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The Wind Compendium 2016, a special edition of our PC Control customer magazine, is a collection of se-
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are that can be implemented with the open and universal PC- and Ethernet-based control technology from 
Beckhoff and the benefits it provides.

Success Stories Wind

6    Zensor, Belgium: CX2020 Embedded PC 

ensures high availability of wind turbines

12 TwinCAT 3 Wind Framework for 

   wind turbine automation



3PC Control Wind Compendium 2016       contents

Picture proof:
8.2 Monitoring, Germany, p. 64 – 67
aerodyn, Germany, p. 22 – 25
Alstom, France, p. 44 
Areva Wind GmbH, Germany, p. 68
Areva Wind, Jan Oelker, p. 12
Atech, Germany, p. 90
DeWind Inc., USA, p. 4
dLaboratory Sweden AB, Sweden, p. 11
Dongfang Electric Corporation, China, p. 8 – 9
ee technik, Germany, p. 26
Fraunhofer IWES, Germany, p. 32 – 35
GfM, Germany, p. 30 – 31
Guangdong Mingyang Wind Power Technology Co., Ltd, 

China, p. 92 – 93
KONČAR – Electrical Engineering, Croatia, p. 46 – 47
Power21, South Korea, p. 10
Renewtech, USA, p. 48 – 51
Svendborg Brakes, Denmark, p. 89

Project management/editor: 
Martina Fallmann

Editors: 
Gabriele Kerkhoff
Stefan Ziegler

Phone: +49 5246 963-140
editorial@pc-control.net
www.pc-control.net
 

Design:  www.a3plus.de

imprint

PC Control – 
The New Automation Technology Magazine

Published:
Beckhoff Automation GmbH & Co. KG
Huelshorstweg 20
33415 Verl/Germany
Phone: +49 5246 963-0
info@beckhoff.com
www.beckhoff.com

46  | KONČAR, Croatia: Induction motors

   with integrated condition monitoring

48  | Renewtech, USA: Renewtech makes small

   wind power projects cost-effective

52  | Windey, China:

   TwinCAT “Wind Library” reduces engineering

   expenditure for 1.5 MW wind turbine

56  | products
   Real-time networks for wind farms 

   feature a cycle time of less than 1 ms

60  | Condition Monitoring as an integrated

   component of TwinCAT 3

64  | worldwide
   8.2 Monitoring GmbH, Germany:

   New Condition Monitoring Systems (CMS)

   can filter sensor data in real-time.

68  | Areva Wind GmbH, Germany: Full-load test 

   stand ensures smooth commissioning 

   of offshore wind turbines

70  | Fraunhofer-IWES, Germany:

   PC- and EtherCAT-based Control of 

   hardware-in-the-loop test stand for 

   wind farm controlle

74  | Fuzzy controller for improved 

   pitch control

78  | Vensys, Germany: High-quality, proven 

   control components for Vensys wind

   turbines

82  | products
   Fuzzy controller revolutionizes 

   power control in wind turbines

86  | worldwide
   The Switch: Switch Drive™ fullpower 

   converter guarantees reliable operation

88  | Svendborg Brakes: PC Control for SOBO®

   brake controller

90  | Atech: Compact pitch systems with

   open control technology

92  | Guangdong Mingyang Wind Power 

   Technology Co., Ltd, China: Mingyang relies 

   on Beckhoff wind industry expertise

22  aerodyn Energiesysteme GmbH, Germany: 

Flexible system concept benefits from 

modular TwinCAT Wind Framework

40  EJ series EtherCAT plug-in modules: 

Combining the benefits of standard and 

custom I/O solutions

Temporal Power Ltd., Canada, p. 36 – 39
The Switch, Finland, p. 87
Vensys, Germany, p. 78 – 81
Zhejiang Windey, China, p. 52 – 54
Zensor, Belgium, p. 6 – 7 



editorial       PC Control Wind Compendium 20164

From wind energy pioneers  
to Wind 4.0. 

DeWind D8.2 in the Argentinean Andes 

at an elevation of 4,300 meters 
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Today it’s hard to imagine the northern German landscape without wind farms, 

and according to the German Federal Ministry for Economic Affairs and Energy, 

wind energy currently claims a share of more than 9 percent of the total energy 

generation in Germany. This development was not foreseeable at the beginning 

of the 1980s, when – as part of my diploma thesis – I devised a control system 

for wind power plants (WPP). The plant controls at that time were based on a 

1-kByte memory and a manual programming device, and it just wasn’t feasible 

to integrate the advanced implementation of an active pitch regulation, with the 

corresponding control algorithms, on that small control device! For that purpose, 

you had to add another circuit board with the control system implemented as 

analog technology. At the end of the 1980s, with wind turbines becoming larger 

and PLC technology progressing at a rapid pace, manufacturers began to use 

PC systems for engineering. 

In 1997, I took on the job of setting up an electrical engineering department at 

DeWind, a wind turbine manufacturer. At that time, DeWind was using a control 

system made especially for wind turbines by a Danish manufacturer. Their per-

formance, however, was limited and it was easy to see that the system would 

not be able to incorporate future developments – such as the demand for flex-

ible network management with quick response times. That changed when the 

open PC-based control technology was introduced into this field of application. 

Another milestone was the introduction of conventional industry standards in 

the automation of wind power plants and standard compliance became a pre-

requisite for plant certification. This turned out to enable a giant leap from the 

niche, that wind energy had been hiding in for years, to the global development 

of wind power generation! From then on, the realization that system control 

plays a critical role in the design of a wind turbine was also becoming much 

more widely accepted. 

In 2005, as wind energy began to boom in China, I eventually became part of 

the Beckhoff team and brought my first job right along with me: the develop-

ment of a control system for a 1.5 MW plant for Mingyang, a major Chinese 

manufacturer. Today, Beckhoff is the market leader for the automation of wind 

turbine installations in China.

In the past 15 years, it has become apparent that, because of their openness 

and flexibility, PC- and EtherCAT-based control systems from Beckhoff are a 

perfect fit to meet the requirements of the wind energy industry. In addition to 

the development of such standard products as the Embedded PC series, the fast 

EtherCAT fieldbus system, the integrated TwinSAFE security solution and the 

measurement terminals, Beckhoff has kept pace with the global developments 

in the wind energy sector with the development of specific software libraries – 

and not only that: more often than not we were already one step ahead. 

Up to today, Beckhoff has delivered automation technology for 45,000 wind 

turbine installations across the world. Our extensive expertise in the industry has 

been invested in the TwinCAT 3 Wind Framework – in connection with modern 

object-oriented programming technologies. A young generation of engineers 

has brought a breath of fresh air, in the truest sense of the word: programming 

is now considerably more flexible and modular, or rather, object-oriented in 

its structure, i.e. individual sections can be replaced without having to make 

changes in the entire program. System manufacturers can use prefabricated 

application templates to program their systems quickly and conveniently them-

selves and are able to focus on the main system functions. After all – now 

that wind energy is established worldwide and plays an important part in the 

energy supply – we are facing new challenges with respect to the efficiency 

and productivity of wind energy and the realization of a reliable energy supply. 

Robert Müller,  

Senior Engineer Wind Energy, 

Beckhoff



Offshore wind energy is a booming business; however, specific requirements 

must be satisfied. Regular inspection and maintenance of offshore wind farm 

turbines is necessary to ensure reliable operation, particularly as they are 

exposed to extremely harsh weather conditions and a highly corrosive envi-

ronment. However, dispatching a technician for on-site service of the turbines 

is very time-consuming and costly. Another problem is the subsidence, the 

gradual caving in or sinking of land around the wind turbine over the course 

of time. “In some offshore wind farms, the turbine pylon is fastened by means 

of a transition piece to the monopile on the sea bed,” explains Yves Van 

Ingelgem, Business Development Manager at Zensor. “The space between 

transition piece and monopile is filled with a specially-developed concrete 

just for this application. Due to the force of the wind, however, the concrete 

can loosen from the steel, which ultimately leads to subsidence around the 

turbine. Further potential problems in the structure of the wind turbines can 

arise from corrosion, material fatigue, the elongation of bolts and walls, and 

cracks in the concrete.”

High computing power in a compact design 

Zensor – a spin-off company of the Vrije Universiteit Brussel – specializes in the 

monitoring of concrete and steel construction projects. The company initially 

concentrated on the development of specific sensors for the detection of mate-

rial fatigue; today, Zensor offers all-inclusive monitoring solutions, which include 

data acquisition and reporting in addition to the sensor systems.

The company has installed around 30 sensors in four of the wind turbines at the 

Luchterduinen wind farm. They monitor not only the most diverse parameters 

of the structure itself, but also the environment inside the foundation as well as 

indirect indications of the level of the seabed through the tower dynamics. The 

CX2020 Embedded PC collects all measured data, pre-processes it and transmits 

the compressed data to the mainland via a fiber-optic cable integrated into the 

main power transmission line from the wind farm. “We utilize the performance 

potential of PC-based control to the fullest,” Yves Van Ingelgem stresses. “The 

PermaZEN sensor, a proprietary development from Zensor that is used in other 

offshore wind farms to measure corrosion on the inside of the steel foundation, 

requires high computing power.” Zensor performs the calculations in software 

written in Python that runs on the PC.

Voltage pattern delivers a picture of corrosion activity

The PermaZEN sensors consist of a series of electrodes suspended at different 

heights in the water inside the foundation of the wind turbine. Gori Nieubourg, 

Product Development Engineer at Zensor says: “Voltage is generated between 

the electrodes and the wall of the foundation according to a certain pattern. By 

comparing this pattern with the measured voltage and current values, we can 

obtain a picture of the corrosion activity on the surface.”

“The performance of the PLC, integrated via software, was a major factor in our 

decision in favor of Beckhoff,” Gori Nieubourg states. “With PC-based automa-

tion, there was no need for further hardware, since not only the PLC, but also 

visualization and data storage can be executed on the Beckhoff platform. The 

decrease in the number of components, as well as the elimination of additional 

interfaces, ultimately makes the system more reliable. The pylons of the wind 

turbines are 100 meters high; with the aid of EtherCAT technology, however, it 

is easy to use even very remote fieldbus ‘islands’ to transmit the sensor signals 

to the controller over long distances without signal losses.”

No limitations in the connection of peripheral devices

In addition to controlling the PermaZEN sensors, the CX2020 also takes care of 

the control and readout of IntegriZEN, a system that can track the current state 

of concrete structures on the basis of conductivity measurements. All relevant 

factors, such as moisture content, crack sizes or changes in the pressure 

on the structure, have an impact on the conductivity and can be de-

tected promptly by the monitoring system. In addition, the openness 

of PC-based control enables the connection of essentially any type 

of sensor or instrument.
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CX2020 Embedded PC ensures 
high availability of wind turbines
Following a two-year construction period, the Dutch energy company Eneco opened the Luchterduinen offshore wind farm in 
September 2015. The order for monitoring the foundations of the wind turbines, situated 23 kilometers off the North Sea coast 
between Zandvoort and Noordwijk, was placed with Zensor, a specialist for intelligent monitoring solutions. A Beckhoff CX2020 
Embedded PC processes the data acquired from sensors distributed in the wind turbine foundations and enables the transmission 
of measured data into the cloud.

Efficient turbine foundation monitoring in Dutch offshore wind farm



Early detection of potential problems maximizes availability

However, the monitoring solution installed by Zensor goes beyond the equip-

ment in the wind turbines: all measured values are compressed in the CX and 

transmitted via optical fiber links to a server on the mainland. There, a cloud 

solution is available through which the wind farm operator can monitor the 

system. All measured values can be retrieved in real-time; trends and deviations 

are illustrated by means of graphs. In addition, Zensor can carry out ad-hoc 

analyses of the available data in order to answer specific questions regarding 

the structure of the wind turbines. This allows regular checking and determina-

tion of preventive measures if required.

“Since an offshore wind turbine is sometimes not even accessible due to chang-

ing weather conditions at sea, it is not possible to quickly solve a problem,” Yves 

Van Ingelgem adds. “However, the fact that we can identify possible problems 

early on gives our customer the time to prepare and plan for maintenance or 

repair work well in advance and determine the most suitable time.” Intensive 

monitoring therefore also helps save costs and guarantee maximum availability 

of the wind turbine. 

“We are offering a modular solution,” explains Yves Van Ingelgem. “This al-

lows us to implement the ideal application for every project without the PC 

platform imposing any restrictions. For some measurements, we make use of 

standard sensors connected to the PLC via analog or digital I/Os or via Modbus. 

Regardless of whether we are dealing with a simple temperature sensor or a 

sonar measuring instrument that scans the seabed, it is sufficient just to add the 

corresponding terminal to the system for each additional measurement type.”

XFC terminals with high sampling rate secure 

competitive advantage

The majority of the measured values are read via EL3602 24-bit analog I/O ter-

minals. “Zensor uses the eXtreme Fast Control (XFC) terminals with integrated 

oversampling technology, which are available with a sampling frequency of up 

to 100 kHz. The performance of these terminals reaches the level of high-end 

measurement technology applications, which is not a typical offering in the 

PLC world,” as Gori Nieubourg emphasizes. “The resolution with which the 

measured values can be read, coupled with the high sampling rates, account for 

the competitive advantage of our solution. Another advantage is that Beckhoff 

offers this performance in a standard automation system that features all the 

robustness necessary for industrial applications. On top of that, the properties 

of the PLC software running on PC-based hardware were a strong argument for 

us: on the PLC side, we have the flexibility of the I/Os and the XFC terminals. 

On the PC side, we use the computing power to filter and process data, to carry 

out frequency analyses and to compare measured values with threshold values 

defined beforehand.”

– Integration of PLC, visualization and data storage

– High-frequency sampling of approx. 30 sensors

–  Filtering and pre-processing of the data, calculation of frequency 

analyses, and comparison of the measured values with threshold 

values defined beforehand on the basis of the application software 

developed by Zensor 

– Transmission of compressed data into a cloud system

robustness necessary for industrial applications. On top of that, the properties 

of the PLC software running on PC-based hardware were a strong argument for 

us: on the PLC side, we have the flexibility of the I/Os and the XFC terminals. 

On the PC side, we use the computing power to filter and process data, to carry 

out frequency analyses and to compare measured values with threshold values 

defined beforehand.”

Further information:
http://projecten.eneco.nl/eneco-luchterduinen

www.beckhoff.be

www.zensor.be

CX2020 Embedded PC provides high 
computing power in a compact device 

Electrodes are suspended at different heights in the water inside the wind turbine 

foundation. Between the electrodes and the wall of the foundation, voltage is 

generated according to a certain pattern. By comparing this pattern with the 

measured voltage and current values, a picture can be obtained of the corrosion 

activity on the surface.
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Headquartered in Chengdu, the capital city of the Chinese province of Sichuan, Dongfang Electric Corporation (DEW) is a leading 
company in the fields of energy, electrified railways, environmental technology and heavy industry. DEW has been involved in 
wind turbine manufacturing since 2004 and is one of the driving forces toward sustainable power generation in China. The com-
pany has since delivered more than 7,000 wind turbines – both directly driven and double-fed plants – for Chinese and foreign 
customers, clearly setting itself apart from its competitors through the use of state-of-the-art PC-based control technology in its 
wind turbine pitch systems.

CX9020 Embedded PC  
for extreme temperatures  
controls pitch system

Wind turbine reliability and safety –  
even under severe wind conditions

8 worldwide | china       Published in PC Control 03 | 2016



Further information:
www.beckhoff.com.cn
www.dongfang.com.cn

The pitch system is particularly important for the control and regulation of wind 

turbines, as it sets the optimum pitch of the rotor blades for every operating 

state of the plant. In the partial load area, i.e. at wind velocities below nominal 

velocity, the blade angle can be adjusted very precisely within a small range, 

enabling plant operation with optimum aerodynamic efficiency, even during 

very unsteady wind conditions. At wind velocities above the nominal speed, the 

blade angle is adjusted over a wider range to ensure that the power output of 

the plant is restricted to a narrow range close to its nominal power. In extreme 

cases, e.g. serious malfunctions, the pitch system drives the rotor blades back 

to the so-called flag position, thus stopping the plant. The reliability of the pitch 

system is a critical requirement for the safety of the wind turbine: It must guar-

antee high availability and robustness, in particular when the plant is operated 

under extreme environmental conditions.

