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but the real specialty here is the customization that is implemented at the same time. PC-based control from Beckhoff 

offers the ideal foundation for universal transparency of the parts and production data, allowing individual kitchens 

to be supplied flexibly and efficiently in a lot size of 1 – entirely in keeping with the ideals of Industry 4.0 (page 28).
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High speed – low risk
When we talk about “high speed” at Beckhoff, we generally refer to fast 

EtherCAT communication, fast PC-based controllers, and eXtreme Fast 

Control (XFC) technology. However, in the case of the new EJ Series 

EtherCAT plug-in modules, the reference points toward higher speed in 

terms of control cabinet construction.

 

The inherent flexibility found in the single-core wiring of all components 

is unmatched, but tends to be rather “low speed”, due to the manual 

labor-intensive nature of the processes. Steps taken in the past to reduce 

control cabinet construction time include: using spring-loaded connection 

technology instead of screw terminals, automatic potential distribution 

in I/O and drive systems, CNC milling and drilling portals for machinin-

gimproved interfaces between automation software and circuit diagram 

editors, such as TwinCAT ECAD Import. Nevertheless, despite these 

measures, wiring and inspection of the completed control cabinet remain 

time-consuming tasks.

 

The new EJ series of EtherCAT plug-in modules from Beckhoff allow the 

company’s proven and extensive I/O product range to be used on circuit 

boards. With this new offering, all production steps, from PCB manufac-

turing to population to inspection, can be executed with a high degree 

of automation, a decided advantage for manufacturers in search of more 

efficient operation. Any connection types can be implemented on the 

circuit board in the form of interfaces. This means that only the required 

connection elements need be selected, such as in the case of prefabricated 

cables with coded plugs. Users can basically “Plug & Work” with their 

control cabinet.

 

Streamlined manufacturing processes, the elimination of most wiring error 

risks, and cost reductions from reduced installation time are just a few of 

the benefits gained through the new EJ series. In addition, production can 

take place at different locations worldwide with minimal risk, as errors 

are avoided by automating production processes and coding the devices 

independently of the employee qualification, removing skills-gap concerns.

 

The basic PCB, or so-called distribution board, assumes the following 

functions:

– acceptance of the EtherCAT plug-in modules

– optional protection against incorrect connection via EJ module coding

–  routing of the signals and supply voltage between EJ modules and 

application-specific connection elements

– optional auxiliary functions, such as coupling relays

The distribution board is designed in one of two ways: either by the user 

or through custom development by Beckhoff. A corresponding design guide 

is also available.

 

As “EtherCAT Terminals for circuit boards”, the EtherCAT plug-in modules 

extend and optimize the range of uses in mass-produced standard ma-

chines; there, the expense of developing and manufacturing the distribu-

tion board quickly pays for itself. These modules also provide more options 

to efficiently use modular I/Os in applications such as the semiconductor in-

dustry. The “copy exactly” philosophy can be implemented directly into the 

controller, as demanded by Intel and other semiconductor manufacturers.

More information regarding the new EJ system can be found on page 

14. Additionally, interested parties can visit the Beckhoff booth at the 

SPS IPC Drives 2014 in Nuremberg, Germany to discuss possibilities for 

their standard machine with Beckhoff experts.

Michael Jost, Product Manager, 

Fieldbus Systems and EtherCAT, 

Beckhoff



The fanless CP6606 designed for control cabinet installation, is ideally suited 

for use as a compact, inexpensive Control Panel. In combination with TwinCAT 

automation software, the Panel PC becomes a flexible automation controller for 

small and medium-size machines, production plants or buildings. With TwinCAT 

OPC UA support the Panel PC can also be used as an OPC UA Client or Server, 

thus offering extensive connectivity and remote access functions.

“Beyond the high-quality colour touch screen, the CP6606 Panel PC impresses 

with its robust housing with aluminium front and sheet-steel rear cover, surpass-

ing the quality and durability of the plastic panels typically found in the low-cost 

marketplace”, explains Frank Teepe, Industrial PC Product Manager at Beckhoff. 

The slighty curved front panel of the CP6606 further enhances the attractive 

appearance of the device.

The CP6606 “Economy” Panel PC is ideally suited to the requirements of machine builders and manufacturers in cost-sensitive 
market segments. The all-in-one compact controller combines a TFT touch display (800 x 480 WVGA) in 7 inch format with a 
powerful 1 GHz ARM Cortex™ A8 CPU and 1 GB DDR3 RAM.

Compact 7-inch HMI and 
all-in-one controller  

With an operating temperature range from 0 to 55 °C (storage temperature 

range -25 to +65 °C) plus the panel front with IP 54 protection and the rear 

side with IP 20 protection, the CP6606 can also withstand demanding plant 

environments. Moreover, the fanless “Economy” Panel PC offers increased reli-

ability, since it does without rotating parts. A microSD card with a high-quality 

SLC Flash is used as storage medium. Equipment includes an RS232 interface, 

two USB 2.0 ports, an Ethernet connection, an EtherCAT connection and a 24-V 

power supply.

Further information:

www.beckhoff.com/CP6606

CP6606 Built-in Panel PC with ARM Cortex™ A8 CPU for cost-sensitive applications

The CP6606 Built-in Panel PC is ideally suited for use as a 

compact Control Panel for cost-sensitive applications.
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SPS IPC Drives 2014: New Automation 
Technology now across 1,500 m²
In time for the 25th anniversary of the Nuremberg automation trade show Beckhoff will be presenting itself with an extended 

booth. Now visitors can find the complete range of products and solutions for PC and EtherCAT-based control technology as well 

as innovations from all fields of technology across an area of 1,500 m2. The new products focus on the reduction of assembly 

and commissioning costs. With the new EtherCAT plug-in module system, for example, the wiring costs for standard machines 

can be significantly reduced.

Universal multi-touch portfolio: 

From highly scalable computing power to customer-specific panels

The IPC presentation focuses on the ongoing extension of the multi-touch 

panel family. From a comprehensive range of standard variants users can 

select a device that is suitable for their specific application with regards to 

display size, scalable computing power and connection technology. The multi-

touch portfolio has again been extended by new Panel PC series equipped 

with Intel® Atom™ multi-core processors available as built-in or compact ver-

sions, all with IP 65 protection. A variety of customer-specific panel executions 

demonstrate tailor-made solutions for individual machine control.
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Further information:

www.beckhoff.com/sps

Now also available in die-cast zinc housings: 

IP 67 modules for all applications

Suitable for every purpose: The portfolio of extremely compact and robust 

Beckhoff I/O modules ranges from the Fieldbus Box for all common bus systems 

up to the EtherCAT Box series. New here is the die-cast zinc box variant for 

heavy-duty applications.

EtherCAT plug-in modules: 

The all-in-one I/O solution for series machines

The new EtherCAT plug-in module system of the new EJ series reduces assembly 

and wiring costs and replaces inflexible black-box solutions common in series 

machines. The principle: the flexibly combinable I/O plug-in modules can be 

chosen from a wide range and integrated in an application-specific “distribution 

board”. Prefabricated cable harnesses are used for connection to the machine 

or plant so that wiring errors will be minimised (see article starting on page 14).

XTS: 

New motor modules for highly flexible production processes

With the introduction of the new motor modules with a radius of 22.5 degrees, 

the XTS eXtended Transport System has become even more flexible. Numerous 

application examples shown at our booth illustrate the broad range application 

possibilities: from Industry 4.0 concepts for a flexible and efficient production 

in lot size 1 through to the highly dynamic synchronisation of XTS and robot 

applications.

TwinCAT 3: 

The open automation platform

In the Automation Forum, Beckhoff demonstrates how efficiently software 

engineering works with TwinCAT 3: from object-oriented programming to engi-

neering in the cloud. The functional range of TwinCAT is extended by additional 

modules and features: New here, for example, is the implementation of more 

complex robotics applications, such as serial 6-axis kinematics. Solutions which 

are ready for Smart Metering, Big Data, measurement technology and Condition 

Monitoring demonstrate the universal application possibilities of the PC-based 

platform.

Main information at a glance:

–  SPS IPC Drives 2014, Nuremberg

–  November 25 – 27, 2014

–  opening hours:

 Tuesday – Wednesday 9 am – 6 pm

 Thursday 9 am – 5 pm

–  Beckhoff main booth: Hall 7, Booth 406

Beckhoff at partner booths:

–  EtherCAT Technology Group: Hall 2, Booth 338

–  EPLAN: Hall 6, Booth 210

–  OPC Foundation: Hall 7, Booth 180

–  PROFIBUS Nutzerorganisation: Hall 2, Booth 220

–  PLCopen: Hall 7, Booth 174



31 apprentices and 29 first-semester 
students start their careers at Beckhoff 

Beckhoff offers young people a broad spectrum of occupations that require 

training in fields ranging from electronics and technically-oriented information 

technology, to business administration, and warehouse logistics. Many young 

people say that a future-proof occupation and a positive work environment 

were among the main criteria for applying for positions at Beckhoff. The fam-

ily-owned and operated company is justifiably proud of its positive working 

atmosphere, characterized by flat hierarchies and mutual trust. “This is the 

basic prerequisite for creativity and personal responsibility,” says General 

Manager, Hans Beckhoff. “Employment at Beckhoff is more than a job. Work 

should involve not only technical qualifications, personal competency, a high 

level of motivation and creativity, but also a good amount of fun.” 

In addition to training apprentices, Beckhoff started to offer internships in 

2010 that focus on college students majoring in mechatronics/automation 

technology or industrial engineering in partnership with the Gütersloh branch 

of the Bielefeld University of Applied Sciences. “It was exciting when we 

Hans Beckhoff and Dr. Ursula Frank welcome first-semester students in integrated bachelor’s degree courses at the Gütersloh branch of the Bielefeld 

University of Applied Sciences on August 27, 2014. In the 2014/15 fall semester, Beckhoff hosts 21 first-semester students in mechatronics/automation 

engineering and eight in industrial engineering.

For young people who are enthusiastic about technology and are looking for valuable training opportunities with an innovative 
employer, Beckhoff is the place to be. For over 25 years, the company has provided apprentices with qualified training and edu-
cation in six future-proof occupational fields. In 2010, Beckhoff began offering practice-oriented internships to college students 
majoring in mechatronics/automation technology and industrial engineering at the Gütersloh branch of the Bielefeld University 
of Applied Sciences. Today, Beckhoff employs 100 apprentices and 97 college students.
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Hans Beckhoff welcomes the 31 new apprentices who began their 

occupational training at Beckhoff on August 1, 2014.
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welcomed the first students in the summer of 2010 for their internships at 

Beckhoff,” recalls Dr. Ursula Frank, Project Manager R&D Cooperations at 

Beckhoff. “Despite decades of experience in training apprentices, integrating 

college students into everyday operations was something new for us.” Today, 

the first graduates with bachelor’s degrees already have full-time jobs in 

the company and conduct their own projects in the areas of research and 

development, product management, and marketing. They develop innovative 

solutions and support their more experienced colleagues with a full measure 

of enthusiasm and commitment. 

“We believe that this form of integrated studies, with alternating phases of 

practical learning on the job and theoretical instruction in the classroom, is a 

very good way to prepare students for their careers,” explains Frank. “What is 

also remarkable is the increased interest of women in these fields. At Beckhoff, 

three of the 21 students in the fields of mechatronics/automation engineering 

are women. In the industrial engineering field, women occupy an even higher 

percentage three of the eight positions.”

Mentoring is another concept that has become more ingrained at Beckhoff. 

More advanced students help those starting out in their first semester find 

their way around the company. “Get-acquainted” meetings and various 

sporting events help bring people together in team-building and convey the 

family-oriented Beckhoff spirit.

Further information:

www.beckhoff.com/jobs
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2014 marked an important anniversary for Beckhoff: “25 years ago, we imple-

mented the first applications with our fiber-optic-based Lightbus, one of the first 

fieldbuses,” Hans Beckhoff recalls. This fast communication solution is still used 

and supported today. The company’s products, systems, and solutions cover a 

broad mix of industrial application areas.  This provides an ideal control platform 

across the entire mechanical engineering industry, as well as in building and 

energy automation, measurement technology, process engineering, process 

technology, and even entertainment engineering applications. “With respect 

to our turnover, we see equally positive development in almost all market seg-

ments this year,” says the Managing Director, happily. “We are developing our 

company by leading the evolution in global automation trends. The products  

that result from this process make new and optimized solutions possible for our 

customers in the most diverse industries.”

Automation platform equipped for Industry 4.0

How does that fit with Industry 4.0? “Automation is a high-tech industry that 

makes long-standing investment goods more intelligent,” explains Beckhoff, the 

graduate physicist. “This enables a steady evolution, accompanied by smaller 

and sometimes larger revolutions.” He does not regard the automation of lot 

size 1 production as a new part of the current revolution: “As far back as 1986, 

we equipped a machine with a PC-based controller that produced windows in 

a single-product lot size.”

Now, as the automation technology industry embraces the catchphrase 

“Internet of Things”, the convergence of Internet technologies affects a 

number of areas, frequently referred to as the fourth industrial revolution, or 

Industry 4.0. “The term ‘revolution’ is often taken to mean that this happens 

directly, immediately, and on the spot,” Beckhoff continues. “However, an 

analysis of the progression from the first to the third industrial revolutions has 

shown that the associated technical changes took decades.” In the opinion of 

Hans Beckhoff, Industry 4.0 is also a revolutionary development – a techno-

logical quantum leap that will, however, take some time to reach full industry 

adoption. “In the year 2040, when one looks back at the years 2010 to 2030, 

this development will likely look once more like a fast-progressing revolution,” 

the Managing Director adds. “With our range of open, PC-based automation 

solutions, we are ideally equipped for Industry 4.0. PC-based control technology 

has always driven the convergence of IT and automation technology (AT), so it 

naturally promotes greatly expanded Internet connectivity.” On top of that, the 

Open PC-based automation, increased connectivity, fast I/O terminals, TwinCAT automation software, and efficient drive technol-

ogy provide a superior technological foundation for the Industry 4.0 movement. Open Automation magazine spoke exclusively 

with Hans Beckhoff, Managing Director of Beckhoff, about strategies and new developments.

Hans Beckhoff talks to 

Open Automation

Leading the way to Industry 4.0
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computers support standards-based communication with the Cloud. “As one 

example, Beckhoff Automation utilizes Microsoft Azure as an open and flexible 

platform for this type of communication,” he adds.

“A direct connection to SAP or ERP and MES systems is also possible from our 

PC-based automation platform,” Hans Beckhoff continues. “We presented a 

technology study last year, highlighting how Google Glass is an exciting ad-

vancement for machine monitoring and operation. This ‘wearable HMI’ clearly 

illustrates that with PC Control, new connected technologies can be adapted 

immediately; benefits can be quickly seen 

within convergent solutions if the correct 

basic technologies are available. Thus, dis-

cussions with our users provide strong 

evidence that we are already in the midst 

of Industry 4.0 with currently implemented 

applications.”

“The leading-edge cluster ‘it’s OWL’ (Ost-

westfalen-Lippe, ‘OWL’) has also developed successfully,” according to Hans 

Beckhoff.  A total of 174 companies, universities, scientific centers of excellence, 

and economically-oriented organizations in Germany’s East Westphalia-Lippe 

region, each focused on the field of intelligent technical systems, came together 

in 2011 and are now regarded as pioneers paving the way for Industry 4.0. “It’s 

‘half-time’ for Industry 4.0 at the moment. The individual projects have been 

very successful, thus further subsidies have been granted by the German gov-

ernment.” Hans Beckhoff is convinced that the leading-edge cluster initiative 

will lead to an investment boom in the entire East Westphalia region. “There is 

also a great deal of international interest. Collaboration among the partners is 

strongly encouraged, providing many small and mid-sized companies, as well as 

universities, with new, high-level contacts with similar philosophies that would 

not have been available to them previously.”

Efficient and modular engineering

Particularly in the case of flexible manufacturing concepts, it is important to au-

tomate development work and to support the reusability of software modules. 

This type of consistent software modularization is made possible with TwinCAT 3: 

“Combining software modules simplifies software design and relieves the 

programmer of routine or mundane tasks,” 

emphasizes Hans Beckhoff. Beyond that, 

an efficient and fully-stocked toolset is 

required. This is available in TwinCAT 3 with 

object-oriented programming according to 

IEC 61131-3, C+ and C++ compilers, as well 

as the seamless integration of MATLAB®/

Simulink®. This establishes a great deal of 

freedom in the choice of the programming 

languages. The best tools for the job can be selected when needed. Another 

major feature found in TwinCAT 3 is the integration of Visual Studio® into the 

programming environment.

“In addition, complete remote control of the engineering system, as well as the 

automatic generation of code and configurations, is possible using the TwinCAT 

Automation Interface,” Hans Beckhoff explains. “Depending on the degree of 

automation, the manual creation of control projects and the associated errors 

can be reduced as a result. TwinCAT Automation Interface is a disclosed inter-

face that also supports modern script languages such as Windows Powershell or 

Beckhoff: revenue of 500 million euros projected in 2014  

The economic situation is extremely positive for Beckhoff this year. “We are 

expecting growth of approximately 15 %, so we will achieve a turnover of 

approximately 500 million euros,” Hans Beckhoff reports. “From a geographic 

point of view, all areas have contributed to this robust growth, although 

the strongest growth was in Asia.” However, the company also grew by almost 

10 % in Germany.

 International expansion also continues at a rapid pace: “The branch office 

in the Czech Republic, which only opened at the beginning of March 2014, 

already has six employees,” says Beckhoff, offering an example. Further repre-

sentative offices were opened this year in Saudi Arabia, Egypt, and Indonesia. 

