
PC Control | Wind Special 2012

14 | wind farm networking

Real-time networks for 

wind farms feature a cycle time 

of less than 1 ms

Wind Special 2012 www.pc-control.net 

22 | cms

Filtering out background noise – 

Automated Condition Monitoring of wind 

turbines is becoming an established trend

PC-based Control 
for Wind Turbines



2 PC Control | Wind Special 2012PC Control | Wind Special 2012contents

10

Interview with Dirk Kordtomeikel: 

The winds of openness blow in all 

directions

18 

Scientific Automation: 

Condition Monitoring as 

an integrated component 

of TwinCAT 3

30 

Fraunhofer-IWES, Germany: 

PC- and EtherCAT-based Control 

of hardware-in-the-loop test stand 

for wind farm controllers

 39

More possibilities on the DIN rail: 

Embedded PC with multi-core CPU 

and PCI-Express

39



3PC Control | Wind Special 2012 contents

 18 | cms 
   Condition Monitoring as an integrated 

component of TwinCAT 3

 22  | 8.2 Monitoring GmbH, Germany: 

New Condition Monitoring Systems (CMS) 

can filter sensor data in real-time.

 26  | DMT, Germany: WindSafe now available 

on Beckhoff platform

 28  | Ortosense, Denmark: Condition Monitoring 

of wind turbines based on vibration analysis

36  | obstacle light
   Effective control of obstacle light 

on wind turbines

 

 40 | solutions
   References

 4 | editorial
   Andreas Franke: A wind turbine 

is more than the sum of its mechanical 

and software “parts”

 10 | interview
   Interview with Dirk Kordtomeikel: 

The winds of openness blow in all directions

 6 | control
   PC- and EtherCAT-based Control 

for wind turbines

 39  | More possibilities on the DIN rail: 

Embedded PC with multi-core CPU 

and PCI-Express

 14 | wind farm networking
   Real-time networks for wind farms feature 

a cycle time of less than 1 ms

 30  | Fraunhofer-IWES, Germany:

   PC- and EtherCAT-based Control of hardware-

in-the-loop test stand for wind farm controllers

 34  | Areva Wind GmbH, Germany:

   80 total M5000 wind turbines for 

“Global Tech I” offshore wind farm

 38  | Media converter optimized for use in 

EtherCAT networks

Editor-in-Chief: 

Frank Metzner

Editors: 

Gabriele Kerkhoff

Martina Fallmann

Phone: +49 (0) 52 46 9 63 - 1 40

Fax: +49 (0) 52 46 9 63 - 1 99

 editorial@pc-control.net

 www.pc-control.net
 

PC Control – 

The New Automation Technology Magazine

Published:

Beckhoff Automation GmbH

Eiserstraße 5

33415 Verl/Germany

Phone: +49 (0) 52 46 9 63-0

Fax: +49 (0) 52 46 9 63 -1 98

 info@beckhoff.com

 www.beckhoff.com

imprint

Picture Proof:

8.2 Monitoring, Germany

Areva Wind GmbH, Germany

Atech, Germany

Avantis Europe GmbH, Germany

DMT GmbH, Germany

Fotolia.com

Goldwind, China

M. Ibeler/DOTI, Germany

Moog, Germany

Ortosense, Denmark

Renergy Electric, China

Svendborg Brakes, Denmark

The Switch, Finland

Vensys, Germany

Winwind Oy, Finland

Graphic Design: www.a3plus.de

Printed by: Richter Druck- und 

 Mediencenter, Germany

Circulation: 16,500



PC Control | Wind Special 20124 editorial PC Control | Wind Special 2012



PC Control | Wind Special 2012

Beckhoff has been deeply involved in the wind energy industry for more than 

12 years, with increasing success: Currently around 20,000 wind turbines world-

wide operate with Beckhoff controllers. In 2011 alone Beckhoff provided auto-

mation solutions for around 7,000 systems with capacities between 1.5 MW and 

5 MW in the onshore and offshore sector. In addition, Beckhoff increasingly also 

acts as an automation specialist serving wind turbine supply companies, i.e. for 

manufacturers of pitch systems, converters, gear units and brakes.

One of the cornerstones of our success is our innovative control technology 

with universally applicable standard components. Moreover, we have developed 

industry-specific components and product features tailored to the wind energy 

industry. In addition to hardware components, special software libraries with 

wind-specific function blocks and a convenient environment for creating ap-

plications in software, Beckhoff offers a comprehensive solution portfolio for 

wind turbine automation. The combination of our automation technology and 

competence in control cabinet construction is rather unique, offering customers 

complete automation solutions from one reliable source. In the competitive 

wind market our highly integrated PC- and EtherCAT-based control solution, 

which in addition to pitch control and operational management includes safety 

technology, system monitoring and windfarm networking, also scores through 

significant cost benefits. A key factor for our success in the wind industry is the 

holistic support we offer our international clientele.

The development of a wind turbine starts with the mechanical design. This phase 

also includes specification of the controller (based on load calculations) to be 

integrated in the system at a later stage. As automation specialists, Beckhoff 

generally only becomes involved once the mechanical design, including the 

power electronics, is almost complete. Customers frequently approach us with a 

goal of obtaining “just a bit of software.” However, compared with “standard” 

machine construction, the electrotechnical equipment of wind turbines plays a 

particularly large and significant role. We therefore try to become involved in 

this process as soon as possible and support our customers during the early 

design stages.

Beckhoff sees itself as more than just an automation supplier. We aim to be a 

total solution provider, one that helps customers develop optimum automation 

concepts tailored to specific systems, which not only take into account the spe-

cial features of the respective application and its installation location, but also 

includes competent advice for the selection of the electronic hardware. The basis 

for this is our industry expertise accumulated over more than a decade, which is 

bundled in the “Beckhoff wind competence team” in Lübeck, Germany. In this 

way we ensure that wind turbines equipped with Beckhoff technology are highly 

competitive and fully meet the market requirements.

Andreas Franke

5editorial

A wind turbine is more than the sum of its 
mechanical and software “parts”

Andreas Franke, Business Management Wind Energy,

Beckhoff Office Lübeck, Germany
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PC- and EtherCAT-based Control 
for wind turbines
Automation technology by Beckhoff has successfully proven itself in use worldwide in wind turbines up to a size of 

5 MW. Beckhoff automated 7,000 wind turbines with a total output of 11.2 GW in 2011 alone. Worldwide, more 

than 20,000 wind turbines are equipped with Beckhoff control technology – both on- and offshore. A powerful 

controller is available in PC-based automation technology that unites all components of a wind turbine – such as 

operational management and control of pitch, generator, converter and brake, as well as Condition Monitoring and 

farm networking – on a single platform. Doing without special hardware lowers the costs of the basic electrical 

equipment of the wind turbine and the costs of maintenance, whilst at the same time increasing the availability 

of the wind turbine.

The integrated Beckhoff approach: everything on a single platform

products | control
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The open, scalable automation software TwinCAT forms the core of the PC-

based control platform. TwinCAT offers the user a high degree of freedom 

in choosing his programming language: in addition to the object orientated 

extensions of IEC 61131-3, C and C++ are now also available as program-

ming languages for real-time applications. With the integration of Matlab®/

Simulink®, TwinCAT can also be used for plant simulation, for example for load 

calculation. 

Open control technology offers investment security 

and reduces hardware and engineering costs

PC- and EtherCAT-based control technology from Beckhoff is characterised by 

its variety of hardware and software interfaces. Openness is the basis of the 

system concept at Beckhoff and aims at the integration of functions such as 

visualisation, safety technology and measuring technology, and of third-party 

software. In addition, the smooth interaction of the Beckhoff technology with 

industrial communication standards such as IEC 61400-25, Ethernet TCP/IP or 

OPC guarantees high investment security for the user. 

The openness of the Beckhoff control architecture fits the requirement profile 

of the wind power industry perfectly: performance-related scalability, maximum 

flexibility in controller design and a high degree of integration. The functional 

range of the control platform, which, apart from sequence control, also en-

compasses visualisation, safety chain and Condition Monitoring, ensures the 

efficient interaction of all system components and optimises the performance 

of the wind turbine. Beyond that, dispensing with special hardware leads to a 

leaner control architecture and to lower engineering expenditure. This results 

in a significant reduction in costs and corresponding competitive advantages. 

Interfaces for all common fieldbus systems and the large signal variety of the 

Beckhoff I/O systems cover all types of signals and fieldbuses that are relevant 

to wind power.

High degree of integration optimises the controller 

and lowers the operating costs of wind turbines.

Based on PC and EtherCAT technology, Beckhoff supplies a universal platform 

for all control requirements in wind turbines: all procedures are automated on 

the Industrial PC with directly connected Beckhoff I/O system and the TwinCAT 

automation software: from the operational management and control of pitch, 

converter, gearbox and brakes to the visualisation and farm networking. 

EtherCAT offers full Ethernet compatibility and outstanding real-time charac-

teristics. Beyond that, the fast communication system is characterised by flex-

ible topology and simple handling. Lower-level fieldbuses such as CANopen, 

A powerful controller is available in PC-based 

automation technology that unites all compo-

nents of a wind turbine – such as operational 

management and control of pitch, generator, 

converter and brake, as well as Condition 

Monitoring and farm networking – on a single 

platform.
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PROFIBUS and Ethernet TCP/IP can be relocated to the field via fieldbus master 

or slave terminals for the control of subsystems. Software libraries and hard-

ware components specially developed for the wind power industry round off 

the wide range of solutions from Beckhoff.

The Beckhoff standard controller for a wind turbine consists of an Embedded 

PC as the master computer, EtherCAT as the communication system, the Bus or 

EtherCAT Terminals and the TwinCAT automation software. The converter, the 

I/O system in the nacelle and the pitch controller in the hub are connected to 

the master controller via EtherCAT or another fieldbus system. Safety technol-

ogy and Condition Monitoring are integrated into the terminal strand via cor-

responding I/O modules. A separate CPU can thus be dispensed with. Through 

the use of EtherCAT as the universal fieldbus system, communication becomes 

much faster and simpler and the project engineering, programming and cabling 

of the wind turbine are simplified. The central Embedded PC acquires and pro-

cesses all data, checks the feed-in and communicates with the central control 

room via Ethernet.

Ultra-fast wind farm networking

Wind farm networking with EtherCAT is not only faster compared to conventional 

IP solutions, but also offers cost benefits by dispensing with switches or hubs. 

With the EL3773 EtherCAT Power Measurement Terminal integrated in the auto-

mation system, momentary current and voltage values can be measured at up to 

10,000 samples/s. Using the EtherCAT Distributed Clocks, the measured values 

of all wind turbines and the measurement at the point of common coupling can 

be synchronised to a timeframe smaller than 1 μs. The physical layer can be used 

for both Ethernet TCP/IP and for EtherCAT. The existing Ethernet infrastructure 

(fibre-optic technology) can be used over distances of up to 20 km without 

loss of speed. TwinCAT supports the standardised IEC 61400-25 communica-

tion protocol for wind turbines, which simplifies the monitoring and control of 

heterogeneous wind farms, including the connection to the electricity supplier.

Pitch control

Embedded PC, EtherCAT Terminals

Collective control

Individual pitch

EtherCAT

Embedded PC, EtherCAT Terminals

Further Information:

www.beckhoff.com/Wind

products | control
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Safety outputSafety output

Safety input

EtherCAT Box

CANopen (optional)

Ethernet TCP/IP

EtherCAT 
Terminal

Condition 
Monitoring

Ethernet TCP/IP (optional)

PROFIBUS (optional)

ADS, OPC-UA,
IEC 61400-25,
IEC 61850,
IEC 60870-5-104,
Modbus TCP

EtherCAT

Ethernet TCP/IP

EtherCAT Terminals

Operational management (nacelle)

Operational management (tower base)

Wind farm 

networking

DVI/USB

Control Panel Converter

EtherCAT

Ethernet TCP/IP (optional)

PROFIBUS (optional)
CANopen (optional)

Safety logic
Embedded PC, EtherCAT Terminals

EtherCAT (fi bre optic)
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The winds of openness blow in all directions

In 2011 the wind energy sector contributed around 14 % to the total turnover at Beckhoff. In an interview with Inge 

Hübner from the openautomation magazine, Dirk Kordtomeikel refers to the openness of Beckhoff automation solu-

tions – not only with regard to other technologies and manufacturers, but also with regard to system changes – as a 

recipe for success. The intention is to open up further applications in the wind enrgy sector on this basis.