CX9020 Embedded PC as the core of the pitch control system

DEW has leveraged experience gained from the installation of over 7,000 wind 

turbines and the development of its own pitch system. After careful analysis, 

DEW opted to use AC servo drives and AC servomotors. These are distinguished 

by their simple design, high reliability, low costs and easy maintenance. The 

system architecture of the pitch system developed by DEW essentially consists 

of three identical axis units: For each of the three blade axes, there is an axis 

control cabinet, a backup power supply cabinet, a pitch motor, two redundant 

blade angle encoders, two limit switches and further accessories. The core of the 

pitch system is a central control unit, which provides overall control of the three 

axis units. The control platform used here is a CX9020 Embedded PC with inline 

connected EtherCAT Terminals, all from Beckhoff. Servo drives and servomotors 

specially developed for use in wind turbines are employed. In addition, the pitch 

system features a redundant safety chain, which guarantees the optimization 

and reliability of the safety solution.

The CX9020 Embedded PC is characterized by its extremely compact size. Also, 

its operating temperature range extends from -25 to +60 °C, making it compat-

ible with extremely harsh environmental conditions. DEW’s self-developed user 

program runs on the controller, directing and regulating the pitch of the rotor 

blades, monitoring the complete pitch system in real-time and taking care of 

error management. EtherCAT Terminals are used for the I/O system, offering 

fast reaction times, robust diagnostics and flexible communication interfaces.

Specifically, a EL6751 CANopen slave terminal is used in the pitch system for 

communication between the central CX9020 of the pitch system and the main 

controller of the wind turbine. The connection between the central CX9020 and 

the three axis controllers is established via a EL6751 master terminal directly 

connected to the CX9020, as well as a CANopen slave each within the I/O 

system of the proprietary axis controllers. The RS485 interface integrated in the 

CX9020 is used for monitoring the status information of the backup battery 

chargers. Online access, e.g. for software updates and error analysis in case of 

pitch system problems, can be implemented via the network interface on the 

Embedded PCs.

Easy programming with TwinCAT

As a universal development environment and control platform, TwinCAT sup-

ports the high-level programming languages Structured Text (ST) and Ladder 

Diagram (LD), as well as all IEC 61131-3 languages, making programming pro-

cesses easy. “During the development of the pitch system, the engineers from 

DEW were assisted by the Beckhoff wind industry experts, making it possible 

for DEW to expedite completion of software development,” comments Li Bo, 

development engineer at Dongfang Electric Corporation and responsible for this 

project. The next generation pitch system from DEW reflects the spirit of continu-

ous technical innovation. Li Bo is convinced that the two companies’ coopera-

tion, which is advantageous for both sides, will accelerate the development of 

sustainable power generation in China and represent a significant step forward.

Dongfang Electric Corporation has delivered more than 7,000 wind turbines for 

Chinese and foreign customers. The company sets itself apart from its competi-

tors through the use of state-of-the-art PC-based control technology in its pitch 

systems.
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The energy storage and frequency control system from Power21 ensures an 

uninterrupted supply of power by maintaining the ideal balance between gener-

ated and consumed electricity. A small percentage of the total generated elec-

tricity (5 percent in this case) is reserved as additional capacity for power output 

and is stored in accumulators. The energy storage system detects momentary 

frequency changes (60 ± 0.01 Hz) in the grid within 20 ms; the grid frequency 

is regulated by the storage or output of energy.

The Energy Storage System (ESS) developed by Power21 consists of three main 

elements: the Power Conversion System (PCS), the Power Management System 

(PMS) which measures the frequency and controls, and finally, the accumulators. 

The central control platform of the PCS module – virtually a frequency controller 

master – is a CX5020 Embedded PC with TwinCAT 3 automation software and 

inline EtherCAT Terminals for the I/O system. Frequency control algorithms and 

the system control for the 12 MW ESS run on the CX Embedded PCs, which is 

divided into three 4 MW frequency controllers. This protects the Energy Storage 

System against failures and ensures that the ESS has a completely redundant de-

sign. EtherCAT communication adds a wealth of built-in diagnostic functionality. 

With TwinCAT 3 software from Beckhoff installed on the CX5020s, the frequency 

control algorithm written in C/C++ runs without large-scale modifications before  

putting a system into operation. This is possible because the controller doesn’t 

have to be adapted and linked to individual I/O points or internal variables, 

which opens up previously unimagined opportunities for smart grids. A further 

advantage results from the integration of TwinCAT Scope View into the HMI ap-

plication from Power21. This enables the operator to easily check data trends, 

increasing data reliability and making monitoring and analysis more convenient.

High-speed frequency detection and response times

To enable the Energy Storage System to control frequency fluctuations with 

high precision, the response time of the current converter in the grid must be 

made within 200 ms. It receives the voltage from the input at a speed of 200 μs  

using the EL3773 EtherCAT oversampling terminal. „The frequency measure-

ment algorithm from Power21 detects frequency changes in less than 20 ms 

and measures frequencies with a resolution of 0.0001 Hz, whereas competitors 

barely achieve values of 150 ms with a resolution of 0.001 Hz,“ explains Lee 

In-Eung, Managing Director of Power21.

Critical operational data are acquired and stored as a CSV file in a local PMS 

server. The frequency controllers sample these data at intervals of 20 ms, and 

the server summarizes all data acquired from the frequency controller in a data 

buffer until it is full. Data is then dispatched in order to minimize network uti-

lization. Further analysis data and status information are stored in a database.

ESS management software – optimized for global communication

Based on the openness and expandability of the PC-based control platform, the 

Power Management System (PMS) can communicate with the Power Conversion  

System (PCS) via standard protocols such as the DNP3 telecontrol protocol,  

IEC 61850, Modbus or CANopen. „This represents a significant advantage with 

regard to worldwide use of the energy storage system we developed,“ says Lee 

In-Eung. Various gateways complying with IEC 61970, a standard for applica-

tion program interfaces in energy management systems, can be created using 

function blocks in TwinCAT PLC software. In addition, efforts are being made to 

harmonize IEC 61970 with IEC 61850, which is available as a TwinCAT library. 

„All performance requirements were either fulfilled or exceeded during the 

final acceptance and evaluation of the frequency control/energy storage system 

installed in the substation in West Anseong, both for the testing of the response 

time and response capacity as well as the calculation of the control speed,“ ex-

plains Lee In-Eung. „As with the results of the simulation performed beforehand, 

the bandwidth for the control of the frequency improved by replacing existing 

frequency reserve generators – a function of the new 500 MW ESS.“ Recently, 

the government of South Korea has been promoting energy storage systems with 

an appropriate compensation system. As a result, Power21 has set an ambitious 

goal to offer energy storage systems with a rating of 100 GW by the year 2020.

12 MW Energy Storage 
System ensures reliable 
power supply through 
frequency control 
Korea depends almost entirely on imported energy and regularly suffers from power shortfalls at peak times, making reliable supply of 
power and grid safety significant concerns. In order to protect against grid fluctuations, Korean engineering firm, Power21 has developed 
an Energy Storage System (ESS) for frequency control. The system is already successfully deployed in power supplier, KEPCO‘s (Korea 
Electric Power Corporation) West Anseong substation. The frequency control algorithm runs on Beckhoff CX5020 Embedded PCs and 
leverages EL3773 EtherCAT Terminals with eXtreme Fast Control (XFC) technology to perform high-precision frequency measurement.

High-precision frequency measurement with  
eXtreme Fast Control technology 

Further information:
http://eng.power21.co.kr/main.html
www.tritek.co.kr

Key Yo, Managing Director of Tri-TEK (left) and Lee In-Eung, Managing Director of the 

Power21 Corporation, in front of a control cabinet
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PC-based Control: seamless integration of measurement technology

Power failures are generally preceded by small interferences that can stem 

from a wide range of factors. Old power lines can cause additional problems; 

compounding this issue, overhead cables that lead through forests are also 

susceptible to interference from vegetation. For example, trees that fall over or 

grow too high cause short-circuits and grounded cables, leading to grid disrup-

tions. The smart grid system developed by dLaboratory consists of the dBox, 

which is equipped with an Internet-connected measuring system and dAnalysis, 

the analysis software that collects and automatically analyzes the measured 

data from registered grid disruptions. The dBox registers every deviation in the 

grid, analyzing the data in the cloud. The electricity supplier receives periodic 

grid status updates via email, enabling the company to identify errors quickly 

and initiate remote preventive repair measures. This results in higher reliability 

and quality in the electricity supply. 

„The user can make changes to the web interface settings in the analysis de-

vice, enabling automatic analysis of various measured value groups,“ explains 

Dr. Magnus Akke, founder of dLaboratory. A search can be performed in the 

database for the analysis results, which can then be checked to determine any 

necessary actions. They are presented in the form of a list containing details of 

protective measures, or as a time diagram for a single entry with the possibility 

to zoom in. 

The measuring system is controlled by a CX2040 Embedded PC with TwinCAT 3  

automation software, directly connected EtherCAT Terminals for the measure-

ment of voltage and current, as well as for signalling. The EL3702 XFC terminal 

with oversampling functionality provides data acquisition, and the Embedded 

PC processes the data, saves them and communicates with the cloud.

Intelligent electrical grids prevent power failures
Increasing energy consumption and the massive expansion of renewable energies often lead to destabilization of the electri-
cal grids in Sweden. Not only that, there are also region-specific difficulties, since the overhead cables run for many kilometers 
through dense forest and unstable ground is commonplace. Power failures affecting several thousand private households and 
numerous companies can result in high costs, presenting power supply companies with a significant challenge. In order to miti-
gate power fluctuations or failures, the Swedish company, dLaboratory Sweden AB has developed a technology that detects and 
reports disruptions at an early stage before they lead to grid failures. The seamless integration of the measurement technology in 
the PC-based control platform plays an important part in this.

Further information:
www.dlaboratory.com
www.beckhoff.se

The Swedish company, dLaboratory Sweden AB, founded in 2010 by Dr. Magnus Akke, 

Frederik Akke and Lars Wollung (from left to right), has developed a technology using 

which disruptions in electrical grids can be detected and reported at an early stage 

before they lead to grid failures.
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1 Framework and 10 years 
of expertise through 
40,000 installations

The new TwinCAT 3 Wind Framework will enable manufacturers of wind turbines to program 
their systems quickly and easily on their own. All functions are integrated into one universal 
software package: from event management to database connectivity, and even basic func-
tions such as state machine and hydraulics. A prefabricated application template considerably 
simplifies the programming process, enabling developers to concentrate on the essential 
system functions. The result: efficient engineering, shorter time-to-market, and the benefits 
of Industry 4.0 for the wind industry.

TwinCAT 3 Wind Framework for wind turbine automation

tions such as state machine and hydraulics. A prefabricated application template considerably 
simplifies the programming process, enabling developers to concentrate on the essential 
system functions. The result: efficient engineering, shorter time-to-market, and the benefits 
of Industry 4.0 for the wind industry.
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Application templates and encapsulated 
modules enable modular software 
architecture with high functionality

Beckhoff has offered advanced wind industry solutions for over 16 years. 

TwinCAT 2 Wind libraries have been tested and proven in a wide range of 

applications, offering users a robust basis for the development of software in 

the operational management of wind turbines. 

The ever-accelerating development rate of increasingly larger wind turbines 

creates new challenges: more intelligent systems with additional sensors and 

actuators are used, further increasing the complexity of the systems. This makes 

fault analysis much more complex and stable operation increasingly difficult. 

To address these challenges, the existing concepts and technologies were com-

bined, resulting in the development of the new TwinCAT 3 Wind Framework. 

Comprehensive functionalities are implemented in encapsulated TwinCAT mod-

ules, which are then integrated into the TwinCAT 3 architecture. Efficient soft-

ware development is ensured through a modular architecture in the application 

template, as well as through proven and directly applicable TwinCAT modules 

and functions. The flexible configuration makes adaptation to user-specific ap-

plication requirements very straightforward. System diagnostic functionality 

is ensured by means of comprehensive data storage capacities in a database. 

The benefits include future-proof development, efficient commissioning, and 

optimum operation of wind turbine automation software.

TwinCAT 3 offers the option to implement IEC 61131-3, C++ and 

MATLAB®/Simulink® modules, load them into different CPU cores, run 

them in different real-times, and enable them to reliably interact with 

each other. The basis for this is the TwinCAT module language, which 

describes the characteristics of the TwinCAT modules, e.g. with regard 

to the process parameters or the methods.
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Fig. 1: Operational management is implemented as a standalone TwinCAT module, 

and the subsystems are implemented as independent objects.
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Programming operational management 
software based on template and function 
library

The programming of operational management software using the TwinCAT 3 

Wind Framework is facilitated by a library and an application template. The 

library provides all functions of the Wind Framework as PLC function blocks. The 

application template provides a modular architecture for the operational man-

agement software for wind turbines in the form of a PLC project, through which 

all the options found in the TwinCAT modules and functions are implemented. 

A simplified diagram of the application template is shown in Figure 1. Each 

subsystem of the wind turbine (such as pitch control or converter status) is repre-

sented by a discrete object. In this way, the subsystems (such as pitch, converter, 

etc.) can be developed, used and tested independently. The subsystems now also 

feature interchangeable software, as is already common practice in the mechani-

cal modularization of systems. The modularization enables parallel development, 

and programmers can focus on the specific functions and system components 

they work on. This increases the quality, flexibility and reusability of the software, 

while at the same time reducing development time and engineering costs.

The different operating modes for starting and stopping, and the higher-level 

state machine of the system, are consolidated in the application template as 

supervisory control and implemented in simplified form as PLC function blocks. 

This results in higher-level set values for operating the system, which are used 

for control purposes.

General control functions of the wind turbine, such as pitch and torque control, 

are prepared in the software as operational control. For these control purposes 

the integration of other modules is intended, for example to take over the algo-

rithms from the load calculation. 

These options include the automatic generation of a TwinCAT module from 

MATLAB®/Simulink®, or integration of control algorithms via C/C++. Thus, the 

same controller that is used for load calculation is also used for general control 

purposes. The controller does not have to be converted to a second program-

ming language, and the error-prone second implementation of the algorithms 

is no longer required. 

TE1400 – TwinCAT 3 Target for MATLAB®/Simulink®

The TwinCAT 3 Target for MATLAB®/Simulink® enables the generation 

of real-time capable TwinCAT modules from a MATLAB®/Simulink® 

model. These can then be executed in the TwinCAT 3 runtime, instanti-

ated several times, parameterized and debugged, without the need 

to use MATLAB®/Simulink®. Transferring a whole block diagram from 

Simulink® into the TwinCAT module makes it possible to analyze and 

optimize the controller. This optimization can take place in the field and 

directly at the system, since only TwinCAT 3 Engineering is required to 

parameterize the controller.

The demanded values from the operational control are transferred to the subsys-

tem control, where the individual subsystems are controlled. Each subsystem is 

implemented as a PLC function block in the form of a module with five methods 
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The generic TwinCAT modules provide the higher-level services, providing the 

ability for each module to be used directly, integrated in TwinCAT 3 as a TcCOM 

module. The modules can also be used separately and independently of each 

other or in combination, in order to facilitate interaction and data exchange. 

Figure 3 highlights the available modules.

and four data structures. The uniform architecture of the subsystems is shown 

in Figure 2. The Input/Output data structures are linked to the hardware inputs 

and outputs, and contain the numeric value of sensors, actuators, and fieldbus 

systems. The numerical data from the Input data structure are pre-processed in 

the InputUpdate method and transferred as physical values to the Inbox data 

structure. The methods ActualUpdate, MonitorUpdate and ControlUpdate are 

called for monitoring and controlling the system. They directly access the physi-

cal values from the Inbox. The new values for controlling the units are written 

into the Outbox data structure as physical values. The Outbox data structure is 

post-processed in the OutputUpdate method and provided as a numerical value. 

Interfacing with the higher-level supervisory control takes place via the Actual 

and Demand data structures. In addition, the Inbox and Outbox data structures 

enable simple simulation of the systems based on the physical values. In this way, 

each subsystem introduces its own simulation into the overall system.

Furthermore, an adaptive simulation of a 5 MW offshore wind turbine is inte-

grated in the application template, which is preconfigured by the reference 

turbine of the National Renewable Energy Laboratory (NREAL). This enables 

testing of the entire operational management in the development environ-

ment, as the model is adaptable and configurable to match the respective 

system. The system simulation is provided as a TwinCAT module, although 

just like the control itself, it is ready to be replaced by a specific model from 

MATLAB®/Simulink® or C/C++, as required.

The integrated simulation in the application template can be used to reproduce 

and evaluate the processes of the whole system, as well as the individual oper-

ating modes and subsystems. Each subsystem can be operated separately and 

independently by switching between the simulation and the actual hardware. 

In this way, it is possible to activate nacelle components, for example, on the 

factory floor for testing. In addition, test benches can be configured for 

software-in-the-loop or hardware-in-the-loop simulations, and even for training 

sessions directly with the original application software. Real-time simulations 

enable rapid control prototyping and virtual commissioning with a single ver-

sion of the software, based solely on parameterization.