“However, we are also expanding in all countries where we currently have a 

large presence,” he adds. “In the USA, for example, we have already moved into 

new headquarters, and the new headquarters office of Beckhoff Finland will 

be inaugurated at the beginning of 2015.” In the meantime, Beckhoff is repre-

sented in 33 countries with subsidiary or representative offices, and in approxi-

mately 70 countries altogether.

 How is the current economic situation? “There is a discrepancy between 

the increasingly critical general economic reporting in Europe and our incoming 

order levels, which remain positive globally,” the optimistic Managing Director 

replies. The production facilities at the Verl global headquarters are therefore 

being expanded. “A total of 2000 m² production and storage area has been 

added,” Beckhoff reports. The production of EMS motherboards is also being 

extended. “We are adding two additional production lines, for an eventual total 

of 13,” he continues. “Assembly capacity will grow to 1.2 billion components 

per year, amply preparing the company for the next 20 % to 30 % of growth.” 

After that, the new Beckhoff headquarters campus will be in the spotlight. “We 

have over 150,000 m² of space in reserve, ready for further strong corporate 

growth,” says the Managing Director, looking ahead to a bright future.

“With our range of automation platforms, we are 

ideally equipped for Industry 4.0. PC-based control 

technology has always been based on the convergence 

of IT and automation technology (AT) and naturally 

promotes greatly expanded Internet connectivity.”
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IronPython, in addition to the standard Microsoft .NET programming languages.

“We use tools such as the Team Foundation Server (TFS) from Microsoft for 

version management,” Hans Beckhoff continues. Projects can be efficiently 

planned, created, and managed; additionally, modules can be reused using this 

Windows platform for collaborative software projects. The Managing Director 

is convinced that programming within the world’s most developed software 

engineering platform will continually lead to greater benefits for users. “In the 

software development area, we leverage a promising, widespread, and rather 

powerful platform,” he emphasizes.

“For decades now, Microsoft and Intel have 

provided the most powerful platforms for 

IT. Thus, we know these platforms are the 

perfect fit for our PC Control technology,” 

Hans Beckhoff comments. “The Intel proces-

sors are a major enabler for the PC-based 

automation systems from Beckhoff. For example, the new generation of Bay 

Trail processors is used in the CX51xx Embedded PC series, in the Panel PCs 

from the CP27xx and CP37xx series, as well as in the C6915 control cabinet 

PC. Each device series also provides users with options for single, dual or 

quad-core versions.” Beckhoff notes that Bay Trail is “a most suitable processor 

generation, especially for automation, because it is designed in such a way that 

the cache memory is directly assigned to the CPU core, leading to outstanding 

performance in multi-core applications.”

Scientific Automation: 

“The world’s most powerful machine controller”

Increasingly powerful control systems are required for centralized control 

solutions in modern, flexible production facilities, as well as in individual 

high-performance machines. Therefore, under the working title “Big Iron”, 

Beckhoff will debut the C6670 – the most powerful PC that the company has ev-

er built. Back in the mainframe era, “Big Iron” was a colloquial expression used 

to describe the most powerful specimens. The high-end model from the C66xx 

control cabinet PC series will be available with 12, 24, and even 36 cores and 

will cost between 6,000 and 15,000 euros. The RAM is planned to start at 128 

GB, extendable up to 2 TB. “Moore’s Law still holds true, as 36-core processors 

have been announced for this year,” says Beckhoff, adding that, “In the year 

2020, there will likely be IPCs for machines that cost just as much as present-day 

controllers, but are 8 to 16 times more powerful and bring along a memory size 

that is inconceivable today.” With the “Big Iron” project, Beckhoff continues 

to pursue the philosophy of “Scientific Automation”, i.e. the implementation 

of all control functions of the machine in software, from motion to vision to 

engineering algorithms, all computed on an extremely powerful multi-core CPU.

“TwinCAT 3 allows us to use all available cores efficiently by assigning individu-

al control tasks to them, providing the opportunity to present what is likely one 

of the world’s most powerful machine controllers in the C6670,” says the proud 

entrepreneur. “At SPS IPC Drives 2014, a high-performance application will be 

presented, controlled by a ‘Big Iron’ PC with 24 cores – providing a significant 

range of benefits for the application.” This will be a highlight among all the 

trade show exhibits this year in Nuremberg, Germany.

In addition to high processor performance, PC- and EtherCAT-based control 

technology is optimized for extremely fast communication. “Our eXtreme Fast 

Control technology (XFC), introduced in 2008, shortens control cycle times in 

standard machines, increasing efficiency and preserving resources,” stresses 

Hans Beckhoff. “This applies to a large range of applications, from injection 

molding machines to presses, and from machine tools to assembly machines.” 

If far more parts can be produced on the same machine, the benefits will obvi-

ously stack up quickly: “Companies will realize higher performance generated 

in the same machine footprint, as well as increased production with less energy 

consumption. Overall, fewer machines are required in plants and amortization 

periods are drastically reduced as a result,” 

he says, outlining just a few of the XFC 

advantages.

With XFC, Distributed Clocks and timestamp 

I/O signals allow engineers to achieve I/O 

response times of less than 100 μs. “That is 

a holistic approach,” explains Beckhoff. “Fast, local pre-processing of I/O signals, 

on the other hand, is only a special case and is not constructive.” With XFC, 

absolute accuracies of 100 ns (nanoseconds!) can be achieved. “With our XFC 

technology, we can easily meet even the fastest requirements.”

“Due to the expected extreme increases in the performance of PC Control 

technology, every industry will be called upon to implement its specific ‘killer 

application’,” Beckhoff continues. “At the same time, fast cycle times are only 

part of the equation, as live calculation of complex mathematical algorithms 

is often required. The seamless integration of image processing may provide 

an answer. Where fast and efficient machine controllers are concerned, cus-

tomers are essentially limited only by their imaginations in designing their 

applications.”

Bus Terminals for circuit boards

I/O systems provide an ideal solution for flexible data transfer at the input and 

output level flexible automation concepts for plants and machines would hardly 

be possible today without them. Up until now, Beckhoff has offered modular 

I/O systems for use in control cabinets or in machine mounted formats with 

EtherCAT Terminals (IP 20), Bus Terminals (IP 20), EtherCAT Box (IP 67 or IP 69K) 

and Fieldbus Box (IP 67).

The company recently developed a completely new I/O form factor for the SPS 

IPC Drives: “Our EJ system consists of I/O modules with the functional range of 

a Bus Terminal that can be plugged into circuit boards,” Hans Beckhoff explains. 

The basic circuit board serves as the wiring level for the highly modular EJ series 

EtherCAT I/O solution, which was first developed in customer projects. Also, the 

solution is made available via auxiliary electromechanical functionality, allowing 

the inclusion of any desired plug interface.

Ronald Heinze is editor-in-chief of 

ETZ Elektrotechnik & Automation 

(www.etz.de) and Open Automation 

(www.openautomation.de) from the 

VDE publishing house.

“The economic situation is extremely positive for 

Beckhoff this year: We are expecting growth of 

approximately 15 %, so we will achieve revenue 

of approximately 500 million euros.”



13PC Control 04 | 2014       interview

“The new EtherCAT plug-in modules will 

mainly be used in series applications,” 

according to the Managing Director. “In 

the large-scale production of standard ma-

chines, for example, part of the control cab-

inet can be implemented in PCB form. Our 

new system offers advantages above all in 

series production with prefabricated wiring 

harnesses instead of manual wiring.” Completely different applications are 

also conceivable, such as energy measuring stations. “We are introducing our 

electronic Bus Terminals for circuit boards for all main types of signals,” Beckhoff 

announced. Requirements extending beyond that can also be accommodated 

quickly. “Our new EJ system enables the machine and I/O levels to be more 

connected, even without the intervention of skilled personnel.”

New items for established I/O systems will also be presented at the trade show. 

IO-Link, one such new item, is frequently referred to as the “last meter” on the 

way to Industry 4.0. Consequently, Beckhoff is now equipping the Fieldbus Box 

series with IO-Link technology. “We see increased momentum in the market 

where IO-Link is concerned,” adds Hans Beckhoff.

Solving age-old drive challenges with innovative technologies

With the eXtended Transport System (XTS) linear motion technology, Beckhoff 

supplies a drive solution that makes new machine concepts possible in many 

areas of mechanical engineering. “Our XTS is a marvelous mechatronic kit for 

solving the limitations of traditional linear drive technology,” notes Beckhoff. 

Numerous new applications have already been equipped with the XTS world-

wide, and new software libraries for the XTS will be presented at the trade 

show. In addition, several different XTS 

applications can be seen live. “What’s new 

is that XTS now supports curves of up to 

22.5 degrees,” he adds. “This means that 

XTS can facilitate geometries such as those 

of a Carrera track.”

The ultra-fast AX8000 multi-axis servo drive 

is another new product innovation that will be unveiled at the SPS IPC Drives 

trade show. “Our new standard compact drive based on EtherCAT is equipped 

with efficient FPGA and ARM processors,” Hans Beckhoff states. “The new 

multi-channel current control features enable sampling and reaction times of 

less than 1 μs in the control of current, offering speed control cycle times as low 

as 16 μs – depending on the configured switching frequency.”

“Each AX8000 drive integrates a TwinCAT runtime, which is also programmable 

in sub-functions of C, IEC 61131-3, and in MATLAB®.” A special connection 

mechanism reduces commissioning time for the AX8000.

On a related note, the Managing Director is quite satisfied with the servo motor 

production in Marktheidenfeld, Germany. “We doubled the production num-

bers of motors this year,” notes Hans Beckhoff. The Marktheidenfeld location 

will therefore be further expanded. Hans Beckhoff also hints at exciting and 

interesting developments in the coming year that certainly have the potential 

for small revolutions. Overall, he sees the company as well on the way toward 

reaching Industry 4.0 goals.

Published in German in Open Automation 06/2014, VDE-Verlag

“Due to the expected extreme increases in the perfor-

mance of PC Control technology, every industry will be 

called upon to implement its specific ‘killer application’. 

Where fast and efficient machine controllers are con-

cerned, customers are essentially limited only by their 

imaginations in designing their applications.”
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The new EJ series EtherCAT plug-in modules from Beckhoff are based on the successful line of EtherCAT Terminals and provide 

access to a wide variety of signal types. Thoughtful electromechanical design brings the ability to plug the modules directly 

into an application-specific signal distribution board. The routing board distributes signals and power to machine modules via 

prefabricated cables with application-specific plug connectors. This elimination of elaborate manual wiring, which is common 

in traditional control cabinet construction, reduces assembly times and the risk of errors due to manual wiring.

New EtherCAT plug-in modules: Integrated I/O solution reduces assembly and wiring costs

“Plug & Work” – 
Bus Terminals for circuit boards

The Beckhoff Bus Terminal technology has been the benchmark for signal va-

riety, compact design, and robustness in fine-grained I/O systems since 1995. 

EtherCAT Terminals have extended and optimized usage options since 2003, 

offering maximum transmission performance and an even more extensive 

range of signal options. The EtherCAT plug-in modules also build upon the well-

known EtherCAT communication standard. With regard to the construction, 

assembly, and wiring of the components, they offer an optimized solution for 

large-scale production.

Traditional connections between the I/O system and the sensor/actuator level 

use conventional machine wiring; signal distribution occurs via single-core 

wiring. Each connection between an I/O channel and, for example, proximity 

switches and relays, is achieved by laying electrical cables according to a circuit 

diagram. The cables frequently feed from the I/O system to the sensor/actuator 

or to a complete machine module via terminal blocks or plug connectors. This 

concept guarantees high flexibility, since the sensor and actuator topology is 

simple to modify and extend. Changes to the I/O system configuration can 

be made flexibly and quickly. For small and medium lot sizes, this solution 

– “signal distribution via single-core wiring” – is ideally suited due to its flexi-

bility, standard component makeup and minimal requirements for engineering 

expenditure.

However, signal distribution with single-core wiring requires extensive man-

hour investment and necessitates skilled personnel, as the wiring must be 

implemented according to a detailed circuit diagram. Nevertheless, there is al-

ways a risk of wiring errors. Additional checking of the wiring layout minimizes 

this risk, with the downside of further increasing the requirements for skilled 

personnel and time. Therefore, in many cases, a customer-specific “black-box” 

solution is chosen for high-volume production. However, this type of solution is 

inherently inflexible and offers no possibility for system expansion.

Standardization and cost reductions with high flexibility 

for large-scale production

EtherCAT plug-in modules, as an alternative to legacy concepts, enable optimi-

zation of the wiring efforts, system installation time, and testing costs where 

machines are manufactured in high numbers. This innovative I/O solution 

combines both standardization and flexibility, increasing cost-effectiveness and 

value for system implementers.

Machine 

module 1

Machine 

module 1

Machine 

module 2

Machine 

module 2

9 99 9

Signal distribution via 

single-core wiring

Signal distribution via application-

specific plug connectors
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The EJ system consists of the EtherCAT plug-in modules and a distribution board. 

This application-specific circuit board – also called a “routing board” – estab-

lishes a connection between sensors, actuators, or machine-module-specific 

plug connectors and the EtherCAT plug-in modules. Apart from the slots for the 

EtherCAT plug-in modules, the distribution board provides connections in the 

form of PCB tracks between I/O module and plugs, as well as additional com-

ponents such as relays. As a new routing level, the distribution board replaces 

manual routing with single wires. In the production of standard machines or 

plants, this minimizes error risk and enables faster construction of the control 

system, possibly even without the intervention of higher skill workers.

The EtherCAT plug-in modules and the plug level for sensors and actuators 

can be placed flexibly on the distribution board according to the application. 

The distribution board is developed either by the users themselves or as a 

customer-specific solution by Beckhoff. Useful in large-scale machine produc-

tion, where many of the I/O modules used are identical, the board fulfills the 

platform concept.

EtherCAT plug-in modules: compact design 

for a smaller machine footprint

As with the Beckhoff EtherCAT Terminal system, a variety of Bus Couplers and 

I/O modules are available. The most significant difference is the elimination of 

tension spring contacts on the EtherCAT plug-in modules, since communica-

tion, signal distribution, and power supply of the modules takes place via the 

plugs on the rear side of the modules and the PCB tracks of the distribution 

board.

The EJ modules are exceptionally compact, measuring just 12 x 55 x 66 mm. 

Compared with EtherCAT Terminals, they are almost 50 % smaller in volume. 

Coding holes in the distribution board coincide with coding pins on the under-

side of the EJ modules, offering the possibility to implement protection against 

incorrect connection. As a result, the risk of errors is reduced considerably during 

assembly and service.

Fields of application

In principle, the EJ system supplements the modular Beckhoff I/O portfolio for 

medium and high lot-size machine controllers. It is also suitable for applications 

where the reduction of error probability is a major concern, such as in the “copy 

exactly” replication of a machine which is essential e.g. in the semiconductor 

industry. Individual consideration must be given to the lot sizes, as well as 

to the added time and expense found in the development of a distribution 

board. Note, however, that this time frame is amortized by the savings made 

in repeated assembly, wiring, and checking of the wiring. Previous applications 

and analyses indicate that, on the basis of a routing board, this is typical in lot 

sizes greater than 100.

Possible areas of application include mass-produced, low-cost machines for the 

worldwide market, or the use of modular controllers of various “tools” in the 

semiconductor industry. Semiconductor manufacturers particularly value the 

compactness of the modules for cleanroom implementations. In general, the EJ 

system is ideal for machine manufacturers who want to increase the number of 

common parts across their product portfolio.

EtherCAT Coupler Digital/analog plug-in modulesSafety plug-in modules

Machine-specific connection level

Optional relays

The distribution board replaces conventional point-to-point wiring between I/O and the plug level. The connection is made by means of PCB tracks.
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In addition, the EJ system directly addresses projects with a shortage of skilled 

workers. In applications where machines are manufactured in various locations 

with employees of different skill levels, error risk is directly proportional to the 

degree of complexity. With the distribution board and prefabricated cables, the 

EJ modules offer “Plug & Work” solutions for machine controllers, reducing the 

production complexity. Similar concepts have long been proven in areas such 

as the automotive industry, which now find a home in automation technology 

as well.

Scalable platform and module strategy

Various strategies for modularization are used in the automotive industry. The EJ 

system assists in transferring these concepts to automation technology. Exam-

ples include such avenues as platform and modular construction kit strategies. 

Platforms form the basic technical structure of a product, while at the same 

time standardizing the greatest possible number of the parts used as the basis 

for a product, improving re-usability. This leads to high lot numbers and justifies 

higher initial development expenditure with the ultimate goal of lowering series 

production costs.

In the module strategy, basic functions are divided into individual, self-contained 

units. These are clearly differentiated from each other, facilitating the combi-

nation of modules in these implementations. As an extension of the platform 

strategy, the module strategy consists of standardized modules that can be used 

universally. Based on a platform, a module variant that differs with regard to 

performance and price, for example, can be chosen from the individual segments 

according to the customer’s specifications when assembling a machine.

The EJ modules are exceptionally compact, 

measuring just 12 x 55 x 66 mm.

Mechanical coding

Colour coding
signal type

12 mm 55 mm

6
6
 m

m

Status and 
diagnostics
LED for 
EtherCAT 
and I/O 

These strategies are partially transferable to the EJ system and to the automa-

tion industry, leveraging the EJ system’s mixture of standardization and flexibil-

ity. For a large number of identical or at least very similar standard machines, 

certain identical components used in all machines simply combine with modules 

that are specific for one machine.

In relation to the EJ system, a platform strategy entails development of a 

standard machine on which standardized components can be accommodated. 

