is based on the OPC interface and 
has been developed and proven for feasibility by implementing 
specific CIs for Foundation Fieldbus and IEC61850.

Based on the OPC interface, the values of the variables are 
exchanged, whenever a change of a value has been recognized 
(Figure 5). Additionally, the generic CI is delivered as a class 
library and provides a very simple SDK for embedding it into a 
subsystem emulation tool. The configuration of the variable 
mapping is done based on a XML file that needs to be generated 
by the specific CI, since the mapping needs to be created in a 
specific manner for each subsystem.

WP 2. Emulator Framework
The harmonization of emulation tools used during FAT has 
been the second task. For that reason, a framework that is 
able to embed emulation tools has been conceptual and  
prototypically developed. Based on the VMWare Workstation 
virtualization environment, a concept to automatically deploy 
and configure emulation networks has been developed, see 
Figure 6. For more information see [7].

Additionally, the framework has been tightly embedded into 
the process control environment 800xA, but is open enough 
for a fast adoption to other DCS or ECS (electrical control 
system) environments, see Figure 7.

WP 3. Verification Engine
The management of test procedures has been the third task. 
The work focused on the documentation and generalization of 
FAT test workflows (an example is shown in Figure 4). 

Those workflows got categorized towards their requirements 
concerning both, automation potential (respectively manual 
work) and information sources. 

7

6

Figure 6: Deployment Concept of the Emulator Framework 
Figure 7: Emulator Framework embedded into 800xA Environment
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8

Figure 8: Basic Verification Engine concept

In the third step a concept for the test execution got developed 
(cf. Figure 8). The challenge of this was that selection, configu-
ration, execution and documentation of test workflows have 
to be highly automated – and accepted by both, the test  
engineers and the customer.

From the test engineer’s view, the new tool will enable him to 
systematically create and store test cases, define test work-
flows and assign workflows to testees, select test workflows 
from a global list and apply them to one or several testees, 
store test results and generate test reports automatically and 
run even complete test setups (or parts of it, e.g. up to a given 
point) for real and virtual testees on local and/or distributed 
equipment. The concepts and methods will be further devel-
oped and proven for feasibility in a follow up research project 
in 2012.

Customer and ABB Internal Benefit
The improvement potential that has been discovered during 
that project has been directly put into working packages that 
should solve those issues.

The main benefit that has been made visible is the very short 
preparation time for the FAT. With the harmonization of the 
emulation tools and the development of a framework including 
automatic deploy mechanisms and a single point of access, 

the entire virtual emulation network can be generated with only 
a few mouse clicks. With such a fully virtual environment the 
saving during commissioning can be up to 80% according to 
[8].

Additionally, staging hardware on the shop-floor for dynamic 
logic testing is not required anymore. The hardware, controller, 
fieldbusses, etc. can be sent directly on site without shipping 
it to the in-house testing site and afterwards to the plant. This 
saves shipping costs and administrative overhead.

Another benefit is the possibility to work on the same virtual 
environment from different locations. The emulator framework 
supports the usage of the virtual automation system within a 
geographically distributed engineering team. Since it bases on 
virtualization infrastructure, backup, restore and packaging 
procedures for entire virtual automation systems are possible. 
Recreation of test beds and regression testing is quite easy.

By providing a generic solution for CI emulation, the test engi-
neers are now able to perform tests of the automation system 
in its entirety. The connection and mapping of variables 
between the control system and the subsystems can be tested 
and the logical paths of signal values can be demonstrated 
and proven for correctness. Hence, the quality of the automation 
system increases.
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Finally, the verification engine working package discovered 
various possibilities to automate tests during FAT. Plenty of 
test cases are done in a static manner and do not require the 
knowledge of specific specifications of the process and auto-
mation system. Their automation would additionally reduce 
the FAT effort and eventually provide a defined procedure for 
testing DCS and process control environments.

With a management tool, as described in WP 3, the test  
engineers finally have a tool that guides through the FAT. The 
benefit here is that every test execution and every result can 
be documented automatically in a standardized manner. This 
again reduces the manual effort in FAT.

Conclusion
Engineering procedures move into a direction which more and 
more decouples hardware from software and progressively 
deploys DCS and ECS on private clouds, because of their easy 
scalability and life cycle maintenance [9].

The steps described in this contribution are therefore new, but 
natural steps to move forward with the technology for FAT and 
engineering. The trends: virtualization, separation of hardware 
and software in engineering and automation of tests, have 
been addressed and evaluated for their usage in FAT within 
geographically distributed engineering teams. The described 
technologies have been proven for feasibility and evaluated by 
the project team.

The emulator framework as base for a dynamic and scalable 
environment is a technology that eases the creation of virtual 
FAT scenarios. Combined with the test management tool to 
guide the engineers through the test procedure and automati-
cally document the test results, the solutions described in this 
contribution provide a comprehensive and complete procedure 
for the Next Generation FAT.

Internal Customer
ABB Oil, Gas and Petrochemicals
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Mario Hoernicke
Phone: +49 (0) 6203 71 6266
Email: mario.hoernicke@de.abb.com
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Save energy by keeping steel slabs hot throughout  
the production process

Chaojun Xu, Dr. Iiro Harjunkoski, Dr. Guido Sand, Heiner Termeer, Andreas Vollmer

An average size steel slab produced by the continuous 
casting machine weighs 25 tons, is 1200°C hot and costs 
in the range of several ten thousands Euro. Most of this 
thermal energy is often being lost due to lacking coordi-
nation capabilities while the slabs are waiting for the next 
processing steps. ABB corporate research center has 
developed a novel Collaborative Production Optimization 
(CPO) solution which coordinates the existing optimization 
solutions of ABB Collaborative Production Management 
System (CPM) Metals – the Melt shop Schedule Optimization 
(MSO) and Hot rolling mill Schedule Optimization (HSO). A 
simulation based on real production data from a Stainless 
steel customer reveals that CPO may help world leading 
steel companies to reduce the slab yard inventory by about 
20% and increase the amount of slabs directly chargeable 
into the reheating furnace by more than 50%. Slabs can be 
charged without losing thermal energy due to the unnec-
essary storage in slab yard! Thanks to the web-service 
technology, ISA-95 data interface and the sophisticated 
optimization algorithms in CPO, the solution can be provided 
as an additional optimization module without re-engineering 
existing MSO and HSO. The user can choose to use MSO/
HSO independently or engage the coordinated solution (CPO) 
at any time to exploit additional benefits of scheduling 
coordination.       