The operational management and subsystems are complemented by using the 

available TwinCAT modules from the TwinCAT 3 Wind Framework. Objects are 

created and configured via PLC function blocks from the PLC library. These 

objects integrate automatically into the higher-level TwinCAT modules from the 

Wind Framework, which provides the necessary services and functions. In this 

way, each subsystem defines an individual set of objects which contribute the 

information and settings for operational management. 

The consistent use of the TwinCAT modules and the uniform architecture of the 

subsystems create an application standard. This standardization enables pro-

grammers to quickly familiarize themselves with the application and the source 

code, even if it was implemented by another programmer.

Fig. 2: The uniform architecture of the subsystems creates a standard in the application 

and enables quick familiarization by programmers.
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Fig. 3: The TwinCAT 3 Wind Framework provides functions via TwinCAT modules, 

as well as a PLC library, the database interface, and visualization.
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the stored access level. The local access privilege can be determined through 

service switches at the control cabinets. It indicates whether user access is tak-

ing place remotely or locally, the latter resulting in higher rights.

The Proxy module provides direct access to the real-time data of all modules 

and objects. This access can take place directly, via the TwinCAT ADS protocol, 

to retrieve any features of an object or the recorded data. Safe and vendor-

independent communication via OPC UA or standard-compliant communication 

from IEC 61400-25 is enabled through further TwinCAT 3 functions.

TF6100 – TwinCAT 3 OPC UA Server

The TwinCAT 3 OPC UA Server enables communication based on the 

OPC Unified Architecture (IEC 62541). As a precursor for Industry 4.0 

and the Internet of Things, OPC UA ensures secure, reliable and vendor-

independent transfer of raw data from the sensor in the production 

level to the IT level and the ERP system. In this way, the control system 

enables object-orientated data communication for current and historic 

data, alarms and services (methods), and makes them available in a 

Service-oriented Architecture (SoA).

TF6510 – TwinCAT 3 IEC 61850/IEC 61400-25

The TwinCAT 3 IEC 61400-25 function enables data exchange based 

on IEC 61850 from the objects specified in IEC 61400-25 for wind 

turbines. The Manufacturing Message Specification (MMS) is the proto-

col implemented for communicating hierarchical data objects between 

the wind turbine and a control center. The TwinCAT Telecontrol Configu-

rator, which is included, provides support during configuration of data 

models and generates the respective PLC code.

All the information from the different TwinCAT modules is transferred perma-

nently and in real-time to the Database module. This data is managed in a data-

base via the TwinCAT 3 Database Server: it is prepared by the Database module 

as required and added to, or retrieved from, the database via SQL commands. 

The interface with a Microsoft SQL Server is fully implemented by the Database 

module. The Wind Framework provides the corresponding database scheme, 

including the tables and procedures for the Microsoft SQL Server. The extensive 

use is reflected in the modules described below.

TF6420 – TwinCAT 3 Database Server

The TwinCAT 3 Database Server enables data exchange from the TwinCAT 

real-time environment with different databases. SQL commands such 

as Insert or Select can be used, as well as Stored Procedures. Currently, 

11 databases are supported, including Microsoft SQL, MySQL, Post-

greSQL, and Oracle. In addition, a configurator for the visual setting 

of the parameters is included as a PLC library, which provides function 

blocks to run the SQL commands.

In automation applications, it is customary to cover the user administration 

in an external visualization or the SCADA system. User administration is inte-

grated into the functions of the TwinCAT 3 Wind Framework, so that the user can 

check, manage, and record all interactions via the User module. In this way, it 

is possible to specify during programming which rights are required to use each 

function. These user rights are checked in the application so the operational 

management can automatically ensure correct user access, independent of an 

external management system.

Secure storage of accounts is ensured through cryptographic functions (hashes) 

in the database. Authentication is based on a name and password for activating 
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With the TwinCAT 3 Wind Framework, a simple engineering visualization is 

available. It retrieves the data from the Proxy module and leverages the user 

administration integrated in the User module. The current states, values, and 

settings of all objects can be displayed. Simple reports and database analyses 

are possible, and the histories of the recorded data can be visualized. Figure 4 

shows an example of such a diagram based on recorded data from the 

database.

A further service is provided by the Status module, which enables monitoring 

of all wind turbine components, provides error detection, event management, 

error handling and reporting. Status objects are created, each of which rep-

resenting an event, and these are used for displaying individual messages, 

warnings, or errors. Examples include broken-wire sensor warnings or unit 

malfunction error messages. 

A Status object has various configurable properties. For identification, each 

object is allocated in a group which corresponds to the respective system 

component, and a name in plain text. Delays for setting and resetting events, 

as well as various modes for automatic or manual resetting, are possible. For 

example, error resetting can be limited to an authorized group of persons by 

setting an access level and a local access authorization. A specific example 

would be limiting an error reset to a manual action by a service technician, 

and only if the technician is actually on site and in the nacelle.

Additional features include the option to set a system stop for each event as 

a system response, as well as triggering high-resolution logging of the system 

data or sending notifications. This flexible configuration of events is evaluated 

by the Status module, and the appropriate responses are generated from the 

current state of all events. An error in the pitch or the converter, for example, 

can be evaluated such that the system stops in response. Safe operation of 

the wind turbine is guaranteed through higher-level monitoring of all events. 

A list of all currently active events and a history of recent events is managed 

by the Status module, through which the events can be retrieved at any time. 

Each event is recorded in the database and furnished with a timestamp, which 

indicates when the event occurred and when it was reset. This allows the user 

to determine the frequency and duration of each event, and to draw conclu-

sions about the operation and the availability of the turbines. In addition, 

statistical analysis of the events can be used to determine the most common 

causes for any downtime, providing a basis for optimization.

The Parameter and Command modules provide services for configuration and 

interaction with the application. A Parameter object can assume any value of 

any data type, and all data types from the IEC 61131-3 standard are prepared 

in this way. Arrays can also be used as vectors or tables. For example, tem-

perature monitoring limits can be implemented in the form of two Parameter 

objects, whose values indicate the minimum and maximum temperature or 

are used for switching the heating on or off. The value of a parameter can be 

Fig. 4: The visualization is used to display current states, values, and settings.
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limited through the properties of the Parameter object, and the options for 

changing the value can be limited via an access level. In addition, a default 

value is set for each parameter, which can be reset, if required.

In this way, the entire wind turbine configuration can be mapped and modified 

via parameters. Logging of all parameter changes, and persistent storage and 

loading of configurations, is enabled via the database connection through the 

Database module. The entire configuration of the wind turbine is thus stored 

in the database and can be matched to the configurations of other turbines.

Command objects can be used to trigger or activate actions in the application. 

Each interaction, for example via a switch at the control cabinet door or a but-

ton from the visualization, can be implemented via a Command object. Here, 

different modes for implementation such as pressure switch, toggle switch, 

or dead man’s switch are offered. Their operation also requires authorization 

and is fully logged in the database. For better diagnosis and visualization, each 

Command object evaluates a confirmation and feedback. Using the protocol 

in the database, it is possible to ascertain at any time which operator trig-

gered a system stop or an event reset and at what time, as well as changes 

of individual parameters.

Signal logging, as well as a statistical analysis, is provided by the Capture 

and Mean modules. Raw data are flexibly recorded via Capture objects, and 

the signal type (digital or analog) and the sampling rate for logging are set 

individually for each Capture object. Initial evaluations for subsequent diag-

noses are carried out in real-time. The number of changes and the duration 

of the active state are evaluated for a digital signal. In this way, it is possible, 

for example, to monitor a unit and its behavior and to read out the switching 

frequency and operating time. When a unit is replaced, the service technician 

can reset the statistics manually. The optional integration of analog signals 

enables calculation of values such as flow rate, power generation, or con-

sumption.

If such evaluations were carried out outside the real-time, there would be 

significant deviations from the actual values, due to non-deterministic re-

cording and analysis of the information. The data determined in this way are 

permanently stored in the database, although they can be retrieved and used 

as instantaneous values.

The Mean module enables continuous determination of floating mean values; 

these Mean objects can calculate mean values from any analog signals over 

freely selectable time intervals. The properties offered include arithmetic 

mean, RMS value, standard deviation, and mean value calculation based on 

the wind direction, as well as minimum and maximum or turbulence intensity. 

The time interval over which the average value is logged in the database 

can be freely configured. Typical values for calculation and archiving are 

30-second or 10-minute average values. In this way, it is possible to generate 

statistics such as the power curve, wind rose, or a capture matrix from the 

database over any period and on demand.

For significant events, which are described by a Status object, a Trace module 

can be used to trigger writing of a high-resolution protocol of the system data. 

The system data are provided based on the Capture objects and logged by the 

Trace module in cycle time. This protocol also includes data from configurable 

periods, before and after the time at which the event was triggered. Data from 

several seconds prior to the event is available and can be used for trouble-

shooting. It is also possible to check how the system responds to the event, 

since data from several seconds after the event is available.

Each determined value and each event are furnished with a timestamp. The 

timestamp is used by the local system and can also be obtained from a syn-

chronized time source. The Time module is available for this purpose. It uses 

EtherCAT Distributed Clocks, in order to access a global synchronized time 

source via IEEE 1588 or PTPv2, for example. The cycles for logging signals via 

Capture or Mean objects are also synchronized based on this time. 10-minute 

average values are logged at fixed 10-minutes-interval at 11:00, 11:10, etc. 

(i.e. not at 11:03, 11:13, etc.). This ensures that data from different sources and 

systems are truly comparable, since all values were determined at the same 

time, and at identical intervals. 

Database connectivity for 
detailed analyses

Interfacing with the SQL database via the Database module and the 

TwinCAT 3 Database Server offers efficient and compact data management, 

based on a uniform and familiar format. Logging of all events and signals, 

enhanced by the storing and loading of the entire configuration of all objects, 

enables detailed analyses. Any preprocessing required for this takes place in 

the TwinCAT modules in real-time. The Mean module calculates the mean 

values consistently in each application cycle, and each value from each cycle 

is used for averaging. The Capture module evaluates the scanning of values 

and integrations in each cycle, in order to make the calculation as accurate 

as possible.

Logging and preprocessing of all data in real-time, followed by reliable trans-

fer to the database, forms the basis for evaluations on demand and outside 

the real-time environment. Based on this historic information it is possible to 

detect state changes and the causes of faults, calculate detailed statistics, and 

optimize the system. The database scheme is prepared in such a way that the 

data from individual or multiple systems can be collected and managed in a 

single database. The data can then be easily merged via prepared procedures, 

for higher-level analyses and comparisons. The merging of data is shown sche-

matically in Figure 5. 

If the data from all systems are consolidated on a central company server, or in 

the cloud to form a data warehouse, it is possible to keep the data permanently 

and over the complete lifetime of the systems. Such data quantities from any 

number of systems, which are generated in real-time and accumulated on 

central servers, can generally be referred to as Big Data. Big Data is a further 

building block towards Industry 4.0 and is supported by the option to integrate 

additional data from windfarm management or from monitoring and measur-

ing systems.
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Uniformly accessible, these data allow extensive and automated evaluations. 

They can be used to detect faults or irregularities, calculate statistics and 

optimize the operational management, as well as enabling condition-based 

monitoring and predictive system maintenance. Data mining can be used to 

gain new insights into system operation. For example, it may be possible 

to determine relationships between component wear and their switching 

frequency and operating cycles, so that future components can be replaced 

before they fail.

Conclusions

Advanced software engineering and Service-oriented Architecture (SoA) con-

cepts were implemented in the TwinCAT 3 Wind Framework. The broad product 

portfolio offered by Beckhoff is thus extended with a TwinCAT 3 function library 

for wind turbines. With the modular architecture, the communication interfaces, 

the database connection, and the option to store all data centrally, the pre-

requisites for Industry 4.0 for wind turbines are achieved.

TwinCAT modules provide comprehensive services, in which essential operation-

al management, user administration tasks, as well as comprehensive logging 

and data management, are already implemented. Programmers can use these 

functions via PLC function blocks and focus on their actual tasks.

The application template provides a ready-made, modular software architecture, 

prepared for extensions and adaptations to the specific system. Integration of 

controllers or simulations from MATLAB®/Simulink® or C/C++ can be easily 

realized, due to the flexible TwinCAT 3 architecture.

All system information is provided in databases, and provisions have been made 

to consolidate all data in a central database. Each individual database, as well as 

the central database, enables extensive monitoring and evaluation of the system 

states and operating modes of wind turbines.

Further information:
www.beckhoff.com/TwinCAT-Wind

Fig. 5: The system data can be consolidated on central servers 

for higher-level analyses.
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Engineering
Comprehensive and integrated engineering through-
out the lifecycle of the installation
– IEC 61131-3 programming languages,
 C/C++, MATLAB®/Simulink®

– Object orientation, modularisation
– Data exchange between engineering tools
– Automated engineering

Cloud
Big Data

Operator Manufacturer

Communications
Secure vertical and horizontal communications
– Support for all the relevant bus systems 
 (EtherCAT, Ethernet, PROFIBUS, etc.)
– Comprehensive messaging/connectivity 
 (ADS, OPC UA, live diagnostics, etc.)
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Big Data
Optimised preparation, availability, and processing 
of all relevant data in real-time for system operators 
and manufacturers
– Data collection and Data Warehousing
– Data analysis and Data Mining
– Power and Condition Monitoring



The engineering specialists of aerodyn Energiesysteme GmbH, based in Rends-

burg, Germany, develop wind turbines and rotor blades. The company also offers 

redesign and improvement services, as well as licenses for existing system de-

signs. The company’s products are based on its modular aeroMaster technology, 

a three-blade rotor with electric blade adjustment and a variable-speed genera-

tor/inverter. The aeroMaster is available in three versions for different climate 

types, as well as for special wind categories, which enables worldwide turbine 

operation even in extreme wind speeds.

Intended for offshore installations and featuring a rotor diameter of 139 meters 

with a nominal power output of 5 megawatts, the new aeroMaster 5.0 was de-

signed for wind conditions according to GL 2009 TC 2B, i.e. average wind speeds 

of 8.5 meters per second and a turbulence intensity of 16 percent, as well as for 

the highest requirements in terms of energy production and operating safety. 

The prototype, which was built in collaboration with Chinese systems manu-

facturer Windey, also features redundant systems for more reliability, special 

ventilation, and climate control technology to prevent corrosion in the nacelle, 

as well as a rope-down platform for maintenance technicians. 

5 megawatt installation requires extensive control technology

The electrical installation consists of three switching cabinets:

–  The tower control cabinet contains the operating controls, the visualization 

system, the TwinSAFE-based safety system, and the equipment linking to 

the higher-level wind farm communication system, which is designed as an 

EtherCAT slave, ready for subsequent series applications.

–  The control cabinet in the nacelle manages all nacelle and hub sensors and 

actuators, as well as the pitch control and inverter. 

TwinCAT 3 runs 5 megawatt wind turbine installation in China

Flexible system concept  
benefits from modular  
TwinCAT Wind Framework

For a 5 megawatt wind turbine prototype, aerodyn employs the latest control and 
software technologies, including a comprehensive PC-based control solution and the 
new modular TwinCAT Wind Framework. The TwinCAT Wind Framework features the 
latest software engineering and Big Data applications to extend current Industry 4.0 
concepts to the wind energy industry. The modular software supports, for example, 
the direct provision of sensor data to the operator’s database, and in general enables 
the easy adaption of the wind turbine operation management to future requirements.
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cabinet IPC and the Control Panel used for visualization purposes in the nacelle 

control cabinet are, however, exclusive to this prototype and will not be required 

for the regular turbines.”

The flexibility of the PC-based control solution delivers additional benefits, 

says Rees: “We benefit from the extremely broad and modular I/O spectrum. 

All in all, we cover 408 data points, which are recorded and processed via 218 

EtherCAT digital I/Os, 110 EtherCAT analog I/Os, nine CAN masters, and two 

RS485 interfaces, as well as 31 IO-Link terminals, five encoder terminals, and 

two power metering terminals. In addition, 33 TwinSAFE terminals are used 

for the personnel and machine safety systems, including emergency-OFF, over-

speed protection, vibration protection, and azimuth limit control. TwinSAFE has 

proven to be the ideal safety solution for wind turbines, because the TwinSAFE 

communication via standard EtherCAT can handle the long distances involved, 

–  The inverter cabinet, which is also installed in the nacelle, houses the invert-

ers for certain fans and pumps, as well as the azimuth drives.