The extended platform strategy means that various modules can be supple-

mented beyond the standard platform. Placeholder modules enable additional 

components, including future technologies, to be added later. This enables the 

extension of machine complexity from “basic” to “extended” to “high-end”:

–  The basic version covers basic functions; placeholder modules are used on 

the platform for functions that are not used in this version.

–  In the extended version, placeholders are replaced by functional assem-

blies in the form of EtherCAT plug-in modules. These differ depending on 

the machine, such as employing different feedback modules for different 

motor types.

–  A high-end version features the full range of functions for which the 

complete distribution board can be used. In addition, EtherCAT provides the 

possibility of an optional extension through EtherCAT Terminals or EtherCAT 

Box modules in order to implement modular extensions of the machine. This 

allows the implementation of application-specific elements of the control 

system that may only be required on rare occasions.

Author: Michael Jost, Product Manager, Fieldbus Systems and EtherCAT, Beckhoff

Latching grid
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With the long-standing IP series Fieldbus Box and the three different EtherCAT Box series (EP, EQ and ER), Beckhoff offers an 
extremely wide range of decentralized, machine-mountable I/Os with IP 67 or IP 69K ratings, depending on the housing type. In 
this interview, PC-Control editor Stefan Ziegler has a discussion with Dirk Bechtel, Product Manager Fieldbus Systems at Beckhoff, 
about how all industrial applications can be covered with the company’s selection of I/O housing variants for harsh environments, 
the large variety of signal types, and openness with regard to many fieldbus systems.

Interview with Dirk Bechtel on the widening range of Beckhoff I/O box modules in IP 67 protection

Expanded range of machine-
mountable I/O modules covers 
all industrial applications

The Beckhoff I/O Box module series are available in plastic, stainless steel, 

and die-cast zinc variants, each offering 8- and 16-channel versions.
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How important is decentralized signal processing for modern ma-

chine building and plant engineering?

Dirk Bechtel: For a long time, there has been a clear trend toward minimizing 

control cabinet installation efforts and shifting more I/O devices directly into 

the field for signal acquisition. Apart from the obvious space and cable savings, 

there is a further advantage – especially in the processing of analog values – 

namely the short cable lengths between sensors and I/O box modules. This ap-

proach is in line with modular machine design; it facilitates simpler, error-proof 

wiring and reduces the frequency of plant commissioning mistakes.

What differentiates the Beckhoff range of IP 67 I/O modules from 

a practical point of view?

Dirk Bechtel: Our wide selection of housing and signal variants enables us 

to offer the ideal combination of functionality for each individual application. 

Apart from that, the modules are exceptionally compact, featuring a height of 

126 mm, a depth of 26.5 mm, and a width of 30 mm (8-channel) or 60 mm 

(16-channel). If an analog signal is to be measured in an assembly machine, 

for example, a slim plastic module with four analog inputs is perfect. For the 

same signal in a press line, however, the I/O module in a die-cast zinc housing 

would be more appropriate. Supplemented by a total of 24 supported fieldbus 

systems, this level of variant availability is a particular competitive advantage 

for our portfolio.

To what extent can this portfolio be extended to comply with new 

market and application requirements?

Dirk Bechtel: We currently offer a rather broad selection of IP 67 box modules 

in varied case types. This covers digital I/Os through to more complex technol-

ogies such as stepper motor modules or the new EtherCAT Box for resistance 

bridge evaluation. In addition, the range can be extended very simply with new 

functions. On the one hand, this is a result of our comprehensive electronics 

knowledge and the thoughtfully planned electronic concept of the modules. 

The electronics, designed for a wide operating temperature range from -25 to 

+60 °C, are divided into a fieldbus segment and a signal segment. This func-

tionality allows new signal forms to be implemented very quickly. On the other 

hand, we offer such new functionalities in all housing variants, i.e. as a durable 

plastic, stainless steel, or die-cast zinc box, because the design of the housing is 

standardized, irrespective of the material, and contains the same electronics for 

either the 8-channel or the 16-channel version.

What are the most important application areas for the different 

housing variants?

Dirk Bechtel: The proven plastic housings, used with the IP series Fieldbus 

Box and EP series EtherCAT Box Modules, are ideal for wet, dirty, or dusty 

environmental conditions. Industries needing this kind of robust protection 

include general mechanical engineering, assembly technology, as well as the 

semiconductor and logistics fields. The EQ module series, on the other hand, 

with stainless steel housings, and IP 69K protection, is designed for applications 

in the food & beverage, packaging, chemical, and pharmaceutical industries. 

The new and particularly robust I/O modules from the ER series are the latest 

additions to the Beckhoff EtherCAT Box lineup, and represent an ideal option for 

use in extremely harsh industrial and process environments. With fully die-cast 

zinc housings, they are ideally suited to areas that demand higher load capacity 

and resistance. Typical examples include: press lines and metal foundries, as 

well as automotive environments where die-cast zinc is the industry standard, 

or robotic applications where resistance to weld spatter is key. Of course, the 

modules from the ER series are fully compatible with the EP series and offer the 

same widespread I/O variety.

And what application challenges can be solved with such a broad 

range of I/O?

Dirk Bechtel: The wide range of applications is clearly evidenced in the 

comprehensive selection of I/O alone: digital inputs with various filters, com-

bined with 3-axis acceleration sensors; digital outputs with output currents of 

0.5 A to 2.8 A; and combination modules with freely selectable digital inputs 

Dirk Bechtel, Product Manager Fieldbus Systems: “It will be a long time yet before 

every sensor is intelligent and web-enabled (smart sensors). With the decentralized 

IP 67 I/O modules, however, engineers can implement an intelligent technology migra-

tion as an intermediate step on the way to Industry 4.0.”
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or outputs. Furthermore, analog input modules are available for the measure-

ment of current, voltage, and differential pressure, as well as temperature mea-

suring modules, serial interfaces, encoder inputs, and motion modules. These are 

supplemented with the necessary system components, such as an EtherCAT Box 

with ID switch, EtherCAT branch and star topology distributors, as well as power 

distribution, and an EtherCAT copper wire/fiber optic media converter. The range 

of applications accordingly extends from digital/analog signal processing and 

the measurement of displacement, angle, and acceleration through to Motion 

Control, Condition Monitoring, and energy data acquisition.

How important is the universality of the system while maintaining 

openness with regard to the bus systems?

Dirk Bechtel: Where decentralized signal acquisition is concerned, the universal-

ity of the system is very important. With support for, and the complete integration 

of, 24 bus systems in total, the I/O box modules cater for every possibility, even 

in heterogeneous applications. However, the best performance by far is achieved 

with end-to-end EtherCAT communication, due to the high performance of 

EtherCAT and the elimination of the otherwise necessary protocol conversions. 

However, if the application stipulates different communication protocols, these can 

easily be integrated. An example of this is the new EPI and ERI IO-Link box mod-

ules, in plastic or die-cast zinc housings, which are implemented as IO-Link slaves.

For which specific applications are the new box modules for IO-

Link suitable?

Dirk Bechtel: IO-Link is advantageous as a communication system where high-

ly complex sensors have to be linked. Sensors designed for IO-Link could also 

be linked previously via the EP6224 IO-Link master. If such a master is present 

anyway, it can certainly make sense to acquire sensor signals decentrally in the 

Industries

IP/EPxxxx: . General machine 

building . Handling technology . Semiconductor industry . Logistics

EQxxxx: . Food, chemical or phar-

maceutical industries

ERxxxx: . Heavy-duty and auto-

motive industries . Robotics

Applications . Digital/analog signal 

processing . Logging of energy data . Condition Monitoring  . Acceleration measure-

ment . Differential pressure 

measurement . Motion Control . Position measurement

Housing variants

IPxxxx EPxxxx EQxxxx ERxxxxIP EP

24 Fieldbus systems . EtherCAT . Ethernet . DeviceNet . PROFIBUS . PROFINET

 . EtherNet/IP . CANopen . … . IO-Link

Signals . Digital input and output 

(standard and safety) . Acceleration . Relay output . -10/0…+10 V or 0/4…20 mA . PT100/thermocouple . -1…1 bar/0…7 bar air pressure . Incremental encoder . Motion

With the right combination of housing variants, signal forms and bus systems, the 

desired applications – from energy data acquisition through to Motion Control – can 

be implemented in all branches of industry via the I/O box modules from Beckhoff.
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Further information:

www.beckhoff.com/IP67

field, e.g. with a 16-channel IO-Link box connected via a simple sensor cable, 

and then to transmit them to the IO-Link master. However, one should consider 

the disadvantages in relation to consistent EtherCAT networking: the topology, 

which is limited to point-to-point communication, and the considerably slower 

IO-Link communication.

What versions will be available with the introduction of the new 

module series at SPS IPC Drives 2014?

Dirk Bechtel: There are a total of 28 box modules in plastic and die-cast 

zinc versions available for IO-Link. The range includes both the 30 mm wide 

8-channel and the 60 mm wide 16-channel EPI or ERI modules with digital 

inputs, digital outputs, and combined digital inputs and outputs, as well as with 

analog inputs and outputs. This provides users with maximum flexibility for their 

machine-mounted I/O system designs.

The EP3356 EtherCAT Box for resistance bridge evaluation men-

tioned earlier is also new. What are its main areas of application?

Dirk Bechtel: With the IP 67-rated EP3356, the functionality of the proven, 

IP 20-rated EL3356 eXtreme Fast Control (XFC) EtherCAT Terminal is now also 

available for decentralized installation in the field. It enables the direct connec-

tion of a resistor bridge (strain gauge) or a load cell with 4- or 6-wire connection 

technology. With automatic self-calibration (which can be deactivated if desired), 

dynamic filters, support for Distributed Clocks and a scanning rate of up to 

100 μs, the EtherCAT Box is ideal for the fast and precise acquisition of signals 

from torque or vibration sensors. Until now, this has been implemented, for exam-

ple in weighing applications, by connecting together four sensors for strain gauge 

bridges in a small, local terminal box. The EP3356, with its integrated voltage 

supply, permits the omission of the terminal box, which simplifies installations 

considerably. In addition, the new EtherCAT Box represents a further element 

in a high protection class for the Scientific Automation approach we pursue, i.e. 

the integration of advanced measurement technology into standard automation 

systems for more streamlined and cost-effective control system architectures.

How important is the extensive range of accessories from 

Beckhoff for decentralized signal detection to be feasible?

Dirk Bechtel: In order for the company to reach its own goals as a complete I/O 

system supplier, Beckhoff also offers all necessary accessories with IP 67 protec-

tion. These encompass cables in different materials, including drag-chain-com-

patible versions, as well as corresponding M8 and M12 plug connectors, either 

straight or angled. Stainless-steel components are also available, for use in the 

food industry, for example. The user benefits from our profound expertise, in 

particular where core components are concerned, i.e. EtherCAT and power ca-

bling for the I/O box modules. In addition, all the components for the connection 

of the sensors to the box modules are included. The user gains the advantage 

of having only one contact, a single-source supplier. In addition, the user can 

implement a system made up of pre-tested components, in the form of either 

prefabricated cables or field-configurable plug connectors.

With the die-cast zinc modules from the ER series, the decentralized EtherCAT I/O 

system finds even more application possibilities in the most extreme and harsh envi-

ronmental conditions.
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The customer-specific multi-touch Control Panel in an aluminum 

housing blends seamlessly into the corporate design of the Blister 

Express Center BEC 500 from Uhlmann.
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Over a period of more than 65 years, Uhlmann Pac-Systeme GmbH & Co. 

KG of Laupheim, Germany, has been established as a leader in packag-

ing solutions for the pharmaceutical industry. Their range of solutions 

extends “from the tablet to the pallet”, as Uhlmann’s head of electrical 

engineering, Jörg Riekenbrauck explains: “We offer complete, turnkey 

packaging concepts, consisting of blister packaging machines or bottle 

fillers, cartoners, bundlers, case packers, and palletizers. In addition, we 

offer complete IT infrastructure – found, for example, in our Scada and 

track and trace systems.”

A prime example is the Blister Express Center BEC 500, designed for 

maximum flexibility and efficiency. Conceived as a two-track packaging 

line, it integrates a blister and cartoner module over a plant length 

of less than 10 meters. Up to 500 blister packs and up to 450 folding 

cartons can be processed per minute. Jörg Riekenbrauck comments: 

“These capabilities, added to low acquisition and operating costs and 

high process reliability, position the Blister Express Center BEC 500 as 

the ideal line for the economic processing of all common solid products 

and types of films with medium batch sizes.”

In the packaging industry, top speed and quality is widely demanded for all machines and plants. Pharmaceutical 

packaging innovator, Uhlmann provides a considerable level of added value in terms of production efficiency in their 

packaging lines: performance combines with sophisticated design – highlighted by the customer-specific control panels 

they utilize, sourced from Beckhoff.

Modern machines provide added 
value through high operating 
convenience and top quality design

Customer-specific multi-touch Control Panel for pharmaceutical packaging lines



At a glance

Solutions for the packaging industry

Individual operating unit for blister packaging machines

Customer benefit

Operating convenience, plus high design appeal

Applied PC control

–  15-inch Control Panel: modern multi-touch technology 

fitting the corporate design

–  C6930 control cabinet IPC: high computing power 

in a compact design

–  CP-Link 4: One-cable Panel connection with less installation 

work and costs
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Operating convenience in a sophisticated design 

Extremely simple and intuitive handling is among the many benefits enjoyed 

by Uhlmann end users. This feature set is made possible by the new Smart-

Control operating system, which consists of an operator interface specifically 

designed by Uhlmann and a customer-specific Control Panel from Beckhoff. 

Jörg Riekenbrauck explains the importance of appealing design here: “Control 

Panel construction is design-oriented at Uhlmann, because the aesthetics 

make the operation attractive and reliable; take, for example, the machine’s 

slender operating terminal and smooth surface. The name SmartControl 

alone is suggestive of a modern, smartphone-based design, with a transition 

from the touchscreen to the Control Panel that is seamless. The terminal is 

intended to appear so appealing and light that it virtually floats, fastened to 

a mounting arm in front of the machine. All of this is flawlessly implemented 

into the Beckhoff multi-touch Control Panel. The panel won both the Red 

Dot Award and the iF Design Award in 2014, as well as the German Design 

Award in 2015, clearly indicating the level of sophistication and quality in 

the device.” In addition, pharmaceutical industry users require the operating 

terminal to be easy to clean, so the smooth, jointless surface is ideal for this 

type of application.

The machine parameters can be changed very simply and intuitively with the 

swipe functions implemented in SmartControl.
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The advantages of the Control Panel are so convincing that Uhlmann uses it 

as a standard for all new machines and plants, as well as for retrofits. Jörg 

Riekenbrauck sees particular advantages in the swipe functions from multi-

touch technology. These are optimally implemented in SmartControl, leveraging 

the Control Panel’s high-performance Projective Capacitive Touchscreen (PCT) 

technology, which operates with a high density of touch points. For example, 

the machine speed can be changed very simply and intuitively via the on-screen 

representation of a rotary control.

Customer-specific operating terminal based 

on standard panel format

As the basis for SmartControl, Uhlmann selected a panel variant from the wide 

range of Beckhoff multi-touch panels that was ideal in terms of technical fea-

tures and design: a 15-inch touchscreen in the 4:3 format. Jörg Riekenbrauck 

explains: “We preferred the aesthetics of the 4:3 format better than a wide-

screen panel, especially as our corporate logo matches it very well in terms 

of the language of forms. The iPad-compatible resolution of the touchscreen 

proved to be a positive side effect. It allows the visualization to be operated by 

tablet if necessary, without having to modify the applications.”

The 15-inch display size has also proven to be ideal for the packaging lines, 

because larger panels often get in the way, obscuring the view of processes. 

Smaller touchscreens, conversely, would limit the display options. Documents, 

circuit diagrams, and logs should also be comfortably legible in the visualiza-

tion. Jörg Riekenbrauck continues: “Apart from that, 15-inch operating units 

have already been used for many years in our packaging machines. In the 

future, if the widescreen formats are demanded more by users, or if higher 

screen resolutions are required, we can absolutely implement them through 

the wide range of multi-touch panels from Beckhoff. The impressive support 

offered by Beckhoff engineers – i.e. being highly responsive to customer-spe-

cific requests and contributing their own ideas – has already been proven 

with SmartControl.”

According to Michael Schäfer, project manager at Uhlmann, PC-based technol-

ogy is indispensable for compliance with regulatory requirements in the phar-

maceutical industry. “The numerous industry guidelines require that thorough 

electronic documentation be kept throughout the process; separate databases 

and additional control systems were required for this previously. Now, this data 

can be efficiently gathered, tracked, and stored with streamlined IPC technology. 
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The new operating panel in the company’s corporate design is used also 

with the Case Packaging Center 10 from Uhlmann.



The high computing power and compact design in particular led us to choose 

the IPCs from Beckhoff,” Schäfer elaborates.

The Blister Express Center BEC 500 uses a C6930 control cabinet PC equipped 

with an Intel® Core™ i5 processor for the two control terminals, an SSD, and 

a UPS with an additional 24 V battery pack. Sufficient computing power is 

available for smooth operation of the SmartControl visualization and its many 

graphic and swipe elements. A server solution was created for the visualization, 

which can be accessed, in principle, by any number of operating panels.

Further advantages through CP-Link 4 connection technology

In Jörg Riekenbrauck’s view, the use of a Control Panel instead of a Panel PC 

offers advantages, especially with regard to continuity and flexibility: “It is 

important to us that the design elements stay the same over time. The demands 

placed on the Industrial PC can change quickly, with regard to processor per-

formance, memory expansion, and optional plug-in cards. By separating the 

Panel and the IPC, we can now use the operating terminal unchanged for the 

foreseeable future, while using an IPC solution scaled to current needs in the 

control cabinet.”