Steel production characteristics
The current study of World Steel Association [1] shows that 
the crude steel production has increased by average 7.6% 
from 2010 to 2011 worldwide. It has recovered from the crisis 
in 2008-2009, especially the crude steel production in EU27 
has increased about 24%. As the leading global supplier of 
metals automation equipment and systems, ABB is dedicated 
not only to helping its customers with safe, reliable, fast and 
cost-effective distributed control systems (DCS) to cover the 
increasing demand of high quality steel products, but also to 
providing advanced solutions, e.g. Collaborative Production 
Management System (CPM), to allow their existing plants for 
more agile and energy efficient operation.

The entire production chain in a steel plant consists of several 
consecutive production sections, e.g. melt shop, hot rolling 
mill, cold rolling mill and processing lines. However, the melt 
shop and hot rolling mill sections consume about 90% of the 
energy of the entire steel production chain. In the melt shop, 
various raw materials, e.g. iron ore or recycled metal scrap are 
melted into batches, denoted as “heat”, after which alloying 
elements such as manganese, nickel, chromium and vanadium 
are added to produce the required steel quality. In the casting 
machine of the melt shop, the liquid steel is cast and solidified 
into different physical forms, e.g. slabs, bars and blooms. The 
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slabs leave the melt shop with a temperature of about 1000-
1200°C and are typically stored in an open air slab yard, until 
they can be further rolled into strips in the hot rolling mill. The 
slabs waiting in the slab yard will gradually cool down with 
time. Therefore, before the hot rolling process they need to be 
re-heated to about 1000°C in a reheating furnace. This is a 
very energy intensive process; to reheat one slab in a reheat-
ing furnace typically requires 1000 m³ of natural gas [2].

Benefits of the planning and scheduling coordination
Planning and scheduling of daily production orders in the steel 
industry is a very complex and difficult task. The production 
constraints in the melt shop mainly result from metallurgical 
rules, whereas in the hot rolling mill the production constraints 
mainly arise from physical restrictions in the rolling which 
requires small changes in the dimensions of consecutive  
products. Due to the complex and different types of production 
constraints in these two sections, MSO and HSO have been 
developed separately with different optimization objectives. 
Today, the growing competition (short-term customer orders) 
and a large variety of the products (multi-product plants) call 
for a new production management system, which can quickly 
adapt to changing situations (agility) and create a consistent 
production plan from the beginning to the end. Moreover, the 
increasing raw material and energy prices as well as inventory 
costs draw the attention to the optimization aspects of the 
production management systems in this cost intensive branch. 
Nevertheless, many energy saving and storage reduction 
objectives are only achievable, when the distributed planning 
and scheduling in the different production sections are  
conducted and optimized in a coordinated manner.

The slab yard often contains 500-2000 slabs and some of the 
slabs may have stayed there for weeks or even months due to 
uncoordinated production. Because of the high slab value, the 
tied capital in stock can be in the order of hundreds millions 

of Euro. A coordination solution, which optimally aligns the 
schedules from MSO and HSO, aiming at reducing the slab yard 
storage time, will be economically attractive. Additionally, the 
coordinated schedule enables a fast transfer of some hot slabs 
from the melt shop to the hot rolling mill significantly reducing 
the energy loss (hot charging), such that the reheating furnace 
can be operated with a lower energy consumption for these 
“hot charged” slabs.

The novel coordination approach
The scheduling coordination solution – CPO has been developed 
by ABB corporate research center Germany in cooperation with 
Professor Sebastian Engell from the Technical University of 
Dortmund (Germany), who is a world-leading expert in scheduling 
algorithms, and with a Stainless steel producer in Italy with an 
annual production of around 1.3 million metric tons flat stainless 
steel. It is a fully integrated steel plant, comprising a melt 
shop, a hot rolling mill and a cold rolling mill. The MSO and 

Figure 1: Coordination of distributed schedule optimization solutions  
in steel making production chain.  |  Figure 2: Planning and scheduling 
decomposition of existing schedule optimization solutions to enable the 
coordination.
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HSO solutions have already been successfully tested with the 
production management system. During the CPO development, 
the demanding and innovative customer has confirmed that 
the coordination solution is outstanding not only from the 
technology viewpoint but also from the potential usability and 
deployability in the daily production planning.

The coordination problem can be considered as a large opti-
mization problem with decomposed planning and scheduling 
levels as shown in Figure 2. The input is the monthly coil orders 
of hot rolling mill and the output is the optimized schedule for 
both the melt shop and the hot rolling mill. The original MSO 
and HSO optimization objectives, e.g. make span minimization 
are kept and additional coordination objectives for e.g. slab 
yard storage time minimization and reheating furnace energy 
consumption minimization are added. In order to reuse the 
complex nested MSO and HSO models, the coordination 
problem can be functionally divided into two layers, planning 
and scheduling. At the planning layer: 

 – MSO heat grouping optimization is solved as a mixed integer 
linear programming (MILP) problem to optimally arrange 
heats into casting sequences for later casting in the  
continuous caster. 

 – The HSO grouping heuristic assigns the resulting slabs into 
rolling programs. Typically one heat (entity in the melt shop) 
results into several slabs. 

 – Finally, the heat design module optimizes the assignments 
of the “virtual slabs” to the heats. 

The entire planning layer decides the production targets for 
the melt shop and the hot rolling mill and how the intermediate 
products are coordinated between them. 

The solution of scheduling coordination layer will give the 
decision about what and when to produce in the melt shop and 

hot rolling mill in the form of a detailed production schedule. 
The proposed CPO module coordinates the MSO scheduling 
and the HSO scheduling modules (MILP) synchronizing the 
casting sequences and rolling programs, see Figure 3. At first, 
MSO and HSO scheduling modules deliver an uncoordinated 
schedule to CPO. CPO then takes three actions, i.e. shifting, 
evaluation and optimization. An efficient heuristic shifts the 
corresponding product from the MSO and HSO schedules 
without changing the production sequences and resource 
assignments to avoid possible infeasible overlaps in the  
uncoordinated schedules. The shifting heuristic thus always 
guarantees a feasible overall schedule in a short computa-
tional time. In the evaluator, the shifted feasible schedules are 
evaluated with regards to the different coordination objectives, 
e.g. production make span, inventory requirement and energy 
consumption. If the current overall schedule is not good enough, 
the intersection model is triggered, which is the core of the 
CPO concept. The intersection model is built based on the 
bottleneck knowledge of the entire production chain/process 
sections, which can be acquired through historical data analysis 
or execution of a bottleneck identification heuristic on existing 
MSO and HSO modules. In this case, the connecting production 
stages, i.e. continuous casters and reheating furnace, are 
identified as bottlenecks and corresponding production rules 
of both sections are integrated in the intersection model. The 
intersection model is optimized only for the bottlenecks and 
the optimized schedule is given back to MSO and HSO in 
form as internal production due dates and release dates. MSO 

Figure 3: Collaborative production optimization (CPO) solution workflow: 
Coordination of distributed scheduling modules aiming at feasibility and 
optimality of the entire plant.