The control cabinet in the tower, which also provides easy maintenance  

access, houses the core of the control system. A CX2030 Embedded PC with 

an Intel® Core™ i7 processor controls everything independently, i.e. without 

any remote access. What is remotely accessible, however, is the C6930 control 

cabinet IPC, which features an Intel® Core™ i5 processor and an optional  

256 GB solid-state drive. In addition to providing a remote maintenance access 

point, it handles monitoring and visualization functions via a CP2915 15-inch 

Control Panel. With its significant solid-state drive capacity, it also represents 

a powerful data storage system. Markus Rees, Managing Director of aerodyn, 

explains: “This is especially important with a prototype, for which we must  

collect much more data than would occur in normal operation. The control 

The 5 megawatt offshore turbine, which was built in cooperation with  

Chinese systems manufacturer Windey, is the first aeroMaster system that  

employs TwinCAT 3 software and the TwinCAT Wind Framework.
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including the option to use fiber optic cabling. Integrating the systems is also 

easy, because all safety data is available in the controller automatically and 

without any additional hardware.”

EtherCAT has proven its value in wind turbines, not only because of the ease 

with which it handles the long distances between the tower base and the 

nacelle, which often exceed 100 meters. Also important, according to Rees, 

are the cabling redundancies and the extensive diagnostic capabilities, which 

make troubleshooting easy. The combination of all these features delivers high-

performance communication capabilities for the core turbine components. Even 

the wind farm communication can be seamlessly integrated, as it was in the 

single prototype just installed, Rees notes.

TwinCAT Wind Framework supports modular concepts

The aeroMaster 5.0 from aerodyn is the first wind turbine installation that 

employs the TwinCAT 3 software generation and the new TwinCAT Wind 

Framework. With its modular design, the TwinCAT 3 Wind Framework fully sup-

ports the turbine’s modular hardware design, which can include pitch systems, 

converters, and generators from different manufacturers, because it provides 

control technology and wind industry expertise from Beckhoff in encapsulated 

modules and in an application-specific template. These modules include a wide 

range of services for wind turbine automation, as well as real-time access to all 

data and long-term database management. The application template provides a 

modular architecture that allows for quick and efficient engineering.

Markus Rees: “We use the full range of the TwinCAT 3 Wind Framework and 

have it linked to a Microsoft SQL Server database. Since the framework already 

comes with essential operating tasks, you no longer have to implement, modify, 

and maintain them. Our engineers can therefore focus fully on the actual turbine 

functions without worrying about basic operating functions. Also, the integrated 

and permanent data storage in real-time simplifies analyses and diagnostics 

considerably. In addition, the modular architecture of the TwinCAT 3 Wind 

Framework makes it possible to substitute individual software modules. We can 

easily reuse existing functions, as well as add new ones.”

As Markus Rees explains, aerodyn also leverages the typical benefits of  

TwinCAT 3: “To determine extreme and regular operating loads, the controller 

algorithms from the wind turbine simulation can be easily taken from the source 

code and integrated as C++ modules. In addition, the integration into Visual 

Studio®, coupled with source code management support using Subversion, has 

made project management and the collaboration among engineers in Germany 

and China considerably easier.”

Both the tower control cabinet (right) and the nacelle control cabinet (left)  

of the turbine prototype use a CP2915 multi-touch Control Panel with a 

15-inch screen for easy operation.

The Beckhoff CX2030 Embedded PC (left) in the tower control cabinet controls  

the entire system, while the C6930 control cabinet IPC (right) handles visualization,  

monitoring and remote access in the prototype installation.

Further information:
www.aerodyn.de 
www.beckhoff.com/TwinCAT-Wind
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The aeroMaster rotor bearing of the 5 megawatt turbine combines the benefits  

of a dual shaft bearing with a clearance-free bearing design, which for the industry  

is a very compact nacelle – although its size is still quite impressive.
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PC-based control in decentralized wind power generation

The community wind farm in Emmelsbüll-Horsbüll, Germany, was commissioned in late autumn 2014.

Feeding power into the energy grid from renewable sources can result in strong fluctuations of network loads. These 
require intervention by the grid operators, in order to avoid power failures as well as voltage or frequency varia-
tions. German company ee technik GmbH has been involved in planning and designing electrical infrastructures of 
large wind farm projects for many years. They use a DEA controller (distributed power generation system controller), 
which, based on the openness and high level of integration of the control technology from Beckhoff, can be flexibly 
adapted to individual applications.

Open and modular controller for  
distributed power generation systems
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In power generation systems, special controllers direct the active and reactive 

power output, based on the current requirements of the network operator. 

Depending on how the actual values deviate from the specifications of the 

network operator, such a controller determines the respective set point value 

specifications for the individual power generation units. The challenge is that 

manufacturers of power generating plants have not yet come to an agreement 

on a standard protocol to exchange such data. Lack of standardization tends to 

necessitate a complex system of terminals and IT systems, in order to meet the 

requirements of the network operator at the grid connection point. A vendor- 

independent controller, offered by ee technik GmbH, based in Böklund,  

Germany, provides an efficient solution for the problem at hand. This controller 

for distributed power generation systems (DEA controller) is open for all com-

mon systems and enables the higher-level control of each individual power  
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processor (1.7 GHz, dual-core). Because of its multi-core CPU architecture, it 

can easily run process visualizations and database applications in parallel with 

the PLC software on the same system, without any restrictions. An additional 

benefit was the high flexibility, due to fact that the system can be easily 

expanded. Key components here are the modular I/O system and the internal, 

PCI Express-based expansion bus, through which the system interfaces are 

connected with the full bandwidth of a PCI Express lane. In addition to two 

standard network connections, the CX2030 can be expanded via system 

modules with up to eight additional network adapters. In this way, the goal 

of implementing a customized network configuration for each wind farm is 

easily achievable.”

Devices used at the I/O level include analog Beckhoff EtherCAT I/O Terminals 

of the types EL3024 and EL4024 (4 to 20 mA) for capturing and feeding 

back analog set values from the network operator, and for transferring con-

trol signals to the wind farm. The digital EtherCAT I/Os EL1008 and EL2008 

pick up the stepped stop signals and provide feedback via ripple control 

receivers. Additional system modules for the CX2030 include the dual Gbit 

Ethernet interface CX2500-0060, and the slide-in HDD/SSD CX2550-0020 

unit. A CP2916 multi-touch Control Panel with 15.6 inch display is used for 

visualization. According to Karl-Friedrich Stapelfeldt, this flexible system is 

A DEA controller can be used 

wherever generating units 

from different system manu-

facturers share a common 

grid connection point, e.g. 

in situations with a shared 

medium-voltage transmission 

line or a substation for high-

voltage connection.

generation system at the grid connection point. In practice, it enables the prefer- 

ential utilization of wind turbines with better tariff arrangements, for example, 

which has a positive effect on the yield.

Flexible DEA controller with PC-based technology inside

The DEA controller is available in different versions and is configured from 

a selection of core components. A high-performance PLC is used for storing, 

processing, and visualizing data. Next, a measurement transducer at the grid 

interfacing point provides actual value acquisition. The system is rounded off by 

analog and digital I/O components and Ethernet interfaces for reading the set 

value specifications of energy supply companies, for transmitting the control 

values to the power generation system and for integrating a visualization solu-

tion via OPC UA.

A flexible hardware and software configuration is implemented through a 

PC-based control system from Beckhoff. The open and integrated solution 

provides a cost-effective, system-integrated platform for the DEA controller, 

offering high computing power and modular expandability as key benefits. 

Karl-Friedrich Stapelfeldt from the Beckhoff branch in Lübeck, Germany 

explains the original selection criteria: “One of the decisive factors at the 

time was the high-performance CX2030 Embedded PC with Intel® Core™ i7 
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Further information:
www.eetechnik.de 

On the software side, each interface of the DEA controller is implemented as a  

modular function block with identical input and output interface. On the hardware 

side, various EtherCAT Terminals enable interface configurations that are optimized 

for the respective application.

perfect for mastering the challenges inherent to the application: “Different 

standards and data point lists are used, generally analog 4-20 mA signals 

and established fieldbus protocols such as CANopen or Modbus. Telecontrol 

protocols such as IEC 60870-5-104, which are common in network control 

technology, are also becoming increasingly widespread. In addition, there 

is the IEC 61400-25 protocol – derived from IEC 61850 – which was spe-

cifically developed for wind power applications. As part of the TwinCAT 3  

software platform, Beckhoff already offers ready-made function libraries to 

support all these communication protocols.”

TwinCAT 3 with open communication and Wind Framework

In addition to the TwinCAT 3 functions for standardized communication via 

Ethernet (e.g. via Modbus, OPC UA) and the common telecontrol protocols (e.g. 

IEC 60870, IEC 61400-25), the recently developed TwinCAT 3 Wind Framework 

offers further major benefits. It builds on the modular architecture of TwinCAT 3  

and supports the development of modular and object-oriented operational 

management software. Higher-level system services are provided via TcCOM 

modules. One example is a Status module, which enables monitoring of all 

components based on event management, error detection, troubleshooting, and 

reporting. Parameter and Command modules provide services for configuration 

and interaction with the system. The Capture and Statistics modules enable 

logging of signals and their statistical evaluation. The User module checks, man-

ages, and records all user interactions. The Database module, which is based on 

an SQL database, documents all events and signals and is used for storing and 

loading the whole configuration.

The tool environment integrated into the TwinCAT 3 Wind Framework enables 

online and offline monitoring of recorded wind farm data, plus the inputs and 

outputs of the DEA controller. Database-driven offline analysis enables the 

display and combination of signal curves with a resolution up to 1 s. Trace logs 

with the resolution of the PLC task enable additional detailed analysis of the 

controller behavior, e.g. in the event of step changes in set values. ScopeView, 

the software oscilloscope integrated into TwinCAT 3, is ideal for ultra-fast log-

ging into the µs range.

Power 
generation 
unit
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GfM (Gesellschaft für Maschinendiagnose mbH), based in Berlin, specializes in 

vibration diagnostics for gear units mounted on roller bearings. Co-founder and 

managing director Dr. Rainer Wirth explains: “Our research and development 

work has always focused on the automation of diagnostic processes, since this is 

the key for widespread acceptance of these technologies. GfM actively promotes 

the combination of diagnostic services and device development, so that practi-

cal experience can directly feed into product development.”

One of the devices that has benefited from this approach is the Peakanalyzer, 

designed for fully-automatic, high-end vibration diagnosis at up to 32 measur-

ing points, with up to 32 further channels for slower process variables (1 kHz). 

At the heart is PC-based control technology from Beckhoff, which integrates 

Scientific Automation concepts for integrating measuring functions that go 

beyond standard automation, such as condition monitoring. In this way, the 

Peakanalyzer enables, among other things, order analysis through resampling 

for diagnostics of variable-speed drives, DVS (Drive Vibration Significance) 

analysis for automatic identification of significant spectra, characteristic value 

monitoring, and triggered data acquisition.

Typical areas of application for this versatile diagnostic device are for costly, 

low-redundancy drives, such as in mills for the building materials industry, 

drives in conveyor systems, where availability is a critical requirement, or safety- 

relevant drives in cable cars, for example. The Peakanalyzer is also frequently 

used for drives that are difficult to access and for which condition-based main-

tenance is therefore a prerequisite. Wind turbines are a prime example for such 

applications.

Application-specific and comprehensive monitoring  

of wind turbines

For monitoring wind turbine drive trains, an 8-channel Peakanalyzer is used, 

which can optionally also be used to monitor the foundations via two further 

channels, in order to detect loosening. The diagnostic device is installed in the 

wind turbine nacelle, either in the control cabinet or in a dedicated housing. 

The system analyzes the drive train based on the signals acquired by eight IEPE 

acceleration sensors: one sensor for the main bearing, two for the generator, and 

five for the gear unit. If required, the Peakanalyzer can be integrated into the 

existing communication structure (LAN interfacing in the nacelle, VPN access), 

GfM staff engaged in testing 

acceleration sensors connected 

to the Peakanalyzer.

Modular EtherCAT Terminals for  
scalable condition monitoring solutions
The Peakanalyzer by GfM, which is universally applicable for fully automatic vibration diagnostics, has been tried and tested for 
use in wind turbines. The raw data is processed by a Beckhoff CX5020 Embedded PC with integrated EL3632 EtherCAT Terminals 
for Condition Monitoring (IEPE). The system monitors the entire wind turbine drive train, and optionally the wind turbine founda-
tions, reliably and with high precision.

High-end vibration analysis in wind turbines
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Kai Uchtmann, Dr. Rainer Wirth, and Axel Haubold (left to right) 

have been working on machine diagnostics since 1985 and es-

tablished the company GfM in 1999.

or communication can be established via wireless communication, optical fiber 

(tower), or via GHSDSL (copper cables between systems), as well as through 

DSL to the Internet provider.

GfM software developer Christian Reinke explains the benefits of the underlying 

PC-based control technology: “The modular control technology from Beckhoff 

enables us to offer customized and cost-effective diagnostic solutions that are 

highly scalable, based on a freely programmable, open system, and with globally 

available and exchangeable spare parts, if required. What’s more, distributed 

solutions can be easily realized with the EtherCAT Terminal I/O system. Based 

on the high-performance communication via EtherCAT, the Peakanalyzer can be 

offered with up to 32 input channels for enhanced application flexibility. More-

over, a high channel sampling rate even with lower bus cycles can be achieved 

based on the oversampling functionality of the EL3632 and EL3702 EtherCAT 

Terminals, and this is how the Peakanalyzer is able to support such accurate 

vibration recording and evaluation.”

The CX5020 Embedded PC performs measuring data acquisition and buffering 

based on TwinCAT software. The information is then passed via ADS (a com-

munication protocol within TwinCAT) to GfM’s proprietary analysis software for 

further processing. Christian Reinke continues: “The advantage lies in the direct 

control of the PLC. That is, the communication is based on a universal PLC, so 

that different system configurations with different numbers of channels and 

terminal types only need to be distinguished in our software.” Remote access 

is also possible, and to this end, the GfM .NET application on the Embedded PC 

communicates with configuration and evaluation software on the corresponding 

network computer via TCP/IP.

Condition monitoring terminals as essential I/O equipment

Sensor data for drive monitoring is logged with high precision via the two-chan-

nel EL3632 EtherCAT Terminals, an essential component of the Peakanalyzer, 

according to GfM co-founder and managing director Axel Haubold: “The key for 

the implementation of our high-end vibration monitoring system is the acquisi-

tion of the IEPE sensor signals with a sampling rate of 50 kHz. An additional 

factor is the very wide sampling range between 1 Hz and 1 kHz, which enables 

the device to measure low-frequency vibrations (e.g. tower oscillations) and 

high-frequency vibrations (e.g. vibrations at the actual wind turbine) at the same 

time. In order to obtain a high-quality envelope signal for detecting roller bear-

ing and gearing damage, all channels almost exclusively measure with a clock 

frequency of 50 kHz. Particularly in the wind industry, the 0.1 to 10 Hz mode 

is additionally used for logging characteristic values according to VDI 3834. A 

further benefit, particularly during commissioning, is the breakage detection 

feature offered by the EL3632 Condition Monitoring terminal.”

The I/O range of the Peakanalyzer can be complemented by further interfaces, 

according to customer requirements. Christian Reinke elaborates: “Here, we 

benefit from the wide range of solutions in the modular EtherCAT I/O system. 

For example, via pulse time measurement, the EL5151 incremental encoder 

interface enables very precise speed measurement with several, non-equidistant 

pulses per revolution. The EL3702 analog input terminal with oversampling is 

ideal for recording oscillation movements via inductive displacement sensors for 

monitoring slowly moving roller bearings.”

EL1002 digital input terminals are used for triggering measurements, and 

EL2004 digital output terminals handle the signaling of characteristic values 

and process parameter alarms. Important process variables such as power, wind, 

and torque can be integrated in the diagnostic system as analog voltage signals 

(±10 V) or current signals (0 to 20 mA) via the EL3702 or EL3742 EtherCAT  

Terminals. In addition, EL3356-0010 eXtreme Fast Control (XFC) load cell  

analysis units are available for torque measuring points, and high-precision 

EL3202-0010 PT100 input terminals are available for temperature measurements.

Further information:
www.maschinendiagnose.com 
www.beckhoff.com/EL3632
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Fast EtherCAT communication  
for distributed real-time controllers 
in a 10 MW test bench
The Dynamic Nacelle Testing Laboratory (DyNaLab) is the first test environment for complete wind turbine nacelles ever built 
in Germany. It features a test bench drive with a rated output of 10 MW, designed for testing wind turbine systems with a 
rated output of 4 to 8 MW. PC-based control from Beckhoff is used to control the complex system, and a high-speed EtherCAT 
communication ensures a consistent real-time solution as well as optimum consideration of the distributed subsystems from a 
control perspective.