A further advantage is offered by the CP-Link 4 one-cable connection technol-

ogy from Beckhoff, with which video signal, USB 2.0, and power supply can be 

transmitted over distances of up to 100 meters using one standard CAT.6A cable. 

Jörg Riekenbrauck explains the practical advantages: “In our plants, the control 

cabinet is up to 10 meters away from the operating panel, which is mounted on 

a slender mounting arm. The installation benefits from the fact that, in particular, 

a rigid DVI cable with its large plug connectors no longer has to be laid. With 

CP-Link 4, a simple and flexible standard Ethernet cable is sufficient, reducing 

installation costs.”

The connection solution in the Uhlmann packaging machines is implemented on 

the IPC side via the C9900-E276 PCIe plug-in module. The multi-touch Control 

Panel already provides CP-Link 4 as an integrated interface, and the DVI and 

the USB 2.0 signals are transmitted together. Conventional operating buttons 

and emergency stop are used as methods of operating different generations of 

controllers.
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Further information:

www.uhlmann.de

www.beckhoff.com/Multitouch

www.beckhoff.com/CP-Link4

Two of the new operating units are used in the 10-meter long, 

two-track Blister Express Center BEC 500.

The C6930 control cabinet IPC – with Intel® Core™ i5 processor, SSD, and 

integrated UPS with additional 24 V battery pack – is connected to the operating 

panel via CP-Link 4.
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The “Kant-Dreieck” building, designed by architect Josef Paul Kleihues and 

erected in the 1990s, is one of Berlin’s celebrated landmark buildings, standing 

out in an area dominated by historical structures. The 54-meter-tall tower, which 

is topped by a triangular aluminum sail, can be seen from far away. The sail 

floating over the building turns with the wind and gives a playful touch to the 

very straightforward architecture that otherwise avoids any type of decoration. 

Accompanied by a linked five-story, triangular structure, it fills an area that is 

open towards the “Theater des Westens”.

“Berlin is a place that inspires. The city provides an exciting climate for inno-

vation that increasingly attracts young, creative people from all over the 

world,” says Managing Director, Hans Beckhoff. Of particular interest to the 

entrepreneur are the city’s internationally renowned universities and research 

institutions, which provide a valuable source of highly qualified employees. 

“Beckhoff develops innovative and trailblazing industrial control technologies. 

Here in Berlin we focus on the development of real-time communication pro-

tocols, which form the foundation of any automation architecture,” explains 

Andreas Schulze, the manager in charge of the Berlin office. He adds: “An 

innovative company like Beckhoff needs a good number of engineers, and the 

Technical University of Berlin, which is located only a short walk from our office, 

provides an abundant pool of top tier talent.” 

 

By adding a second floor with the option to add even more space in the 

“Kant-Dreieck” complex, Beckhoff continues to pursue its strategy of not just 

adding new offices, but investing in existing locations as well. “By adding more 

staff to our development department in Berlin we are setting the course for 

future growth and enhancing our ability to respond more quickly to the market’s 

requirements,” says the site manager.

Since September 2014, the Beckhoff name 

adorns a sail topping the “Kant-Dreieck”, a 

landmark building in the western part of Berlin. 

With red letters on a white background, the logo 

is clearly visible from Berlin’s zoo district and the 

Kaiser Wilhelm Memorial Church to the south and 

the trade fair center to the north. 

Beckhoff expands 
development depart-
ment in Berlin

Since 2006, the Beckhoff Berlin branch office has been located in the “Kant-Dreieck” building, a prime downtown location in 

Germany’s dynamic capital city. Once a boulevard in the heart of the previously divided city, the area has seen considerable growth 

in recent years, as Berlin has become the “hip heart of Germany” once again. In early 2014, Beckhoff expanded into a second floor 

in the 10-story building to expand the company’s sales and development resources in the region.
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The basic elements of the Nobilia kitchen furniture are assigned by barcode 

to a particular customer order, and thus to an individual kitchen after leaving 

the so-called “anonymous production area”.
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Nobilia: Series production with 
lot-size-1 flexibility demonstrates 
the true potential of Industry 4.0
Nobilia manufactures an enormous number of kitchens per year, with over 580,000 produced in the two manufacturing 
plants located in Verl in East Westphalia, Germany. That may be series production in the truest sense of the words, but the 
real specialty here is the customization that is implemented at the same time. PC-based control from Beckhoff offers the 
ideal foundation for universal transparency of the parts and production data, allowing individual kitchens to be supplied 
flexibly and efficiently in a lot size of 1 – entirely in keeping with the ideals of Industry 4.0.

Maximum data transparency in kitchen manufacturing through PC-based control technology

Around 2,600 fitted kitchens leave Nobilia’s two production plants every 

day, making the company Europe’s largest manufacturer. If this figure alone 

is any indication of the high demands placed on the manufacturing process-

es, then according to Nobilia’s technical director, Martin Henkenjohann, it 

is made even clearer by the special market requirements: “Despite series 

production, we manufacture fitted kitchens entirely in accordance with 

the customer’s wishes, which means in a lot size of 1. In order to achieve 

this, we started way back in 1990 to keep all parts and production data 

transparent and universal over the entire manufacturing process – entirely 

in keeping with present-day Industry 4.0 concepts. That includes both the 

design data and the individual processing steps, so that we always know 

exactly where a particular piece of kitchen furniture is in the sequence of 

processes. This is the only way that we can meet the increasingly variable 

and specific customer requirements on the one hand and implement op-

timized and error-free freight transport with our own fleet of vehicles on 

the other.”

Industry 4.0 requires real-time data over 

the entire process

Modern Industry 4.0 concepts, and the higher flexibility in production that 

is attainable with them, are not possible without ensuring transparency 

of all machine and parts data. Martin Henkenjohann explains what this 

means for Nobilia: “Real-time tracking capability over the entire process is 

the fundamental requirement. This starts by applying a barcode label that 

contains all necessary information about a piece of furniture, e.g. the front 

of a kitchen floor cupboard, as it moves from the anonymous prefabrication 

to the order-related production area. The production aspects with regard 

to further processing steps on various machines are just as important here 

as logistic details, such as the loading time and truck information or the 

delivery address. For example, each processing machine scans the barcode 

and retrieves the associated machining data from the central Oracle works 

database or from Web services.”

It is the transparency of the real-time data that makes the daily produced 

volume of 2,600 individually manufactured kitchens possible. 88 different 

front designs form the basis for this process, and there are 250 different 

items behind each design. Depending on the format of the front, plus such 

things as the fittings and handle or panel variants, this results in an ex-

tremely wide range of floor, wall, and tall cupboards. Regarding the logistic 

management of the virtually infinite variety of fitted kitchens, Martin 

Henkenjohann explains: “The barcode of a drawer front, for example, con-

tains the configuration of the entire drawer, including its width and depth, 

the height of the rear wall and the type of handle. The production facility 

accordingly supplies all required parts, initiates the correct processing se-

quences, and ensures that the desired drawer is placed in a logistic train ‘just 

in sequence’. The latter then drives to the assembly area, where the finished 

body of the cabinet is married to the drawer and other elements such as 

side-hung doors. Through real-time tracking, we know exactly where each 

part is in the production process at any time. That corresponds precisely to 

the Industry 4.0 approach.”



Manufacturing controlled by time units and aligned 

with loading dates

Planning the production of Nobilia kitchen furniture is by no means traditional. 

In fact, production is controlled by time units; i.e. the tall, floor, and wall cup-

boards are tracked to determine which production sequence they are in and 

whether these sequences are correctly parallelized. Ultimately, all elements 

must enter the loading stream from a total of nine assembly lines with the 

right timing so that the individual fitted kitchen – complete with all cabinets, 

electrical appliances and accessories – can be loaded completely and on time 

onto the correct truck. Martin Henkenjohann comments: “The planning of an 

incoming customer order and thus the production control is taken care of by the 

dispatch department, which is actually the final link in the chain. This means that 

our vehicle fleet optimizes the use of its truck volumes on the one hand and the 

route to the customers on the other.”

The dispatch department finalizes the production plan just four days before the 

planned kitchen delivery date, so the usage of the production capacities must be 

30

extremely flexible. In order to properly take into account all customer requests 

within a short time, the construction data for the product variants are already 

stored to a large extent. In addition to that, each of the three assembly lines for 

the tall, floor, and wall cabinets can also be used to manufacture one of the two 

other cabinet types within certain limits. Dieter Grossekatthöfer, Sales Manager, 

Engineering at Beckhoff, illustrates this point: “Through the use of PC-based 

control technology and the units which are designed for as many different 

machining processes as possible, the machines cover a very wide range. For 

example, a drilling optimizer calculates a sequence in which, as a rule, as many 

holes as possible can be drilled simultaneously. When changing the product, 

however, it may be the case that consecutive drilling of the holes produces a 

better result so that, for example, it is possible to drive to intermediate gluing 

positions which are unavoidable for mechanical reasons. With these capabilities, 

the machines are optimally configured for maximum production flexibility.”

PC control as an open and efficient system

The idea of data transparency at Nobilia was hatched back in 1990 in or-

Martin Henkenjohann, technical director at Nobilia, recalls: “Way back in 1990 we started to keep all parts and production data transparent 

and universal over the entire manufacturing process – entirely in keeping with present-day Industry 4.0 concepts.”
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der to meet the increasing demands on production. According to Martin 

Henkenjohann, the decision in favor of PC-based control technology was clear 

from the outset: “Without the openness and high performance of PC Control, 

universal data storage would likely not have been possible at all, due to our 

heterogeneous manufacturing environment. Not only that, we have benefitted 

over all those years from a very close and fruitful co-operation with an expert 

partner in Beckhoff. In addition, the entire system is extremely flexible and thus 

sustainable, which means it is easy to adapt to changing requirements.”

With Beckhoff control technology and an Oracle works database developed 

in cooperation with Nobilia, a central, closely meshing link between ERP and 

design software has been created. In this way, the requirements of a historically 

grown and accordingly heterogeneous production landscape can be satisfied. 

At the same time, it was and continues to be possible to continuously tap 

efficiency potential through the increasing integration of stand-alone solu-

tions. A technical quantum leap in this context – according to Matthias Gehle, 

Beckhoff expert for networks and systems – was the introduction of TwinCAT, 

At a glance

Solutions for the furniture industry

Universal data transparency for lot-size-1 manufacturing

Customer benefit

Maximum product variety with efficient series production

Applied PC control

– TwinCAT: open and flexible automation software 

for heterogeneous production environments 

– PC Control: advanced control technology which enables 

Industry 4.0 concepts
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Innovative potential through 
“leading-edge cluster”

In Martin Henkenjohann’s view, two research projects by the 

Industry 4.0 “leading-edge cluster” in Germany, “it’s OWL” (Intelli-

gent Technical Systems East Westphalia Lippe), headed by Beckhoff 

as the consortium leader, promise innovative potential. Dr. Ursula 

Frank, Project Manager R&D Cooperations at Beckhoff, explains: 

“The goal of the ScAut project is a Scientific Automation platform 

for the development and operation of intelligent, self-optimizing 

machines and plants. Initial test applications lead us to expect 

energy savings of around 20 %, productivity increases of approxi-

mately 10 %, as well as a reduction in maintenance expenditures of 

around 50 % as tangible, economical benefits, just through the im-

plementation of Scientific Automation functions such as advanced 

Condition Monitoring and power monitoring. The innovation project 

“efa” (Extreme Fast Automation) deals – essentially one level 

lower – with the increase in performance of the control technology. 

At the same time, eXtreme Fast Control (XFC) is to be implemented 

in large and complex projects, extending up to complete production 

plants. Important topics include the optimization of cycle times 

and leveraging the full potential of multi-core processors.” Through 

efa in particular, Martin Henkenjohann expects considerably in-

creased computing performance so that production processes can 

be mapped even better in real-time, enabling further increases in 

manufacturing transparency.

Each element can be very clearly assigned to the correct 

kitchen furniture via unique barcodes.
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This is an enormous advantage during commissioning, because these modules 

can be commissioned separately and then simply combined afterwards. This 

considerably reduces the commissioning time and facilitates the continuous 

modernization of Nobilia’s production landscape.”

Universal PC-based control technology

Nobilia uses PC control from Beckhoff universally throughout both of its man-

ufacturing plants, from the EtherCAT I/O system and motion control through 

to the Control Cabinet Industrial PCs (IPCs) and Control Panels with TwinCAT 

PLC/NC. Even the few older machines with conventional PLC technology can 

be integrated with PC-based control. Matthias Gehle summarizes the results as 

follows: “A homogeneous data flow can be achieved despite the very hetero-

geneous machine pool. The data is held in the central Nobilia database. Special 

high-level language applications developed by Beckhoff that are implemented 

in the production plants communicate with this database and supply the re-

spective plant controllers with adapted information. Over all these years that 

has been the key to the continuous improvement of efficiency in production.”

During the entire order-related production sequence, not only machine information, but 

also information on the production status of the furniture parts can be retrieved via the 

Beckhoff Control Panels and Panel PCs.
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the Windows-based automation software from Beckhoff in 1996: “With 

TwinCAT, an entire system no longer had to be completely controlled from one 

control computer. Today, for instance, it is easy to connect up to seven Industrial 

PCs together via TwinCAT and ADS communication, for example for several 

drilling machines, a distribution system, and additional machining stations. 

Larger production units are created in this way, so that basically only a few 

equipment types, such as a tall cupboard assembly belt or a drawer unit, have 

to be regarded. For each of these plant types there is a pre-defined, customized 

TwinCAT application available, which only needs simple parameterization to be 

adapted. On the one hand, this allows existing knowledge to be transferred to 

all plants without great effort, and on the other, software engineering can be 

much more efficient.”

Dieter Grossekatthöfer regards the possibility to modularize the plant as a 

further advantage of TwinCAT: “As opposed to the earlier stand-alone solutions 

with no real overlapping communication, it is now possible to create individ-

ual function modules, for example, for the side or base area or a drilling unit. 
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Further information:

www.nobilia.com

www.beckhoff.com/Industry40

www.beckhoff.com/TwinCAT

Further efficiency potential on the way to Industry 4.0

Industry 4.0 is a concept that will only be fully implemented in the coming 10 

to 20 years. Nobilia has already implemented it to a great extent today, but 

Martin Henkenjohann sees some potential for further development in the short 

and mid-term: “Currently, we are using RFID and RTLS (real-time locating sys-

tems) on a test basis with the goal of making the identification of the furniture 

pieces more variable in comparison with the barcode system and also to provide 

them more clearly with all necessary information. In addition, our production 

control will benefit from TwinCAT 3 and the multi-core IPC technology which it 

optimally supports.”
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Nobilia produces a total of 580,000 individual kitchens per year and has concentrated 

on implementing a universally networked manufacturing environment since 1990.
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“Breaking the Surface”:
 Servo terminals move virtual ocean

EtherCAT synchronizes 529 axes to automate kinetic art installation
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The overall artistic concept of the “Breaking the Surface” installation, including 

the software engineering, originates from the Scandinavian Design Group (SDG). 

“The objective was to create a work of art that expresses the identity of Lundin 

Norway. Lundin’s business is in the exploration and extraction of oil resources 

on the Norwegian Continental Shelf, so what is more fitting than to create an 

abstract representation of a sub-surface landscape?” said Bjørn Gunnar Staal, 

Senior Creative Technologist at the SDG, commenting on the design concept. The 

seismic recordings of the sea bed that geophysicists make in the search for oil 

reservoirs adopt a color scale between pale yellow and deep orange, depending 

on the density of the reservoir, in order to visualize the different layers of rock, 

gravel and sand in the stratigraphic models. This inspired the designers to color 

the Plexiglas tubes bright orange. The virtual ocean waves undulating before 

the eyes of the viewer are therefore not blue, but vary from bright to saturated 

orange depending on the viewpoint and the density of the tubes staggered one 

behind the other. While one single pipe represents a single exploration well, the 

multitude of overlapping translucent pipes create a moving landscape of organ-

ic, rock-like formations on the first floor. If a person approaches the installation, 

the virtual ocean landscape opens up. The tubes are driven to a safe position, 

allowing the viewer to “dive in”, so to speak. With this interaction, the artists 

are deliberately alluding to the exploration of the sea bed for oil reservoirs.

The kinetic installation “Breaking the Surface” consists of a field of 

529 plexiglas tubes, constantly moved in such a way that they create 

a 3D image of undulation in the eye of the viewer.

Norwegian oil company Lundin Norway envisioned something 
rather unique to mark the 10th anniversary of the company. 
Lundin caused quite a stir when they presented their kinetic art 
installation at the ONS Energy Convention, the world’s largest 
offshore energy trade show, which took place in August 2014 
in Stavanger, Norway. Visitors flocked to the Lundin trade show 
booth and HRH Norwegian Crown Prince Haakon from Norway, 
who visited the oil extraction company during his opening tour 
of the trade show, was visibly impressed by the presentation. 
529 plexiglas tubes are moved continuously together in such a 
way that they simulate ocean waves, and at the same time sym-
bolize the constant search for oil under water on the Norwegian 
continental shelf. In addition, visitors have the ability to interact 
with the installation. It is a markedly complex and sophisticated 
project, both artistically and mechanically, as well as in terms of 
the control technology. The project involved intensive coopera-
tion between designers, architects, safety experts, and machine 
manufacturers, with Beckhoff as the control system supplier 
contributing to the success of this engineering marvel.
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Art and technology in harmony

The mechanics and supporting structure of the kinetic installation, which was 

supplied by the Norwegian engineering firm Intek Engineering, consists of a 

framework of 23 steel girders, located in the ceiling between two stories of 

the building. With approximately 5 tons distributed over an area of 25 square 

meters, the construction of the framework represented a great challenge – one 

that was accepted by architectural firm Ctrl+N.