3 4

Figure 4: Web-service architecture of CPO facilitates full flexibility and 
connectivity of solution deployment and further enables a new business 
model – “optimization as a service”.
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and HSO are then optimized again based on the suggested 
schedule from CPO. The intersection model is updated based 
on the MSO and HSO schedules at each iteration to gradually 
approach an optimal overall schedule.

The advantages of the CPO algorithmic approach can be 
summarized in the following points:

 – Minor engineering changes in existing MSO and HSO for 
coordination;

 – Robustness: Feasible solution can be ensured at every  
iteration;

 – Quality: Continuous improvement of the overall productivity 
and hot charging ratio;

 – Parallel computing of MSO and HSO is possible.

Advanced service solution via web-service technology
All three scheduling optimization modules (MSO, HSO and CPO) 
are implemented as web-services, see Figure 4. Following the 
standard web-service architecture, the optimization engine can 
be located anywhere within the intra- or internet. The respective 
web-clients can connect to the web-server and call its optimi-
zation service on demand. This approach allows for maximum 
flexibility and linking the optimization solution to an existing 
industrial IT-environment does not require any changes to the 

solution. The only addition is to collect and write the necessary 
plant-specific information into an ISA-95 [3] compliant XML file.

The MSO, HSO and the coordination approach (CPO) are all 
implemented in C# and the embedded MILP models are 
solved by CPLEX.

Customer benefit
Using data from our pilot customer, ABB illustrated the benefit 
of CPO by optimizing real production orders for about 300 coils, 
equivalent to 1-2 days of production at the hot rolling mill. 
Each coil order corresponds to one slab produced in the melt 
shop. The coils are characterized by more than 20 different 
steel grades, widths and thicknesses, which must be taken 
into account in the production planning as well as in scheduling. 
Figures 5-7 show that CPO is able to coordinate the melt shop 
and hot rolling mill schedules both in terms of productivity and 
energy efficiency. The coordinated production schedule is 

Figure 5: Comparison of uncoordinated schedule (pull strategy: HSO->MSO) 
and coordinated schedule (CPO). The proposed intersection coordination 
approach reduces the slab yard storage time on average by 23% and the 
make span of the entire schedule by 7% (4h) within a reasonable computation 
time. The coordinated schedule can increase the number of hot-chargeable 
slabs by more than 50%.  |  Figure 6: Comparison of uncoordinated schedule 
(pull strategy: HSO->MSO) and coordinated schedule (CPO) in terms of 
slab charging temperature in reheating furnace (each column corresponds 
to one slab). The charging temperature profile implies that the reheating 
furnace energy consumption of the uncoordinated schedule is more vola-
tile than the energy consumption of coordinated schedule. Compared to 
the uncoordinated schedule, the coordinated schedule leads to a decrease 
of the energy consumption peak of the reheating furnace by about 13% as 
well as to a reduction of the total energy consumption from 616 MWh to 
561 MWh for 300 slabs. Reheating furnace saves 55MWh/day, which 
equals to an annual energy cost saving of 960k€ based on a natural gas 
price of 47.8€/MWh for industry (Germany)[4].  |  Figure 7: Hourly slab yard 
inventory level histogram shows that the coordinated schedule can reduce 
the peak inventory capacity requirement about 20% for 300 slabs

5 6
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highlighted by a slab yard inventory reduction of about 20% 
and an increase of the hot-charging ratio by more than 50%, 
compared to the schedule without coordination. These results 
are indicative as they have not yet been verified in daily pro-
duction. Nevertheless, the practical potential is real and 
significant.

CPO provides additional value to its existing optimization 
solutions by coordinating them, which also opens novel 
opportunities. Apart from MSO and HSO, CPO can be inte-
grated as an additional module in the ABB CPM4Metals 
(Collaborative Production Management System for Metals)  
to extend the ABB optimization platform for metals. The 
deployed software framework in CPO sets up a new standard 
for distributed and modularized optimization services. Thanks 
to the ISA-95 interface and web-service technology, CPO 
facilitates business models like “optimization on demand”, 
“optimization as a service” for different customers to identify 
and maintain the win-win situation as a future industrial  
service provider.

Conclusions and further research
The research prototype - Collaborative Production Optimizer 
(CPO) coordinates the existing ABB metals scheduling modules 
to minimize the slab yard waiting time of each slab between 
the melt shop and the hot rolling mill so that the steel plant 
owner can gain productivity improvements and energy savings 
simultaneously. The innovative coordination framework minimizes 
the daily operational costs as well as the engineering mainte-
nance costs of the optimization software.

The focus of further CPO research is to extend the developed 
general coordination heuristic and framework also to other 
ABB optimization modules in various industries. For example, 
CPO might align different production planning and scheduling 
modules and ABB cpmPlus Energy Manager to optimize pro-
duction or process operation under the fluctuating energy prices 
and the tightening emission regulations. By means of CPO, 
ABB will optimize power and productivity for its customer in  
a holistic way.

Internal customer
Division: Process Automation 
Business Unit: Metals

Contact
Dr. Iiro Harjunkoski
Phone +49 (0) 6203 71 6014
Email: iiro.harjunkoski@de.abb.com
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PolyCon
Using Dynamic Optimization to improve efficiency of polymerization processes

Manfred Rode, Klaus Hütten (Lummus Novolen Technology GmbH)

Abstract
Increased product quality and less energy consumption are 
requested more and more. Modern Distributed Control Systems 
(DCS) are designed to support customers to fulfill such require-
ments. There are a lot of features implemented which improve 
operation and maintenance. This helps the operating staff 
much more than before. Advanced Process Control (APC) is  
a technology that helps to control complex processes in an 
appropriate way so that it is not necessary furthermore to 
break down the process structure into single loops which are 
hopefully decoupled. Such control approaches are limited 
regarding control quality. 

APC is predestinated for chemical processes, which are noted 
for their complexity. However, a big disadvantage of APC is its 
cost. 

The project PolyCon shows, that effort can be reduced using 
ABB’s APC framework Dynamic Optimizer (DO). DO is a 
framework which is runable on 800xA and can be used as 
runtime environment as well as for APC development. 