The Stewart platform for the load transmission to the wind turbine nacelle 

offers six degrees of freedom and uses six 3000 kN servo cylinders.

PC- and EtherCAT-based control technology in a feature-filled test bench system for wind turbines
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DyNaLab is located in Bremerhaven, Germany, at the “Fraunhofer Institute for 

Wind Energy and Energy System Technology (IWES) Northwest”. The research 

activities at the IWES cover the whole spectrum of wind energy technology, 

from wind physics to grid feed-in. The focus is on understanding wind turbines 

as systems with dynamic interaction between the individual components and 

environmental factors, which – according to Torben Jersch, group leader for 

plant and system technology – creates potential synergies in comprehensive 

approaches to these solutions. This is especially true in view of the fact that the 

Fraunhofer IWES in Bremerhaven already operates two continuously utilized 

rotor blade test rigs, and therefore offers a unique overall testing infrastructure.

Testing wind turbines comprehensively and  

under realistic conditions

DyNaLab offers wind system manufacturers a realistic test environment in 

the multiple-megawatt range, enabling meaningful laboratory tests that can 

contribute to the assessment and optimization of existing and future system 

concepts. The first tests were conducted in August 2015, in cooperation with a 

Spanish system supplier. The wind turbine nacelle from Jacobs Power Tec GmbH 

to be tested was connected via a hydraulic load application system in the form 

of a Stewart platform, and consisted of a hexapod with six 3,000 kN servo 

cylinders. One of DyNaLab’s key features will be electrical certification of wind 

turbines on the test bench.

The load transmission structure for simulating mechanical wind loads, such as 

shear or bending moments, is linked to the flange adapter via a moment bear-

ing. Moments and forces can thus be transferred from the non-rotating load 

disc to the rotating shaft. With this special configuration, it is possible to apply 

bending moments of approximately 20,000 kNm or shear forces up to 1,900 

kN, and, moreover, it enables the dynamic simulation of radial loads. The wind 

torque is modelled via two externally excited synchronous machines in a tandem 

arrangement with a drive power of 5 MW each. For test operation, this enables 

a total drive power of 10 MW and the introduction of a rated torque of 8,600 

kNm to the equipment under test.

The whole drive train of the test bench is tilted by 5°, which corresponds 

to the actual orientation of a wind turbine in the field, therefore simulating 

a real load situation. The wind load simulation can either mimic different 

static and dynamic operating conditions, or it can be run as a real-time 

simulation, as well. To test wind turbines as comprehensively as possible, 

pitch and yaw systems are integrated in the system test. For this purpose, 

the control values of the individual systems are implemented via actuators in 

the real-time simulation. A 36,000 V medium voltage grid simulation enables 

simulation of network faults and voltage dips during the nacelle test with a 

high repetition rate.

Real-time capable control system for the test bench

Torben Jersch explains the requirements for the control technology of the test 

bench: “Because we wanted to perform distributed real-time calculations and 

control simulations, a very fast and deterministic communication system was a 

must-have. EtherCAT has proven to be ideal for this purpose. Due to profound 
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PC-based control is modular 

and finely scalable, which 

means it can be used in  

all areas of the test bench  

as required.

EtherCAT expertise and the wide range of EtherCAT components available from 

Beckhoff, it made sense to completely rely on PC-based control.”

In the meantime, this approach has been tried and tested in practice, as Torben 

Jersch explains: “The eXtreme Fast Control (XFC) characteristics of EtherCAT, 

such as Distributed Clocks and Timestamping, ensure time synchronicity across 

the whole test bench. As a result, we could easily configure the required distrib-

uted discrete control loops, consistently adhere to the real-time concept, and 

consider all sub-components from a control perspective. EtherCAT is therefore 

the main communication bus for controlling the key components of the test 

bench, such as inverters, motors, hexapod, simulation computers, set value 

specification and additional monitoring for the test object. Standard Ethernet 

is used for the non-real-time monitoring and control of auxiliary systems, such 

as cooling pumps.”

The Beckhoff control technology includes TwinSAFE to ensure the system safety 

of the test bench. In addition, the Hexapod controller directs the six hydraulic 

cylinders in parallel, as well as the tasks performed by the central DyNaLab 

control computer and the real-time calculation of the wind turbine rotor model. 

Three Industrial PCs (IPCs) perform these tasks, specifically two 19-inch C5102 

slide-in IPCs and a CX5010 Embedded PC. Torben Jersch explains the reasons 

for this configuration: “The physical separation into three computing devices 

was part of our specification, in order to provide a clear structure for the control 

system, with unambiguous interfaces. In addition, this architecture facilitates 

subsequent extensions or optimizations for various subsystems.” 

Simplified engineering through TwinCAT 3

DyNaLab uses the TwinCAT 3 automation software, which offers particular 

benefits because of the seamless interfacing with MATLAB®/Simulink® software, 

as Torben Jersch explains: “The integration of MATLAB® code enables the ma-

jority of our staff to program controllers themselves and therefore to focus on 

application development, without having to delve deeper into microcontroller 

or PLC programming.” Other components used in the test bench include the 

base TwinCAT 3 software environment and additional functions such as TC3 

PLC, TC3 Scope View Professional and Scope Server, and TC3 XML Server and 

Database Server.

Further information:
www.windenergie.iwes.fraunhofer.de/en 
www.beckhoff.com/EtherCAT
www.beckhoff.com/TwinCAT3
www.beckhoff.com/wind

The large hall of the test complex contains the actual test bench as well 

as the hydraulic and cooling systems; whereas the bulk of the electrical 

installation is housed in the building to the left.
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Flywheels support energy 
grids of the future

Innovative storage solution balances grid fluctuations

Increased usage of renewable energy in power production often leads to grid fluctuations. These spikes and 
dips in energy production must be balanced in order to ensure that power supplies remain reliable. Flywheels 
are ideal for this purpose: By storing excess energy and releasing it back into the grid when required, they 
can respond to grid variations in a split second. Technology innovator Temporal Power, based in Mississauga, 
Ontario, Canada, uses this technology in its high-performance energy storage and regulation systems to 
provide a new avenue for grid balancing and support in alternative energy implementations.
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The flywheel storage system designed by Temporal Power 

during commissioning. Key factors for the decision to use 

EtherCAT were the high speed and the fast response time of 

the communication system.
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Feeding power from renewable power sources into energy grids often results 

in frequency fluctuations. If the power generation is higher than what is 

consumed, the frequency rises. Alternatively, if there is too much load and 

not enough generation, the reverse happens and the frequency drops below 

recommended levels. Traditional assets used to avoid outages stemming from 

such frequency fluctuations include gas generation and hydroelectric systems. 

However, the process is resource-intensive, and these systems are much slower 

to react, requiring time to reach full power. Flywheel energy storage provides 

an ideal solution, particularly the systems designed and manufactured by 

Temporal Power.

The efficiency and value of the Temporal Power systems led Canadian energy 

storage developer NRStor to choose their flywheel system. In 2014, NRStor 

opened a 2 MW storage array that employs Temporal Power's flywheel-based 

frequency regulation technology in Minto, Ontario. This innovative project has 

not gone unnoticed, highlighted by Temporal Power’s recent naming as the 2014 

Company of the Year by the Ontario Energy Association.

A new “spin” on renewable energy storage

The basic premise of a flywheel-based energy storage system centers around 

a rotating steel cylinder, suspended by bearings inside a vacuum chamber to 

reduce friction, and connected to a combination electric motor and electric gen-

erator. Energy from the source is applied to the flywheel assembly, causing it to 

spin at very high speed, up to around 12,000 RPM. Once at speed, the power is 

disconnected and the combination of the vacuum-sealed system and high-tech 

bearings allows the mass to continue spinning with minimal loss from friction. 

When drawing the power back out of the system, the kinetic energy from the 

flywheel is transferred back into the grid.

Traditional mechanical bearings can cause significant losses in the kinetic 

potential energy as a result of friction. “Temporal Power’s proprietary magnetic 

bearings significantly reduce friction and enable the system to achieve 97 % me-

chanical efficiency,” said Jeff Veltri, President and CTO at Temporal Power. “This 

design methodology offers a next-generation power solution that is both robust 

and environmentally sound,” added Cameron Carver, Temporal Power CEO.

The robust EtherCAT Box modules with IP 67 rating are mounted directly  

onto the flywheels, saving valuable space in the electrical cabinet.
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Faster, more powerful systems for exceptional energy storage

With plans for future energy storage installations already in the works, Temporal 

Power is ideally positioned to address the rapidly growing need for alterna-

tive energy storage. As rising consumer energy use shows no signs of slowing 

down, energy utilities remain on the lookout for cost-effective, reliable solu-

tions to regulate the energy grid and keep customers’ lights on. “The PC- and 

EtherCAT-based systems have exceeded expectations in our flywheel installa-

tions,” noted Jeff Veltri. “Response time for flywheel control is now literally 

100 times faster, moving from 500 ms down to the current level of 5 ms. The  

TwinCAT 3 platform offers excellent integration between the PLC and I/O layers 

of the software, as well as offering far better information management capabili-

ties with a wide range of standard IT tools. This allows us to make changes in 

the field more quickly and flexibly. We look forward to new developments with 

PC-based control technology and finding ways to continue our partnership with 

Beckhoff in the future.”

Further information:
www.temporalpower.com
www.nrstor.com 
www.beckhoff.ca

Grid monitoring with EtherCAT:  

Response times in the millisecond range

In the earliest stages of development, Temporal Power sought to reduce latency 

with a faster, more robust communication system for data transfer. The Beckhoff 

system now used consists of a CX2020 Embedded PC with directly connected 

I/O terminals, EtherCAT as the communication system, and TwinCAT 3 as the 

automation software. “The PC-based control platform offered us an ideal solu-

tion for our application,” said Jeff Veltri. “Thanks to EtherCAT’s high response 

speed, the system now has the potential to provide much tighter control of 

frequency regulation, allowing our high-performance flywheel system to follow 

the signal that comes from the grid operator with minimal delay.” As opposed 

to traditional systems, Temporal Power’s flywheel can pull energy in and push 

energy out continuously. “This is a function of the robust thermal management 

and monitoring system built on PC-based control,” Jeff Veltri noted.

With the need to quickly and accurately measure the voltage on the grid, 

Temporal Power relies on fast, high-precision EL3773 XFC terminals with power 

monitoring and oversampling – offering six-channel, simultaneous power mea-

surement and sub-100 µs response times for data transfer to the control system. 

Based on EtherCAT’s distributed clocks functionality, measured values can be 

synchronized with very high precision (1 µs), and internal sampling times of  

10 ns can be achieved. Jeff Veltri continues: “In our application, we’re not simply 

acting as a generator; we are actively providing grid support. Thanks to the 

high speed of the EL3773, we can respond to a frequency drop with immediate 

voltage support to the grid.”

IP 67 I/O modules save space in electrical cabinets

The robust design of the EtherCAT Box modules has drastically reduced electri-

cal cabinet needs on the flywheel portion of Temporal Power systems. The fully-

sealed I/O modules with IP 67 rating are mounted directly onto the flywheels, 

saving space and reducing costs. “The EtherCAT Box modules work very well for 

our installation needs. Since the flywheel systems are located in vaults below 

ground, we need protection from moisture, vibration, and temperature varia-

tion,” according to Jeff Veltri.

A CX2020 Embedded PC with 1.4 GHz Intel® Celeron® CPU serves as the basis of the  

automation system at the Minto, Ontario power facility. The PC-based control platform 

provides powerful operation, as well as ease of expansion and upgradeability.
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Since finely modular, DIN rail-mountable I/O systems were introduced in 1995, 

automation engineers have become very comfortable with them. EtherCAT Ter-

minals, which enable dramatically increased transmission performance, have 

been widely used since 2003. Why would a machine manufacturer think about 

replacing the tried and tested DIN rail-based I/O systems? “There has to be a 

certain external trigger,” says Michael Jost, Product Manager, Beckhoff. In high-

volume machine construction this may be price pressure, because the machine 

wiring represents the conventional connection between the I/O system and the 

sensor/actuator level. Many machine manufacturers use board solutions devel-

oped and built in-house and want to do without them in the future. Another 

key trigger is minimizing the risk of error. “Series machine manufacturers want 

their automation solutions to be reliably reproduced,” notes Jost. Time may be 

another factor – although manual wiring in control cabinets offers maximum 

flexibility, it is error-prone and time-consuming. It can pay off to seek other 

solutions for machine production quantities as low as 50 units per year.

“We discussed this issue at great length with our customers,” recalls Jost. “In 

our opinion, fully customized boards are not a solution, since standard products 

always offer advantages.” According to Jost, the decisive factor for the devel-

opment of Bus Terminals for PCBs was a project for a major machine manufac-

turer in Europe. On the one hand, they were keen to ensure fast reproducibility 

at their plant in China, and on the other hand, they wanted to scale back their 

in-house development, since it is not part of their core business. “Around 800 

units of the machine in question are produced per year,” says Jost. “For this 

project, it was important to maintain the cable tree structure, not least because 

of the operations in China.”

Scalable platform and module strategy

The result is a scalable platform and module strategy that perfectly combines 

the advantages of a custom board solution and the standards of a Bus Terminal 

system. The EJ series, which was presented to a global audience for the first 

time at SPS IPC Drives 2014, uses an application-specific signal distribution 

board. The I/O modules can be flexibly placed on this platform. The user can 

select EJ modules from a full product range. ”The individual wiring is shifted to 

the distribution board, so to speak,” notes Jost. ”This ensures consistent quality 

for each machine and avoids the common mistakes associated with individual 

wiring of terminals.” Torsten Budde, Product Manager, Beckhoff adds: ”The 

standard modules are placed on the custom board. In the end, the solution is 

EJ series EtherCAT plug-in modules: Combining 
the benefits of standard and custom I/O solutions
Bus Terminals for PCBs – with this I/O solution in a new form factor, Beckhoff caused a stir at SPS IPC Drives 2014. The plug-in I/O 
modules can be connected directly to a custom PCB. In this way, the advantages of a flexible standard and custom development 
are combined. ETZ discusses the background and application scenarios of this product innovation with Beckhoff product manag-
ers, Michael Jost and Torsten Budde.
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Michael Jost,  

Product Manager,  

Fieldbus Systems and 

EtherCAT, Beckhoff 

Torsten Budde,  

Product Manager, Field-

bus Systems, Beckhoff

Ronald Heinze, editor-in-chief of 

ETZ Elektrotechnik & Automation

compiled and works like an auto configurator.”

At SPS IPC Drives, a base signal portfolio was presented consisting of analog, 

digital, and motion control modules, which can be combined as required. “The 

I/O signal variety we are used to from Beckhoff is currently in the process of 

being expanded systematically,” says Budde. ”With many users we are in the 

prototype phase, although there are already customers who use this system in 

mass production.”

Thanks to the coding mechanics of EJ modules, the risk of ‘miswiring’ is elimi-

nated. Even staff without specialized knowledge can wire the machine cor-

rectly. This is particularly interesting for companies with locations around the 

world. ”The time savings in production, workforce training, and also in testing 

are tremendous,” adds Jost.

Budde mentions another advantage: “Functionally, the EJ series is 100 percent 

based on EtherCAT Terminals and EtherCAT Box modules. Since all the func-

tionalities are already available in the EtherCAT Terminal system, these devices 

simply have to be integrated in the new series in accordance with customer 

requirements.”

In the short term, extensions for the existing portfolio of analog, digital, 

and motion control terminals will be presented at Hannover Messe 2015. 

Safety modules are also available already. “Today, more than 50 percent of our  

I/O terminal customers want an integrated safety solution,” Jost stated, un-

derlining the importance of this module type. Due to the new form factor, the 

safety modules still have to complete certification processes.

For series machine builders and more

What is the target group of the new system? “During the development we 

were mainly thinking of large-scale machine production,” admits Jost. “This is 

a special system that could be of interest for 5 to 10 percent of users from the 

machine tools or in semiconductor industries, for example. In cleanrooms, for 

instance, there are strict requirements for saving space.” The creation of identi-

cal parts and the associated space savings are the main drivers here. After that 

came SPS IPC Drives: “During the trade show new ideas emerged, and we are 

now far more optimistic about market penetration. In the past, certain 
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industries have used custom black boxes as a control and I/O solution,” accord-

ing to Budde. This includes test equipment or robots, which may not exceed a 

certain weight. ”Thanks to its design, the EJ series is compact and lightweight,” 

Budde continues. Additional application scenarios arise from these examples.