Interview with Dirk Kordtomeikel, Business Manager Wind Energy
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In the year 2011 Beckhoff generated a turnover of around 65 million euros 

from the wind energy sector. This amounted to around 14 % of the company’s 

total turnover of 465 million euros. “This is absolutely top performance among 

providers of automation technology for wind turbines,” said Dirk Kordtomeikel 

and continued: “In 2011 we equipped wind turbines with a total capacity of 

11.2 GW with our controllers. This corresponds to an impressive market share 

of above 25 %.” Meanwhile there are around 20,000 wind turbines around the 

world in which Beckhoff technology is used.

A large proportion of the turnover from the wind energy sector is generated in 

China. Since the market there went sour last year, Dirk Kordtomeikel expects a 

reduction in Chinese wind industry turnover of 40 to 50 million euros for 2012. 

Currently countries such as India, Brazil and Germany are beginning to make up 

for the sluggishness of the Chinese market. The projects that were successfully 

implemented in China provide a tail wind. “We look back on a number of good 

references in China. This has a positive effect on our activities in other countries 

and regions,” said Dirk Kordtomeikel.

However, it isn’t just the Chinese wind market that is experiencing difficult times 

at present, but the wind industry worldwide. Dirk Kordtomeikel describes the 

current situation as follows: “The market for renewable energies – be it wind 

or sun – is currently struggling with overcapacity. In addition many countries 

are heavily indebted, so that subsidies were cut. In the US, for example, the PTC 

– the law in support of renewable energies – is being phased out. Moreover, 

wind farms are regarded as large projects, which banks are currently reluctant 

to finance due to economic uncertainties. An additional obstacle is grid expan-

sion. In this and many other areas politicians have a duty to set the right course 

for the future.”

Notwithstanding the current uncertainty in this segment Dirk Kordtomeikel is 

convinced that the market will pick up again, because: “In many countries the 

phase-out of nuclear power is a done deal. Energy generation from fossil fuels, 

which is associated with high CO
2
 emissions, has no future either. One of the 

main alternatives in the medium to long term is wind energy.”

Innovative technology ensures competitiveness

From a technical point of view Dirk Kordtomeikel describes the situation as posi-

tive. “Thanks to a range of technical improvements we have reached a point at 

which wind-generated electricity is no longer more expensive than the purchase 

price. Further technical innovations will favor this development.” Examples 

from an automation specialist’s perspective include optimizations in Condition 

Monitoring, faster and more cost-effective communication solutions for wind 

farm networking, pre-wired field solutions and improved load management.

In all these areas Beckhoff uses openness as a recipe for success. At the core 

is the scalable, PC-based automation solution. Its key elements are TwinCAT 

on the software side, EtherCAT as the high-speed communication medium and 

the EtherCAT I/O terminal system, through which different functions can be 

integrated in the controller. Openness towards other manufacturers is provided 

through a large number of interfaces. According to Dirk Kordtomeikel this PC-

based approach offers cost benefits for wind customers compared with conven-

tional solutions. “In conventional systems dedicated controller units are used 

for operational management, Condition Monitoring, brake control, obstacle 

light, etc. PC-based automation technology offers powerful control options for 

combining all components of a wind turbine on a single platform. In all these 

cases the EtherCAT I/O system enables further terminals to be integrated in the 

nacelle without the need for further CPUs. On the software side this is mapped 

via TwinCAT. The customer benefits in terms of fewer components, simpler 

infrastructure and lower overall costs. Since the installation has fewer systems, 

its availability increases and its diagnosability is improved significantly,” Dirk 

Kordtomeikel summarizes.

For Dirk Kordtomeikel EtherCAT is an absolute highlight. He is convinced that 

“There is no better bus system for the wind energy sector than EtherCAT.” Key 

features are its speed, impressive transfer characteristics, simple design, and the 

availability of copper-based and optical cabling media. It offers benefits not only 

in each individual wind turbine, but also for overall wind farm networking. The 

industry expert explains the situation in a wider context: “The international grid 

codes prescribe a number of measures for grid stabilization. The background 

is that the further expansion of intermittent renewables makes the grids less 

stable. One of the countermeasures on the converter side is LVRT (Low Voltage 

Ride Through),” said Dirk Kordtomeikel. However, based on his sales experi-

ence he knows that wind farm operators have additional requirements. For 

example, they demand response times of 200 ms to enable fast responses to 

voltage drops and the like. “Standard TCP/IP technology is not suitable for this 

purpose,” he said. Real-time Ethernet protocols enable high-performance wind 

farm networking. “There are solutions based on real-time Ethernet with which 

response times of 20 ms have been realized. With EtherCAT these values can be 

improved further,” Dirk Kordtomeikel said.

Real-time wind farm networking based on real-time Ethernet basically enables 

data exchange between the individual wind turbines. The data points of substa-

tion, transformer station and weather mast are integrated in the wind farm 

network. Alternatively, the communication with the higher-level wind farm 

master computer takes place based on EtherCAT and has redundant networking 

via standard components.

“Compared with traditional wind farm networking EtherCAT offers considerable 

cost and speed benefits,” said Dirk Kordtomeikel, summarizing the benefits. 

“Modern wind farm networking is based on optical fiber technology. The lines 

“There are solutions based on real-time Ethernet with which 

response times of 20 ms have been realized. With EtherCAT these 

values can be improved further.”



PC Control | Wind Special 2012PC Control | Wind Special 201212 interview

are Ethernet-compliant and are therefore also suitable for EtherCAT so that the 

existing line network can be used without additional cost and effort. In addition, 

EtherCAT also meets the demand for cable redundancy. Here too, interfaces to 

other bus systems ensure openness. All these benefits are available to the opera-

tor at a lower price than with alternative real-time Ethernet protocols,” the sales 

expert concluded. The first wind farm networking projects using EtherCAT have 

already been implemented, for example with Dewind.

Fast wind farm networking

EtherCAT also provides the basis for fast data communication within a wind 

farm. To this end an additional power measurement terminal and a network 

monitoring oversampling terminal are available. The EL3413 power measure-

ment terminal has voltage inputs for up to 690 V AC and electrically isolated 

current inputs. It is designed for direct monitoring of high-performance genera-

tors, such as the devices used in wind turbines. “For voltages up to 690 V the 

upstream connection of a voltage transformer is no longer required, which saves 

additional costs,” said Dirk Kordtomeikel.

The mains monitoring terminal EL3773 is used to monitor the state of a three-

phase AC voltage system. For each phase, voltages up to 288 V eff. and currents 

up to 1 A eff. are sampled as instantaneous values with a resolution of 16 bit. 

“The six channels are measured simultaneously based on the EtherCAT overs-

ampling principle with a temporal resolution of up to 100 μs and passed on to 

the controller. The controller has sufficient computing power for true RMS or 

performance calculations and complex custom algorithms for the calculation of 

voltage and current curves,” said Dirk Kordtomeikel. “Through the oversampling 

principle the terminal is able to measure at significantly shorter intervals than 

the cycle time of the controller. The EL3773 supports distributed clocks and can 

therefore measure synchronously with other EtherCAT devices.”

These terminals, which are integrated in the modular automation system, enable 

the detection of voltage drops at the feed-in point at an early stage so that 

appropriate action can be taken more quickly. A voltage drop at the feed-in 

point can be reported in the whole wind farm network within less than 1 ms. 

“EtherCAT utilizes the distributed clocks which are integrated in each device. In 

a wind farm networked with EtherCAT it is possible to synchronize all measur-

ing values and control settings within a timeframe of less than 1 μs,” said Dirk 

Kordtomeikel and explained: “The fast transmission characteristics of EtherCAT 

enable voltage and frequency control across the whole wind farm.” There are 

further benefits, such as LVRT: “LVRT has to do with pulsing of IGBTs in indi-

vidual converters. The question is: Why not pulse all IGBTs for a whole wind farm 

from a central location?” This would be feasible in principle, although it would 

require all frequency converter manufacturers to cooperate. “The fact that many 

frequency converter manufacturers who are active in the wind energy sector are 

members of the EtherCAT Technology Group means that their products already 

feature an EtherCAT interface, which is advantageous for us,” he said. 

Openness in practice with Condition Monitoring

In addition to the terminals already mentioned, the EL3632 EtherCAT Terminal 

is also of great significance for the wind energy sector. It is used to integrate 

Condition Monitoring functionality in the control solution. The correspond-

ing data are preprocessed with TwinCAT. The data can then be transferred to 

higher-level diagnostic software for further analysis via an open communication 

interface such as OPC UA or ADS. This is another example of Beckhoff’s openness 

towards providers outside the company’s core competence. Customers benefit 

from integrated solutions. “However, we don’t intend to offer customers from 

the wind energy sector an all-in-one solution,” said Dirk Kordtomeikel. Instead, 

our strategy is to offer automation technology that provides the data required 

for comprehensive CM. Specialized monitoring and diagnostics of the relevant 

parameters in the wind turbine is left to dedicated CMS providers.”

Dirk Kordtomeikel regards Condition Monitoring for wind turbines as an im-

portant issue that will become even more important in the future. “The first 

large ‘CMS-boom’ was triggered when condition monitoring systems became 

obligatory for offshore systems. Further impetus was provided by the enhanced 

Chinese quality requirements, which came into force in 2012. They stipulate 

that each Chinese wind turbine above a certain size must have a CMS,” he said. 

However, he points out that currently there is no common understanding of this 

term in the market. “Condition Monitoring is often equated to monitoring of 

the gear unit. Almost all traditional CMS suppliers also include the main bearing 

and the generator in monitoring,” he said, based on his experience. However, 

Beckhoff takes a more comprehensive approach, based on which, each CMS 

would increase the overall availability of a wind turbine and not just that of 

“Through the oversampling principle the terminal is able to 

measure at significantly shorter intervals than the cycle time of 

the controller. The EL3773 supports distributed clocks and can 

therefore measure synchronously with other EtherCAT devices.”



PC Control | Wind Special 2012 13interview

the individual components. In terms of the automation solution with integrated 

CMS, for Dirk Kordtomeikel this means: “The signals for Condition Monitoring 

should be monitored synchronously with all other signals. In this way a much 

larger data pool becomes available that can be used for Condition Monitoring 

of the whole wind turbine.” He is convinced that this approach and the Beckhoff 

components provide unique selling points in the marketplace.

According to the wind industry expert there are currently around 15 to 20 rel-

evant CMS suppliers in the wind energy sector worldwide. Beckhoff has already 

had fruitful discussions with some of these specialists to drive developments 

based on Beckhoff technology. “For system operators such an integrated CMS 

results in cost reductions of up to 80%,” he said. The associated overhead is low.

The benefits for system operators are clear, but why should a CMS supplier, 

whose solutions also tend to include hardware, be interested? Dirk Kordtomei-

kel: “Approx. 70% to 80% of the turnover associated with a CMS is generated 

by software and related services. The hardware only accounts for 20 % to 

30 %, although it offers differentiation potential, resulting in a certain price 

war.” Many smaller CMS suppliers see the open Beckhoff solution as a business 

opportunity. “The CMS manufacturer tailors its software to the Beckhoff hard-

ware and continues to earn money by offering associated services. The prospects 

of the company increase thanks to the benefits which the integrated solution 

offers to the operator,” Dirk Kordtomeikel said.