Problem Description
The cornerstone of today’s plastic market has been laid in the 
end of the 19th century. Now, plastic is a fixed part of our life. 
The current world production of plastic is about 280 billon tpa 
(in 2008). The production takes place in different kinds of pro-
cesses. Those are typically complex and difficult, independent 
of the used kind of process. A lot of production specialties 
have to be considered during operation to get the right prod-
uct specifications. 

One of the plastic mass market products is polypropylene (PP). 
There are different production processes available for this kind 
of resin. These processes can produce a variety of Polypropylene 
types with different physical properties. A powerful continous 
process for the production of Polypropylene is the Novolen 
gas-phase process, licensed by Lummus Novolen Technology 
GmbH, a part of CBI. The reaction of Propylene to PP takes 
place in reactors with a throughput from 6 up to 38 t/h. The 
operation temperature of reaction is 80 °C. Therefore the liquid 
Propylene which enters the reactor is vaporized. The vaporizing 
Propylene takes out the heat of polymerization. Propylene gas 
is reacting to PP by adding a catalyst. The state of aggregation 

Polyolefine production
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of PP is solid. So, there are three kinds of aggregations available 
in the reactor during the production. It is obvious that such a 
process is nonlinear and strong coupled. It is a very ambitious 
process from the control engineering point of view. The chal-
lenge is to control such a process in a way that the operators 
are supported to deal with process characteristics which are 
difficult to understand for humans who think linear and  
decoupled. 

The objective of cooperation between DECRC and Lummus 
Novolen Technology GmbH is to improve the reactor control 
furthermore. The goal is to control not only the classical variables 
pressure, level and temperature of the PP reactor, figure 1, 
but also observe / control qualitative variables like melt flow 
index as well as to optimize grade changes.  

Technical Approach
Classical control is limited as mentioned above, especially if 
one temperature has to represent the behavior of a locally dis-
tributed system with a strong temperature profile. The obvious 
solution for such a problem is Advanced Process Control 
(APC), a collection of control methods which are able to use a 
mathematical process model for the design of parameters of 
an advanced control structure and / or for control of the process 
directly. Such a model is the linchpin of an APC solution. There-
fore, the modeling part has to be done carefully. The advantage 
for the handled gas-phase polymerization process is that there 
exists an Operator Training Simulator (OTS) model that could 
be used as starting point for a useful control model which had 
to be verified with real process data.

A new basic control structure was developed, based on  
the control model. The model can also be used to estimate 
qualitative values of the reactor. Nevertheless, grade change 
optimization can be realized using a Model Predictive Control 
(MPC) approach, based on the updated basic control system. 

The design of classical controllers is much simpler than the 
design of an APC and corresponds to the expected result. 
The quality of control as well as the automation level can be 
improved significantly by APC but that has its price: the devel-
opment cost. You can compare this to the conservation laws 
of mass and energy. So, it is important to have an APC system 
which supports both parts of APC applications, development 
and implementation to decrease cost. 

ABB developed such a system. Its name is Dynamic Optimizer 
(DO). DO is a framework of ABB’s control system “System 
800xA” for advanced control and optimization. 800xA includes 
integrated information management functionality and therefore 
serves as platform for the data coming from the field and for the 
processed and optimized control signals to the actuators in 
the field. It fulfills all requirements which are linked with control 
and optimization in real plants in a powerful way. Nevertheless, 
it can also be used as a platform for development of applications 
regarding control and optimization in offices and labs. So, there 
is no additional effort needed to transfer a solution from its 
development platform to the runtime platform as both are 
identical. 

A further big advantage of DO is its modularity. Figure 2 gives 
an overview of DO modules used to create a Nonlinear Model 
Predictive Controller (NMPC) for grade change optimization. 
Preprocessor, Estimator, Optimizer, Postprocessor and Scheduler 
are the essential modules. They are linked by the DCS by OPC. 
OPC is also used as software bus for state and data exchange 
between the APC modules. Each module is responsible for 
itself. The modules are coordinated by the scheduler module. 
This coordination may be time driven or event driven, depending 
on the specific application requests.

Two additional modules support the APC development:  
Simulation and Scenario Player. They are used to simulate the 

1 2

Figure 1: Drawing of a PP reactor including the C3 condenser  |  Figure 2: NMPC modules of PolyCon
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process based on the plant model or real measurement inputs 
also done via OPC. So, it is possible to emulate the plant 
behavior during development. Therefore, the runtime environ-
ment is also used for development as mentioned above. 

The described modules have total different jobs to do. Never-
theless, the module object is always the same. That simplifies 
the development and service drastically. A module has only two 
parts which are of interest for the developer, the configuration 
section and the description section. The module behavior 
(Preprocessor, Optimizer, …) is defined by parameter settings 
in the configuration section. The description section is used to 
describe the job details. That may be an algorithm that repro-
duces the real process data to process model adequate data 
for preprocessing or a process model description used for 
optimization. Whereas the configuration is done by parameters, 
the description can be done in several ways, e.g. using  
MATLAB / Simulink or Modelica. That depends on the  
developers preferences.

The flexibility of DO is helpful to develop a MIMO controller  
for reactor control, to implement softsensors for calculation of 
process internal variables as well as to create an NMPC for 
grade change optimization on the same platform. This solution 
can be multiplied for more than one PP reactors if the platform 
is implemented on a powerful PC and there are no safety 
arguments against that.

Benefits
The integration of different APC applications and functionalities 
within ABB’s Dynamic Optimizer as part of ABB’s control system 
System 800xA as well as the combination of data from different 
sources (real plant or simulated ones) and the generation of 
additional information and thus more comprehensive knowl-
edge and understanding allow a more efficient operation  
of chemical processes like in polypropylene production. An 
advantage of the APC approach is that the runtime platform is 
common for operation and maintenance. It is not an ‘engine’ 
that requires special knowledge for handling and service. The 
standard knowledge of 800xA is sufficient to service the DO 
framework. That simplifies the discussions between developer 

and operators and reduces the lifetime cost drastically. DO 
applications are not limited to 800xA based automation. It can 
also be used in combination to third party DCS. This is also 
supported by the OPC interface.

Investigations showed that the MIMO approach is able to 
increase the basic control quality which is based on a SISO 
approach up to now. The extension of basic control to a 
MIMO approach improves the control stability. The process 
variables are more exact with less variance. Figure 3 shows 
that control potential is available. A NMPC grade change 
approach is feasible based on the updated basic control.  
The process model can also be used to create a softsensor 
for e.g. the melt flow index (MFI).