“The motivation for using the EJ series may be different depending on each sit-

uation,” says Jost, concluding that: “Possible reasons include error prevention, 

saving space, and reducing labor costs. The production quantity from which the 

use of the EJ series offers a rapid ROI for a series machine manufacturer can 

vary between 50 and 500 units per year.”

Budde has this message for users of the EtherCAT Terminal system who are 

interested in switching to this new solution: “The software is fully inter-

changeable, although a new way of thinking is required when it comes to the 

hardware.” For example, potential distribution is no longer required in the 

control cabinet.

”Beckhoff can provide the signal distribution board,” notes Jost. ”We also 

provide a design guide, so that customers with relevant expertise can develop 

the board themselves.” The development of the distribution board is a one-

time investment, which usually pays for itself within one year, thanks to the 

resulting time savings.

But the EJ system offers even more advantages: “One example is simpler 

installation in control cabinets with standard connectors or with IP 67 con-

nectors.” The connectors are soldered directly to the board which is pluggable 

on both sides, which saves further installation time. ”This makes the interior 

of the cabinet more intelligently structured and much tidier,” Jost says. As a 

result, maintenance efforts are reduced. “It is also possible to locate additional 

relays on the board,” adds Jost. “This saves further installation services and 

electronics hardware.”

Flexible for modification requests

Subsequent change requests can be taken into account easily, thanks to the 

high flexibility of the EJ system. In terms of both hardware and software, the 

EJ series can be seamlessly integrated with the EtherCAT Terminals and the 

EtherCAT Box modules. “You simply have to connect another cable to the 

EJ coupler,” according to Budde. In this way, it is possible to cost-effectively 

Control cabinet solution with EJ series and standard 

connectors greatly reduces installation effort.
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implement application-specific elements that are required infrequently, but 

are still important.

Another option is to provide a modular EJ slot, so that future extensions are 

easy to implement. A third option involves the use of a placeholder module, 

which can subsequently be replaced with a functional module, when required. 

A common distribution board can thus be used for different applications.

One possible implementation of the platform strategy of a company is clas-

sification of the entire machine portfolio based on different controller versions. 

A basic version could provide standard functions, for example, a platform for 

machine control. Integration of an EJ placeholder module permits the addition 

of I/O components at a later time. If machines with extended functionality are 

then to be realized based on this basic version, the placeholder modules can 

be easily replaced with safety modules or motion modules. A machine with 

such a configuration can feature a transport unit including safety functionality 

and a robot unit (extended version). Linking the EJ series with EtherCAT Termi-

nals and EtherCAT Box modules retains the flexibility of the machine control, 

so that even functional enhancements that are not part of the platform can 

be configured, if required by the customer (high-end version). The number of 

configuration stages of the machine portfolio can vary from customer to cus-

tomer. Customers can implement platforms that are perfectly tailored to their 

machines, thereby creating identical parts and saving money.

The EtherCAT Terminal system has become well established in the global mar-

ketplace. The majority of new projects are implemented with EtherCAT I/Os, in 

preference to the Beckhoff Bus Terminal system. In this sense, the EJ system 

is the next logical progression, which will open up new markets and which 

will find its market. “We will consistently continue along this path and further 

develop the solution,” concludes Jost.

Further information:
www.beckhoff..com/ej-series

Basic machine
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One of Alstom’s latest wind power projects was put into service near Glasgow, 

Scotland, with the expansion of the Whitelee wind farm. The additional  

217 MW of installed output is sufficient to supply 124,000 households with 

power. This onshore expansion set new standards for the entire European 

continent, in addition to being the first large-scale project for Alstom’s powerful 

ECO 100 wind turbine. An installation totalling 69 of these 3 MW turbines is in 

operation at this site, along with six ECO 74s, each of which generates 1.67 MW. 

Advanced control technology ensures reliable wind farm operation

Alstom’s Wind e-control™ system assumes the control tasks within the wind 

farm, e.g. with regard to voltage, power, and frequency control. For example, 

in order to check the reactive power at the transfer point of the wind farm 

to the grid, the Wind e-control™ system takes a wide range of measurements 

from the farm. The grid codes of each respective country can be reliably fulfilled 

through the control system. The requirements described in the grid code serve 

to stabilize the grid, which is imperative above all as the renewable energy in-

dustry continues to expand. Beyond that, the control system permits operational 

management on-site in the control room or remotely via data communication 

to the Scada system. The Wind e-control™ system was installed and successfully 

used for the first time in this wind farm.

Vicenç Casadevall, Grid Integration Design Engineer at Alstom, describes some 

key details about the control system: “On the one hand, we have the Reactive 

Power Control (RPC), which has three regulation modes. By controlling the 

reactive power in the ‘Voltage control’ mode‚ it is possible to adjust the voltage 

at the transfer point, i.e. the Point of Common Coupling (PCC), to the specifica-

tions of the wind farm operator. In the ‘Power Factor control’ mode, the power 

factor at the PCC can be controlled. The ‘Reactive Power control’ mode permits 

the wind farm operator to have a defined amount of reactive power. On the 

other hand we have the Active Power Control (APC), which has two regulation 

modes. By controlling the active power in the ‘Active Power limitation’ mode, it 

is possible to limit the active power output of the wind farm. In the ‘Frequency 

control’ mode the active power output is curtailed if the frequency goes beyond 

a certain level.”

EtherCAT as the foundation for fast and cost-effective  

data communication

EtherCAT represents another core technology of the Wind e-control™ system. 

This powerful network for data communication is recommended not only for 

each individual wind turbine, it is also particularly important for farm network-

ing. The 5 ms cycle times of the farm and turbine controls, which are synchro-

nized to each other, enable response times lower than 200 ms for the wind farm 

voltage control. 

Vicenç Casadevall recalls: “Because of the challenging time requirements that 

we had to meet, the R&D team from Alstom sought a communication protocol 

that operated deterministically. Ultimately, we chose the EtherCAT protocol. It 

fully meets our needs because of its reliable, high-speed operation.”

Real-time communication enables fast reaction 
times for wind farm applications
The European Wind Energy Association expects further dynamic expansion of wind power in Europe through 2020, predicting  
a 64 % increase to installed wind power capacity. Part of this development includes dozens of turbines with a total output of 
217 MW, recently installed on a wind farm in Scotland by the French company, Alstom. Fast EtherCAT communication and the 
corresponding Beckhoff I/O components form the backbone of this onshore project, one of the largest in Europe.

Fiber optic EtherCAT networking for efficient and flexible wind turbines

Ensuring that the expansion of the wind farm reliably supplies the major city of 

Glasgow, Scotland with power, the operator relies on fast EtherCAT communication 

together with the corresponding control components. The picture shows a group of 

Alstom ECO 100 wind turbines.
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Dirk Kordtomeikel, Business Manager Wind Energy at Beckhoff, stresses the 

cost advantages of the EtherCAT system, in addition to its speed: “Today, wind 

farm networking equipment is largely based on fiber optic cables. These fiber 

optic cables are EtherCAT-compliant, allowing use of the existing cable network 

without auxiliary expenditure during set-up. In addition, our EtherCAT-based 

farm network meets the requirements for cable redundancy. In turn, interfaces 

to other bus systems also promote total system openness and flexibility. The 

operator gets all of these benefits at a lower cost than with other real-time 

Ethernet protocols.”

EtherCAT capably spans long distances

An EK1100 EtherCAT Coupler connects the I/O level in the control station. The 

wide range of EtherCAT Terminals can process all signal forms occurring in the 

automated operation of wind farms. Another EK1100 Coupler communicates 

with various EK1521 EtherCAT optical fiber junction terminals. Together with 

the EK1501 EtherCAT Couplers with fiber optic connectors, these establish flex-

ible and extensive fiber optic networks in the individual wind turbines. Whereas 

standard Ethernet cables permit a distance of up to 100 m between two sta-

tions, the distance between two optical fiber devices can be much longer: up to 

2 km, due to the multimode glass fiber connection, and even up to 20 km with 

a single-mode glass fiber connection.

Hardware and software components working in harmony

In addition to the requirements for fast data communication, the operational 

reliability of hardware and software is absolutely vital, especially in wind tur-

bines where harsh environmental conditions such as intense vibrations and 

work temperatures between -60 °C to +55 °C are common. Close cooperation 

with Beckhoff Automation was an important factor for Vicenç Casadevall: 

“Since Beckhoff invented EtherCAT, it was clear to us that the best hardware 

and software solutions would also be available from the company, optimally 

matched to this fieldbus system. Not only that, Beckhoff has a long history 

in automation technology, particularly in the wind industry, and a very good 

reputation at Alstom.” Further information:
www.power.alstom.com
www.beckhoff.com/Wind
www.beckhoff.com/EtherCAT

A Wind e-control™ system is provided for each transformer station, securing 

the EtherCAT data transmission between the individual wind turbines in the 

wind farm.

A general schematic diagram of the EtherCAT topology shows the functions 

handled by the individual modules in the wind farm. 

STATCOMSTATCOM STATCOM

Wind e-control™Wind e-control™ Wind e-control™
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The EMCM developed by KONČAR is a comprehensive online condition monitor-

ing system for low-voltage and high-voltage induction motors of any size. It can 

be used both for squirrel cage and slip ring motors and enables monitoring and 

diagnostics of all key motor components, as well as long-term data storage and 

tracking of significant events.

By fitting an EMCM system to induction motors, users can access their machine 

at any time, so that developing malfunctions can be detected at an early stage. 

In this way, system management can be optimized: Unscheduled downtime 

is avoided, and investments can be better protected through predictive main-

tenance. Early error detection also enhances staff safety and environmental 

protection.

KONČAR offers two versions of its condition monitoring system, a headless 

version with a Beckhoff Embedded PC from the CX5010 series and a version 

with an integrated display via a Beckhoff CP6207 Panel PC. Data sampling takes 

place via high performance EtherCAT I/O modules. The core of the measuring 

systems is formed by the EL3632 Condition Monitoring Terminal, to which IEPE 

acceleration sensors can be directly connected. This advanced EtherCAT I/O 

terminal’s high sampling rates and fifth-order analog low-pass filters make it 

ideal for KONČAR applications. In addition to specimen vibrations it can also 

log the bearing temperature, motor current and magnetic field strength in the 

motor air gap. The EMCM is a modular and scalable system, which can also be 

retrofitted to existing induction motors.

The comprehensive development work of KONČAR, based on finite element 

calculations and sensors for detecting malfunctions in the rotor and stator wind-

ings, ultimately led to an innovative measuring method based on magnetic field 

measurements, which is integrated into the EMCM system and can detect the 

following damage types/faults:

– one or several broken bars of the rotor cage in squirrel cage motors

– broken rotor cage ring

– short circuits within the rotor winding in slip ring motors

– short circuits within the stator winding

– rotor eccentricity

The high computing power of the CX5010 or CP6207, both based on an Intel® 

Atom™ processor in the EMCM system, enables direct processing and analysis 

The KONČAR – Electrical Engineering Institute, Inc., based in Zagreb, Croatia, has established comprehensive expertise and a distin-
guished reputation through its work developing the broad scope of solutions for electrical machines and installations, power plants 
and rail-based vehicles over many years. One of the strategic aims of the Institute is the development and production of Expert 
Motor Condition Monitoring (EMCM) systems for condition monitoring and error detection in systems with electric rotary machines.

Induction motors with integrated 
condition monitoring

PC-based Control: High computing power enables direct processing and analysis of measured data

Data visualization on local HMI
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of the measured data (a 2 GB Compact Flash card is used as storage medium). 

Intelligent memory management and event-driven data archiving enable long-

term historical data monitoring. Users can also call up a trend overview. With 

just a few mouse clicks this function offers an overview of the main events in 

the “machine history” at different time resolutions, i.e. seconds, minutes, hours, 

days, months or years.

With the CP6207 Panel PC version, users have a local TwinCAT PLC HMI avail-

able for accessing the measured data. The visualization offers an efficient system 

overview, a list of alarm and warning messages relating to bearing vibration 

and temperature, error status and fast trend diagrams to track vibrations and 

motor current.

A multi-user web application was developed for remote access to the system, 

which is also available for the CX5010 Embedded PC. It enables access to mea-

sured data within the communication network. 

The project manager at KONČAR, Dr. Ante Elez, describes the benefits of the 

Beckhoff controller: “The main advantage for our application is that we found 

an easily scalable solution. It enables us to complement the system with further 

EtherCAT measurement terminals, depending on the measuring task at hand. 

By leveraging the PC-based platform, we can also make better use of web 

technologies and database systems.” According to Dr. Ante Elez, this system can 

detect virtually any defects in rotating machines. From the start of the project, 

the technological advances at KONČAR were supported by Krovel, the Beckhoff 

agency in Croatia.

Further information:
www.koncar.com
www.krovel.hr
www.beckhoff.com/Condition-Monitoring 

The KONČAR – Electrical Engineering Institute, Inc. is a part of the 

KONČAR Group. The core business of the KONČAR Group is power 

generation as well as distribution and transmission of electrical energy 

in manufacturing and the rail transportation industry. The company was 

founded in 1921 and is based in Zagreb, Croatia. The KONČAR Group, 

which comprises 18 subsidiaries and associated companies, employs 

around 3,800 staff members. The KONČAR Group has supplied products 

and systems in more than 100 countries on all continents. In the rotary 

machines industry to-date, the KONČAR Group has produced 175 turbo-

generators with a total installed capacity of 5,720 MVA, 450 hydro 

generators with a total output of 15,000 MVA, as well as numerous 

slip ring and squirrel-cage induction motors for low and high voltage 

up to 10 MW.

A feature-filled Condition Monitoring Library is now available for the 

TwinCAT 3 automation software platform. The PLC library is characterized 

by straightforward application of complex algorithms. The current range 

of functions includes blocks for power spectrum, envelope, crest factor, 

average value, kurtosis, RMS calculation and classification. The software 

blocks can operate across tasks and cores, so that ample performance is 

available. The areas of application for this versatile software library are 

wide ranging. In addition to conventional monitoring of mechanical vibra-

tions in machines, the library is also well-suited for energy grid analysis, 

for example, through the calculation of harmonics in the electrical grid.

KONČAR

TC3 Condition Monitoring LibraryFrom left to right: Damir Krovinovic, Managing Director of Krovel, the Beckhoff 

distribution partner in Zagreb, Jens-Olaf Brede, Beckhoff International Sales, Pascal 

Dresselhaus, Beckhoff TwinCAT Product Manager, and Dr. Ante Elez, Project Manager 

at KONČAR – Electrical Engineering Institute, Inc.

The EMCM developed by Končar is a comprehensive online condition monitoring system 

for low-voltage and high-voltage induction motors of any size.
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Renewtech makes small wind 
power projects cost-effective  
Despite fluctuations in the subsidies for the alternative energy sector, the U.S. government con-
tinues to support initiatives for the use of wind energy in single-turbine projects. In many cases, 
operators take advantage of investment tax credits for wind energy projects below 1 megawatt. 
This market segment, which had particularly strong growth in 2013 and is expected to increase in 
2014, is the specialty of wind turbine specialist, Renewtech LLC.

PC-based control improves the availability and performance of wind turbines

Renewtech specializes in the construction 

and maintenance of 99-kW wind turbines, 

which are popular for smaller wind energy 

projects in the U.S.
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Renewtech, which is located in Elbow Lake, Minnesota, focuses on 

99-kilowatt wind turbines with stall control. The company’s services 

range from system planning and design to nacelle and control unit 

assembly to rotor and tower production. Renewtech also uses its 

team of experienced specialists to renovate and monitor existing 

systems. Many wind turbines in the 50-to-150-kilowatt range in the 

U.S. were built in the 1980s and 1990s, and their technology has 

become unreliable and inefficient by today’s standards. “We see 

great demand in the areas of refurbishment and replacement, and 

Renewtech is qualified to maintain many of these installations,” 

explains Jackie Chelemedos, Director of Business Development at 

Renewtech. Typical Renewtech projects, for example, are wind tur-

bines that are operated by public institutions such as schools and 

universities, but also by farms and ranches. A standard Ethernet cable connects the nacelle with the foot of the tower.  

The communication is based on EtherCAT. 
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Winds of change dislodge legacy turbine controls 

Wind turbines from Renewtech have a 20-year warranty and pay for themselves 

over seven to twelve years, depending on the utility rates at each particular 

location. The long warranty period is based on the company’s use of high-quality 

components and their capacity reserves, which far exceed the peak require-

ments for regular wind turbines. This is particularly critical in areas where heavy 

wind gusts can occur. “For our 99-kW systems we use gearing that is designed 

for 150 kW with a ratio of roughly 2.3 so that they can handle more than  

300 kW in peak periods,” explains Matt Kugler, the company’s Senior Com-

missioning Technician. “In addition, wind turbines from Renewtech operate 

with two generators instead of one. Despite the systems’ high reliability and 

redundancy, having remote access and diagnostic capabilities is a key benefit for 

Renewtech and its customers: “We record the data from each turbine and the 

entire wind farm. We also store the data from all wind farms in our headquar-

ters. From here we can remotely monitor all of our turbines,” explains Kugler.