Openness in practice for Scada

When it comes to Scada systems, the automation specialists take a similar 

approach towards manufacturer openness. TwinCAT essentially provides a 

software tool for convenient creation of individual visualization solutions. Open-

ness towards suitable providers is offered for advanced Scada solutions. “Here 

too we have contacts to the relevant manufacturers, with whom we generate 

optimum solutions for the customer,” said Dirk Kordtomeikel.

He summarizes the overall strategy as follows: “In all areas where we don’t 

have the required specialist expertise, we invite manufacturers to join in our 

success by offering solutions based on our technology.”

The unique selling points

These examples illustrate the attitude from Beckhoff regarding openness. “This 

approach was and continues to be our recipe for success with machine builders. 

We transferred this to the wind energy sector, where it is equally successful,” 

said Dirk Kordtomeikel.

As a further Beckhoff USP in the wind energy sector he mentions realization 

of the complete application, including circuit diagrams for the control cabinets, 

control cabinet prototyping and subsequent commissioning. “Once implement-

ed, we transfer the project to the customer complete with all documentation 

and application source code, etc.,” he said.

Application-specific IP 67 EtherCAT Box

As a further EtherCAT system innovation Beckhoff presents an application-

specific EtherCAT Box in protection class IP 67. Dirk Kordtomeikel commented 

on the background to this development: “Each wind turbine has brakes, a 

hydraulic system, a generator and usually a gear unit. These components are 

generally provided by subcontractors. After delivery they are installed in the 

nacelle on-site, and the sensors and actuators are subsequently connected in 

the control cabinet. Our idea is based on offering a pre-wired IP 67 EtherCAT 

Box for each of these subcontractors.” In addition he explains that each of these 

components supplies between 8 and 15 sensor and actuator signals which have 

to be collected in the field. “This is now achieved via the new EtherCAT Box. The 

gear unit manufacturer, for example, can install it directly in the gear unit and 

deliver it as an integrated unit to the turbine manufacturer. All the turbine manu-

facturer has to do locally is establish the fieldbus connection and connect the 

power supply,” said the industry manager. Advantages include reduced errors, 

transfer of liability to the specialist component suppliers, clearer responsibilities 

and reduced on-site efforts.

Conclusions

The course for Beckhoff’s future in the wind energy market has been set. The 

automation specialists intend to expand their focus with new approaches and 

open up further fields of application. “This won’t compensate the current slump 

in the wind sector, but it will leave us in a good position, not least for gaining 

new customers,” said Dirk Kordtomeikel. As a result of the ‘wind crisis’ the 

specialist expects increased willingness to analyze and test new technologies. 

In parallel he expects new technologies to make renewable energies more con-

trollable and to take them another step forward.

Source: Published in openautomation, issue 4/2012,

VDE-Verlag, www.openautomation.de

“In all areas where we don’t have the required specialist 

expertise, we invite manufacturers to join in our success by 

offering solutions based on our technology.”
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Real-time networks for wind farms 
feature a cycle time of less than 1 ms
The expansion of renewable energies is rapidly gathering pace worldwide. The need to reduce CO

2
 emissions as well 

as the decreasing acceptance of nuclear power are major contributors to this development. Since the wind and sun 

light are not constantly available, however, feeding the renewable energies into the grids can lead to problems that 

are not insignificant. The fast EtherCAT-based automation solution from Beckhoff enables reaction times of less than 

1 ms. The early diagnosis of voltage drops increases grid compatibility. In addition to wind turbines, this technology 

is also suitable for use with solar farms. 

Ultra-fast wind farm networking optimizes grid compatibility

products | wind farm networking
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Due to the temporal requirements, the reaction in the LVRT case is presently 

realized at the turbine level in the converter. The delays in the control loop which 

occur due to centralized conditioning by a farm controller would hamper the 

attainment of the demanded dynamics.

The voltage/reactive power level is realized at the wind farm level; only in 

this way can a set point value specified for the grid connection point also be 

achieved there. In conjunction with a weak grid connection and a Q(U)-char-

acteristic, the high dynamics (control time 1 s) sometimes demanded represent 

a challenge here.

Wind farm networking with EtherCAT

The 2011 lecture by Melanie Hau and Martin Shan [1] on the subject of “Wind 

farm control for network integration” (see also article on page 30) showed that 

the speed of the wind farm networking and that of the turbine automation 

fieldbus both exert a significant influence on the attainable dynamics in the 

control of the voltage or reactive power in a wind farm.

This is precisely the point of attack of the Beckhoff solution, which is based on 

wind farm networking using EtherCAT.  Wind farm networking has so far been 

realized using Ethernet. Ethernet fiber optic cables are used for the connection 

of the individual wind turbines to the master computer. Since EtherCAT is based 

on Ethernet and thus fully compatible with it, the same physics can be applied 

when using EtherCAT. The subject of cable redundancy is also fully solved with 

EtherCAT. The fiber optic cable ring in the wind farm is closed at the farm master. 

The necessary TCP/IP communication can take place via switch port terminals 

within the EtherCAT I/O system. The highlight here is that not only a significantly 

higher transmission rate is achieved by using EtherCAT, but also that significant 

cost benefits result in comparison with the redundancy-capable switches that 

have been used so far.

Initial steps have already been taken in this direction: Many international grid 

connection regulations – the so-called Grid Codes – now prescribe LVRT capabil-

ity (Low Voltage Ride Through) for every wind turbine. This means that, in the 

case of sudden changes of voltage in the grid, due to short circuits for example, 

the plant must remain connected to the grid for a defined period of time and 

must feed in defined reactive currents for fault-finding and to support the volt-

age. Subsequently, it must return within a few seconds to full active power 

feed-in. The demanded reactive currents depend on the depth of the voltage 

drop and must be applied, depending on the requirement, at the wind turbine 

or at the grid connection point.

On this basis, every modern wind turbine is today able to react appropriately 

to a voltage drop in the grid. Wind farms are becoming increasingly large and 

installations of up to 500 MW are no longer a rarity. In view of the size of the 

internal power networks in the wind farm, LVRT conditioning executed purely 

at turbine level at the grid connection point often does not produce the effect 

desired by the grid operator. Due to the impedances lying between them, the 

voltages differ between the turbines and the grid connection point. This means 

that each wind turbine reacts differently to the changes in the grid. Also, the 

reactive currents fed in at turbine level are not identical to the resulting reactive 

current at the grid connection point.

The Beckhoff solution is designed to deal with this problem and enable a 

coordinated reaction of the entire wind farm to a voltage drop in the grid. In 

this way, the solution achieves a defined behavior of the entire farm at the grid 

connection point.

So far the following values have been regulated for the feed-in of wind turbines 

or wind farms:

– LVRT and local voltage limitation (temporal requirement of the control time: 

 < 10 ... 20 ms)

–  Active power as well as reactive power or voltage (temporal requirement of 

the control time: 1 s - 60 s) [1] Hau, Melanie and Shan, Martin. Windparkregelung zur Netzintegration. 16th Kassel Symposium 

Energy Systems Technology, 2011. http://www.iwes.fraunhofer.de/de/publikationen0/uebersi-

cht/publikationen_veroeffentlichungengesamt/2011/windparkregelungzurnetzintegration.html

products | wind farm networking
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Power measurement at 10,000 samples/s

EtherCAT significantly increases system speed: A fully occupied EtherCAT tele-

gram containing 1500 bytes can be sent by the master and received again in an 

impressive 77 μs. Assuming a process image of 50 input bytes and 50 output 

bytes for each wind turbine, the process image of a wind farm with more than 

150 wind turbines can be refreshed in less than one millisecond. If the speed 

requirements or the number of wind turbines should significantly increase, 

several EtherCAT rings can also be realized on one master.

In addition there are further new technologies realized with EtherCAT: for 

instance, oversampling functionality permits the measurement or the output 

of signals in the field with a frequency of up to 100 kHz. This oversampling 

technology is used, for example, for the measurement of the current and the 

voltage at the grid connection point with the aid of the EL3773 EtherCAT Power 

Measurement Terminal. The sampling frequency here is 10 KHz.

The Distributed Clock function of an EtherCAT device, with a resolution of 1 ns 

and an accuracy of 10 ns, permits the temporal synchronization of measured 

and control values in a time window significantly smaller than 1 μs, since all 

Distributed Clocks in an EtherCAT topology are synchronized by propagation 

delay measurement. On the basis of this function the measured values in a 

wind farm can be synchronized extremely well. Even the synchronization of the 

IGBTs of converters within a wind farm can be achieved with this technology. 

To this end, both the turbine manufacturer and the converter supplier must be 

brought on board.

Wide range of applications due to open control technology

In summary, this means that, using available standard components, a wind 

farm controller can be realized that makes a defined reaction of the entire wind 

farm to a voltage drop in the grid possible at the grid connection point. Outside 

the fault case, too, highly dynamic voltage or reactive power controllers can be 

implemented in the wind farm for weak grid connections.

Due to the openness of the EtherCAT system, this solution is possible with 

controllers from third-party vendors as well: Master and Slave interfaces for 

all common fieldbus systems (such as PROFIBUS, PROFINET and CANopen) 

are available for the EtherCAT Terminal system. Serial protocols are available 

for most interfaces; communication can alternatively be accomplished with 

parallel wiring.

The EL3413 EtherCAT Power Measurement Terminal, which is equipped with 

a direct 690 Volt connection, can be used on any wind turbine for checking 

the controller. Extra signals such as weather data can be collected simply and 

inexpensively via this topology.

Author: Dirk Kordtomeikel, Business Manager Wind Energy, Beckhoff

SDLWindV-Feed-in of reactive current in the case of a grid fault (Source: SDLWindV)
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In comparison with conventional IP solutions, wind farm networking with 

EtherCAT is faster and offers substantial cost benefits. The faster the farm net-

working is, the more effective the energy provider can react to voltage drops 

or changing grid requirements. The EtherCAT Power Measurement Terminal 

integrated in the automation system logs momentary current and voltage values 

at the feed-in point at up to 10,000 samples/s. Early diagnosis of voltage drops 

is thus guaranteed.

Unlike current alternative solutions, it is possible to generate a reaction of an 

entire wind farm to an LVRT case using EtherCAT. If a voltage drop is diagnosed 

at the feed-in point, this can be signaled to all turbines in the entire farm net-

work within 1 ms. Via the EtherCAT Distributed Clocks, the measured values of 

all wind turbines and the measurement at the point of common coupling can 

be synchronized to a timeframe smaller than 1 μs. With these data, the current, 

voltage and frequency can be controlled accordingly and the grid can be sup-

ported. The existing fiber optic-based Ethernet infrastructure can be used.

Further Information:

www.beckhoff.com/EtherCAT

www.beckhoff.com/EL3773

www.beckhoff.com/EL3413

products | wind farm networking
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Scientific Automation 
in wind turbines

Condition Monitoring as an integrated component of TwinCAT 3
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Scientific Automation from Beckhoff represents a combination of high-

performance Industrial or Embedded PCs, the highly deterministic EtherCAT 

fieldbus system and intelligent software. These components are also required 

for automating modern wind turbines. Wind turbine manufacturers want to 

use the same system for control tasks, monitoring, grid synchronization and 

system-wide communication. Just thinking of the complex Condition Monitoring 

algorithms which are to be processed on the controller, it becomes clear that it 

makes sense to use multi-core CPUs. With the new CX2000 series from Beckhoff, 

such powerful CPUs are now available in the Embedded PC format preferred 

by wind turbine manufacturers. The CX2000 devices are equipped with Sandy 

Bridge processors from Intel. In addition to economical Sandy Bridge Celeron® 

types, Intel® Core™ i7 processors are available. Even the CX2030, which is 

equipped with a 1.5 GHz processor (dual-core), is fanless and therefore excep-

tionally stable because it has no rotating components.