 In 2012, a prototypic implementation will be set up at a pilot 
customer’s site in order to show the advantages and benefits 
of the APC solution on the real plant. With this project, ABB  
is strengthening its know-how in the chemical domain and 
developing future applications based on their control and 
information management system System 800xA.

Internal Customers
ABB Process Automation, Oil, Gas & Petrochemical

Contact
Manfred Rode
Phone: +49 (0) 6203 71 6272
Email: manfred.rode@de.abb.com

Figure 3: Reactor temperature and level before and after control  
modification



98  Annual Report 2011 | ABB Research Center Germany

Publications and Conference Contribution

Publications in Journals

Application of Static Analyses for State Space Reduction to 
Microcontroller Binary Code  
Schlich, Bastian; Brauer, Jörg; Kowalewski, Stefan  
Science of Computer Programming vol. 76, page 100-118

Model Checking Embedded Software of an Industrial Knitting 
Machine  
Schlich, Bastian; Reinbacher, Thomas; Horauer, Martin; 
Brauer, Jörg; Scheuer, Florian  
Int. Journal of Information Technology, Communication and 
Convergence

Ein Konzept-Roboter für skalierbare Automatisierung von 
Montageabläufen  
Matthias, Björn; Kock, Sönke  
A&D Automation and Drives – Kompendium 2011/2012, 
Branchenmagazin, Abschnitt “Wissenschaft & Forschung”

Interoperabilität auf Feldebene  
John, Dirk; Prof. Dr. J. Jasperneite  
at vol. 07, page 10

Optimization-based Design of Reactive Distillation Columns 
Using a Memetic Algorithm  
Sand, Guido; Urselmann, M.; Barkmann, S.; Engell, S.  
Computers & Chemical Engineering vol. 35, page 787-805

Architecture-based Reliability Prediction with the Palladio 
Component Model  
Koziolek, Heiko; Brosch, Franz; Buhnova, Barbora;  
Reussner, Ralf  
IEEE Transactions on Software Engineering

Facilitating performance predictions using software components 
Koziolek, Heiko; Happe, Jens; Reussner, Ralf  
IEEE Software vol. 28, Issue 3, page 27-33

Optimal Scheduling of Continuous Plants with Energy  
Constraints  
Harjunkoski, Iiro; Castro, Pedro; Grossmann, Ignacio   
Computers and Chemical Engineering vol. 35, page 372-387

Arbeitsabläufe in der Anlagenplanung optimieren  
Libuda, Lars; Gutermuth, Georg; Heiß, Stefan  
atp vol. 09/2011, page 40-51

Modern Maintenence Management by Dynamic Business  
Processe  
Schuh, Lothar; Schiefer, Martin  
Asset Management and maintenance Journal

The Use of the ITIL Service Management Framework for 
Industrial Service Organization  
Dix, Marcel; Gitzel, Ralf; Stich, Christian  
Plant Services 

Energieautarker drahtloser Temperaturtransmitter für die  
Prozessindustrie  
Ulrich, Marco; Nenninger, Philipp; Nurnus, Joachim  
Automatisierungstechnische Praxis (atp) vol. 10/2011

Semantic Federation of Product Information from Structured 
and Unstructured Sources  
Aleksy, Markus; Wauer, Matthias; Meinecke, Johannes; 
Schuster, Daniel; Konzag, Andreas; Riedel, Till  
International Journal of Business Data Communications and 
Networking (IJBDCN) vol. 7, page 70-99
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Semantic Mobile Applications for Service Process Improvement 
Aleksy, Markus; Stieger, Bernd; Janke, Thomas  
International Journal of Business Data Communications and 
Networking (IJBDCN) vol. 7, page 1-16

Special Issue on Advances in Ubiquitous Communications, 
Sensing, and Applications  
Aleksy, Markus; Ikeda, Makoto  
International Journal of Space-Based and Situated Computing 
(IJSSC) vol. 1, page 99-100

Anlagenfahrer können mehr  
Hollender, Martin; Haller, Axel  
ABB connect vol. 3, 2011

Das Potenzial von Anlagenfahrern wirklich nutzen  
Hollender, Martin; Haller, Axel  
CheManager vol. 13-14/2011, page 11

Intelligente Leitwarten  
Hollender, Martin; Doppelhamer, Jens  
atp edition vol. 12/2011

“Guide for Transformer Maintenance - Report Overview”  
Nicolaie Fantana; Rajotte, C.  
ELECTRA, 2011, March, Nr. 254

Energia dall’ ambiente per dispositivi di processo autonomi  
Nenninger, Philipp; Ulrich, Marco  
Automazione e Strumentazione vol. 10, page 39-41

Komponentenbasierte Entwicklung von Firmware für Sensor-
systeme in der industriellen Praxis  
Nenninger, Philipp; Merlin, Tilo; John, Dirk  
Proceedings of Software Engenieering 2011  

Interoperabilität von Engineering-Werkzeugen  
Drath, Rainer; Barth, Mike; Fay, Alexander  
Automatisierungstechnik 2011

Safety-Applikationen effizient entwickeln  
Drath, Rainer; Schlich, Bastian; Frey, Georg  
atp vol. 12/2011 

Life Cycle Cost Model for Distributed Control Systems  
Gitzel, Ralf; Stich, Christian; Dix, Marcel  
atp edition vol. 5/2011, page 56

Special Issue on Principles and Practice of Programming in 
Java (PPPJ 2008)  
Gitzel, Ralf; Aleksy, Markus; Horspool, R. Nigel;  
Cabri, Giacomo  
Science of Computer Programming vol. 76, page 969

Using an OCL Impact Analysis Algorithm for View-Based  
Textual Modelling  
Goldschmidt, Thomas; Uhl, Axel; Holzleitner, Manuel  
Electronic Communications of the EASST vol. 44  

OPC Unified Architecture – Die nächste Stufe der  
Interoperabilität  
Mahnke, Wolfgang; Enste, Udo  
at vol. 7 ,2011, page 397-404 
  
Standardized Smart Grid Semantics using OPC UA for  
Communication  
Mahnke, Wolfgang; Rohjans, Sebastian; Piech, Klaus  
International Journal of Interoperability in Busines Information 
Systems: Special Issue on Interoperability for the Energy Sec-
tor vol. 1/2011, page 21-32