In 2012, Renewtech entered the next stage of system development by subject-

ing the controls of its 99-kW turbines to a critical analysis. As it turned out, the 

platform used at the time faced a few limitations such as limited vendor support, 

problems with connecting the systems to standard media and networks, and 

inflexible software. In short, the company needed a new control platform for its 

turbines. “We knew that Beckhoff had been very successful on the global wind 

turbine market and that its technology was suitable for our 99-kW systems,” 

remembers Steve Martineau, Renewtech’s Director of Operations. During the 

subsequent development and test stages, Beckhoff application engineers helped 

Renewtech develop the programming for the new generation of wind turbines. 

Shortly thereafter, the company decided that PC-based control technology and 

EtherCAT as the communication system would best fit its needs. 

PC-based automation technology advances  

wind turbine modernization 

The standard controller for Renewtech’s 99-kW dual-generator system consists 

of a CX5020 Embedded PC with Windows CE and TwinCAT PLC Runtime, a 

TwinCAT SMS/SMTP server, and EtherCAT I/O Terminals. For wind farms with 

up to 50 turbines, C69xx-series Industrial PCs are also employed as servers. The 

CX5020 functions as the central controller for the turbine. It monitors the power 

feed, makes necessary wind direction alignment, records data, and generates 

error messages. Besides executing PLC, measurement and communication func-

tions, the CX5020 runs the HMI software for visualization on the turbines and 

monitoring the installed base of Renewtech systems in the U.S. “With its wide 

operating temperature range from –25° to +60° C (–13° to +140° F), it is also 

suitable for installations in regions with a hot climate,” says Steve Martineau. 

The CX5020 Embedded PC functions as the central controller for the 

turbine. It monitors the power feed, makes necessary wind speed and 

positioning adjustments, records data, and sends error messages.
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Flexible and cost-effective monitoring  

via EtherCAT Terminals

The Renewtech system records data continuously. “The EL3413 3-phase power 

measurement terminal provides us with the most important data. It enables us, 

for example, to perform power and frequency measurements and manage our 

complex 480-volt system,” explains Matt Kugler. “Finding a flexible and afford-

able power measurement system that’s also easy to integrate has not always 

been easy. Most devices are standalone systems that require special hardware, 

software and other layers of complexity. They are also very expensive.” The 

system with EL3413 terminals collects the power data of all Renewtech ap-

plications via EtherCAT and TwinCAT and sends acquired status information to 

the corporate headquarters in Elbow Lake. Power monitoring alarms are simply 

e-mailed to Renewtech’s experts, who can then fix faults remotely or request 

help locally.

“Particularly important for us is the EL1502 up/down counter, an EtherCAT 

Terminal that monitors the speed of the main shaft of the two generators as 

well as the wind speed with the help of an anemometer,” says Matt Kugler. 

The up/down counter counts binary pulses and transmits the counter value in 

a galvanically separated manner to the upstream automation system. “At the 

end of the day, it is safe to say that the broad portfolio of Beckhoff EtherCAT 

Further information:
www.renewtechllc.com
www.beckhoffautomation.com

Since Renewtech stores all its customer data at its 

headquarters in Elbow Lake, Minnesota, it can re-

motely monitor all turbines from this central location.

I/O Terminals with their many special features enables us to come up with very 

interesting developments,” adds Kugler. “For example, if we have to add vibra-

tion monitoring on all our turbines, we can integrate this feature very easily by 

using the EL3632 EtherCAT CMS terminal.”

Making customers happy is a breeze for Renewtech

“Ever since we added the Beckhoff control system in our Renew-

tech turbines, their reliability and availability has improved by at least  

50 percent,” says Steve Martineau. “And since availability is a prerequisite for 

generating power, and generating power makes money for our customers, its 

importance cannot be overstated.”

Using EtherCAT in wind turbines and wind farm networking has additional ben-

efits, however, says Steve Martineau: “After switching to EtherCAT we needed 

only two easy-to-handle standard connectors instead of 40 copper cables for 

80 connection points. This has saved us two to three labor hours per turbine 

for cabling.”

“Based on our positive experience, we will equip all our wind turbines with 

Beckhoff controllers in the future,” concludes Jackie Chelemedos.



The 1.5 MW wind turbine from Zhejiang Windey has a classic design: a three-blade up-
wind rotor with horizontal main shaft and three-point bearing. The drive train consists 
of a three-stage planetary gear and a double-fed induction generator. As an actuator 
for power or speed control, the plant has an independent pitch system that also encom-
passes the servo drives for the blade adjustment. The plant is characterized by reliable 
and stable operation, high efficiency, good grid compatibility and a robust design for 
use under extreme environmental conditions. The automation of the plant is based on a 
CX1020 Embedded PC with inline-connected EtherCAT I/O terminals as well as TwinCAT 
automation software including the TwinCAT “wind libraries”.

TwinCAT “Wind Library”  
reduces engineering expenditure 
for 1.5 MW wind turbine

Wind turbine manufacturer Zhejiang Windey relies on Beckhoff technology
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The automation platform of the 1.5 MW 

wind turbine from Zhejiang Windey consists 

of a CX1020 Embedded PC with inline-

connected EtherCAT I/O terminals and the 

TwinCAT automation software, including 

the TwinCAT “wind libraries”.

Published in PC Control 02 | 2013       worldwide | china 53



worldwide | china       Published in PC Control 02 | 201354

Zhejiang Windey Wind Power Engineering Co., based in Hangzhou, 

China, was established in 2001. The business areas of the company, 

which evolved from the Wind Power Research Sub-Institute for 

Zhejiang Institute of Mechanical & Electrical Engineering, include 

the development and production of wind turbines, their connection 

to the grid and the operation and maintenance of wind farms. The 

company additionally offers engineering services for the planning 

and construction of wind farms.

TwinCAT: the complete and open control solution 

for wind turbines

In the TwinCAT “wind library” Zhejiang Windey has found the ideal 

basic construction kit for the engineering of its wind turbines, as 

Lou Yaolin of Zhejiang Windey stresses: “The ‘wind library” provides 

a clear program structure and contains a complete set of function 

blocks enabling us to design the automation program flexibly.” 

The entire library is available in open source code, so that the 

user can make any desired or required adaptations and extensions 

autonomously.

System management and diagnosis in one tool

The “wind library” offers numerous management and diagnostic 

functions for wind turbines resp. for process monitoring and control. 

As a result the engineering time and costs are substantially reduced 

and the user can fully concentrate on the plant-specific part of the 

wind turbine automation tasks.

The “wind library” also provides various functions for the logging 

of process data and events. The user can easily adapt the type and 

extent of the data to be saved as well as time intervals, file names 

and storage paths of the files to be written (e.g. on Flash disk or 

hard disk). The library also contains general function blocks, for 

example for reading the CPU utilization rate of the controller or for 

the diagnosis of the EtherCAT I/O modules. These diagnostic blocks 

can be called up as needed and the status information can be used 

to form status codes, so that a smooth and reliable wind turbine 

operation ensured

Tools for code generation

In addition to the blocks available in the source code, the TwinCAT 

wind library encompasses tools for the automatic code generation. 

With the help of these tools the I/O signals, parameters, status codes 

and telecontrol commands with all their individual characteristics 

required for the plant operation can be conveniently created and 
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maintained. With these tools the data entered can be stored both 

as an Excel file and in a format that can be directly imported by the 

TwinCAT programming tool (*.exp format). In this way not only is 

the programming speed increased and the occurrence of code er-

rors reduced, but also the operation and maintenance of the wind 

turbine are made considerably more convenient.

Access management and Scada interfaces

Blocks for the management of user access are also part of the scope 

of delivery of the “wind library”. They allow a fine graduation of the 

access rights for all users: a total of 100 access levels are available, 

where zero is the lowest level and one hundred the highest. If a user 

has logged in at his individual level, only the functions and informa-

tion enabled are available to him. The user name and password are 

transmitted in encrypted form for logging in. The blocks for encryp-

tion and decryption are part of the library.

Beyond that the “wind library” also provides a visualization inter-

face on the PLC side that makes do without any special communica-

tion interface. All process data and telecontrol commands enabled 

for remote access can be read or operated by external Scada sys-

tems via this interface (taking into account the access level).

Other communication protocols such as Modbus, TCP/IP or OPC can 

also be enabled for access. Zhejiang Windey uses Modbus TCP and 

a Scada remote system for data interaction.

Outlook

After the first 1.5 MW wind turbine equipped with TwinCAT was put 

into operation in the Zhangbei wind farm and is running stably and 

reliably, Zhejiang Windey is planning to use the “wind library” on a 

large scale for the control of its wind turbines by the end of 2013.

Further information:
www.chinawindey.com
www.beckhoff.com.cn

The automation platform of the 1.5 MW wind turbine from 

Zhejiang Windey consists of a CX1020 Embedded PC with inline-

connected EtherCAT I/O terminals.
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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 CO2 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
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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

Published in PC Control | Wind Special 2012       products | wind farm networking 57



EtherCAT fi bre-optic 
cable (100BASE-FX) up to 
2,000 m (multimode) or 
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CANopen (optional)
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Turbine controller
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Control room Power supply

EtherCAT

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
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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.

“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 

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

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  

production 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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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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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
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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 1 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 2).

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 hardware. 

The simulator transfers the electrical parameters calculated for the grid connec-

tion 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 turbine 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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Fuzzy controller for  
improved pitch control

PC Control for wind turbines

process can, therefore, be complex and protracted, since several iteration 

loops are required before the optimum can be determined. The “optimum” 

determined in this way is still only a best possible compromise. In addition 

to this pre-configuration, it is usually necessary to optimize the parameters 

determined in the simulation during commissioning of the turbine. This 

process can also be rather complex, since the required wind speeds are not 

available ‘on tap’ and, moreover, only occur for a limited period of time, 

depending on the site.

Characteristics of fuzzy logic

Unlike the PID controllers that are predominantly used today, fuzzy con-

trollers are already non-linear state controllers with a reputation for great 

robustness. It is known from other applications with similar boundary condi-

tions that the use of fuzzy controllers in highly non-linear systems leads to 

better control characteristics.

The difficult stability check and the lack of a systematic design procedure 

are often mentioned as disadvantages of fuzzy controllers. In order to check 

the stability, a model would be required, which could in turn be used for the 

adjustment of a PID controller. However, the fuzzy controller needs only an 

indistinct mathematical model and not a detailed one. In the case of wind 

turbines the model is always only a reproduction, since the real conditions 

Modern wind turbines control the power extracted from the wind by chang-

ing the rotor blade angle. The wind generates a lift force at the rotor blades 

which results in a rotary movement of the rotor. However, from a wind speed 

of approx. 12 m/s (wind force 6 Bft), the power taken up as a result by the 

rotor would be larger than the rated output of the wind turbine and must 

therefore be limited. To this end, the inflow angle of the wind is modified by 

adjusting the rotor blades, thereby reducing the rotor output. This method of 

regulating the speed via the blade angle is usually called pitch control. The 

associated control loop is highly non-linear, primarily as a result of the aero-

dynamic behavior of the rotor blades. In modern wind turbines, therefore, 

the PID controller employed is supplemented by filters and further additional 

functions such as gain scheduling. 

In designing the mechanical construction of a wind turbine, the loads act-

ing on the turbine are decisive. They form a spectrum of extreme loads and 

fatigue loads. The former can be reduced through intelligent operational  

management, the latter through careful parameterization of the speed 

controller.

The pre-configuration of the controller parameters takes place as part of the 

load calculation for a wind turbine. A turbine computer model is subjected to 

standardized wind profiles in simulation runs. Competing optimization crite-

ria have to be taken into account in the controller design. The optimization 

The pitch control of wind turbines is based today on PD or PID controllers. Due to the non-linear behaviour of  
the turbines, the design of these controllers is usually a very time-consuming affair. The use of fuzzy controllers in  
future promises a faster and more efficient procedure. Nils Johannsen, who works in the Wind Turbine Application  
Software Department at the Beckhoff Wind Expertise Centre in Lübeck/Germany, presents an overview of fuzzy pitch 
control.  
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General structure of the fuzzy pitch controller

The definition of the speed bands

of the wind, turbulence and aerodynamics can only ever be approximated. 

Changes in the air density, the rotor blades and the inertia in the drivetrain 

are already enough to cause great changes in the aerodynamic behavior of 

the rotor.

PID controllers are based on the model of the turbine, to which the param-

eters are oriented. If the model changes, the control quality is automatically 

reduced. Fuzzy controllers, conversely, are based on rules. Even if the model 

were to change strongly, the fundamental process would still be the same 

and the rules would still be fully valid. The control value is calculated on 

the basis of these rules, for which reason no exact information about the 

system needs to be available. The controller 

reflects the human behavior of the expert 

who designed these rules and enables an 

individual reaction to each state. As a result, 

fuzzy controllers are considerably more robust 

in relation to changes of the turbine, the set-

point or faults. In addition, parameterization 

is considerably simplified, because cognitive, 

not mathematical knowledge is required.

Motivation: fuzzy controller for the  

TwinCAT automation suite

Based on these experiences, Beckhoff designed a fuzzy controller for the 

TwinCAT automation software in order to regulate the pitch and, thus the 

speed of turbine rotors more effectively. Apart from that, the use of fuzzy 

controllers for wind turbines is expected to reduce the time and effort 

involved in designing the controller. Since the understanding of the control-

ler is considerably simplified, the necessary time for optimization can be 

significantly shortened. Moreover, it should be possible to use a controller 

for different turbines without modification, irrespective of the rotor diameter 

or the tower height. Since the fuzzy controller is a multi-variable controller, 

reaction to various states of the turbine is thus considerably more flexible. 

However, these advantages only become relevant if the control quality and 

the energy yield are comparable and the turbine loads are not increased 

as a result. If on the other hand the loads could be reduced, then the fuzzy 

controller would prove to be significantly more efficient.

Structure of the pitch controller

In principle, the fuzzy pitch controller for TwinCAT monitors the rotor speed 

and outputs a pitch adjustment rate. The deviation of the speed from the 

set value and the acceleration of the rotor are calculated internally. The two 

inputs are assigned fuzzy quantities, also known as “fuzzification.” This as-

signment takes place via bands placed around the value. A speed deviation 

of zero would be the center point, a slight deviation would be assigned to 

the first band and larger deviations to the higher speed band in each case. 

A total of three bands are used for the respective input, wherein a distinc-

tion is made between negative and positive deviations and it is determined 

whether the value possibly lies outside the defined bands. In turn, three 

bands are created for the output – the pitch adjustment rate – from a slow 

rate to the maximum rate of adjustment, in each case positive and negative. 

The width of these bands is specified via parameters. This produces three 

parameters for the speed deviation, three for the acceleration and three for 

the adjustment rate.

The rules are then evaluated on the basis of these fuzzy quantities or speed 

bands. A total of 49 rules were created, one for each possible state. These 

rules are defined on the basis of the assignment to the respective bands of 

the inputs and to the output used. Processing takes place by means of the 

so-called decision logic. One rule would be, for example: if the speed devia-

tion is in the first positive band and the acceleration is in the second nega-

tive band, then the pitch adjustment rate is set to the first negative rate. A 

negative pitch adjustment rate would mean turning the rotor blade into the 

wind and increasing the power coefficient. This rule demonstrates the flex-

ibility of the fuzzy controller. A proportional controller 

would have stubbornly output a positive adjustment 

rate in the case of positive speed deviation. However, 

since the rotor already exhibits a negative accelera-

tion, i.e. the speed is dropping, the rotor would be 

decelerated further, leading to underspeed and a 

reduction of the energy yield. The rule of the fuzzy 

controller, however, deals with the negative accelera-

tion. Instead of reducing the rotor speed further, the 

controller attempts to work against the acceleration 

in order to avoid underspeed. The aim is to regulate 

more specifically toward the nominal speed and to 

increase the energy yield.
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The fuzzy controller for TwinCAT is only available  

as application software.
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Weighted outputs are determined and the pitch adjustment rates are calcu-

lated by the evaluation of all rules whose conditions are fulfilled. This pro-

cess is known as “defuzzification.” In order to avoid excessively fast changes 

of the control value, the pitch adjustment rate is additionally smoothed via 

a first-order filter.