Each steel girder is equipped with 23 honeycomb-shaped stainless steel hous-

ings, every one of which accommodates – in the tightest of spaces – a plexiglas 

tube, an AM8121 Beckhoff servomotor, a drive wheel, and six support wheels 

for guidance, as well as a capacitive sensor for position compensation. A 3D 

depiction of an undulating sea is created in the eye of the viewer, based on a 

cleverly devised relationship between speed, tube diameter, and the distance of 

the tubes from one another. These were implemented mechanically, with a total 

of 529 installed servomotors. The associated control electronics are located at 

both ends of the support structure and consist of an EK1100 EtherCAT Coupler, 

and a set of I/O components, including: digital input terminals, servo terminals 

for controlling the servomotors, and buffer capacitor terminals for stabilizing 

the supply voltage. 

“A total of 10,200 connection points must be processed, representing a chal-

lenge both mechanically and with regards to the control electronics,” empha-

sized Rune Nordby, Marketing Manager at Intek. “The compact design of the 

control and motion modules, above all the servo drives in a 12-mm terminal 

housing, was a prerequisite for the successful technical implementation of SDG’s 

artistic concept.”

The control system architecture encompasses three main components:

– the sensor and actuator level, consisting of EtherCAT Terminals 

 and specific safety sensors 

– the PLC level, based on four C5102 Industrial PCs 

– the superordinate application level

In order to enable the interaction between people and the kinetic sculpture, two 

overlapping sensor data levels were installed: a 40 m² capacitive sensor floor 

installed under the parquet flooring and four K4W sensors (depth cameras) in-

stalled in each corner of the room. “We developed the higher-level control appli-

cation in openFrameworks,” Bjørn Gunnar Staal explained. Based on the data 

provided by the sensor floor and motion sensors, it encompasses a real-time 

model of the environment, for which a motion diagram is created to simulate 

the undulating movements.

Complex control technology simulates swell

The application communicates with the four IPC platforms, which also control 

the servomotors via TwinCAT ADS. “We used a whole bundle of openFrame-

works add-ons for this application,” explained Bjørn Gunnar Staal. In addition 

to that the team of developers from Scandinavian Design Group and Abida 

developed three new add-ons for “Breaking the Surface”:

A total of 529 AM8121 servomotors and 529 EL7201 

servo terminals were installed in order to move all the 

Plexiglas tubes.



Enclosed in a polyurethane crystal and labelled with the number of the exploration 

well, drilling samples from discovery sites in the Norwegian continental shelf are con-

cealed in some of the tubes. They can be “discovered” by the visitor while interacting 

with the virtual ocean.

Fascinated visitors move through the virtual ocean waves. Motion sensors 

in the floor signal that someone has entered the installation and the tubes 

drive to a safe position.
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– ofxMultipleKinect, controlling the display and alignment of several 

 Kinect point clouds in the same coordinate system

– ofxBeckhoffADS, facilitating the transmission of data between 

 openFrameworks and the Beckhoff control platform

– ofxSensfloor, directing the communication and visualization of sensfloor   

 data in openFrameworks

The set values of the motion diagram, which are programmed in C++, are 

imported into the TwinCAT NC PTP automation software via the ADS interface. 

In connection with the ultra-fast EtherCAT bus system and the servo termi-

nals, the point-to-point axis positioning software calculates the position for 

each individual tube in a cycle time of 1 ms. An interpolating motion results, 

which the viewer perceives visually as natural undulation. If the sensors signal 

a movement, i. e. a person entering the “ocean”, then the axis positions of 

the undulation are overwritten; the position of the pipes in close proximity is 

adjusted to form a protective dome around the person moving around in the 

space. “A thin metal ring, attached on the inside of each tube, gives us a refer-

ence signal every time it passes the capitative sensor inside the drive unit. This 

makes it easy and safe to double check and control our adjustment positioning 

algorithm which gives us the exact position of the tube at any time,” explained 

James Fox, founder of Abida. 

The higher PLC level consists of four C5102 Industrial PCs based on TwinCAT 3 

and EtherCAT: one of the PLCs functions as the data communication and syn-

At a glance

Solutions for stage and show technology

Control platform for an interactive kinetic installation 

with 529 servo axes

Customer benefit

– Fast transfer and processing of high data volumes

– Compact design of control and drive modules as a 

prerequisite for the successful technical implementation 

of the project

– Integration of a customer-specific 3D application with 

TwinCAT via ADS communication

Applied PC control

– 529 servomotors and servomotor terminals for 

Motion Control

– EtherCAT Terminals: processing 10,200 connection points 

– TwinCAT NC PTP: Point-to-point axis positioning software 

calculates the position for each individual tube in a cycle 

time of 1 ms, resulting in an interpolating motion which the 

viewer perceives as undulating ocean waves.



Abida’s broader mission is to integrate technology with design and archi-

tecture, but work in many additional fields. Our technologies are in most 

cases implemented through automation, custom software platforms and 

robotics with a background based on electrical-, systems-, and biomedical 

engineering.

The Norwegian engineering firm, Intek, headquartered in Raufoss and 

established in 1980, specializes in the automation of production machines, 

material handling systems, robot applications, and more.

Lundin Norway, based in Oslo, is a subsidiary of Lundin Petroleum AB, a 

Swedish group of companies with a proven track record of finding, devel-

oping and producing oil and gas resources worldwide.

Abida

Intek Engineering

Lundin Norway AS
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The compact electronics that control the 529 plexiglas tubes are installed at both 

ends of the support structure. The controls consist of an EK1100 EtherCAT Coupler, 

digital input terminals, servo terminals, and buffer capacitor terminals.

chronization level between the openFrameworks application App, and the three 

subordinated PLCs are each responsible for controlling one third of the servo 

axes. The PLCs accomplish the majority of the work by continuously adjusting 

the speed, acceleration, deceleration, and braking processes of each servo unit 

on the basis of the position specified by the higher-level application. Beyond 

that, these PLCs also manage calibration, position compensation, as well as 

speed and torque monitoring.

Safe control of a virtual ocean

During the conception of the installation and its technical implementation, a 

great deal of attention was paid to safety requirements from the outset, in 

terms of both mechanical construction and the electrical system and sensors. 

After all, the installation was designed for interaction and should not pose 

any danger to people. James Fox who has been responsible for the safety and 

security concepts, was involved in the Scandinavian Design Group’s project 

from the very start. “Even the decision to use Plexiglas tubes was based on a 

well thought out concept intended to exclude any danger of injury. Plexiglas 

is light and the edges of the pipe openings can be rounded. Apart from that, 

the installation was designed in such a way that it functions with a low speed 

of movement. The sensor level in the floor enables sophisticated scanning of 

even the tightest spaces, and uses redundant scanning to ensure that no blind 

spots are possible. The objective of our security concept was to make it safe 

enough to avoid the use of safety precautions according to Safety Integrity 

Level, category 3, which would have seriously impaired free access to this 

installation and its aesthetis” said James Fox and added: ”We have been 

part of this team consisting of so many different people and companies, and 

yet still have been able to work together as a tight and homogenous group. 

I think we are all proud, client (Lundin Norway) and providers, to have been 

able to deliver an installation with a very high quality finish of this complexity 

and magnitude. The interdisciplinary collaboration from everyone involved in 

this project, has enabled us to firmly stand behind “Breaking the Surface” and 

happily say that it has been easy to proclaim that the installation is safe for 

human interaction!”

The impressive installation, which will soon be permanently on display at Lundin 

Norway’s headquarters in Oslo, is rounded off by oil-filled crystals, which are 

concealed in some of the Plexiglas tubes. As the visitor moves through the 

virtual oil repository, he or she can “discover” these crude oil samples from 

Lundin Norway`s six most significant oil discoveries, including the giant “Johan 

Sverdrup” discovery.

SDG is one of the leading design agencies in Scandinavia and is headquar-

tered in Oslo. With almost 220 employees it represents the largest commu-

nications network in Norway and supports notable companies in branding 

and corporate identity development as well as in packaging design and 

end customer marketing. SDG is well-known for innovative solutions in the 

fields of digital and interactive design, as the kinetic installation for Lundin 

Norway impressively demonstrates.

Scandinavian Design Group (SDG)



Further information:

www.sdg.no

www.abida.no

www.intek.no

www.ctrln.no

www.lundin-norway.no

www.beckhoff.no
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Bjørn Gunnar Staal from SDG can imagine further project implementations on 

the basis of TwinCAT and EtherCAT. “I worked with Beckhoff for the first time 

on this project, but it will certainly not be the last time. In this installation large 

amounts of data are collected via sensors and must be transferred to the con-

troller and processed very quickly. PC- and EtherCAT-based control provides the 

perfect solution for these requirements.”
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Fast data transmission for 
880 meters of light strips

Embedded PC and EtherCAT control LED lighting system of Hall 3A at the Nuremberg Exhibition Centre

Soft, fade-in color changes or displays of corporate logos are merely a few button presses away for 
Wolfgang Hartmann and their LED lighting system in the new Hall 3A at the Nuremberg Exhibition Centre. 
The enormous quantities of data required for the representation of 16.7 million colors are handled by a 
Beckhoff Embedded PC and transmitted over EtherCAT.

Beginning in spring of 2014, the Nuremberg Exhibition Centre featured a 

new highlight: the new, elegant steel and glass designed Hall 3A. Renowned 

London-based architect Zaha Hadid Architects is responsible for the impressive 

architecture, which sets milestones for technology, energy efficiency, and visual 

effects. Two sides of the floor-to-roof glass façade are equipped with modern 

LED lights, put into operation in June 2014. A CX5020 Embedded PC controls 

a total of 78 EtherCAT Terminals to ensure that the right color appears in the 

right place at the right time. These terminals distribute the control signals in 

real-time to the 105,600 LEDs with millisecond cycle times. RGB LED tubes, 

each barely eight centimetres long, are mounted on the façade in eleven rows 

of about 880 meters in length. 

Challenge: Fast data transmission

From the outset, Nürnberg Messe, operators of the Nuremberg Exhibition 

Centre, wanted to animate the dark glass façade of Hall 3A with light. The 

hall acts as a visual hinge between the buildings to the east and the south. 

In the project implementation, the work mainly focused on the complex 

task of controlling the LED light tubes. The exhibition company’s demanding 

specifications included, for example, programmable lighting scenes in RGB 

colors, time-dependent color transitions with slow fade-ins and fade-outs, as 

well as operation by means of an iPad. It sounds simple, but it actually places 

extremely high demands on the technology. More than 16.7 million color com-

binations per LED segment have to be distributed to around 60 substations 

and 105,600 LED tubes in four milliseconds via a bus with a length of more 

than 1,000 meters.

In the tendering process, Lorenz Sprang from the project planning office iTectum 

was the most convincing with his Beckhoff control solution and was awarded 

the contract. Although Sprang was already well acquainted with Beckhoff 

controllers in building automation, this was new territory both for him and 

for Beckhoff. “Where real-time solutions are concerned, Beckhoff is mainly at 

home in machine control. To that extent, this was a special project for us,” said 

Wolfgang Negele from the Beckhoff branch office in Nuremberg, who supported 

Sprang. Such high data volumes and speed requirements are not common in 

building automation, which is usually concerned with the control of shading, 

lighting, or air-conditioning equipment. “The great challenge was thus to find 

out how to transfer so much data in such a short time over such a large dis-

tance,” added Sprang. 

Beckhoff and iTectum cooperated very closely on this project. The project had 

been completely calculated on a theoretical basis, and though it was regarded 

as feasible, no practical reference values existed and a pilot project could not 

be built and tested. “iTectum specified the configuration and the ball was then 

in Beckhoff’s court with regard to speed, the controller and data distribution,” 

Wolfgang Negele related.

Color transitions in a wide spectrum

The Nuremberg Exhibition Centre is delighted not only by the large variety 

of possible scenarios, but also by the simple operation. Wolfgang Hartmann, 

technical project manager at NürnbergMesse, can dial in to the control com-

puter with his iPad and step outside in front of the façade of Hall 3A while still 
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Further information:

www.nuernbergmesse.de/Halle3A

www.itectum.com

www.beckhoff.com/EtherCAT

Wolfgang Hartmann (left), Nuremberg Exhibition Centre, and Lorenz Sprang, iTectum, 

worked closely together in order to implement the demanding control solution.

Control cabinet of the LED lighting system with the CX5020 Embedded PC (bottom) 

and the associated EtherCAT Terminals.

controlling the array. “We at NürnbergMesse want to market the façade illumi-

nation in future, so we can devise color scenarios together with the customer 

to match the events or trade shows in question.”

  

The operation is actually very simple: the appropriate RGB values can be select-

ed for each line on the color selector and the RGB color value entered. In total, 

16.7 million combinations of red, green and blue are used to represent all the 

color variations of the rainbow. The schedule for the switch-on and switch-off 

times can be stored in a configuration matrix. This enables the operator to plan 

and define scenes in advance for trade shows and other events.

The defined colors are prepared by a light design program and sent to a 

Beckhoff CX5020 Embedded PC via 12 DMX universes (lines), each with 

512 channels. “However, DMX works relatively slowly with a data transmission 

rate of 9,600 Baud and only enables the control of up to 170 RGB channels per 

DMX universe. Therefore, the data are converted to the much faster EtherCAT 

industrial Ethernet system for transmission and subsequently converted back 

into DMX signals. Apart from considerably lower wiring costs and higher flexi-

bility, this is also advantageous with regard to maintainability, troubleshooting, 

and extendibility,” according to Lorenz Sprang. 

EtherCAT enables maximum system speeds  

The PC controller transmits new data with each DMX cycle, so that the resulting 

brightness or color gradations can be relatively small. 13 ms is the cycle time in 

which a DMX protocol with 512 bytes is cyclically transmitted. If the controller 

cannot manage the calculation of new data within this time, it can only transmit 

again in the next cycle, i.e. after 26 ms. “You do notice this outside when dim-

ming, because then the LED system begins to stutter,” explained Lorenz Sprang. 

“The challenge in this project, therefore, was to ensure extremely fast control of 

the LED tubes and very high data throughput.” 

This is precisely where EtherCAT, with its short transmission times, plays to 

its strengths. The CX5020 Embedded PC provides the control signals that the 

CU1128 EtherCAT star hub transmits in real-time to 50 DMX master blocks 

(EL6851 EtherCAT Terminals) in the glass façade. These convert the data back in-

to DMX information again and distribute them to the 11 individual LED strands. 

“We manage in 4 to 6 milliseconds to take up 12 x 512 bits, to calculate them 

internally and distribute them across 50 substations more than 500 m away, to 

convert them there and output them again as DMX. That’s a demanding amount 

of data in the world of automation,” emphasized Wolfgang Negele. Also, Lorenz 

Sprang added, “For that reason, the use of EtherCAT as the fieldbus system 

proved to be the key benefit, because with it, we can reach the high overall 

speed that was needed.”

The new Hall 3A at the Nuremberg Exhibition Centre sets visual highlights with its 

LED light strips – here in red and blue.
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Social enterprise Brüggli, which is headquartered in Romanshorn, Switzerland 

and employs around 650 people, concentrates on the training, re-education, 

and employment of people with disabilities or other handicaps. The Brüggli 

Industrie (industrial) division accounts for approximately half of the compa-

ny’s workforce and, apart from its own products such as portable dog crates 

and bicycle trailers, mainly offers manufacturing and assembly services in 

the metalworking industry. In order to be able to meet the increasingly high 

quality standards, despite increasing production volumes, previous visual in-

spections in manufacturing processes were replaced by a fully automated test 

cell. This was developed by ATS Automation GmbH of St. Gallen,  Switzerland, 

who was able to supply an all-in-one solution from a single source, thanks to 

the company’s comprehensive background in engineering, control and drive 

technology, and image processing.

Universal and optimally-accessible test cell

Special punched parts for the automotive industry are checked with the Brüggli 

system. However, the test cell was actually developed for universal use, as ATS 

chief executive Andreas Tobler explains: “The basic cell layout, i.e. the feeding 

of the parts, the test cell – with test stations and delta robot – as well as the 

discharge belts, is designed in such a way that other parts can also be checked 

with little conversion effort. The only things that have to be changed are the 

tool holders or suction grippers, and of course, the process or image processing 

software.”

The delta robot takes over the entire handling of the test parts in order to check 

for punching and grinding errors, scratches, as well as dirt and foreign bodies 

in the bores. In the Brüggli system, the punched part is first removed from the 

feeding belt and placed in the front face test station, where it is checked by 

In the ATS test cell for Brüggli Industrie, 

a delta robot takes over the 

complete handling of punched parts.
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an inductive proximity sensor for errors due to indentations in the material. In 

addition, dirt is removed by vibration and with the aid of compressed air nozzles. 

Next is a surface inspection, which takes place on test stations for the top side 

and underside with a turning station in between. This produces three results, 

each based on 30 test criteria, which are evaluated by the image processing 

system and transferred as the final result to the control system. Depending on 

this value, the delta robot places the test parts on one of two discharge con-

veyors – for good parts or parts to be checked again – or in one of the lateral 

reject channels for faulty parts. In addition, stacks containing 11 punched parts 

each are formed on the “good parts” conveyor in order to be packed in the 

corresponding transport cartons.