Contributions

Automatically Deriving Symbolic Invariants for PLC Programs 
Written in IL  
Schlich, Bastian; Biallas, Sebastian; Brauer, Jörg;  
Kowalewski, Stefan  
8th Symposium on Formal Methods for Automation and 
Safety in Railway and Automotive Systems, Braunschweig, 
Germany, 02.12. - 03.12.2010

Leistungsfähige Verifikation von industriellen SPS-Programmen 
mittels Model-Checking und statischer Analyse  
Schlich, Bastian; Biallas, Sebastian; Kowalewski, Stefan  
AUTOMATION 2011, Baden-Baden, 28.06. - 29.06.2011

Aletheia - Semantic Technologies in Industrial Service  
Stieger, Bernd  
The 10th International Semantic Web Conference - Theseus 
Symposium ‘Semantic Meets Business’, Bonn, Germany, 
23.10.2011 - 27.10.2011

Mobile Service Assist and Beyond  
Stieger, Bernd; Aleksy, Markus  
Forum Management of Technology – Mobility Day, Västeras, 
Sweden, 29.08.2011

Das neue Normenfundament für sichere Industrieroboter und 
Mensch- Roboter-Kooperation  
Matthias, Björn  
Fachtagung „Mensch-Roboter-Kooperation“ (rorarob Project), 
TU Dortmund, 12.7.2011
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Ein Roboterkonzept für skalierbare, flexible Automatisierung 
von Montageaufgaben in gemischten Mensch-Roboter- 
Arbeits umgebungen  
Matthias, Björn; Breisch, Sebastian  
6. Workshop für OTS-Systeme in der Robotik, Fraunhofer IPA, 
Stuttgart, 27.5.2011

Safety of Collaborative Industrial Robots  
Matthias, Björn  
ISAM 2011 – International Symposium on Assembly and  
Manufacturing, Tampere, Finland, 2011-05-25 to 27

Skalierbare Automatisierung in der Kleinteilmontage  
– Roboterkonzept für kollaborative Fertigung  
Matthias, Björn  
VDI Seminar “Auslegung und Betrieb flexibler Montage-
systeme 2011”, Fürth, Dec. 7-8, 2011

A New Coordination Approach to Plant-wide Planning and 
Scheduling  
Xu, Chaojun; Sand, Guido; Staud, Christian; Engell, Sebastian 
21th European Symposium on Computer Aided Process  
Engineering (ESCAPE21), Porto Carras, Chalkidiki, Greece, 
May 29 - June 1. 2011

Mehrkriterienoptimierung eines wirbelstromsinduzierten   
Linearaktors Multi-objective Optimization of an Induced Eddy 
Current Repulsion Actuator  
Simonidis, Christian; Mechler, Günther; Stengel, Gregor; 
Chladny, Ryan  
VDI Mechatronic 2011

Data Mining on the Installed Base Information  
Stich, Christian; Bakirov, Rashid  
3rd International Conference on Agents and Artificial  
Intelligence (ICAART) http://www.icaart.org, Rome, Italy, 
28-30 January 2011

Multi-objective optimal model validation of multibody system 
in circuit breaker applications  
Budde, Christoph; Chladny, Ryan  
NAFEMS World Congress, Boston (USA), 2011-05-23/26

Multi-Domänen Simulation eines mechatronischen Antriebs für 
Mittelspannungsleistungsschalter und Verifikation  
Stengel, Gregor; Mechler, Günther; Kock, Sönke;  
Derkx, Jeroen 
VDI Mechatronik 2011

On necessary and sufficient conditions - How to make optimi-
zation solutions work in industrial practice  
Sand, Guido  
SIAM Conference on Optimization, Darmstadt, May 16-19, 2011

Optimization of water network operation under uncertainties  
Sand, Guido; Blank, Frederik; Lenz, Ralf; Weiser, Martin  
OR 2011, Zurich, 30. Aug. - 02. Sep. 2011

Increasing Efficiency of Optimization-based Path Planning for 
Robotic Manipulators  
Ding, Hao  
IEEE Conference on Decision and Control and European  
Control Conference, Orlando, Florida, USA, Dec. 12-15, 2011

Optimizing Motion of Robotic Manipulators in Interaction with 
Human Operators  
Ding, Hao  
The 2011 International Conference on Intelligent Robotics and 
Applications, Aachen, Gemany, Dec. 6-9, 2011

An industrial case study on quality impact prediction for  
evolving service-oriented software  
Koziolek, Heiko; Schlich, Bastian; Bilich, Carlos;  
Weiss, Roland; Becker, Steffen; Krogmann, Klaus;  
Trifu, Mircea; Mirandola, Raffaela; Koziolek, Anne  
33rd International ACM/IEEE Conference on Software  
Engineering (ICSE’11), Honolulu, Hawaii, US, 25.05.2011

Automated transformation of component-based software 
architecture models to queueing petri nets  
Koziolek, Heiko; Meier, Philipp; Kounev, Samuel  
19th IEEE/ACM International Symposium on Modeling,  
Analysis and Simulation of Computer and Telecommunication 
Systems (MASCOTS’11), pp. 339-348, Singapore,  
July 25-27th, 2011

PerOpteryx: Automated Application of Tactics in Multi-Objective 
Architecture Optimization  
Koziolek, Heiko; Koziolek, Anne; Reussner, Ralf  
7th International ACM SIGSOFT Conference on the Quality of 
Software Architectures (QoSA’11), pp. 33-42, Boulder, USA, 
June 20-24, 2011

Reliability Prediction for Fault-Tolerant Software Architectures  
Koziolek, Heiko; Brosch, Franz; Buhnova, Barbora;  
Reussner, Ralf  
7th International ACM SIGSOFT Conference on the Quality of 
Software Architectures, Boulder, USA (QoSA’11), pp. 75-84, 
June 20-24th, 2011

Sustainability evaluation of software architectures: A systematic 
review  
Koziolek, Heiko  
7th International ACM SIGSOFT Conference on the Quality of 
Software Architectures (QoSA’11), pp. 3-12, Boulder, USA, 
20-24th, 2011
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The SPOSAD Architectural Style for Multi-tenant Software 
Applications  
Koziolek, Heiko  
1st International Workshop on Architecting Cloud Computing 
Applications and Systems in Conjunction with the 9th Working 
IEEE/IFIP Conference on Software Architecture (WICSA 2011), 
pp. 320-327, Boulder, USA, June 24th, 2011

Towards software sustainability guidelines for long-living 
industrial systems  
Koziolek, Heiko; Weiss, Roland; Durdik, Zoya;  
Stammel, Johannes; Krogmann, Klaus  
3rd Workshop of GI Working Group ‘Long-living Software Sys-
tems (L2S2), Karlsruhe, Germany, 21.02.2011