Suitable software must be used to take full advantage of this enhanced perfor-

mance. This is where TwinCAT 3 control software from Beckhoff comes in. The 

real-time environment of TwinCAT 3 is designed to enable almost any number 

of PLCs, safety PLCs and C++ tasks to be executed on the same or on different 

CPU cores.

Condition Monitoring library for TwinCAT 3

The new TwinCAT 3 Condition Monitoring library facilitates the utilization of 

these options. Raw data can be logged with a fast task and processed further 

with a somewhat slower task. This permits measured data to be logged continu-

ously and analyzed with algorithms such as power spectrum, kurtosis, crest fac-

tor and envelope spectrum. The user doesn’t have to worry about task-spanning 

communication, which is automatically handled by the Condition Monitoring 

library. The results from the individual function blocks in the library are stored 

The degree of automation in wind turbines is increasing continuously. In addition to the actual system control, monitoring and 

networking play increasingly important roles. Many control suppliers that offer conventional controllers are reaching their per-

formance limits. The solution lies in an automation system that is essentially based on a scientific approach and integrates the 

required measuring equipment in a standard control architecture.

The real-time environment of TwinCAT 3 is designed to enable almost 

any number of PLCs, safety PLCs and C++ tasks to be executed on the 

same or on different CPU cores.

The compiled TwinCAT 3 modules can call each other during runtime, 

irrespective of the programming language.
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in a global transfer tray, a kind of memory table. From there the results can be 

copied to variables or processed further with the aid of other algorithms. In this 

way users can configure their own individual measuring and analysis chains.

 Particularly in the wind industry, such developments must be tested and 

simulated extensively because once a wind turbine has been commissioned, 

modifications and updates in the field would be rather time-consuming and 

expensive. In order to save time and development costs, a Matlab®/Simulink® 

simulation of the system can be tested against the original control program 

code in real-time, for example. In this way many problems can be detected 

and rectified before commissioning. No Beckhoff-specific components or other 

modifications of the original model are required for creating Matlab®/Simulink® 

modules for the TwinCAT 3 runtime environment. The Matlab® and Simulink® 

coders generate C++ code, which is then compiled into a TwinCAT 3 module. 

Modules can be re-used easily through instantiation. The block diagram from 

Simulink® can be visualized directly in TwinCAT for setting break points, for 

example.

 In addition to TwinCAT 3 and the auxiliary Condition Monitoring and 

Matlab®/Simulink® integration packages, TwinCAT Scope enables visualization 

of all relevant signals of a scientific automation software. The TwinCAT Scope 

consists of two components. The View component is used for displaying signals 

in the form of charts. The Server component records the data on the target 

device. A TwinCAT 3 installation always includes a basic version of Scope. This is 

particularly suitable for commissioning of systems. The Scope provides the user 

a quick graphic overview of the machine state. Different cursors enable precise 

reading of the measured data, even in the μs range. For large value ranges it 

makes sense to switch to a logarithmic display. The Scope product level enables 

additional functions such as long-term recording or integrability in custom .NET 

visualizations. All Scope product levels permit visualization of oversampling 

values from EtherCAT measuring terminals.

EtherCAT: High-precision measuring technology

EtherCAT as a fast, real-time capable bus system rounds off the scientific auto-

mation solution from Beckhoff. EtherCAT has not only become established as a 

control fieldbus, but also as a measurement fieldbus. Only this Ethernet-based, 

highly deterministic and fast fieldbus protocol enables complex applications, 

such as the integration of Condition Monitoring, to be realized. The functional 

principle of EtherCAT delivers usable data rates far in excess of 90 percent with 

full-duplex fast Ethernet and bus cycle times of a few microseconds. In conjunc-

tion with the oversampling function mentioned above and buffering of values 

directly in the EtherCAT slave, the sampling rates can be increased far beyond 

the actual bus cycle: The EL1262 digital input terminals, for example, can scan 

signals with up to 1 million samples/second. The EL3702 EtherCAT Terminal 

samples analog signals of ±10 V with 16 bit resolution and up to 100 kHz. 

Distributed clocks in EtherCAT slaves ensure time-synchronized data sampling 

Calling up the power spectrum function block in TwinCAT 3 The TwinCAT Condition Monitoring library offers different function blocks 

for signal analysis.
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across the network. The jitter is significantly less than 1 microsecond, usually 

even less than 100 nanoseconds.

 The EL3632 is also an EtherCAT oversampling terminal. This terminal is 

suitable for Condition Monitoring applications, in which oscillations must be 

sampled via acceleration sensors or microphones. Piezo sensors with IEPE 

interface (Integrated Electronics Piezo-Electric) can be connected directly to the 

two-channel terminal without a pre-amplifier. Due to different hardware filter 

stages, signal sampling frequencies between 0.05 Hz and 50 kHz are possible. 

The same principle of operation as in the EL3632 is used in the EL3773. The 

EL3773 is a power monitoring terminal that samples raw grid data, as opposed 

to raw oscillation data. Current and voltage can be sampled with up to 10 kHz, 

which makes the terminal suitable for synchronization with other networks.

 The main advantage of these 12 mm wide modules is their high degree of 

flexibility. EtherCAT bus systems offer virtually unlimited expansion capabilities. 

This means that measuring applications, such as gear unit monitoring, can be 

implemented in new systems or retrofitted in existing systems. Thanks to the 

compact size of the controller and the wide range of open TwinCAT interfaces, 

stand-alone systems are becoming increasingly popular. Such stand-alone sys-

tems are currently retrofitted in some onshore turbines for monitoring the 

main bearing and the gear unit based on a CX5020 Embedded PC. To this end 

a terminal box is equipped with five EL3632 oversampling terminals and an 

EL3413 power measurement terminal. UMTS modems and compact heaters can 

Logarithmic signal analysis display with TwinCAT Scope Pascal Dresselhaus, TwinCAT Product 

Management, Beckhoff

be integrated as additional options. Depending on the available interface, the 

monitoring system can be integrated with the existing controller.

 In summary, Scientific Automation enables the integration of engineering 

findings in the automation of wind turbines beyond the scope of conventional 

controllers. The power of the PC Control philosophy offers sufficient capacity to 

integrate numerous advanced functions beyond standard control. High-perfor-

mance CPUs, fast I/O terminals, EtherCAT communication and TwinCAT software 

provide the basic technologies required for this purpose.

Author: Pascal Dresselhaus, TwinCAT Product Management, Beckhoff

Further Information:

www.beckhoff.com/Scientific-Automation

www.beckhoff.com/Condition-Monitoring

www.beckhoff.com/TwinCAT3
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CMS: filtering out background noise

In order to keep competitive the total costs of a wind turbine over its entire 

service life, the risk of failure must be minimized, maintenance costs must be 

reduced, and system availability and energy efficiency must be increased. Early 

detection of faults can make an important contribution to achieving this, as can 

optimized control algorithms that log and process measured data and feed the 

results into the controller as control variables. The effect is reduced system load 

and increased efficiency of the turbine movements in the wind field. Prerequi-

sites for improved control algorithms are: individual pitch control for each rotor 

blade and intelligent control of the yaw motors that align the nacelle with the 

wind flow.

These new options are available thanks to advanced control systems, which are 

able to sample and process signals within microseconds. Some companies have 

developed procedures for carrying out performance analyses using the Scada 

data which are routinely supplied by the system controller: These analyses 

show in which areas, torques and wind and weather conditions that the system 

achieves good results and in which it does not. This enables faster identification 

and tracking of weak spots, which reduce the energy yield.

Foundation monitoring is also becoming increasingly important: Now that the 

first offshore turbines have been installed in the North Sea, the structural design 

and dynamics departments of renowned research organizations are engaged in 

the development of monitoring techniques and systems for offshore foundation 

structures. The aim here is to derive information regarding offshore turbine ser-

vice life and stability. Currently there are no clear findings as to which features 

a CMS must offer in order to meet the requirements of the Federal Maritime 

and Hydrographic Agency in Germany, which is responsible for approving wind 

farms in the North Sea and the Baltic.

Transmission manufacturers increasingly call 

for a black box approach

Demand for high-quality CMS is expected to grow further: Transmission manu-

facturers are in fierce competition and are moreover faced with demands for 

increasingly longer warranty periods. A suitable CMS is seen as a tool to escape 

the “warranty trap.” Transmission manufacturers have been thinking about a 

black box approach for some time. They want evidence to prove that worn 

or destroyed transmission units did, in fact, only rotate under the loads fore-

cast by the turbine manufacturers. The data are intended as defense against 

unjustified warranty claims and as a basis for more realistic design loads for 

building more reliable transmission units. There is no way around measuring 

and archiving the actual loads, so that the data can be analyzed in the event 

of a failure.

It has taken quite some time for CMS to arrive in the wind energy sector. Meanwhile there are many companies that use Condition 

Monitoring systems and develop new CMS technologies. Initially CMS focused on electronic monitoring of the drivetrain, under 

pressure not least from insurance companies such as Allianz, although today we have CMS for oil monitoring, ice detection, rotor 

blade and foundation monitoring and much more. Ultimately all developments have one aim: reliable renewable energy genera-

tion with competitive life-cycle costs.

Automated Condition Monitoring of wind turbines is becoming an established trend. 

New Condition Monitoring systems (CMS) can filter sensor data in real-time.

applications | cms

“The pertinent developments by controller manufacturers 

are proof that CMS has not only become acceptable, but offers 

enormous potential.”
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Condition Monitoring integrated into the control system

A centralized, PC-based controller is advantageous, in particular if large 

amounts of data from different devices must be referred to for analysis or if 

damage frequencies must be evaluated in relation to the rotary speed. Instead 

of specialized systems with separate CPUs, Condition Monitoring integrates 

seamlessly into the system controller. To this end, Beckhoff has developed dedi-

cated Condition Monitoring terminals: The EL3632 EtherCAT Terminal enables 

direct connection of different acceleration sensors via Integrated Electronics 

Piezo-Electric (IEPE). The data are logged in the EtherCAT Terminal system and 

made available to the higher-level PC controller, where software is used for the 

analysis. Warning and switch-off thresholds are specified based on these data. 

Configurable filters and supply currents enable application-specific adaption of 

the terminal to different sensors.

With EtherCAT, a communication system is available for the high-performance 

relaying of the recorded status data to the PC controller.

In contrast to other CMS providers, which offer complete CM systems with 

their own hardware and software, 8.2 Monitoring, based in Hamburg, Ger-

many specializes in supporting controller manufacturers. In general controller 

manufacturers typical have neither the specialized knowledge for develop-

ing application-oriented analysis and data management software for larger 

wind farms, nor do they wish to offer a data analysis services. However, CMS 

hardware doesn’t sell without analysis software and services. To solve this, 8.2 

Monitoring offers control manufacturers the firmware, the analysis software and 

its expertise. With the VibraLyze™Pro solution, the company has developed a 

user-friendly, industry-specific software platform for generating data, quality 

assessment and data analysis.

Controller-integrated CMS is “more intelligent”

Anyone dealing with CMS today knows that false warnings and false alarms 

happen on a regular basis. This is due to the fact that today’s standard Condi-

tion Monitoring systems essentially still operate in stand-alone mode, i.e. inde-

pendent of the wind turbine controller. In many cases, particularly in retrofitted 

systems, the conclusion as to whether an unusual state has occurred is purely 

based on the speed at which the turbine rotates. In some cases the actual output 

is used as a supplementary parameter.