One of the special features, according to Andreas Tobler, is the hexagonal cell 

design: “This method of construction allows all sides to be opened, improving 

access to the inside of the test cell. The location of the delta robot in the center 

makes it possible to move the robot gripper to each position inside the cell, at 

any given work height. In addition, the attached test stations can be swivelled 

out in set-up mode, which additionally increases accessibility.” Urs Buschor, 

Head of Technology & Training in Metal Occupations at Brüggli Industrie, adds 

a further aspect: “The cleaning of the system is considerably simplified and 

accelerated by this structure. Also, in the interest of ergonomics, the operator 

interface with the CP6203 built-in Panel PC can be moved very flexibly, rotating 

almost 360° on its mounting arm. The panel is always within reach, but not in 

the way, such as during maintenance work.”

Kinetics library for simple and efficient engineering

The CP6203 built-in Panel PC with 19-inch touchscreen and Intel® Core™ 2 

Duo processor (2.26 GHz) serves as the control computer and the HMI, with 

Dynamic handling for 
fast and reliable checking 
of punched parts

Integrated control and drive technology for delta robot in fully automated test cell

As a contract manufacturer in the metalworking industry, the Swiss company, Brüggli Industrie has until now checked 

the punched parts that it manufactures with visual inspections. In order to improve quality assurance and reduce 

lead times, this has been replaced by a fully automated test cell with advanced image-processing systems for optical 

inspection from ATS Automation. As an integrated control system, PC Control from Beckhoff ensures precise test 

sequences and dynamic parts handling using delta robots.

The 19-inch touchscreen on the CP6203 built-in Panel PC offers sufficient space 

for a clear display of the visualization created with TwinCAT HMI software.

Integrated control and dddddddddddddrive technology for delta robot

As a contract manufacturrer in the metalworking industr

the punched parts that it manufactures with visual ins

lead times, this has been n replaced by a fully automated

inspection from ATS Autott mation. As an integrated co

sequences and dynamic parts handling using delta robo
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Windows XP as the operating system and TwinCAT NC I as the control software. 

Andreas Tobler comments: “The main advantage for us was the preconfigured 

robot kinematic functions, which greatly simplified the engineering process. 

TwinCAT Kinematic Transformation (Level 3) offers an excellent solution for a 

delta robot, in particular, as in our case, when it is designed for efficient parts 

transport at high speed and with a relatively simple mechanism. At the beginning 

of the development process some three years ago, Beckhoff was the only supplier 

with an open control system, through which all requirements could be met, with 

a specified kinematics module tailored to our own delta robot mechanism.”

Due to the flexibility of TwinCAT, there was sufficient space for individual ad-

aptations on the software side, as well. Thus, the positions of the delta robot 

are not controlled by an NC program as usual, but directly in software through 

the TwinCAT PLC. Andreas Tobler comments: “From a conceptual point of view, 

we wanted to control the complete test cell from the PLC. A special function 

block was programmed for this to allow the direct specification of all positions. 

Apart from that, a single parameterization was sufficient for the engineering. 

This concept has significantly simplified the sequence control. For example, the 

positions can be simply moved to and fixed via the operator interface for robot 

teaching, without the necessity to change the NC program.”

Five servo and two stepper motor axes provide dynamic implementation of 

the position specifications: Three dual-channel AX5206 Servo Drives move 

the three robot axes or the rotary tables of the two surface checking stations, 

accomplished via three AM3033 and two AM3022 servomotors. In addition, 

two EL7031 stepper motor terminals with AS1000 stepper motors control the 

intermediate turning station, aided by two EK1100 EtherCAT Couplers and a 

total of 55 EtherCAT Terminals for I/O data processing.

PC Control as the integrated control architecture

In the opinion of René Meili, developer at ATS, PC Control offers great advantag-

es with its integrated control architecture through the integration of the robot 

At a glance

Solutions for robotics and handling

Control and Drive Technology for the delta robot 

in a test cell

Customer benefit

Simplified engineering through integrated control system

Applied PC Control

–  TwinCAT Kinematic Transformation: delivers robotics 

functionality with simple parameterization

–  TwinSAFE: optimized machine safety in 

every operational state

Control and Drive Technology from Beckhoff – from the CP6203 Panel PC through 

to the AM30xx servomotors – enables dynamic delta robot control and, thus fast and 

precise test sequences.



was to acquire I/O data, solve safety challenges, and synchronize drives with 

one comprehensive bus system.” Giuseppe Pennimpede, Quality & Service team 

manager at Brüggli Industrie, mentions a further aspect: “The use of TwinCAT 

HMI also offers advantages because, thanks to the seamlessly integrated visu-

alization, the required variables are universally available without a data export 

or import. Accordingly, changes of variables, for example, can be carried out 

quickly and without error.”
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Further information:

www.ats-automation.ch

www.brueggli-industrie.ch

www.beckhoff.com/robotics

kinematics alone. Additionally, he notes that machine safety is also an integral 

component of the overall system using TwinSAFE from Beckhoff: “The Panel PC 

executes all control and visualization tasks, from the user-friendly operation to 

the delta robot. Therefore, no separate robot and safety controllers are required. 

This universally-integrated control architecture simplifies engineering and re-

duces the total cost of the solution.”

Andreas Tobler confirms the advantages of PC Control: “In order to ensure 

optimal machine safety in every operational state, we chose the integrated 

TwinSAFE safety solution. This is implemented with the EL6900 TwinSAFE PLC, 

four EL1904 TwinSAFE digital input terminals, and an EL2904 TwinSAFE digital 

output terminal. In addition, there are AX5805 TwinSAFE drive option cards for 

the AX5206 Servo Drive. The safety functions for emergency stop (STO) and 

safety door monitoring were implemented in this way. We benefit here from 

EtherCAT, which to a large extent offers not only high performance, but also 

the advantage of universal data communication. Our goal right from the outset 

From left to right: Stefan Keller, Beckhoff Sales Eastern Switzerland, Andreas Tobler 

and René Meili of ATS, Urs Buschor and Giuseppe Pennimpede of Brüggli Industrie.
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End-of-line logistics 
solutions for the food and 
beverage industries

Industrial PCs enable fully automated warehouse logistics

Optimum space utilization in warehouses, careful transport, and fully automatic storage and re-
trieval of products are among the basic requirements for efficient production practices. Advanced 
logistics systems based on automatic guided vehicles not only increase productivity and safety, 
but also contribute to cost reductions. Northern Italy-based Elettric 80, headquartered in Viano, is 
a global supplier of flexible and efficient end-of-line logistics solutions. The company’s products 
include solutions for palletizing products, as well as management of the entire material flow pro-
cess, from the production lines right up to truck loading.

The single-pallet AGV has a reach of up 

to 11 meters and can operate in aisles 

that are only three meters wide.
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Further information:

www.elettric80.com

www.beckhoff.it

Elettric 80 was founded in 1980 as a software provider for the logistics and 

transport industries. In its earliest stages, the company specialized in the de-

velopment of conveying solutions for the food and beverage industries. The 

company’s first big innovation debuted in 1991 with the acquisition of a license 

that allowed the integration of laser technology in transport vehicles. In 1994, 

the company launched Freeway, a complete automation solution that includes 

palletizing robots, stretch wrappers, marking systems, and automatic guided 

vehicles (AGVs). This solution spans the entire logistics spectrum, providing 

support for design, complete product tracking, storage, and transport. 

“A prerequisite for smooth end-of-line logistics is that all system modules 

‘speak’ the same language. We have achieved this through the development of 

Freeway,” said Vittorio Cavirani, Operations Director at Elettric 80.    

The wide range of AGVs from Elettric 80 are ideal for the transportation of raw 

materials and consumables to and from the production lines, as well as for 

moving end products from palletizing stations and wrapping systems to the 

loading bays or the warehouse. The company’s product range includes AGVs 

for transporting up to eight pallets for block or shelf storage, as well as precise, 

fully-automated truck loading. In order to best cope with harsh industrial en-

vironments where products may come in contact with extreme temperatures, 

vibrations, dust, and condensation, Elettric 80 uses robust industrial control 

components in its automatic guided vehicles. 

“Our customers expect robust, safe, and reliable products, but also require 

resource optimization, especially regarding energy consumption. Beckhoff pro-

vides us with a technology partner that fully meets these requirements. Through 

this collaboration, we are able to help customers avoid costly downtime and 

optimally utilize their available storage space,” Cavirani noted.

The control platform used by Elettric 80 in their laser guided vehicles (LGVs) 

employs either the compact C6920 Industrial PC or a CX5000 series Embedded 

PC. Cavirani stressed the flexibility offered by the embedded devices: “The CX 

has a range of interfaces, including Gigabit Ethernet, USB, DVI-D and a direct 

I/O interface to the Bus Terminals and the EtherCAT Terminals. This enables us 

to integrate a number of different fieldbus devices in the EtherCAT terminal 

rack, leveraging master and slave interfaces or communication interfaces for a 

highly flexible solution.”

Advanced logistics systems based on automatic 

guided vehicles (AGVs) enable efficient utiliza-

tion of storage capacities, thereby contributing 

to cost reductions.
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Students of communications technology, specializing in information electronics, 

are often referred to as “low currenters” by fellow students from the energy 

area, because after all, genuine electrical engineering has something to do 

with high voltages and currents. Today, however, the times when electricity also 

carried directly with it the data required for its regulation – such as voltage, 

phase relationship and frequency – are nearing their end. Due to the volatility 

of the renewable energies, the future supply of power will be able to offer the 

familiar supply reliability and minimize the resulting cost increases only with the 

intensive use of information and communication technology (ICT).

The portion of electricity accounted for by renewable energies is approximately 

31 %, predominantly generated from wind and sun. This takes the classic trans-

mission and distribution networks to their limits. If the expansion of renewable 

energy generation continues to increase, main power stations would have to 

increase their performance bandwidth to a degree for which they were not con-

ceived. To ensure supply reliability in the short to mid-term, use will have to be 

made of modern gas and steam power plants, water storage and combined heat 

and power plants as well as biogas plants. In the long term, these will be sup-

plemented by chemical accumulators. Examples are hydrogen from wind power, 

which can be added to the natural gas in a concentration of up to 5 percent 

by volume, or redox-flow batteries, which support the grid as seconds reserves.

Optimum simulation, control and monitoring 

of energy networks

Surpluses in the electricity supply must be removed with expensive negative  

control energy from the grid. This type of control energy can be offered on the 

electricity market, for example, as a virtual power station and called off by the 

grid operator when needed. The application report on Sokratherm (page 53) de-

scribes how a combined heat and power plant can be controlled with Beckhoff 

Embedded systems and additionally integrated into such a virtual power station.

The expansion of the renewable energy generators will continue and the high 

supply reliability of the European grid will therefore only be maintained through 

versatile and technologically elaborate measures. Inexpensive grid protection 

and its monitoring represent a further important aspect for the distribution 

network operators.

Present-day technology is cost-intensive, since it is based on custom manufac-

turing. The purpose of the i-Protect project is to demonstrated that inexpensive 

solutions based on conventional standard hardware can be just as good, reliable 

and also more flexible. Initial results based on Beckhoff Embedded systems will 

be presented by OFFIS (Institute of Information Technology) as a partner at our 

trade show booth at E-world 2015, from 10 – 12 February in Essen. The basis 

of the research here is the real-time simulation in the “Smart Energy Simulation 

and Automation Laboratory” (page 56).

PC control technology as a flexible basis

One of the biggest advantages of the Beckhoff control technology is the good 

scalability of its real-time performance. The computationally intensive control of 

a wind farm on the basis of MATLAB®/Simulink® modules, as well as the real 

time calculation of the grid parameters from the raw data of the EL3773 grid 

monitoring terminal, can be distributed by the TwinCAT 3 automation suite to 

several CPU cores if necessary. A description of how Alstom controls what is cur-

rently one of the largest European wind farms in Scotland can be found starting 

from page 60. A wind farm must fulfil the demanded grid code at the feed point 

to the transmission grid, i.e. the measures for grid stabilization required by the 

grid operator. With EtherCAT I/Os all wind turbines in the Scottish Whitelee wind 

farm, stretching over many kilometers, are adjusted to the required parameters 

within a few milliseconds. Conversely, the article on regio iT (page 50) shows 

how an operational management solution for thousands of properties in the 

cloud might look. In this case the compact CX8000 Embedded PCs are used, 

which are networked via OPC UA in the Internet. At the Beckhoff trade show 

booth at the E-world 2015, regio iT will demonstrate live how the evaluation can 

be carried by the user via the Internet. A further partner at our E-world booth 

is Hermos AG, which will demonstrate solutions there for the “Smart Power 

Building”. From page 58 onwards you can read what the building means as an 

active participant in the Smart Grid.

The topics mentioned so far represent only a small selection of the solutions 

and technologies that are required for a future Smart Grid – the “Internet of 

Energy”. The high complexity and the various tasks arising from a migration to 

an ICT-based energy supply will induce many more “low and high currenters” 

to develop new and innovative solutions together.

Thomas Kaiser, Sales, Beckhoff Automation

Smart Grids – 
Energy networks 
of the future
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Using the e2watch energy monitoring system, energy consumption data is made 

available on the Internet to building users, as well as to interested members of 

the public in a freely accessible area. This transparency makes building users 

more sensitive to the need for more economical use of energy resources. Via an 

internal work area, building managers receive extended detailed evaluations, 

from which malfunctions or increased consumption can be identified and ana-

lyzed in detail, allowing for prompt resolution of the particular issue.

e2watch leverages extensive application experience

The city of Aachen has maintained its keen focus on energy monitoring since the 

prior project, E-View, started in 2007. The new e2watch system is positioned as a 

replacement for E-View, with data migration currently in progress. Markus Leh-

menkühler from the energy management department of the city of Aachen com-

ments: “The success of our energy monitoring concept is clearly demonstrated 

by energy cost savings of approximately 600,000 euros since 2007.” Currently, 

Optimized energy management in public buildings requires acquisition of information about the consumption of water, electricity 

and heat resources at the shortest possible intervals through energy monitoring. With this in mind, the Aachen urban region in 

Germany (StädteRegion Aachen) has followed an example set by the city of Aachen. Together with the city of Aachen’s owner-

operated municipal enterprise for building management and the IT service provider, regio iT GmbH, the e2watch monitoring 

system has been implemented to establish enhanced energy monitoring. This technology is based on an integrated data logger 

solution from Beckhoff Automation.

PC-based control drives convergence of 
energy data acquisition and “Big Data”

Embedded PC with TwinCAT 3 as the efficient core of an integrated data logger solution

special | energy industry       PC Control 04 | 2014
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about 200 properties are connected to the energy monitoring system, including 

schools, childcare facilities, administration buildings, swimming pools, and other 

sports facilities. Energy monitoring via e2watch will initially be operated until 

the end of 2015, focused on selected properties in municipalities belonging to 

the urban region, with the goal of gaining experience with the new technology. 

Connection to further properties is on the agenda in coming years.

The connected properties encompass a total of 1,000 measuring points, 

broadcasting data at 15 minute intervals. Adding up to an immense volume 

of information, the system collects around 100,000 data records per day, with 

each consumption meter obtaining a data volume of 200 bytes. This provides a 

comprehensive basis for analyses, fault finding, consumption forecasts, and – in 

the long run – for the identification of optimization potential.

Markus Lehmenkühler describes the requirements necessary for the successful 

implementation of such energy monitoring systems: “The very short measuring 

intervals required for energy monitoring can be achieved only through automat-

ed data transmission and data preparation. This also includes the simple connec-

tion of consumption meters via the established M-bus protocol, the decentralized 

buffering of energy data on-site, and reliable data transmission to regio iT.”

Decentralized data logger with Embedded PC for BDM connection

Acquisition, storage and forwarding of the data is implemented via decentral-

ized data loggers in the respective properties. These are supplied by Beckhoff 

as an integrated solution, considerably reducing on-site installation expenses. 

A CX-series Embedded PC running TwinCAT 3 automation software forms the 

core of each data logger. The KL6781 M-bus master terminal is used for the 

convenient integration of the consumption meters into the control technology. 

In addition, the data logger can be simply connected and commissioned via the 

e2watch portal without special TwinCAT knowledge; therefore, no programming 

work is required.

The data logger acquires the measured data on-site, buffers them locally, and 

synchronizes the information at freely configurable times with the e2watch 

system at regio iT. In case of concrete fault diagnoses, there is also an option to 

directly initiate the data transmission. Markus Lehmenkühler comments: “The 

data are transmitted from the data logger to regio iT, where they are prepared 

and stored in a Big Data Management system (BDM) as the basis for the 

e2watch energy monitoring system.”

The standard OPC UA (Unified Architecture) protocol with integrated security 

is used for data transmission to the BDM. As an OPC UA client, the controller 

pushes the information via a Microsoft SQL database into regio iT’s BDM for 

further analysis. On the client side, i.e. on the Embedded PC of the data logger, 

TwinCAT 3 PLC is used (for the logic) with a PLCopen-standardized OPC UA 

Client (for the data transfer) and database server (as the local buffer). TwinCAT 3 

runs with an OPC UA server on the server side at regio IT.
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Energy data stored in the Cloud can be analyzed conveniently with the 

e2watch monitoring system.
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Efficiency, security, and flexibility assured

According to Markus Lehmenkühler, PC-based data logging offers numerous 

advantages in practice: “First, we benefit from the complete system from a 

single supplier. Accordingly, this makes the installation simpler, eliminates ad-

ditional wiring work, and minimizes error frequency. Second, PC Control from 

Beckhoff offers an industry-proven, powerful, adaptable, and freely program-

mable system. Thanks to TwinCAT 3, we have benefited from object-oriented 

programming in the development of the application. This applies to the imple-

mentation of the M-bus protocol and the different, but nevertheless very similar, 

meter variants, because the similarities can be mapped very efficiently through 

object-oriented programming practices.”