Production and scheduling optimization of a steel plant  
Iiro Harjunkoski; Saliba, Sleman; Biondi, Matteo; Xu, Chaojun; 
Termeer, Heiner  
EMC 2011 (European Metallurgical Conference), Düsseldorf, 
26-29.6.2011

Production Optimization and Scheduling across a Steel Plant  
Harjunkoski, Iiro; Saliba, Sleman; Biondi, Matteo  
21st European Symposium on Computer-Aided Process  
Engineering (ESCAPE 21), Chalkidiki, Greece, 29.5-1.6.2011

Production Optimization and Scheduling in a Steel Plant: Hot 
Rolling Mill  
Harjunkoski, Iiro; Saliba, Sleman; Biondi, Matteo  
18th World Congress of the International Federation of  
Automatic Control (IFAC), Milan, Italy, 28.08 - 02.09.2011

Scheduling As a Cornerstone of CPAS  
Harjunkoski, Iiro; Hollender, Martin   
AIChE Annual Meeting, Minneapolis, US, 16-21.10.2011

A Concept for Plant Asset Management for Large-Scale Systems
Schlake, Jan-Christoph; Sand, Guido; Xu, Chaojun;  
Chioua, Moncef; Schmidt, Werner; Horch, Alexander  
Papyrus Workshop on “Fault Diagnosis and Fault Tolerant 
Control in large scale processing industries”, Corsica, France, 
06.10.-07.10.

Virtual drop impact investigation for a mechanical sensor  
element  
Gebhardt, Joerg; Juszkiewicz, Grzegorz  
Deutsche SIMULIA-Konferenz, Bamberg, 19.-20.09.2011

Energy Harvesting in industrial process automation  
Koenig, Kai; Ulrich, Marco  
HMI Forum Innovations for Industry, Session Energy Harvesting, 
Hannover, HM, 07.04.2011

Partial-State Synchronization of Linear Heterogeneous Multi-
Agent Systems  
Listmann, Kim  
50th IEEE Conference on Decision and Control and European 
Control Conference 2011, Orlando, FL, USA, 12. - 15.12.2011

Integrierte Prozess- und Schaltanlagenautomatisierung – Zwei 
Welten wachsen zusammen  
Libuda, Lars; John, Dirk; Bueker, Horst  
KommA (Kommunikation in der Automation) 2011, Magde-
burg / Germany, 2011-09-27/28 
Schuh, Lothar; Schiefer, Martin  
VDMA Anwenderforum Teleservice, Frankfurt, 10.3.2011

Energy harvesting for autonomous devices in industrial process 
automation  
Ulrich, Marco  
Energy Harvesting and WSN Europe 2011, Munich, 
21./22.06.2011

Context-sensitive and Semantic-based Mobile Applications in 
Industrial Field Service  
Aleksy, Markus  
IEEE 9th International Conference on Industrial Informatics 
(INDIN 2011), Caparica, Lisbon, Portugal, 26.-29. July 2011

Mobile Service Business Patterns  
Aleksy, Markus; Stieger, Bernd  
IEEE 25th International Conference on Advanced Information 
Networking and Applications (AINA-2011), Biopolis, Singapore, 
22.3-25.3.2011

Wearable Computing in Industrial Service Applications  
Aleksy, Markus; Rissanen, Mikko; Maczey, Sylvia; Dix, Marcel  
The 2nd International Conference on Ambient Systems, Net-
works and Technologies (ANT-2011), Niagara Falls, Ontario, 
Canada, 19.-21. September 2011

AutomationML und dessen Normungsaktivitäten DKE/IEC  
Drath, Rainer  
SemMES, Karlsruhe, 30.11.2011

Concept for interoperability between independent engineering 
tools of heterogeneous disciplines  
Drath, Rainer; Barth, Mike   
ETFA 2011, Toulouse, 05.09.2011

Datenkonsistenz im Umfeld heterogener Engineering-
Werkzeuge  
Drath, Rainer; Schroeter, Ben; Hoernicke, Mario   
Automatisierungskongreß 2011, Baden-Baden, 28.06.2011
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Integriertes Engineering durch die standardisierte Beschreibung 
mechatronischer Objekte durch Merkmale  
Drath, Rainer; Prinz, Joseph; Lüder, Arndt; Suchold, N. 
Automatisierungskongreß 2011, Baden-Baden, 28.6.2011

Leitfaden zur Entwicklung von Safety-Applikationen auf 
Anwenderebene  
Drath, Rainer; Schlich, Bastian; Frey, Georg   
Automatisierungskongreß 2011, Baden-Baden, 28.06.2011

Optimizing the Services and Lifetime of Complex Capital 
Equipment  
Gitzel, Ralf; Finch, John; Moehring, Monika  
EurOMA, Cambridge, UK, 3.7. - 6.7.2011

Preliminary Thoughts on Cost-based Investment Decisions in IT 
Gitzel, Ralf; Cuske, C.; Münch, C.  
The Sixth International Conference on Availability, Reliability 
and Security, Vienna, August 2011

Reliability-Based Cost Prediction and Investment Decisions in 
Maintenance – An Industry Case Study  
Gitzel, Ralf; Stich, Christian  
7th International Conference on  Modelling in Industrial  
Maintenance and Reliability, Sidney Sussex College, University 
of Cambridge, UK, 18-19 April 2011

Abschätzung des Wertbeitrags der Instandhaltung durch Betrach-
tung der Lebenszykluskosten 
Gitzel, Ralf  
VDI Forum Instandhaltung 2011

Transient Electromagnetic-Thermal FE Model of a SPICE- 
coupled Transformer Including Eddy Currents with COMSOL 
Multiphysics 4.1  
Disselnkoetter, Rolf; Neubert, Holger; Bödrich, Thomas  
COMSOL Conference 2011, Ludwigsburg, Oct. 26 - 28

Towards a Field-Data-Driven Productivity Analysis and  
Planning System for Industrial Service  
Turrin, Simone; Gitzel, Ralf  
RESER 2011, “Productivity of Service Next Gen - Beyond 
Output / Input”, Hamburg, 08th-09th September 2011

Production Optimization and Scheduling in a Steel Plant: Hot 
Rolling Mill  
Saliba, Sleman; Harjunkoski, Iiro; Biondi, Matteo  
MAPSP 2011, Nymburg, CZ, 19.-24.06.2011