However, anyone who has ever been inside a nacelle while the turbine was 

running will know that there is plenty more that happens up there: continu-

ous acceleration and deceleration, continuous opening and closing of the yaw 

brake, continuous yawing and pitching of the blades, activation and deactivation 

of the coolers and interconnections, repeated grid instability, passing through 

resonances and much more. All this information is unknown to standard CM sys-

tems. The only way forward, therefore, is to measure the interference affecting 

the oscillatory characteristics. The vibration values from external influences and 

the vibrations of the machine components are then added in order to arrive at 

a cumulative background noise and an alarm is issued, as appropriate. The situ-
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“One of the advantages of the Beckhoff CMS Terminal system 

is that it can easily be expanded. Further devices/components, 

including rotor blades or yaw drives, can be cost-effectively 

integrated into the monitoring system by adding corresponding 

measuring terminals.”
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Suitable algorithms in the CPU which log the local data can be used to assess 

the quality of the stored raw data. At the end of the day (or at a defined time 

interval) an optimized dataset is available for each defined output class, which 

is then transferred to the monitoring center via the existing communications 

infrastructure, where various analyses are performed. In the event of anomalies 

the affected components and errors are reported.

Hardware-independent and open

8.2 Monitoring has developed the VibraLyze™Pro software, which is based 

on experience from monitoring customer installations via CMS and on data 

obtained and analyzed by 8.2 Monitoring during warranty examinations. The 

company has been looking after a wide range of CMS solutions for years, knows 

the good and the less than ideal aspects of the respective software packages, 

and has a clear vision of what an optimum solution should look like in order 

to service many hundred CM systems cost-effectively. Today, 8.2 Monitoring is 

able to read in CMS data from virtually any standard system and analyze them 

under an integrated software interface. In addition, VibraLyze™Pro is currently 

the only software platform in the market that is also able to service the different 

controller-integrated CM systems.

Automatic calculation of all monitoring frequencies 

and characteristic values

8.2 Monitoring also wrote the firmware for logging the data of the CMS hard-

ware components that were developed by Beckhoff. The software not only offers 

a high degree of automation and integrated fault pattern recognition, but also 

efficient setup and parameterization. All measurement-related parameters such 

as sampling rates, measuring intervals and filter settings are set automatically. 

Inputs are essentially limited to gearing and bearing data and general system 

data. All monitoring frequencies and characteristic values are calculated auto-

matically. Once a turbine has been set up, a wind farm with a hundred turbines 

can be configured in just a few seconds. Self-monitoring functions and report-

ing tools provide operational support. In addition, all signals can be integrated 

directly or as results of subsystems. This provides the following benefits:

–  Data from different CM systems can by analyzed efficiently and cost-

effectively with an integrated software interface.

–  Operators with a mixed equipment portfolio who want to establish CMS 

expertise can analyze their data independent of system manufacturers. The 

software is sold on a license-only basis or with a service package. This is of 

particular interest during the warranty period. In many cases, documenta-

tion of the system state with the aid of CMS data is an important factor for 

validating claims to system manufacturers.

–  System manufacturers using different control systems, which is quite a com-

mon scenario in China, become independent of the CMS hardware. They can 

use hardware from different control equipment suppliers and monitor it with 

integrated software, which minimizes the need for training and facilitates 

the buildup of expertise.

China focuses on CMS

While in Germany it took more than 10 years for CMS to become more or less 

accepted, China is a step ahead in this regard. In November 2011 the govern-

ment approved a quality offensive, which also included a CMS specification. 

For Chinese offshore systems CMS is obligatory, just like in Germany. Onshore 

systems are required to have CMS if the capacity exceeds 2 MW. However, unlike 

in Germany, this Chinese provision was not driven by insurance companies. The 

24 applications | cms

ation is similar to a car travelling at 50 or 60 miles per hour on a country road: 

The driver is used to a certain road noise. Suddenly the road surface changes 

from concrete to asphalt or vice versa, or potholes appear. Based on experience 

the driver makes a connection between the change in the road condition and the 

noise and knows that there is no reason to worry. The alarm bells only start ring-

ing when abnormal noise patterns occur, such as from a burst tire or damaged 

wheel bearing. Keeping these analogies in mind, it is easy to see that standard 

CM systems, which don’t receive additional information from the controller re-

garding the external influences under which the machine is currently operating, 

are prone to issuing false warnings and false alarms.

This is where controller-integrated CM systems come in: Signals provided by the 

central controller via a direct fieldbus connection can help filter out interference 

signals, so that the CMS can ignore noise relating to yawing or pitching, activa-

tion of auxiliary systems or sub-normal oil temperatures.

“This results in much better raw data quality, which in turn 

leads to reduced scatter and more uniform trends, so that limit 

values can be set more precisely and early detection can be 

improved.”
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reason was the ongoing issues power supply companies and system operators 

have with wind farm availability. It remains to be seen how the policy will be 

implemented.

A special characteristic of the Chinese market is that system manufacturers tend 

to have not a single control equipment supplier, but usually two or three. The 

8.2 software solution enables them to buy their CMS hardware from different 

manufacturers and operate it under an integrated software interface. The 8.2/

Beckhoff CMS solution can be retrofitted as a “standard” CMS on any system.

In June 2012 the Chinese system manufacturer Zhejiang Windey commissioned 

8.2 Monitoring to equip 66 wind turbines of the 1.5 MW class with Condi-

tion Monitoring systems. The “Danjinhe Project” and “Delinha Project” wind 

farms, each featuring 33 turbines, were equipped with CMS software from 8.2 

Monitoring and hardware components from Beckhoff. The system monitors the 

drivetrain, including the main bearings, gear unit and the generator. The order 

from Zhejiang Windey wasn’t 8.2 Monitoring’s the first project in China: At 

the end of 2010 the first Chinese offshore wind farm was equipped with the 

VibraLyze™Pro CMS software. In addition, the Chinese manufacturer Guodian 

United Power commissioned a pilot installation in March 2012.

Author: Bernd Höring, managing director of 8.2 Monitoring GmbH 

First published (in German, with minor amendments), in the journal “Erneuerbare Energien,” 

(“Renewable Energy”) issue 5/2012.

Further Information:

8.2 Monitoring GmbH: www.8p2.de/en
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Bernd Höring, Managing Director of 

8.2 Monitoring GmbH and accredited 

expert for wind turbine Condition 

Monitoring (BVFS e.V.)

Overview of the benefits 

of controller-integrated 

Condition Monitoring systems: 

Cost benefits: 

 –  lower hardware costs thanks to industrial mass pro-

duction and fewer components

 –  lower installation and cabling costs thanks to inte-

gration in existing control cabinet and communica-

tion with the main controller via bus system

 –  fewer required parts, since no additional voltage 

transformers, communication modules, UPS or similar 

are required

 –  reduced analysis efforts since fewer false alarms 

occur

Technical benefits:

 – no measurement if interference signals are present

 – better raw data quality for the analysis

 – fewer false alarms

 – reduced scatter leads to improved fault detection

 –  integration of further signals (temperature, pressure, 

current) enables integrated signal/system monitoring.

Quality benefits:

 – reliable hardware from established industrial suppliers

 – mass production with high quality standards
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Reducing hardware to significant 
lower investment costs
The advanced technology from DMT is often used in cases where wind turbines must turn 24 hours a day or where 
motors, gear units and pumps must operate at peak performance. The company, based in Essen, Germany, special-
izes in condition-based maintenance of machines and systems. With the consistent further development of the XSafe 
online Condition Monitoring platform, which is tailored to the special requirements of the wind energy sector, DMT 
ensures that wind turbine operators always have up-to-date information on the state of their systems.

In the area of human-machine interfaces, DMT has offered measuring 

experience for monitoring complex machines in different applications for 

more than 20 years. This expertise has also found its way into the industry-

specific WindSafe Condition Monitoring software from DMT, which ensures 

economic and efficient online monitoring of wind turbines and windfarms. 

WindSafe is GL-certified and was the first online Condition Monitoring 

system to be approved based on the criteria of Allianz Insurance (AZT) in 

Germany. It is recognized by all main German insurance companies. The 

software monitors and analyzes structure-borne noise data of wind turbines 

in real-time and gives clear indications of any drivetrain wear. Impending 

faults are detected in good time, therefore avoiding potential system failures 

or consequential damage.

Convenient interface with the Beckhoff automation platform

All WindSafe functionality is now available on the Beckhoff automation 

platform: interfacing with TwinCAT PLC software enables reliable machine 

monitoring without additional measuring equipment. This integration with 

wind energy system controllers results in significant reductions in invest-

ment and maintenance costs, and indeed longer life cycle costs.

In addition, using hardware from a single manufacturer simplifies the de-

sign and production of wind turbines. “With this new solution we offer an 

economic alternative to conventional Condition Monitoring systems,” said 

Joachim Kott, DMT Sales Division.

Cost-effective extension without additional hardware

The use of standard hardware and software components from the Beckhoff 

product portfolio enables the extension of existing or proposed automation 

concepts with a cost-effective online Condition Monitoring solution. The com-

pact hardware and the modular software from WindSafe offer scope for a wide 

range of applications, from localized systems in which acquisition, processing 

and analysis of measured data take place on the same PC, up to simultaneous 

Condition Monitoring of multiple wind turbines. The spectral values of the 

individual machines are consolidated to provide an overview for the operator. 

Condition Monitoring systems with this architecture are used for monitoring 

large windfarms, for example.

Wind turbine monitoring redefined

“With the current version of WindSafe operators no longer need special hard-

ware components, since the software is directly integrated in the existing wind 

turbine control system from Beckhoff. In this way we can offer cost-effective, 

easily adaptable system monitoring. This lean solution is particularly beneficial 

in wind power systems, where space in the nacelles tends to be limited,” said Dr. 

Matthias Krauledat, Machine Diagnostics Software Developer at DMT.

Functionality of the Condition Monitoring system 

enhanced using Beckhoff components

The acceleration sensors are directly connected to the Beckhoff EL3632 

EtherCAT Terminals, which sample data with a rate of up to 50 kHz and a resolu-

WindSafe from DMT now available on Beckhoff platform
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tion of 16 bit. The analysis takes place in real-time on the PC. The flexible ac-

cess to TwinCAT ADS is utilized for further processing in the XSafe software, 

which calculates spectral values for machine monitoring from the measured 

structure-borne sound signals. If preset, component-specific threshold val-

ues are exceeded, alarms are triggered which provide information on wear, 

imbalances, alignment errors or invalid operating states. These alarms can 

be reported for further processing directly to the system controller or other 

operator systems. The close integration with the control system results in 

significantly more accurate signal processing. All data are directly available, 

so that any interference, for example from ancillary components, can be 

filtered out easily.

Online monitoring as a DMT service

Once the data acquisition system has been installed, DMT can offer continu-

ous online machine monitoring as an expert service, whereby trends in the 

measured data are analyzed and translated into recommendations for ac-

tion. Regular reports on the state of the system facilitate planning of service 

intervals and ensure maximum system availability at all times.

Author: Joachim Kott, DMT GmbH

Example configuration for 

acquisition of wind turbine 

monitoring data

– IPC: Beckhoff C6920

– I/O: 4 x Beckhoff EL3632 EtherCAT Terminals 

– Sensors: 8 x DMT KS11 acceleration sensors

– Data acquisition: TwinCAT PLC

– Data interfacing: TwinCAT ADS

– CMS software: DMT WindSafe CMS

WindSafe control station

Waterfall analysis
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“If you can hear it, 
we can measure it.”

Experienced engineers have always been able to hear the trademark sounds 

when something is wrong with a machine. The aim of the Danish company 

Ortosense, based in Birkerød, was to develop devices that can not only 

monitor and analyze frequencies, but also vibrations.

An ear at the machine: 

the Ortosense analysis method

The algorithm behind the technology developed by Ortosense comes pretty 

close to an exact vibration analysis similar to the one performed by the 

human ear: “By comparing oscillation frequencies one can achieve much 

higher accuracy than with pure frequency analysis since signals can be 

separated from each other. This enables much earlier detection of changes 

in the sound spectrum,” said Carsten Ottosen, CEO of Ortosense.

The new monitoring system is based on an algorithm which, put simplify, 

processes the data obtained in a non-destructive manner with a measuring 

system and analyzes the wind turbine conditions. If the measured signals 

indicate a problem, the system sends a warning message via SMS or an 

alarm if a specified limit is exceeded.