In addition, data security is similarly important. OPC UA offers the option of se-

cure data transfer, standardized according to IEC 62541. The connection requires 

“only” a router with a NAT and/or SPI firewall; the connection technology used 

(DSL, ISDN, analog) is irrelevant. Further VPN connections are not required, so 

there are no additional hardware costs or administration tasks.

Markus Lehmenkühler views the high flexibility of the PC-based data logger 

as a further benefit: “The original M-bus data loggers had much poorer 

remote maintenance options and were rather inflexible. If necessary in the 

context of the system migration, however, even their reduced functionality 

can be mapped and enriched with added value as required using TwinCAT.” 

Measuring intervals of almost any desired length can be stored locally with 

the Embedded PC. Over 100,000 measuring cycles, each with 40 measuring 

points, were stored without problem in tests. Such a high-performance buffer 

is particularly important in Markus Lehmenkühler’s view; no measured values 

are lost, even in the event of an interruption in the connection between the 

measuring point and BDM.

The data logger used in Aachen, Germany is approx. 40 cm in height and width, re-

quires little space, and can be installed as an integrated solution with minimal effort.
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Across Germany there are potentially between 5,000 and 10,000 single-purpose buildings 

that are suitable for Smart Energy concepts with Cloud connectivity such as e2watch.
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The GG 530 CHP with an efficiency of 91 % is a central component of the “Energiebunker” 

(a converted anti air-craft bunker) in Hamburg-Wilhelmsburg, Germany which won the German TGA Award 2014.

Universal and open control technology 
simplifies remote monitoring of CHPs

PC control functions as controller and remote control center in combined heat and power plants

According to the physical principle of cogeneration, gas-powered combined heat and power plants generate heat as well as 
electricity with high efficiency. As one of the world’s leading Combined Heat and Power (CHP) manufacturers, SOKRATHERM 
switched to Beckhoff controllers three years ago. One of the main reasons for this transition was that PC-based control is 
extremely well-suited to support remote monitoring applications.

With around 1,300 delivered CHPs, family-owned and operated SOKRATHERM 

located in Hiddenhausen, Westphalia, Germany, is one of the leading manu-

facturers of compact CHP modules with an electrical output of 50 to 500 kW. 

Their flagship product is the GG 530 CHP compact module, which delivers an 

electrical output of 532 kW and a thermal output of 686 kW, with an efficiency 

of 91 %. According to the company, it is the world’s most compact CHP in the 

500 kW class.

“The success of our company is built on our ability to accommodate individual 

customer requirements, instead of delivering only standard products,” says 

General Manager, Klaus Pollmeier. CHPs normally supply heat and electricity, 

which are then used in buildings. However, an operating company sometimes 

requires not only hot water, but also steam for its processes. Consequently, 

mass flows have to be changed and temperature levels adapted. This in turn 

requires changes on the control side, as additional parameters must be acquired 

and monitored. “The finely-granular Beckhoff I/O system gives us a clear ad-

vantage in this regard,” says Klaus Pollmeier. “If, for example, two additional 

temperature readings have to be monitored, we don’t need to purchase a new 

8- or 10-channel input module as would be the case with other control systems. 

Instead, we just leverage our systems’ existing EL320x dual-channel input ter-

minals, to which the additional temperature sensors can be easily connected. 

This way, necessary adaptations can be made inexpensively.” Depending on the 
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version, the core of SOKRATHERM’s iPC CHP controller, introduced as standard 

in 2011, consists of a CP6207 or CP6201 “Economy” built-in Panel PC with 5.7 

or 12-inch touchscreen and TwinCAT automation software. The Intel® Atom™ 

processor was selected because the low heat dissipation makes a fan unneces-

sary in the Panel PCs.

TwinCAT as an open and flexible software solution

Three years ago, SOKRATHERM ported the programs from the previous PLC 

controller over to the Beckhoff system. The goal was to provide as many 

different interfaces as possible to other bus systems, in order to extend the 

system more easily and, above all, to implement remote monitoring capabili-

ties. “Important for the decision in favor of Beckhoff components was the fact 

that telecontrol protocols such as IEC 60870-5-10x and IEC 61850 are easy to 

install using TwinCAT library supplements,” says Klaus Pollmeier, justifying his 

decision for Beckhoff, and he adds: “You can never rule out the possibility of 

unforeseen complications somewhere in the technical system overall. Against 

this background, it was also crucial that our combined heat and power plants 

be equipped with comprehensive remote monitoring.” It is now also possible to 

provide customers with remote services to optimize their operations.

The CHP module can be connected to an already existing building management 

system via the protocols commonly used in building automation such as PROFI-

BUS, Modbus, BACnet, TCP/IP, or LON bus. BACnet (Building Automation Control 

Network) is a standard, vendor-independent communication protocol that is 

mainly used in the areas of HVAC, light control, safety, and fire alarms. With 

its Building Automation Libraries, TwinCAT offers preconfigured basic functions 

for control and regulation, as well as for signal processing and communication, 

which enables faster adaptation. In the case of BACnet, for example, templates 

can be created and BACnet objects can be linked with each other easily using 

TwinCAT BACnet/IP. “Whatever communication requirements our customers 

may have, we can make all common interfaces available to them without ex-

tensive programming costs,” says Klaus Pollmeier.

Programs quickly ported to PC

The SOKRATHERM programmers, led by Stefan Kiele, also received extensive 

assistance from Beckhoff application engineers. “The Beckhoff team helped 

us familiarize ourselves with their solutions quite quickly, helping simplify the 

port of the first program version in particular. Starting from there, we began 

to put into practice our ideas for improved monitoring and enhanced operator 

comfort,” Stefan Kiele says, praising the co-operation. “These initiatives came 

to fruition within nine months. We carried out extensive tests of all possible 

sources of error and verified that the machine enters a safe state under all 

operating conditions. It was only then that we decided to standardize on the 

new controllers.” Since winning this trust, almost 400 CHP units with Beckhoff 

controllers have been successfully installed in the field. “If adaptations need 

to be made, we can now do it ourselves. This enables us to act as flexibly as 

possible in the market with customer-specific solutions,” says Klaus Pollmeier, 

underlining the choice of Beckhoff technology.

SOKRATHERM General Manager, Klaus Pollmeier (right) and Thomas Kaiser, Beckhoff Sales (left), 

during the test run of a CHP with the CP6201 Panel PC as a central controls element.
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Further information:

www.sokratherm.com

www.beckhoff.com/CP62xx

www.beckhoff.com/TwinCAT

Through the automatic documentation function, the operating company obtains 

a monthly report for its operational monitoring that includes meter readings 

for electricity and heat generation, as well as gas consumption and degree of 

utilization, start/stop behavior, and plant availability, including the resulting 

characteristic data. At the same time, the combined heat and power plant can 

be integrated via TwinCAT into the building management system or a group of 

virtual power stations.

Remote monitoring as an essential service 

“Many of our plants are operated with maintenance contracts extending 

over a period of 10 years. That’s why we need a system that enables our 

employees, working from their desk, to identify any problems in the plant 

in the shortest possible time and determine how the problem can be solved 

remotely,” says Pollmeier, emphasizing the importance of efficient remote 

monitoring. Four former commissioning engineers from the SOKRATHERM 

facility in Nordhausen, Germany now coordinate the services and provide 

assistance to the company’s own employees in the field and to the operators 

of the CHPs, as well as the loading of software updates, error analysis, and 

optimization of plant operation. The service technicians can access operation-

al data online using PCs, notebooks, and smartphones via multiple-secured 

access points. All events that impair operation are recorded and displayed to 

service personnel, depending on the escalation level. Customers now also use 

the remote monitoring system to have status messages displayed on their 

smartphones as well.

Three CHP installations in Chilean hospitals show how important remote mon-

itoring has become. SOKRATHERM is presently establishing a service partner 

network in Chile, but the monitoring services ensure smooth operation is carried 

out from the Nordhausen site in the meantime. “We tackled these elements as 

part of the overall changeover, which would have been not possible without the 

Beckhoff control technology,” says Pollmeier in summary. “The total package 

of control performance, remote monitoring performance, and electronic main-

tenance documentation with automated evaluation is unrivalled in the market, 

allowing us to achieve maximum transparency with our customers.”

The CHP control technology can be easily optimized 

to meet all individual requirements, leveraging the 

finely-granular Beckhoff I/O system, with flexible 

Bus Terminals and EtherCAT Terminals.

In the context of an energy contracting project, the 

GG 140 CHP compact module contributes to consid-

erable heating cost savings for the major Frankfurt 

newspaper, Frankfurter Allgemeine Zeitung  (F.A.Z.).
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The Smart Energy Simulation and Automation Laboratory (SESA Lab) is part 

of an integrated “ICT for Energy Efficiency” laboratory infrastructure, a 

large-scale research facility sponsored by the German federal government 

and the federal state. Implementation of the laboratory, which is intended 

for research and education, started at the end of 2013 in the Department for 

Computer Science at the University of Oldenburg, with significant support 

from the energy R&D department at OFFIS Institute for Information Technol-

ogy, based in Oldenburg, Germany.

ICT application in safety-critical energy systems

The intelligent energy systems of the future will have to master the challenges 

of integrating a wide range of active components on a superordinate control 

level and automatically coordinate them during ongoing operation. This is 

the only way to ensure safe and reliable operation, while at the same time 

pushing ahead with the massive expansion of renewable energies, which are 

inherently variable and therefore subject to forecasting uncertainty.

Although the required information, communication, and automation systems 

have proven to be reliable in other areas of application, their long-term 

application in safety-critical energy systems has so far remained largely un-

tested. This means that they introduce a high degree of risk from an energy 

supply perspective. Innovative ICT solutions for the operational management 

of decentralized renewable energy systems – e.g. protection and control 

systems or components for system-side grid-stabilizing power control (active 

and reactive) – therefore have to be tested extensively in advance, and their 

interaction has to be assessed.

Flexible simulation concepts are in demand

The high complexity of safety-critical energy systems means that formal 

analysis to determine certain features is not possible. On the other hand, 

field tests that would map all influencing factors in a realistic manner would 

require excessive effort and are therefore not feasible. Simulation is therefore 

the only adequate option, so environments used for this purpose must be able 

to integrate a wide range of heterogeneous models that were developed in 

different contexts. Researchers at the SESA Lab are creating a platform that is 

able to integrate such models functionally and execute them in a wide range 

of problem and application contexts.

Such complex and extensive systems cannot be simulated consistently with 

an accuracy and resolution that enables a valid examination of relevant dy-

namic processes and control responses (oscillations, harmonics, responses to 

error situations, etc.) For higher-level balancing studies (e.g. schedule control, 

market interactions), on the other hand, it is usually not necessary to consider 

such phenomena. According to Prof. Dr. Sebastian Lehnhoff, who heads the 

Energy section at OFFIS, this is the reason why the SESA Lab is developing a 

co-simulation framework under the name of “mosaik”, which can be used 

for automated composition of heterogeneous models and their coordinated 

simulation.

I/O hub with EtherCAT backbone (left) for topology-free linking of the 

analog inputs and outputs of the real-time grid simulator (right). 

Intelligent energy systems with complex 

and coupled real-time simulations

PC- and EtherCAT-based control technology used in R&D help establish flexible simulation concepts

The SESA Lab, set up by the OFFIS Institute, pursues innovative approaches for real-time co-simulation of intelligent control 
systems for energy turnaround. The purpose of the lab is to comprehensively evaluate innovative protection components 
and operations control systems, in order to make them available for practical application more quickly and with minimized 
risks. The solution was implemented with the aid of PC- and EtherCAT-based control technology from Beckhoff.
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Further information:

www.offis.de

www.beckhoff.com/TwinCAT3

Co-simulation of precise real-time hardware and generalized 

software models

At the core of the SESA Lab is a real-time grid simulator. It executes com-

ponents of ICT and automation systems for future smart grids based on the 

“hardware-in-the-loop” (HIL) concept. This is already used in the automotive 

industry to examine dynamic behavior with maximum resolution. Enabling 

dynamic real-time simulation, “mosaik” combines and coordinates with 

slightly generalized software-based simulation models. In this way, it makes 

targeted decoupling of subsystems possible, which can then be examined 

further in the hardware simulation and automation part of the laboratory.

The real-time grid simulator enables the implementation of high-precision, 

dynamic grids and resource models on dedicated signal processors. The dy-

namic or transient behavior of an electrical AC system can be examined with 

a resolution of up to 10 μs (max. 100 kHz). The grid simulator has analog 

interfaces to which the AC signals from the grid are connected, which enables 

HiL operation of actual devices and systems.

Embedded platforms and “topology-free” I/O linking

In addition to the grid simulator, the laboratory uses C6920 control cabinet 

Industrial PCs (IPCs), CX2020 Embedded PCs and EtherCAT Terminals, all 

from Beckhoff. Prof. Dr. Sebastian Lehnhoff explains: “This PC-based control 

technology is used to execute the system and component models based on 

MATLAB®/Simulink® in real-time. TwinCAT 3 is used as the automation soft-

ware suite, including a wide range of TwinCAT 3 functions that support, for 

example, OPC UA, IEC 60870-5-10x, IEC 61850, and IEC 61400-25. The ability 

of TwinCAT 3 to seamlessly integrate MATLAB®/Simulink® and use it as a 

programming language to facilitate the integration of corresponding models 

is a considerable advantage for us. In addition, PC Control as an industrial 

control technology makes integration of simple controllers or even high-

er-level, agent-based controllers quite straightforward. The high-performance 

IPC systems are also used as computer terminals for control and protection 

system applications.

According to Prof. Dr. Sebastian Lehnhoff, a special feature of this configura-

tion is topology-free linking and allocation of component inputs and outputs 

within the laboratory: “We use Ethernet- and EtherCAT-based communication 

for this purpose. On the other hand, we are also able to virtually link the 

analog inputs and outputs of the real-time platforms, which enables flexible 

linking of the dynamic system models with different nodes of the real-time 

simulation without significant conversion effort.”

Schematic diagram of the SESA Lab.
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Commissioned in 2013, a new energy center supplies heat and electricity 

for Hermos’ Mistelgau site in Germany. In addition to supplying energy, 

it serves as an advanced research facility for technical and economic 

examination of system designs comprised of different energy converters, 

storage solutions, and distribution systems. Based on energy demand data 

and expected price trends on the energy market, Hermos aims to develop 

economically viable, environmentally sustainable heat and electricity 

supply modes.

The complexity of the energy concept results from the large number of differ-

ent energy converters, including a CHP unit with 29.3 kW electrical and 63 kW 

thermal output, two reversible air/water heat pumps (60 kW), and a reversible 

brine/water heat pump (75 kW). Further energy conversion components in-

clude ground-source heat exchangers for passive cooling, an LPG condensing 

boiler (183 kW), two electrical heating elements (30 kW each) for covering 

peak loads in conjunction with the heat pumps, and a PV system (400 kWp). 

Electrical storage systems, and possibly an absorber, are scheduled to follow. 

The Hermos energy center in Mistelgau, Germany is also used as a research facility and is currently being expanded with a battery storage system.

Innovative energy concept with 
high security built into the supply

PC-based control for heat and energy supply

In conjunction with a new building for switchgear production, international company Hermos AG realized an advanced 
energy center at its Mistelgau, Germany site. PC-based control technology from Beckhoff offers a common platform for 
automation and building management.
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Further information:

www.hermos.com

www.beckhoff.com/building

This concept results in high overall security of heat and electricity supply. For 

example, short-term mains failures can be compensated by the PV system and 

the electricity storage systems.

High-performance and flexible control technology

A powerful CX2030 Embedded PC with Intel® Core™ i7 processor (dual-core) 

is used as the automation platform to control all system components. For 

data acquisition, a large number of EtherCAT Terminals for digital and analog 

I/O signals including EL34xx power measurement terminals are used. The 

consumption meters, e.g. for electricity and water, are seamlessly integrated 

via KL6781 M-Bus master terminals. Frank Speringer, who works in Marketing 

and Sales at Hermos, explains the benefits of PC-based control technology 

from Beckhoff: “We have been using PC Control since 1996. The main reasons 

include the fact that it was quite easy to integrate into our IT system, and 

the high efficiency and tremendous flexibility the system offers, through its 

modularity and openness. This means that Beckhoff components can be used 

in virtually all applications – as well as in our customer projects. An additional 

advantage, particularly for the energy center, is the high computing power, 

which enables the building management server/client application and the 

automation functions to run on a single Embedded PC.”

The parameters required for system operation are mapped on the higher-level 

FIS# management and operating system from Hermos, which is integrated 

into TwinCAT automation software from Beckhoff via an FIS#ads driver. The 

integration of weather forecasts enables forward-looking and balanced 

management and operation of the energy converters and storage systems. All 

electrical and thermal consumption data of the units within the system are 

monitored via meters which are connected via M-Bus to the FIS# for analysis.

An FIS#client, with a 19-inch multi-touch CP2919 Control Panel from Beckhoff, 

is available for local operation and monitoring of the system. According to 

Frank Speringer, the operator benefits from advanced multi-touch function-

ality with zoom and swipe functions. Visual effects ensure that the currently 

active system configuration is clearly displayed to the operator. A partial 

technical data server (PTDS) handles local data acquisition and preprocessing. 

It is connected to the central management server of the FIS# system at the 

Mistelgau site via fiber optic cable.

The 19-inch CP2919 Control Panel with advanced multi-touch functions such as zoom 

and swipe facilitates system operation and monitoring.