Steel hot rolling: a column generation approach  
Saliba, Sleman; Schlechte, Thomas; Altenhöfer, Matthias; 
Krumke, Sven  
OR 2011, Zurich, Switzerland, 30.08.2011 - 02.09.2011

secure communication in industrial automation by applying 
opc ua 
Leitner, Stefan; Mahnke, Wolfgang; Schierholz, Ragnar  
Zukunft der Netze 2011 - 10. Fachtagung ITG Fauchaus-
schusses 5.2 Kommunikation und Systeme, Hamburg/
Germany, 30.09.2011

A Formal Framework for Retainment Patterns for Trace-Based 
Model Transformations  
Goldschmidt, Thomas; Uhl, Axel  
Euromicro SEAA, Oulu, Finland, 30.08.2011

Incremental Updates for View-Based Textual Modelling  
Goldschmidt, Thomas; Uhl, Axel  
Seventh European Conference on Modelling Foundations and 
Applications, Birmingham, UK, 8.-9.6.2011

FlexLean und FlexControl – Flexibles Automatisierungs- und 
Steuerungskonzept für den Karosserierohbau (German)  
Reisinger, Thomas; Mauser, Nicolas; Kock, Sönke;  
Legeleux, Fabrice  
Automation 2011 vol., VDI-Berichte 2143, page 245-247 
(short version); full paper on DVD available Conference:  

A Flexible Robotic Gripper for Automation of Assembly Tasks  
Vittor, Timothy; Staab, Harald; Breisch, Sebastian; Soetebier, 
Sven; Stahl, Thomas; Hackbarth, Anke; Kock, Sönke  
IEEE International Symposium on Assembly and Manufacturing, 
Tampere Talo, Finland, May 25, 2011 - May 27, 2011

Mechatronic Design of a Highly Integrated Parallel Gripper  
Vittor, Timothy; Staab, Harald; Breisch, Sebastian; Soetebier, 
Sven; Hackbarth, Anke; Kock, Sönke  
Mechatronik 2011 vol., TU Dresden, page 31.3.-1.4.2011 
Conference: vol., page Conference:  

Case studies for OPC UA usage  
Mahnke, Wolfgang  
OPC Day Finland, Helsinki, Finland, 11.10.2011

IEC 61850 based OPC UA Communication – The Future of 
Smart Grid Automation  
Mahnke, Wolfgang; Rohjans, Sebastian; Uslar, Mathias; 
Lehnhoff,  Sebastian  
17th Power Systems Computation Conference, Stockholm, 
Sweden, 22.-28.08.2011

Information Modeling for Middleware in Automation  
Mahnke, Wolfgang; Gössling, Andreas; Graube, Markus; 
Urbas, Leon  
16th IEEE International Conference on Emerging Technologies 
and Factory Automation, Toulouse, France, September 5-9, 2011
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Informationsmodellierung für Middleware in der Automatisierung 
Mahnke, Wolfgang; Gössling, Andreas; Urbas, Leon  
Automation 2011, Baden-Baden, 28. + 29.06.2011

Informationsmodellierung in Automatisierungsmiddleware  
– Am Beispiel OPC UA und IEC61850  
Mahnke, Wolfgang  
Software-Architektur 2011, Hamburg, 20-21.07.2011

OPC UA and IEC 61850  
Mahnke, Wolfgang  
OPC Day Finland, Helsinki, 11.10.2011

OPC UA with ISA95 for MES and ERP  
Mahnke, Wolfgang  
OPC Day Finland, Helsinki, 11.10.2011

Standardized Information Models with OPC UA: Analyser 
Device Integration and Others  
Mahnke, Wolfgang  
OPC Day Europe 2011, SAP Headquater, Germany, 
2011.05.25

Other

Sichere Mensch-Roboter-Kooperation in industriellen 
Anwendungen / Entwicklungsschritte bei ABB Corporate 
Research  
Matthias, Björn  
Annual Meeting of VDI-VDE/GMA FA 4.13 Topcial Working 
Group

Installed Base Dynamics - ABB’s Use Case German  
Stich, Christian; Schuh, Lothar; Petersen, Heiko   
Installed Base Dynamics - ABB’s Use Case Presentation for 
public consortium presentation

Installed Base Dynamics/ ADiWa ABB Presentation towards 
consortium  
Stich, Christian; Schuh, Lothar; Petersen, Heiko  
Installed Base Dynamics - ABB’s View for public consortium 
presentation

ABB Position on ICT Research  
Sand, Guido; Isaksson, Alf  
Presentation to Thierry Van der Pyl, Director, Directorate G 
Components and Systems DG Information Society and Media 
European Commission, Brussels

Koordination von Scheduling-Lösungen für verschiedene 
Produktionsanlagen  
Xu, C.*, Sand, G., Engell, S. 
Jahrestreffen der Fachgemeinschaft Prozess-, Apparate- und 
Anlagentechnik (DECHEMA und VDI-GVC), Fulda, Germany, 
2011

Software evolution for industrial automation systems  
– literature overview  
Koziolek, Heiko; Weiss, Roland; Stammel, Johannes;  
Durdik, Zoya; Krogmann, Klaus  
Technical Report 2011-2, Karlsruhe Institute of Technology, 2011

Manufacturing Execution Systems – Industry-specific Require-
ments Solutions  
Harjunkoski, Iiro; Kara, Erdal; Adams, Marcus;  
Bangemann, Thomas; Fittler, Herbert; Friedl, Christian;  
Hochfellner, Gottfried; Löffler, Jürgen; Meyer-Weidlich, Andreas; 
Theobald, Carolin; Weinmann, Max; Winzenick, Markus; 
Wollschlaeger, Martin; Zeller, Martin  
ZVEI AG MES Brochure

Production Management and Energy  
Harjunkoski, Iiro  
CAPD Annual Meeting - Industrial talk

System and Method for a Human Machine Interface based 
Automatic Generation of Process Simulation Models  
Hoernicke, Mario; Barth, Mike; Hoernicke, Mario; Drath, Rainer 
Prior Art Database / Publication of ID E11077

Alarm Management Standards  
Hollender, Martin  
Web Publication: http://processautomationexperts.com

Report from OPC Day Europe 2011  
Hollender, Martin  
Web Publication: http://processautomationexperts.com

Reliability-Based Life Cycle Cost Calculation  
Gitzel, Ralf  
Presentation at KRSI

Using AddIns to Enhance Objects and Variables  
Mahnke, Wolfgang; Armstrong, Randy; Damm, Matthias; 
Deiretsbacher, Karl-Heinz; Luth, Jim  
Whitepaper of OPC Foundation
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