In the past traditional frequency analyses such as Fast Fourier transforma-

tions (FFT) were used in order to detect changes or damage, for example, in 

the gear unit of a wind turbine. FFT has the disadvantage that the result is 

strongly influenced by the speed, among other factors, so that it is difficult to 

detect damped resonance frequencies in the spectrum. This particularly ap-

plies to periodic signals, which are present in rotating machines. In addition, 

the energy of an impulse of a dampened resonance frequency is distributed 

over the whole spectrum, which means that the amplitude of the resonance 

frequencies is smaller.

Ortosense therefore developed an oscillation and vibration analysis 

technique that is insensitive to changes in speed and is therefore able to 

determine resonance frequencies with much higher accuracy than other 

frequency analysis methods. The Ortosense technology referred to as Audi-

tory Perceptual Pulse Analysis (APPA) is based on interference analysis and 

has left the problems associated with FFT behind. It perfectly mimics the 

sound perception ability of the human ear and enables reliable monitoring 

of wind turbines.

The standard version of Easy TurbineAnalyzer comprises three different 

measuring points. The recorded data are processed and analyzed with 

TwinCAT PLC software from Beckhoff and subsequently compared with 

carefully selected reference data. As soon as a deviation from the reference 

data is detected, the TurbineAnalyzer automatically sends a warning mes-

sage to the operator via SMS. The collected data can be copied from the 

analyzer to a standard UBS flash drive on a regular basis.

Condition Monitoring of wind turbines based on vibration analysis

Easy TurbineAnalyzer is a new measuring and analysis technique developed by the Danish company Orto-
sense in collaboration with Beckhoff. This innovative technology enables reliable and efficient monitoring 
of wind turbines. The system, which is based on vibration analysis, provides high-precision measurement 
results and enables early detection of wear and faults on wind turbines. This means that expensive repairs 
and prolonged downtime can be avoided, significantly reducing the repair and maintenance costs over the 
life cycle of a wind turbine.
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The Easy TurbineAnalyzer is exceptionally compact. It takes up no more 

space than a pound-pack of coffee and can therefore be installed easily 

in a wind turbine. The standard version of Easy TurbineAnalyzers can be 

upgraded in stages, for example with up to six measuring points in addition 

to the power generation unit, an Ethernet port for sending data to external 

units, and a data analysis program developed by Ortosense.

Robust measurement technology, integrated in the 

Beckhoff control platform

“The first step involved development of the measurement technology and 

of the software for efficient data recording and analysis,” said Carsten 

Ottosen. The second step involved finding a suitable control platform. 

This is when Ortosense decided to work with Beckhoff as an automation 

partner. The compact controller consists of a DIN rail-mountable CX9001 

Embedded PC with two directly attached EL3632 EtherCAT Condition 

Monitoring terminals. “The modularity and openness of the PC-based 

control technology precisely meets our requirements,” said the Managing 

Director of Ortosense.

The new portable measuring devices can now be used to record Condition 

Monitoring data on wind turbines: “In practice, three accelerometers are 

attached to different measuring points with strong magnets, e.g. at the 

planetary gear, the rotor shaft and the generator shaft. In addition, the 

generated current can be measured by applying a terminal around the 

main cable. All the hardware can be installed in less than an hour,” said 

Carsten Ottosen.

Cost reductions through intelligent 

Condition Monitoring

“If you can hear it, we can measure it,” is the motto of Ortosense.  This is 

how the company describes the extensive application options of its mea-

suring and analysis techniques in a wide range of industrial sectors and 

applications. Carsten Ottosen said: “Our measuring systems can be used 

wherever there are mechanical parts or motors that are subject to wear, 

and where an outage or shutdown would have significant economic conse-

quences. In addition we can help reduce costs and improve the efficiency of 

renewable energy applications.”

Further Information:

www.ortosense.com

www.beckhoff.dk

applications

Easy TurbineAnalyzer is aa plug-and-play solution for 

Condition Monitoring in wind turbines.
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Well prepared wind turbines 
on land or at sea!
Advanced wind farm control systems support the stable operation of the electrical grid. Hardware-in-the-loop tests are essential 

for fast and cost-effective commissioning of controllers in the field or at sea in the case of off-shore wind farms. Such tests are also 

very helpful for controller development. To this end a hardware-in-the-loop test stand for wind farm controllers was developed at 

the Fraunhofer Institute for Wind Energy and Energy System Technology (IWES) in Kassel, Germany. The wind farm controller and 

the wind farm communication system can be integrated as hardware in a real-time simulator, which models the behavior of the 

wind farm and the grid. The development of the test stand was supported by the Federal Ministry for the Environment, Nature 

Conservation and Nuclear Safety (BMU). The test stand was developed in cooperation with wind turbine manufacturer Areva Wind.

PC- and EtherCAT-based Control of hardware-in-the-loop test stand for wind farm controllers
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Control systems for wind farms and wind turbines play a key role in the availabil-

ity and therefore the economic efficiency of wind farm projects. For this reason 

the quality requirements for the control hardware and software are continuously 

increasing, particularly in conjunction with offshore systems. Certification bod-

ies recently started calling for documented quality management in controller 

development, i.e. the certification no longer covers just the control algorithms, 

but also the development and testing processes for the control hardware and 

software [1].

 Software or hardware-in-the-loop (HIL) tests, during which the control sys-

tem and its interaction with simulation models of wind turbines or wind farms 

are tested under realistic conditions, form an important part of such a develop-

ment process. The key benefits of the HIL procedure are:

− Functional controller tests, covering all relevant operating situations 

− Reproducible ambient conditions, particularly wind velocities and grid con-

ditions

− Safe testing of the controller functionality, even in critical situations

− Significant reduction of commissioning efforts in the field

HIL tests, in which the actual controller hardware is coupled with a real-time 

simulator via a hardware interface, are particularly demanding for simulation 

models.

 The Fraunhofer IWES in Kassel created a modular model library based on 

the Matlab®/Simulink® simulation software for this purpose, which can be 

used to configure suitable models for individual wind turbines and wind farms. 

Automatic code generation enables real-time models to be derived, which can 

be executed directly in a real-time, Industrial PC-based simulation environment 

Figure 1: Diagram of a wind farm control system

Offshore wind farm Alpha Ventus off the German North Sea coast

© M. Ibeler/DOTI

Wind farm communication

Central 

compensation 

plant

Central 

wind farm 

controller

Measuring 

device

Grid

NAP



32 PC Control | Wind Special 2012

Controller Test Environment

Hardware Interface

Test Case Batch 

Processing

Data Logging

Hardware Interface

Fieldbus Analog I/O Digital I/O

Wind Turbine 

Main Controller

Graphical User 

Interface

Real Time Simulation

Model

Wind Field 

Input File

Parameter 

Input File

applications | wind farm networking

tion is made between different setting values. For example, in some cases the 

reactive power or the power factor may be specified, in other cases characteris-

tic curves such as voltage/reactive power statistics. Set values may be constant 

or based on schedules, or grid operators may vary them via telecontrol. The 

requirements for controller dynamics may also differ significantly: In Germany, 

for example, a new reactive power value may currently be set from the Q(V) 

curve after 10 seconds at the earliest [2], while the British grid code specifies a 

maximum settling time of two seconds [3]. Compliance with these requirements 

is generally verified during commissioning of a wind farm. However, starting in 

2014 wind farm controllers for the German market will also have to be certified.

Challenges for hardware and controllers

High dynamic requirements are a challenge for the control system and for the 

wind farm communication. Crucial factors for the achievable dynamics are the 

discrete delays in the control loop [4]. These are caused by the measurement 

of electrical parameters, the processing in computers and the communication 

between wind farm controllers and turbines. Fast communication processes 

and processing sequences within the controlled system, which should ideally by 

synchronized, are therefore required. Faced with high dynamic requirements, the 

controller itself should be precisely synchronized with the controlled system. In 

addition to the discrete delays, this also includes the dynamic behavior of the 

actuators and the steady-state gains through electrical components in the wind 

farm and the grid.

The final step before simulations become the real thing

A universally applicable wind farm controller has a complex structure and an 

extensive parameter set. It must be adapted to the hardware, the precise behav-

ior of which can in many cases only be determined with significant effort and 

through simulations. Before commissioning wind farm controllers, it is therefore 

advisable to test them in the laboratory under realistic conditions. With such a 

development step it is possible to avoid time-consuming and expensive adapta-

tion measures in the field or at sea.

 To this end an HIL test stand for wind farm controllers was developed at 

Fraunhofer IWES in Kassel. The wind farm controller and the wind farm com-

munication system can be integrated as hardware in a real-time simulator, 

which models the behavior of the wind farm with the required level of detail. 

The real-time simulator consists of different submodels, which are distributed 

through integration in the TwinCAT 3 automation software platform from 

Beckhoff. The actual models are embedded in an environment for automated 

processing of a large number of test cases. For each test the external condi-

tions such as wind speed and grid voltage, and also the occurrence of defined 

faults in a turbine or the wind farm can be specified. In conjunction with the 

modular model structure, the configuration of a real-time simulator based on 

Beckhoff hardware enables a high degree of flexibility for matching customer 

requirements with the test challenge. Figure 2 shows the structure and the user 

interface of the hardware-in-the-loop test environment for the control system 

of a wind turbine.

Hardware-in-the loop test environment 

for wind farm controllers

In advanced wind farms it is essential to have a wind farm controller as a cen-

tral control unit. This enables support of stable grid operation through system 

services. Active power control supports frequency stability in the grid, while 

reactive power control is important to ensure voltage stability at the wind farm 

connection point. The wind farm controller is supplied with measured data 

from the grid connection point and controls the different actuators via a wind 

farm communication system. Actuators include the individual wind turbines 

and additional compensation systems such as capacitor banks or STATCOMs. 

Transformers with variable ratios can also be used as actuators (see Figure 1).

General requirements of grid operators

The required system services are specified in grid codes. They vary from country 

to country and between grid operators. For voltage-supporting control a distinc-

Figure 2: Diagram and user interface of the hardware-in-the-loop test 

environment for wind turbine controllers
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across several Industrial PCs. Specifically, it includes the following components:

−  An electrical model of the wind farm network including cables, transformers 

and grid connection. Of particular significance is the model for the coupling 

between the reactive power feed and the voltage at the grid connection 

point.

−  Turbine models, including aerodynamics, generator and converter. Turbine 

controllers can be integrated as real-time models or as hardware.

−  A model of the wind field, which is coupled with the aerodynamic turbine 

models in order to take into account shading effects within the wind farm.

The computing cycles of the individual submodels and the communication 

between the submodels are adapted to modeled physical properties. The real-

time simulator has a modular structure for maximum flexibility in terms of the 

wind farm size. The individual turbine models can be distributed across several 

Industrial PCs.

 Beckhoff Industrial PCs from the C51xx series were chosen as hardware for 

the simulator. The number of required PCs depends on the size of the wind farm 

to be simulated and the level of detail of the models. System-wide input and out-

put signals of the individual models are exchanged via the EtherCAT Automation 

Protocol. In parallel, the clocks of all simulation computers are synchronized with 

EtherCAT. For the I/O, EtherCAT Terminals are connected via EtherCAT couplers. 

The simulation models are compiled using the TwinCAT 3 target for Matlab®/

Simulink®, so that they can be transferred directly to the Industrial PCs. Simple 

PLC programs coordinate the start and finish of the distributed simulation.

 Figure 3 shows a diagram of the real-time simulator and the linked hard-

ware. The simulator transfers the electrical parameters calculated for the grid 

connection point to the wind farm controller via an EtherCAT Terminal, for 

example. The controller sends its set values via the wind farm communication 

system to the individual turbine controllers, which are connected with the tur-

bine models in the simulator via further terminals. The turbine controllers can 

optionally be integrated as software, either in part or fully.