Beckhoff control technology not only offers flexibility and high processing power, 

it is also exceptionally compact.
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One of Alstom’s latest wind power projects was put into service near Glasgow, 

Scotland, with the expansion of the Whitelee wind farm. The additional 

217 MW of installed output is sufficient to supply 124,000 households with 

power. This onshore expansion set new standards for the entire European 

continent, in addition to being the first large-scale project for Alstom’s powerful 

ECO 100 wind turbine. An installation totalling 69 of these 3 MW turbines is in 

operation at this site, along with six ECO 74s, each of which generates 1.67 MW. 

Advanced control technology ensures reliable wind farm operation

Alstom’s Wind e-control™ system assumes the control tasks within the wind 

farm, e.g. with regard to voltage, power, and frequency control. For example, 

in order to check the reactive power at the transfer point of the wind farm 

to the grid, the Wind e-control™ system takes a wide range of measurements 

from the farm. The grid codes of each respective country can be reliably fulfilled 

through the control system. The requirements described in the grid code serve 

to stabilize the grid, which is imperative above all as the renewable energy in-

dustry continues to expand. Beyond that, the control system permits operational 

management on-site in the control room or remotely via data communication 

to the Scada system. The Wind e-control™ system was installed and successfully 

used for the first time in this wind farm.

Vicenç Casadevall, Grid Integration Design Engineer at Alstom, describes some 

key details about the control system: “On the one hand, we have the Reactive 

Power Control (RPC), which has three regulation modes. By controlling the 

reactive power in the ‘Voltage control’ mode‚ it is possible to adjust the voltage 

at the transfer point, i.e. the Point of Common Coupling (PCC), to the specifica-

tions of the wind farm operator. In the ‘Power Factor control’ mode, the power 

factor at the PCC can be controlled. The ‘Reactive Power control’ mode permits 

the wind farm operator to have a defined amount of reactive power. On the 

other hand we have the Active Power Control (APC), which has two regulation 

modes. By controlling the active power in the ‘Active Power limitation’ mode, it 

is possible to limit the active power output of the wind farm. In the ‘Frequency 

control’ mode the active power output is curtailed if the frequency goes beyond 

a certain level.”

EtherCAT as the foundation for fast and cost-effective 

data communication

EtherCAT represents another core technology of the Wind e-control™ system. 

This powerful network for data communication is recommended not only 

for each individual wind turbine, it is also particularly important for farm 

networking. The 5 ms cycle times of the farm and turbine controls, which are 

synchronized to each other, enable response times lower than 200 ms for the 

wind farm voltage control. 

Vicenç Casadevall recalls: “Because of the challenging time requirements that 

we had to meet, the R&D team from Alstom sought a communication protocol 

that operated deterministically. Ultimately, we chose the EtherCAT protocol. It 

fully meets our needs because of its reliable, high-speed operation.”
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Real-time communication enables fast reaction 
times for wind farm applications
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The European Wind Energy Association expects further dynamic expansion of wind power in Europe through 2020, predicting 

a 64 % increase to installed wind power capacity. Part of this development includes dozens of turbines with a total output of 

217 MW, recently installed on a wind farm in Scotland by the French company, Alstom. Fast EtherCAT communication and the 

corresponding Beckhoff I/O components form the backbone of this onshore project, one of the largest in Europe.

Fiber optic EtherCAT networking for efficient and flexible wind turbines

Ensuring that the expansion of the wind farm reliably supplies the major city of 

Glasgow, Scotland with power, the operator relies on fast EtherCAT communication 

together with the corresponding control components. The picture shows a group of 

Alstom ECO 100 wind turbines.



Dirk Kordtomeikel, Business Manager Wind Energy at Beckhoff, stresses the 

cost advantages of the EtherCAT system, in addition to its speed: “Today, wind 

farm networking equipment is largely based on fiber optic cables. These fiber 

optic cables are EtherCAT-compliant, allowing use of the existing cable network 

without auxiliary expenditure during set-up. In addition, our EtherCAT-based 

farm network meets the requirements for cable redundancy. In turn, interfaces 

to other bus systems also promote total system openness and flexibility. The 

operator gets all of these benefits at a lower cost than with other real-time 

Ethernet protocols.”

EtherCAT capably spans long distances

An EK1100 EtherCAT Coupler connects the I/O level in the control station. The 

wide range of EtherCAT Terminals can process all signal forms occurring in the 

automated operation of wind farms. Another EK1100 Coupler communicates 

with various EK1521 EtherCAT optical fiber junction terminals. Together with the 

EK1501 EtherCAT Couplers with fiber optic connectors, these establish flexible 

and extensive fiber optic networks in the individual wind turbines. Whereas 

standard Ethernet cables permit a distance of up to 100 m between two sta-

tions, the distance between two optical fiber devices can be much longer: up to 

2 km, due to the multimode glass fiber connection, and even up to 20 km with 

a single-mode glass fiber connection.

Hardware and software components working in harmony

In addition to the requirements for fast data communication, the operational 

reliability of hardware and software is absolutely vital, especially in wind tur-

bines where harsh environmental conditions such as intense vibrations and 

work temperatures between -60 °C to +55 °C are common. Close cooperation 

with Beckhoff Automation was an important factor for Vicenç Casadevall: 

“Since Beckhoff invented EtherCAT, it was clear to us that the best hardware 

and software solutions would also be available from the company, optimally 

matched to this fieldbus system. Not only that, Beckhoff has a long history 

in automation technology, particularly in the wind industry, and a very good 

reputation at Alstom.”
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www.power.alstom.com

www.beckhoff.com/Wind

www.beckhoff.com/EtherCAT

A Wind e-control™ system is provided for each transformer station, securing 

the EtherCAT data transmission between the individual wind turbines in the 

wind farm.

A general schematic diagram of the EtherCAT topology shows the functions 

handled by the individual modules in the wind farm. 
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High participation at North American 
EtherCAT Plug Fest 2014
A special feature of the North American EtherCAT Plug Fest 2014 was the 

event’s location. Savage, Minnesota is not only the North American headquar-

ters of Beckhoff Automation LLC, but since early 2014, the facility has also 

housed the ETG-accredited EtherCAT Test Center (ETC). ETC test engineers 

in attendance assisted the 35 Plug Fest participants with the testing of their 

EtherCAT devices for interoperability. The event set the tone for a successful 

future relationship between the test center and ETG members in North America.

Rainer Hoffmann, who works for the ETG in Germany and attended the Plug Fest 

in Savage, was pleased with the balance between master and slave devices that 

the participants brought to the event: “We were able to focus equally on all de-

vice types, as well as answer many open questions, explain testing procedures, 

and share EtherCAT best practices.”

In addition to the official version of the EtherCAT Conformance Test Tool (CTT), 

ETG representatives demonstrated a beta version CTT to give the attending 

EtherCAT device manufacturers a sneak peek at the status of the upcoming ver-

sion. Makers of EtherCAT devices for the semiconductor industry also received 

an update on the latest developments surrounding the EtherCAT equipment test 

for their particular industry, which is a dominant factor in the North American 

technology space.

EtherCAT becomes a national technology standard in China

For over 10 years, EtherCAT has been used in applications all over the world and 

the EtherCAT Technology Group (ETG) is the largest fieldbus organization on the 

planet today. Recently, the technology added a new milestone to its history of 

successes. During an official ceremony held at the Chinese government’s guest 

house in Beijing, it was announced that EtherCAT is now recognized as National 

Standard GB/T 31230. Created in close cooperation with the Instrumentation 

and Technology Economy Institute (ITEI), many ETG member companies in 

China, and the local EtherCAT Competence Center at Beihang University, the 

standard will make it even easier for users, device manufacturers, and machine 

builders to understand and implement EtherCAT technology. 

 Special highlights of the event were the application examples and the result-

ing benefits presented by representatives from business and science. Yunying 

Huang, vice president of the Shenyang Machine Tool R&D Institute Shanghai, 

for example, pointed out that the performance, openness, and large portfolio 

of EtherCAT-compliant products were the main criteria for designing the new, 

intelligent i5 CNC machine tool to be fully based on EtherCAT. Prof. Ji Huan 

of Beihang University explained that from a research-based viewpoint, CNC 

machines clearly benefit from EtherCAT: “Besides its performance, the greatest 

benefit of EtherCAT in China is the excellent support the technology enjoys in 

our country. Training classes, seminars, workshops, sample code, documentation, 

implementation support and testing, and certification services are all readily 

available.” 

 The ceremony also featured presentations by Martin Rostan, Executive 

Director of the ETG, and Beryl Fan, who manages the ETG office in Beijing, 

as well as live demonstrations of various EtherCAT systems with Chinese and 

international EtherCAT products.

Besides being able to test the interoperability of their devices, manufacturers who attended the North American 

EtherCAT Plug Fest 2014 were able to get an exclusive look at future EtherCAT test developments.
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ETG continues success in Asia: Attendance rises 
for Japanese and South Korean events
Successful EtherCAT Plug Fests and Safety-over-EtherCAT seminars in Japan and 

South Korea are evidence that EtherCAT and the ETG continue to gain respect 

in the Asian market. Almost 80 people attended this year’s developer meetings. 

Interest was especially great in Japan, even compared with the typical high 

attendance levels seen in Europe. Another indicator was the large number of 

EtherCAT master devices that guests brought with them. Florian Häfele from ETG 

headquarters in Nuremberg, Germany was pleased with the growing popularity: 

“At this year’s EtherCAT Plug Fest in Japan, we saw 10 different EtherCAT master 

devices. Especially remarkable was the technical sophistication of the implemen-

tations we tested.”

Similarly, the EtherCAT Plug Fest 2014 in South Korea was characterized by 

increased interest from local manufacturers regarding the functional details of 

EtherCAT technology. In meetings with EtherCAT experts, attendees received 

in-depth answers to their technical questions and learned about the latest 

EtherCAT developments, particularly in the areas of diagnostics and automatic 

configuration.

Two Safety-over-EtherCAT seminars, held for the first time in Japan and South 

Korea, also saw excellent attendance numbers. More than 65 guests learned about 

safe data transmission with Safety-over-EtherCAT (FSoE) and received a detailed 

update about the technology’s latest developments. Both events focused on the 

functionalities of FSoE, as well as outlining its benefits for equipment makers. The 

attendees were highly impressed by the ease of implementation and correspond-

ing support services.

Safety-over-EtherCAT Seminar in Yokohama, Japan

Safety-over-EtherCAT Seminar in Seoul, South KoreaGuests of honor and working group members during the ceremony for the 

official introduction of EtherCAT as a national standard in China.
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E-world

February 10 – 12, 2015 
Essen, Germany
Hall 1

PC-based Control: Technological

platform for automation solutions 

in energy and water management

The Beckhoff participation in various industry trade shows in the first quarter of 2015 represents a section of the broad range of 

applications that PC- and EtherCAT-based control technology is used for: From tire production (Tire Technology) and innovative 

solutions for the energy and water industries (E-world) to efficient wind turbine control (EWEA Offshore), Building Automation 

(ISH 2015) and the food and beverages industry (Anuga FoodTec) – the universal Beckhoff automation components and solutions 

provide benefits in every environment.

Preview on trade show highlights
upcoming in Q1 2015

Further information:

www.beckhoff.com/messen2015

Further information:

www.beckhoff.com/e-world

Tire Technology

February 10 – 12, 2015
Cologne, Germany
Hall 11.1 | Booth 3040

PC-based automation

for the tire industry

Further information:

www.beckhoff.com/tiretech



PC Control 04 | 2014       events 65

EWEA Offshore

March 10 – 12, 2015 
Copenhagen, Denmark
Booth C2-C2

Efficient control 

and fast networking of 

wind turbines 

Further information:

www.beckhoff.com/ewea

ISH 2015
High energy-savings 

potential through integrated

Building Automation

March 10 – 14, 2015
Frankfurt, Germany
Hall 10.3 | Booth C41

Further information:

www.beckhoff.com/ish

PC-based Control and the

eXtended Transport System

for new machine concepts

in the food industry

March 24 – 27, 2015
Cologne, Germany
Hall 7 | Booth C18-D19

Anuga FoodTec

Further information:

www.beckhoff.com/anugafoodtec



66 events       PC Control 04 | 2014

Trade shows and events 2015

Europe

Germany

E-world

February 10 – 12, 2015

Essen

Hall 1

www.e-world-essen.com

Tire Technology Expo

February 10 – 12, 2015

Cologne

Hall 11.1, Booth 3040

www.tiretechnology-expo.com

ISH

March 10 – 14, 2015

Frankfurt

www.ish.messefrankfurt.com

Anuga FoodTec

March 24 – 27, 2015

Cologne

Hall 7, Booth C18  –  D19

www.anugafoodtec.de

Hannover Messe

April 13 – 17, 2015

Hanover

www.hannovermesse.de

Prolight + Sound

April 15 – 18, 2015

Frankfurt

www.prolight-sound.com

Ligna

May 11 – 15, 2015

Hanover

www.ligna.de

Sensor + Test

Mai 19 – 21, 2015

Nuremberg

Hall 11, Booth 11-127

www.sensor-test.de

Achema

June 15 – 19, 2015

Frankfurt

Hall 11.1, Booth A75

www.achema.de

Husum Wind

September 15 – 18, 2015

Husum

www.husumwind.com

FachPack

September 29 – October 01, 2015

Nuremberg

www.fachpack.de

Motek

October 05 – 08, 2015

Stuttgart

www.motek-messe.de

FMB 

November 04 – 06, 2015

Bad Salzuflen

www.forum-maschinenbau.com

SPS IPC Drives 

November 24 – 26, 2015

Nuremberg

www.mesago.de/sps

Belgium

Indumation

May 06 – 08, 2015

Kortrijk

Hall 6, Booth B07

www.indumation.be

Trade shows and events 2014/2015
Trade shows and events 2014

Europe

Germany

SPS IPC Drives

November 25 – 27, 2014

Nuremberg

Hall 7, Booth 406

www.mesago.de/sps

Asia

India

Industrial Automation India 

December 10 – 13, 2014

New Delhi

Hall 18, Booth B31-1

www.win-india.com

Indonesia

Manufacturing Indonesia 

December 03 – 06, 2014

Jakarta

Hall D1, Booth 8133

www.manufacturingindonesia.com

Japan

Measurement and Control Show

November 19 – 21, 2014

Osaka

http://jemima.or.jp/osaka/ja

Czech Republic

Amper 

March 24 – 27, 2015

Brno

www.amper.cz

Denmark

EWEA Offshore

March 10 – 12, 2015 

Copenhagen

Booth C2-C2

www.ewea.org/offshore2015/

France

SEPEM Industries

January 27 – 29, 2015

Douai

www.sepem-industries.com

CFIA 

March 10 – 12, 2015

Rennes

www.cfiaexpo.com

EWEA 

November 17 – 20, 2015

Paris

Booth K16

www.ewea.org/annual2015/

Great Britain

Tabexpo

October 20 – 23, 2015

London

Booth F40

www.tabexpo-london.com
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Italy

MC4 – Motion Control for

March 10, 2015

Bologna

http://mc4.mostreconvegno.it

SPS IPC Drives Italia

May 12 – 14, 2015

Parma

www.sps-italia.net

ITMA

November 12 – 19, 2015

Milan 

www.itma.com

Norway

Nor-Shipping

June 01 – 05, 2015

Oslo

www.nor-shipping.no

Spain

European Packaging Summit

January 26 – 28, 2015

Barcelona

www.eupacksummit.com

Hispack

April 21 – 24, 2015

Barcelona

Hall 3, Booth B250

www.hispack.com

Sweden

Fastighetsmässan

March 18 – 19, 2015

Stockholm

Booth C07

www.easyfairs.com

Turkey

WIN Automation 

March 19 – 22, 2015

Istanbul 

Hall 3, Booth C140

www.win-fair.com

Asia

India

Plastindia

February 05 – 10, 2015

New Delhi

www.plastindia.org

Israel

Motion Control & Power Solutions

January 13, 2015

Lod

www.new-techevents.com

New-Tech Exhibition

May 19 – 20, 2015

Tel Aviv

Booth 58

www.new-techevents.com/

new-tech-exhibition

North America

Canada

AATX Canada

June 16 – 18, 2015

Toronto 

Booth 947

www.atxcanada.com

Mexico

Expo Manufactura

January 03 – 05, 2015

Monterrery

Booth 1625

www.expomanufactura.com.mx

USA

ATX West

February 10 – 12, 2015

Anaheim

Hall B, Booth 4539

www.atxwest.com

Pack Expo East

February 16 – 18, 2015

Philadelphia

Hall E & D, Booth 639

www.packexpoeast.com

ProMat

March 23 – 26, 2015

Chicago

Hall South, Booth 3812

www.promatshow.com

NPE

March 23 – 27, 2015

Orlando

Hall South, Booth 27035

www.npe.org

Offshore Technology Conference

May 04 – 07, 2015

Houston

Hall Arena, Booth 8552

http://2015.otcnet.org

ATX East

June 09 – 11, 2015

New York

Booth 2815

www.atxeast.com

Process Expo

Septeber 15 – 18, 2015

Chicago

Booth 3234

www.myprocessexpo.com

Pack Expo Las Vegas

September 28 – 30, 2015

Las Vegas

Hall South, Booth 6163

www.packexpolasvegas.com

Fabtech

November 09 – 12, 2015

Chicago

Hall South, Booth 3586

www.fabtechexpo.com

www.beckhoff.com/trade_shows

For additional information on our 

worldwide subsidiaries‘ and partner 

companies‘ trade show schedules 

please check:



www.beckhoff.com www.pc-control.net