 The application options of the HIL test stand include controller develop-

ment and adjustment of the controller to a particular wind farm. In this way the 

controller functionality and the correct signal exchange between the hardware 

components (assignments, scaling) can be verified. The controller dynamics 

can be assessed taking into account the actual hardware characteristics and 

adapted, if necessary. In contrast to adaptation in the field, the input conditions 

(wind speed, grid conditions) can be set in a reproducible manner, and extreme 

events such as grid failure can also be considered.

 The test stand can also be used as part of any future certification process 

for wind farm controllers. Due to the influence of the hardware characteristics 

on the controller dynamics, measurements on the HIL test stand provide a good 

basis for assessing the controller characteristics. A range of standard wind farm 

models can be used, and different characteristics of the grid connection and the 

actuators can be taken into account.

Author: Dipl.-Ing. Melanie Hau, Wind Farm Control and Real-time Simulator Group, 

Fraunhofer Institute for Wind Energy and Energy System Technology (IWES)

[1] Germanischer Lloyd Industrial Services GmbH, Rules and Guidelines Industrial Sevices – 

Guideline for the Certification of Wind Turbines, 2010

[2] Bundesverband der Energie- und Wasserwirtschaft e.V., Technische Richtline Erzeugungs-

anlagen am Mittelspannungsnetz, 2008

[3] National Grid Electricity Transmission plc, The Grid Code, 2010

[4] M. Hau, M. Shan, Windparkregelung zur Netzintegration, 16th Kassel Symposium Energy 

Systems Technology, 2011

Figure 3: Diagram of the real-time simulator with wind farm controller 

and turbine control systems

Fraunhofer Institute for Wind Energy 
and Energy System Technology

The Fraunhofer Institute for Wind Energy and Energy System Technol-

ogy (IWES) was established in 2009, with main locations in Kassel and 

Bremerhaven, Germany. Research areas include the whole spectrum 

of wind energy and the integration of renewables in the supply struc-

tures. The institute has 370 staff and an annual budget of around 

30 million euros (2011 figures).

Further Information:

www.iwes.fraunhofer.de

Areva Wind GmbH: www.areva-wind.com
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80 total M5000 wind turbines for “Global Tech I” offshore wind farm

Full-load test stand 
ensures smooth commissioning 
of offshore wind turbines

Full-load test stand with PC-based Control 

The M5000 was specially developed for operation on the high seas and 

has been continuously improved by Areva. In order to offer maximum 

output and availability, the company subjects its wind turbines to thor-

ough quality tests. Each system is extensively tested in a full-load test 

stand equipped with PC-based automation technology from Beckhoff.

 The tests involving the drivetrain and nacelle under partial and full 

load conditions and the electrical tests of the generator and converter 

last 48 hours. The test schedule covers several hundred items, such as 

checking the cabling, and tests under different operating conditions, 

including a 12-hour heat run under full load. The components are 

checked between the individual test runs. An endoscope is used to check 

the gear unit for wear. A voltage drop is simulated in order to ensure 

The operators of Germany’s first offshore wind farm, “Alpha Ventus”, 

look back on a successful year of 2011. The wind farm generated 

267 gigawatt hours of electricity, around 15% more than predicted. 

The high yield was achieved thanks to continuously favourable wind 

conditions and high system availability of up to 97 %. Six of the 5 MW 

offshore turbines for the Alpha Ventus project were built by Areva Wind 

GmbH in Bremerhaven, Germany. The company is currently producing 

80 offshore M5000 wind turbines for the “Global Tech I” project, the 

first commercial wind farm in the German part of the North Sea, which 

is expected to be operational by the end of 2013. The wind farm will 

have a total capacity of 400 megawatts and will extend over an area of 

41 square kilometres and is expected meet, on average, the electricity 

demand of around 445,000 households.

Areva Wind specialises in the construction of offshore wind turbines. The 5 MW systems, which 

have already been tried and tested in Germany’s first offshore wind farm, “Alpha Ventus”, are 

equipped with Beckhoff control technology throughout. The full-load test stand which Areva 

uses to subject their wind turbines to extensive tests, also features PC- and EtherCAT-based 

control technology from Beckhoff. Areva uses the facility to test their wind turbines for the 

“Global Tech I” project, located in the German part of the North Sea, approx. 180 kilometres 

from Bremerhaven, at a water depth of 40 metres.
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compliance with the current grid requirements. During the test phase 

the wind turbines are monitored with a Scada system integrated in the 

controller. The data from each test point are entered into databases and 

represent the first operational data during the lifetime of the turbines. 

The company operates in twelve-hour shifts, in order to be able to test 

two turbines per week. Once the tests have been completed success-

fully, the tasks involved in commissioning the wind turbine are reduced 

to a minimum, which means that the failure rates and the associated 

economic risks are reduced significantly.

Control system and simulation for 

“Global Tech I” offshore wind farm 

A dedicated grid control system is being developed for the “Global Tech I” 

wind farm to ensure effective management and power supply control 

of the 80 total M5000 turbines. A real-time simulator was developed in 

collaboration with the Fraunhofer Institute for Wind Energy and Energy 

System Technology (IWES) in Kassel, Germany, based on the TwinCAT 3 

automation software platform from Beckhoff, to test and optimise the 

system prior to commissioning. This simulator, which can also be used 

for other wind farms, enables the grid connection conditions at differ-

Further Information:

Areva Wind GmbH: www.areva-wind.com

ent locations to be simulated and scrutinised for compliance with the 

requirements. The findings from the simulation will be incorporated into 

the design of future wind farms and will help ensure the profitability of 

the wind farms as well as the individual wind turbines in the long term.

The simulator is based on 11 Beckhoff Industrial PCs (IPCs), 10 of which 

are used for the wind farm simulation while a further PC simulates the 

control system. The Beckhoff control cabinet PCs of the type C5102 are 

synchronised with microsecond-level precision via the EL6692 EtherCAT 

bridge terminal and exchange the simulation results via a dedicated 

network and the EtherCAT Automation Protocol (EAP).

 Eight PCs are used to represent up to 20 wind turbines each 

(see Fig. 1). Each system consists of three Simulink® models, which are 

integrated via the TwinCAT Matlab®/Simulink® Target. The models for 

mechanics, generator and converter are coupled with the operational 

management/control module, which was developed in “Structured 

Text” based on IEC 61131-3 and deals with the system control. These 

80 TcCOM modules are distributed over the four cores of the CPU to 

ensure uniform load. A further Industrial PC deals with the network 

simulation, i.e. all voltages and currents in the wind farm cabling and 

the entire telecontrol that emulates the connection to the wind farm 

operator. Since the “Global Tech I” wind farm already uses two grid 

feed-in points, each of which with two transformers, it was possible to 

subdivide the model into four Simulink® modules for distribution to the 

individual CPU cores.

 The 10th PC calculates the wind conditions and distribution across 

the wind farm and includes a simulation manager. It stores processes, so 

that special situations can be re-modelled and repeated. The wind farm 

control system (PLS) runs on a Beckhoff C6515 Industrial PC, which is 

also used in the field. In addition, this IPC also deals with other tasks 

such as data provision for the grid operator via an IEC 60870-5-104 

server, data provision for the Scada system via an OPC UA server and 

monitoring of the circuit breaker for the wind farm network.

Author: Nils Johannsen, Application Software Wind Turbines, Beckhoff
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In the full-load test stand, which is equipped with PC-based automation 

technology from Beckhoff, each Areva M5000 offshore wind turbine is 

subjected to extensive tests.
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An LED (Light Emitting Diode) generates light because semiconductor photons 

of certain wavelengths are emitted when current flows through differently 

doped layers. LED light has a very narrow spectrum and has hardly any infrared 

content; however, there are various technologies with which colors can be mixed 

or transformed into other colors in the LED. As a matter of principle, an LED can 

be operated in one direction only – it blocks in the reverse direction. LEDs are 

not designed for negative voltages in the reverse direction, not even short-term. 

Depending on the LED power, considerable heat is generated by the electron 

transition. The housing must therefore be designed in such a way that the heat 

does not damage the semiconductor by internal overheating, but is adequately 

dissipated instead.

Multi-talented LED

As an electronic component the LED requires a certain degree of attention and 

requires some caution on the part of the power supply and monitoring. Due 

to its diode characteristics, an LED behaves in a similar way to a thermistor 

with an exponentially increasing curve: If the voltage increases, the current 

also increases disproportionately. At the same time the internal temperature 

increases, which reduces the internal resistance and leads to an even higher 

current consumption. Therefore a reliable current controller and the operation 

of an LED on a constant current source are essential. The light yield corresponds 

to the current consumed – from a weak glow to a short bright flash, everything 

is possible with just one LED.

The short-term overload capability of the barrier layer is often exploited: in 

continuous operation, as much current can be sent through the LED as the heat 

dissipating capacity of the housing will allow; this corresponds to a duty cycle of 

100 %. On the other hand, for example, if a duty cycle of only 10 % is selected 

and the barrier layer is suitable, a 10 x higher current could be permissible, with 

a correspondingly higher light yield. In the remaining 90 % of the pulse time, 

the heat then has time to dissipate from the housing. This intentionally limited 

short-term overload is consciously selected in lighting applications in order to 

best exploit LED lights with a high light yield.

LED lights are also preferably used because the LED is relatively wear-free in op-

eration and can be expected to have a service life of several tens of thousands of 

operating hours. At the same time, however, it is subject to aging effects, which 

lead to a gradual reduction in brightness and a change in the color tempera-

ture. Depending on the application or legal regulations this can be a problem, 

so that it may be necessary to increase the current using a control loop with a 

brightness sensor or with empirical values that compensates for the aging effect.

Dimming of LEDs in current-controlled and 

voltage-controlled operating mode

At the electrical user level, two different LED versions are commonly available on 

the market: If the pure LED is operated, it must be connected in accordance with 

the manufacturer’s specifications to a constant current source in the so-called 

Effective control 
of obstacle light on 
wind turbines

LED technology as a light source has penetrated ever further into dif-

ferent markets in recent years: In the wind power sector, for example, 

it is used for obstacle light. Its advantages over other sources of light 

with regard to luminous intensity, light quality, service life, efficiency, 

designs and costs enable many existing lighting applications to be con-

verted to LED technology. LEDs connected in series, for example, can be 

controlled efficiently by the new EL2595 EtherCAT Terminal.

EL2595 EtherCAT Terminal: highly efficient and constant current source for LEDs
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current-controlled operating mode. The rated current typically lies between 2 

and 20 mA, for signal LEDs over 50 mA, for small lights up to 350 to 700 mA 

per LED. The forward voltage drop across the LED lies within the range of 2 to 

4 V, depending on the barrier layer material.

Such LEDs can only be connected in series – even with minimal material scat-

tering, a parallel connection will lead to uneven current consumption and thus 

to damage to the LED under certain circumstances.

If an LED is to be dimmed, there are in principle two possibilities: one way is to 

reduce the current, but this entails a change in the color temperature, which is 

not always desirable. The other method is the fast switching of the rated current 

by means of a PWM controller.

Voltage-controlled operation on a constant voltage source is more convenient 

for many users. If the LED or lamp manufacturer has already integrated the 

current control, the connection of a sometimes coarsely regulated voltage (e.g. 

12 or 230 V) is sufficient.  Such LED lights must then be connected in parallel. 

However, the integrated current control produces heat, thus lowering the ef-

ficiency of the light. The simplest example of this is a series resistor, which is 

dimensioned in such a way that it simply ‘burns’ the voltage difference between 

the supply voltage and the LED forward voltage. Dimming by reducing the volt-

age leads to poorly reproducible results; PWM control is preferable here.

Users in the industrial environment have different demands on an LED control-

ler: In buildings (e.g. home automation) a large number of LED lights are often 

installed.  Attention here is focused on low installation costs, low wiring expen-

diture, error-tolerant installation techniques and the lowest possible channel 

prices of the decentralized ballasts. In the mechanical engineering environment 

the attention is focused more strongly on the reliable and high-quality operation 

of an individual source of light because it operates, for example, as a functionally 

relevant flash lamp for a camera, as an obstruction warning lamp on a wind 

turbine or on shipping lanes, or as a true-color light for inspection systems. Since 

high-quality lights are used here, the user expects comprehensive diagnostic 

information and real-time feedback from the power circuit for their operation 

and commissioning.

EL2595 EtherCAT Terminal controls supply 

of current to LEDs

For quite some time now, Beckhoff has offered I/O modules for the voltage-

controlled operation of LEDs, such as the EL2502 PWM output terminal 

(2 x 24 V/0.5 A), the KL2512 Bus Terminal  (2 x 24 V/1.5 A) or the EL2262 

(2x 24 V/0.5 A), with which the PWM signal is calculated in TwinCAT PLC 

software.  The EL/KL2535 as well as the EL7332 and EL7342 terminals, which 

regulate the output current, require an inductance in the load such as the DC 

motor itself. As a result, special requirements arise in the LED-relevant range of 

0 to > 700 mA for current-controlled operation because – as described above – 

special precautions are purposeful in the supply for LED operation.

The new Beckhoff EL2595 LED terminal specifically covers these requirements. As 

a highly efficient, constant current source on an (approximately) resistive load, 

it is designed to supply an LED strand made up of series-connected LEDs with 

a continuous current of up to 700 mA. It automatically generates the required 

forward voltage for LEDs ranging from 2 to 48 V from the supply voltage of 

24 V. The LED can be dimmed by specifying the setpoint value for the current. For 

monitoring and commissioning, the input current/voltage and output current/

voltage can be read along with the process data and monitored, for example, 

using the TwinCAT Scope 2 software supplement. The terminal itself goes into 

the warning or error state in the case of exceeding defined operating windows; 

i.e. it resets itself automatically or, optionally, requires an express reset.

For the standard operation of a light the output from the PLC can be set like 

a normal output. The EL2595 is suitable for fast, repetitive and precise lighting 

procedures. It represents the high performance XFC (eXtreme Fast Control) I/O 

extension and is timestamp-capable with Distributed Clocks; i.e. the start time 

(resolution of 1 ns) and pulse length (from 1 μs) can be set from TwinCAT.  The 

EL2595 then automatically outputs the pulse at a defined time with the specified 

constant current intensity. A higher output current than 700 mA is often useful; 

the EL2595 can also supply that briefly.

Obstacle light control is designed in advance on the PC

Until now, black boxes have been implemented in many applications on some-

times functionally limited interfaces for special tasks. This additional hardware 

level does not result in a lean integration of all functions. The EL2595 is a further 

EtherCAT module from Beckhoff that enables the user to take over the function 

of non-integrated special components in the bus system and to adopt the logic 

behind it into the central PLC code. As a limited resource, the engineering know-

how on the user side can thus be shifted to the in-house implementation of the 

function, in this case the obstacle light control, instead of the engineering of 

the interface specification. The result is direct real-time access to performance 

data and simple parameterization with complete user access down to the low-

est level: instead of elaborate commissioning tests, the lighting function can be 

designed in advance on the PC. The final integration step can then be color and 

brightness sensors in the EtherCAT system, which retroact on the EL2595 LED 

controller in real-time via PLC control loops.

Author: Martin Podrouschek, Product Manager Fieldbus Systems, Beckhoff 

The new Beckhoff EL2595 LED terminal is designed 

to supply an LED strand made up of series-connect-

ed LEDs with a continuous current of up to 700 mA. 

It automatically generates the required forward 

voltage for LEDs ranging from 2 to 48 V from the 

supply voltage of 24V. The LED can be dimmed 

by specifying the set point value for the current. 

Among other things, the EL2595 enables the func-

tion of the obstacle light control to be taken over 

by the bus system and the logic behind it to be 

adopted into the centralized PLC code.

Estimated market release:

1st quarter 2013
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Estimated market release:

4th quarter 2012

Further Information:

www.beckhoff.com/CU1521

www.beckhoff.com/CU1561

www.beckhoff.com/EP9521

www.beckhoff.com/EP9522

Media converter optimized 
for use in EtherCAT networks

Beckhoff continues to extend its range of infrastructure components with the 

EtherCAT media converter for the bidirectional conversion of optical fibre phys-

ics to copper physics. The DIN rail-mountable devices are optimized for the use 

in highly deterministic EtherCAT networks with extremely short cycle times. 

They ensure fast control in the case of cable interruptions or the establishment 

of Hot Connect group connections. They are useful wherever EtherCAT is to be 

transmitted over long distances, where increased electromagnetic interference 

is to be expected, in the realization of data links to rotating parts such as slip 

rings, or of data light barriers in high-bay warehouses with carriages that travel 

long distances.

 Conventional Ethernet media converters do not meet the requirements for a 

highly deterministic EtherCAT network. In addition to that, standard convertors 

behave “transparently” towards the bus, i.e. they are not seen by the master 

– which has a disadvantageous effect on the diagnostic properties. This gap 

is now closed with the EtherCAT media converters for Industrial Fast Ethernet 

(100 Mbaud). The devices from the CU1521 series convert optical fibre physics 

to copper physics and vice versa. The CU1521 is suitable for multimode, the 

CU1521-0010 for singlemode fibre optic and therefore significantly longer 

transmission links. Using the CU1561, POF (Plastic Optical Fibre), which is simple 

to install in the field, can be converted to copper physics.

The DIN rail-mountable CU1521 and CU1561 EtherCAT media converters are 

implemented with IP 20 protection. They operate bidirectionally and collision-

free with constant delay and can be diagnosed as independent EtherCAT de-

vices. In this way, unlike standard media converters, they enable fast link control 

and the safe closing of the EtherCAT strand even in the event of a fault. Since 

the transfer direction is relevant for the bus, the devices can be configured via 

a switch. This switch is also used to set the “Link Loss Forwarding” function for 

the support of a “normal” 100 Mbaud Ethernet network.

 The CU1521 is useful in applications where EtherCAT is to be transmitted 

over distances of up to 2,000 m between two stations or where increased elec-

tromagnetic interference on the bus is to be expected. The CU1561 is suitable 

for situations with increased electromagnetic interference and where simplified 

wireability is demanded.

 The EP952x devices are conceived for applications requiring IP 67 protec-

tion. Both media converters are suitable for multimode fibre optic cables. In ad-

dition to the copper branch, the 2-channel EP9522-0020 enables further optical 

fibre topologies to be configured via the second optical fibre port, while the 

single-channel EtherCAT Box EP9521-0020 is used for direct transfers between 

the two media.
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More possibilities on the DIN rail: Embedded PC 
with multi-core CPU and PCI-Express

In the CX2000 series, Beckhoff presented the second generation of its Embedded 

PC family which was brought onto the market in 2002. The CX2030 and CX2040 

Embedded PCs implement an essential feature of the new CX controllers: multi-

core processors. With these Embedded controllers also cover performance areas 

that had previously been reserved for Industrial PCs. A further essential feature 

of the new Embedded PC series is the internal PCI-Express based extension bus, 

connecting the system interfaces with the full bandwidth of a PCI-Express lane.

The basic CX2020 CPU module has a 1.4 GHz Intel® Celeron® CPU. The control-

ler is fanless and has no rotating components. The CX2020 basic CPU module 

has an Intel® Celeron® CPU with a clock frequency of 1.4 GHz.  Up to 4 GB are 

possible as an option. The controller boots from the CFast flash memory card.

The basic configuration of the CX2020 includes a 4 GB CFast memory card, two 

independent Gbit Ethernet interfaces, four USB 2.0 interfaces and a DVI-I inter-

face. The CPU has an internal 128 KB NOVRAM, which functions as a persistent 

data memory if no UPS is used. 

As an option the device can be ordered with a fieldbus interface or a serial 

interface. Other components from the CX2000 family can be connected via the 

multi-pin terminals on either side. The operating system is Microsoft Windows 

Embedded Standard P. The TwinCAT automation software turns the CX2020 

system into a high-performance PLC and motion controller that can be used with 

or without visualisation. Due to its performance the CX2020 is also suitable for 

interpolating axis movements with TwinCAT NC I.

Up to four modules can be connected to the basic CPU module on the left-hand 

side; the order is unimportant. Internally the modules are connected via PCI 

Express and can be plugged to the CPU “in the field”. 

The power supply for the CPU comes from a CX2100 power supply module, 

which is connected to the right-hand side of the CPU. Two further CFast memory 

card modules (CX2550 0010) can be connected between the power supply unit 

and the CPU, so that a total of up to three CFast cards can be used. RAID can 

be used in situations where more than one CFast card is used.

The extended operating temperature range between - 25 and 60 °C enables an 

application in climatically demanding situations.

Further Information:

www.beckhoff.com/CX2000

products | control
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References

Winwind: EtherCAT becomes main 

communication system

Further Information:

www.areva-wind.com

Goldwind: Chinese wind turbine manufacturer 

relies on PC-based Control
For controlling its 3 MW wind turbines WinWinD utilises the PC- and 

EtherCAT-based automation platform from Beckhoff, which enables the 

integration of control, visualisation and data management on a single PC.

The Chinese wind turbine manufacturer Goldwind uses Vensys plant de-

sign and PC-based Control from Beckhoff

PC-based Control from Beckhoff is in use in wind turbines all over the world. The samples of references 
indicate the versatility of Beckhoff products in the wind power sector.

Areva: Full-load test stand ensures smooth 
commissioning of offshore wind turbines  

PC- and EtherCAT based control platform of the M5000 

5 MW wind turbine for the first German offshore wind 

park (Alpha Ventus) on the high seas

Further Information:

www.winwind.com

www.beckhoff.fi

Further Information:

www.vensys.de/energy-en

www.goldwind.cn

www.goldwindglobal.com
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Pitch control

Brakes

Beckhoff is one of Moog’s main suppliers and supplies both the control 

computers and the EtherCAT Terminals.

Increased reliability, availability and energy output is achieved with The 

Switch using fast and flexible Beckhoff Technology.

Svendborg Brakes is one of the best-known manufacturers of 

brake systems for wind turbines. Beckhoff supplies the hard-

ware for Svendborg Brakes’ SOBO® controller.

Beckhoff and Atech co-operate to reduce the number of components in 

order to increase operational management reliability.

As a supplier of converters and pitch controllers for wind turbines, 

Renergy Electric Tianjin Ltd (REE) has managed to position itself success-

fully by the employment of PC-based control technology from Beckhoff.

Moog: Fast EtherCAT communication 

for pitch systems

The Switch: Full-power converter 

guarantees reliable operation 

Svendborg Brakes: PC-control for SOBO® controller

Atech: Compact pitch systems with 

open control technology

Further Information:

www.moog.com/wind

Further Information:

www.theswitch.com

Further Information:

www.svendborg-brakes.com

Further Information:

www.atech-antriebstechnik.com

Further Information:

www.relectric.cn/en

Atech relies on various Beckhoff 

Embedded CPUs for the control 

and regulation of the pitch box.

The pitch system 

is controlled by a 

Beckhoff CX Embed-

ded PC with EtherCAT 

Terminals.

Converter

The BSAK3000 hydraulic brake system, which is 

controlled by the SOBO® Control developed by 

Svendborg, enables a controlled and precisely 

steered braking process.

The permanent mag-

net generators from 

The Switch cover all 

wind power applica-

tions.

Renergy Electric: PC-based controllers 

and converters for wind turbines from 

1.5 to 5 MW

Renergyyy EEEEEEEEEEllllllllleeeeecccccctric:

and convveerters f

In the main controllers, Renergy Electric 

employs Embedded PCs from the CX1020 

and CX9001 series, standard digital and 

analogue Bus Terminals, temperature 

measuring terminals, special terminals 

and communication terminals, e.g. for the 

measurement of all relevant data.
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