The input quantities, rules and output quantities together represent the 

knowledge base of the controller. The rules are permanently implemented 

and cannot be changed, since they ensure the stability of the controller and 

contain the expert knowledge of the process. The input and output quantities 

can be changed via the bands and thus adapted to the rotor employed, if 

necessary. The smaller the speed bands, the stronger the controller reacts. 

The controller behaves in the same way for the other bands. The knowledge 

base is thus very simply structured and comprehensible, even for those who 

are not control technicians.

Practical verification of the controller

The fuzzy controller design from Beckhoff was verified in co-operation with 

WINDnovation GmbH, based in Berlin, Germany. The fuzzy pitch controller 

was compared with a conventional PD controller in the BLADED design soft-

ware from GL Garrad Hassan on the basis of an existing turbine model. WIND-

novation had already carried out the complete load calculation and designed 

the PD controller for this turbine. The results are therefore comparable with 

one another without reservation. It must be pointed out that several days 

were required in order to parameterize the PD controller so that the rotor 

speed could be stably regulated. After that, several more weeks were required 

in order to determine the optimum control parameters. The fuzzy controller 

was implemented into this load calculation and used with a standard rule set. 

The rotor speed was stably regulated immediately and the parameter set was 

not changed any further for the subsequent load calculations.

The 69 load cases used for the simulation were generated according to the 

Germanic Lloyd guidelines for the certification of wind turbines and con-

tained wind profiles with wind speeds from 3 to 25 m/s according to wind 

class IIA. These time series were simulated in each case for the conventional 

controller and the fuzzy controller, and the control quality, extreme loads and 

fatigue loads were evaluated and compared with one another.

The control quality was determined by the evaluation of the rotor speed, the 

electrical power and the pitch adjustment. The average values and devia-

tions from the set values were calculated for all load cases. The results show 

that the average deviation of the rotor speed from the set value is smaller 

when the fuzzy controller is used. In addition, the average rotor speed and 

the electrical power were increased. To this end, the fuzzy controller requires 

increased activity of the pitch adjustment. The extreme loads achieved 

comparable values with both controllers. The loads on the rotor blades also 

correspond. The evaluation of the fatigue loads shows that the loads are 

reduced when the fuzzy controller is used. Exceptions to this are the loads 

acting on the tower. The loads on the drive train and the rotor were reduced 

by an average of 4 % and in some cases even up to 13 %. Despite the in-

creased pitch adjustment, the loads on the hub, rotor blade and blade root 

were also reduced.

Summary and Outlook

The comparison of the load calculations shows that the fuzzy controller 

delivers comparable and in some cases even better results, although no 

optimization of the parameters took place. Trial changes to the parameters 

also prove the robustness of the fuzzy controller. The adjustment of the 

parameters is simplified due to the understandable knowledge base, and 

time and effort are substantially reduced. Further optimizations based on 

the respective turbine would surely lead to further improvements. In sum-

mary, it can be said that the fuzzy controller fulfills the expectations, even 

when the parameters are only broadly configured, and has proven itself to 

be ideal for pitch control.

In the future, the results must be verified in further load calculations and the 

controller must work satisfactorily on a real turbine. In addition, there are 

still further possibilities to extend and optimize the controller. Extension by 

filters could reduce the loads further. Circumstances could be dealt with and 

reacted to with foresight by means of the evaluation of additional inputs. Ad-

ditional outputs could be used to enhance the functionality of the controller 

and enable greater intervention in the process. Combination with a neural 

network, also known as a neuro-fuzzy system, would enable automatic 

optimization of the parameters.

www.beckhoff.com/wind
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High-quality, proven control  
components for Vensys  
wind turbines

Chinese wind turbine manufacturer Goldwind uses Vensys plant design  
and PC-based control from Beckhoff
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efficiency. The market introduction of the Vensys series 90 and 100 with 

2.5 MW rated power is planned for the end of 2010.

Versatile and robust operations management permits applica-

tion anywhere and under extreme environmental conditions

The control systems for all Vensys wind turbines are developed and manu-

factured in Diepholz by Vensys Elektrotechnik GmbH in close cooperation 

with Beckhoff. This is where the pilot production for the control cabinets 

and systems takes place before the licensees and/or their manufacturing 

partners commence series production. In order to be successful interna-

tionally, wind turbine manufacturers need high-performance and flexible 

control systems: Rapidly changing system states under different, and 

in some cases extreme climatic and environmental conditions result in 

complex demands for the control systems. Wind turbines must be suit-

able for the locational conditions found in Central European lowlands 

and climatically extreme conditions, as they occur in China, for example: 

Deserts naturally present different conditions than coastal locations 

or mountain regions. The control systems must withstand heat, cold, 

humidity, sand, extreme wind forces, turbulence and other demanding 

influences and respond reliably. The system must always face the right 

way relative to the wind; data must be collected and evaluated; state 

or error messages must be exact and meaningful; grid feed-in must be 

correct and grid-supportive. All this requires a high-performance and 

adaptable control system.

Vensys Energy AG specializes in gearless wind turbines. In addition 

to manufacturing facilities at Neunkirchen (Saarland, Germany), the  

company has manufacturing capacities for more than 2,000 wind  

energy converters through licensees around the world. At Diepholz, 

Lower Saxony in Germany, the subsidiary Vensys Elektrotechnik GmbH 

produces frequency converters, low-voltage distribution boards and pitch 

systems for the Vensys wind power units.

In addition to the development and manufacturing of wind turbines, 

Vensys sells expertise in the form of licenses. The licensees have the right 

to manufacture and sell wind turbines according to Vensys designs. Over 

recent years the companies Goldwind in China, Eozen in Spain, Regen 

Powertech in India and Enerwind/IMPSA Wind in Brazil have become the 

license partner of Vensys. Vensys wind turbines can be found in all major 

emerging markets around the world.

Vensys originated from the wind energy research team (FGW) at the  

University of Saarbrücken in Germany, which was established in 1990. 

The first Vensys 70/77 type 1.5 MW wind energy converters started 

operating in spring 2007. In September 2009 Vensys presented its 

newly developed 2.5 MW wind turbine generator. The design is based on  

established Vensys technology: At the core of the gearless wind  

energy converter is a synchronous generator with permanent magnet 

technology that is driven directly by the rotor. The direct drive avoids the 

need for gearboxes which are maintenance-intensive and susceptible 

to faults. The characteristic Vensys generator design achieves a high  

The gearless Vensys wind turbines are characterized by their simplicity and quality. The turbines are proof that a 
few high-quality and proven components are sufficient for building state of the art wind energy converters. With 
the 70, 77 and 82 series, Vensys offers advanced wind turbines in the 1.5 MW range with different hub heights 
and rotor diameters. New 2.5 MW plants will follow near the end of 2010. All Vensys wind turbines use PC-based 
control technology from Beckhoff. To date, more than 6,200 wind turbines based on the Vensys design with Beckhoff 
technology have been delivered worldwide.

The gearless Vensys wind turbines are cont-

rolled by a CX1020 Embedded PC. To date more 

than 6,200 wind turbines based on the Vensys 

design with Beckhoff control platform have 

been delivered worldwide.

At the Diepholz, Germany facility Vensys  

Elektrotechnik GmbH builds the “pilot series” for 

the control cabinets before the licensees and/or 

their partners commence series production.
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The safety functions are also directly integrated in the Bus Terminal  

system. TwinSAFE terminals are distributed to the different I/O stations.  

A central KL6904 TwinSAFE logic terminal serves as the link unit  

between the safe input and output terminals. The logic terminal  

integrates safety function blocks which are configured accordingly.  

In the Vensys wind turbines, the overspeed relay, vibration sensor and  

the emergency off button are integrated in the safety circuit.

Robert Müller, wind power expert from the Beckhoff branch office in  

Lübeck, Germany explains the benefits of the integrated safety technology: 

“The merger of standard and safety I/O into a single streamlined system 

simplifies project planning, programming, cabling and diagnostics signifi-

cantly. The TwinSAFE Bus Terminals permit the connection of all common 

safety sensors and actuators. The TwinSAFE protocol is used for secure 

communication. This enables safety-related data to be transferred via any 

media. In the case of Vensys systems, PROFIBUS is used for  transferring 

the safe signals. “ The use of TwinSAFE technology makes multi-wire  

copper cabling between the nacelle and the tower base, which is required 

for a conventional hard-wired safety chain, unnecessary. The safety chain 

is integrated in the optical fiber used for system automation. 

Compact pitch controllers and flexible IEC-61131 programming

The pitch controllers are coupled with PROFIBUS via slip rings. Each rotor 

blade features a Beckhoff BX3100 Bus Terminal Controller with various 

Bus Terminals. The pitch box with integrated controller  automatically 

collects and analyzes the ambient data, decides independently and  

communicates with the other pitch boxes in order to coordinate  

the initiated actions. At the same time the data are transferred to the 

Embedded PC in the nacelle. The rotor blades are pitched via external 

toothed belts – a solution developed in-house at Vensys that developers 

are quite proud of. 

“Crucial factors for choosing the Beckhoff systems were the flexibility  

of the comprehensive Bus Terminal I/O kit, the small footprint of the  

controllers and I/O systems, the user-friendly programming via  

Lean control architecture integrates standard and safety I/O 

in a single system

The Vensys system design, which is based on just a few components, is 

matched by the “lean” Beckhoff control concept with a single PC (see 

topology diagram). The master computer is a Beckhoff CX1020 Embedded 

PC to which two Bus Terminal stations in the tower base, two stations  

in the nacelle and the pitch controllers in the hub are connected via  

PROFIBUS. The central Embedded PC collects and processes the opera-

tional management and pitch controller data, controls the grid feed-in 

and communicates with the control room via Ethernet. 

Compared with conventional solutions the PC-based control system 

from Beckhoff has the advantage that only one PC is required for control 

purposes and data interfaces. The Bus Terminals are attached directly to 

the Embedded PC, so that PC technology and modular I/O level form a 

cohesive unit.

Operational management (nacelle)

fibre-optic

Pitch control

Operational management (tower base)

Embedded PC CX1020 
with Bus Terminals

PROFIBUS I/O station (Safety integrated)

PROFIBUS I/O station 
(Safety integrated)

Slip ring

OLM

OLM

Bus Terminal 
Controller BC3100 
(blade 1)

(Blade 2)

(Blade 3)

Hans Beckhoff, managing director of Beckhoff 

Automation, on the Vensys windmill

Control topology of 

Vensys wind turbines

   Rated power Rotor diameter

Vensys 70 1.500 kW  70 m (230 ft)

Vensys 77 1.500 kW  77 m (253 ft)

Vensys 82 1.500 kW  82 m (262 ft)

Vensys 90 2.500 kW  90 m (295 ft)

Vensys 100 2.500 kW  100 m (328 ft)
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TwinCAT, and ultimately the low system costs,” said Frank Becker, director 

of control technology at Vensys. 

Another argument in the decision for Beckhoff as control equipment 

supplier was the global positioning of the company in more than  

60 countries. Beckhoff has wind power experts in its subsidiary branches 

in important wind power regions such as China.

Goldwind relies on German technology

The main licensee of Vensys wind energy converters is the company 

Goldwind Science and Technology Co Ltd., based in Urumqi in northwest 

China. Goldwind Windenergy GmbH, a German subsidiary of Goldwind, 

has been the main shareholder of Vensys Energy AG since April 2008 

with 70% of the shares. Goldwind has become the industry leader among 

Chinese wind turbine manufacturers and is set for further growth.

Goldwind’s main activities include the development, manufacturing and 

sale of wind turbines. Goldwind also offers comprehensive technical and 

consulting services for the construction and operation of wind turbines 

for windfarm operators and investors. More than 6,000 Goldwind wind 

turbine generators are currently in operation in China. Goldwind supplied 

wind turbines for the Olympic Park near Beijing, which was built for the 

Summer Olympics in 2008. The company is also successful in the inter-

national wind energy market: The first networked 1.5 MW wind turbines 

at the UILK windfarm in Minnesota (United States) were commissioned 

in February 2010. 

“Goldwind and Beckhoff have had a successful working relationship for 

many years,” said Dr. Yuwen Bo, deputy director of the Goldwind wind 

energy technology center: “Beckhoff has extensive expertise in the wind 

energy industry and is able to supply complete system solutions. In addi-

tion, PC Control offers us a high degree of flexibility for programming and 

facilitates modifications of the control system according to application- or 

customer-specific requirements.“

The increasing demands for efficiency and energy yield have resulted 

in strong growth for high-performance wind turbines: 1.5 MW systems 

are currently the standard in China. For the 2.5 MW systems, which will 

commence production towards the end of this year, Goldwind will use 

EtherCAT as communication system instead of PROFIBUS.

“The control algorithms for the systems are getting more and more 

complex,” said Dr. Yuwen Bo: “In order to cope with difficult geographic 

and climatic conditions and varying requirements, the performance of the 

main controller – which represents the ‘brain’ of the wind turbine – must 

be able to ‘grow.’” The Embedded PCs from Beckhoff are able to process 

very complex algorithms, which means all wind turbine control tasks can 

run on an integrated platform. 

Vensys Energy AG  www.vensys.de

Goldwind Science and Technology Co Ltd.  www.goldwind.cn

Goldwind International  www.goldwindglobal.com

Dirk Kordtomeikel, Business Manager Wind Energy  

at Beckhoff, and Nicole Grote, purchasing manager at  

Vensys Elektrotechnik GmbH, on the windmill

The Guanting windfarm near Beijing is located at an  

elevation of approx. 460 to 479 m (1509 to 1572 ft) and is 

spread over an area of 6 x 14 km (3.7 x 8.7 mi). It has an 

installed wind power capacity of 49.5 MW. Guanting II, with 

a capacity of 50 MW, is currently under construction.
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The controller parameters are pre-configured as part of the load calcula-

tions for the wind turbine. A turbine computer model is subjected to 

standardized wind profiles in simulation runs. Competing optimization 

criteria have to be taken into account in the controller design. The opti-

mization process can be complex and protracted, since several iteration 

loops are required before the optimum can be determined. The ideal that 

is determined in this way is still only a best possible compromise.

In addition to this pre-configuration, it is usually necessary to optimize 

the parameters determined in the simulation during the commissioning 

of the turbine. This process can also be rather complex, since the required 

wind speeds are not available ‚on tap‘ and only occur for a limited period 

of time, depending on the site.

Anyone for a small revolution?

In contrast to the PID controllers that are still mainly used for wind tur-

bines today, a basic characteristic of “fuzzy controllers” is that they are 

non-linear state controllers with a reputation for robustness. Using fuzzy 

controllers in wind turbines can have several benefits:

| Reduced load calculation effort

| Minimum effort for pre-configuration of the controller

| No or minimum optimization effort in the field

| Single controller for different turbine types (e.g. different rotor diam-

eters or tower heights)

| Increased energy yield in the transition range between part load and 

rated load

| In a “best-case” scenario, a basic controller, once configured, can be 

transferred to other systems without further adaptation.

In practice, however, these benefits only become relevant if they don’t 

result in increased system loads. If, on the other hand, a fuzzy control-

ler was even able to reduce the loads as a kind of side effect, it would 

represent a small revolution in the control of wind turbines.

The associated control loop is highly non-linear, primarily as a result of 

the aerodynamic behavior of the rotor blades. In modern wind turbines 

traditional PID controller are therefore supplemented with filters and 

additional functions.

State-of-the-art controller parameter configuration

The critical parameters for the mechanical design of a wind turbine are 

the (wind) loads acting on the system. They form a spectrum of extreme 

loads and fatigue loads. The former can be reduced through intelligent 

operational management, the latter through careful parameterization of 

the speed controller.

Simply put, modern wind turbines control the amount of power extracted from the wind by changing the rotor blade 
angle. The wind generates a lift force at the rotor blades which results in a rotary movement of the rotor. At wind 
speeds above around 12 m/s, the power at the rotor would exceed the rated output of the wind turbine and there-
fore has to be limited. To this end, the inflow angle of the wind is modified by adjusting the rotor blades, thereby 
reducing the rotor output. Robert Müller, Beckhoff Wind Team, gives an overview and an outlook of the technology.

Fuzzy controller revolutionizes  
power control in wind turbines
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TwinCAT integrates “fuzzy” solution

Based on the TwinCAT development tool, Beckhoff developed a fuzzy 

controller and implemented it into the operational management pro-

gram of a wind turbine. The turbine is 2.5 MW direct-drive model, for 

which Beckhoff had already developed the operational management 

and control software (see also Avantis article on page 10). The program-

ming language is Structured Text according to IEC 61131-3. The fuzzy 

controller is subdivided into the actual fuzzy algorithm consisting of the 

“fuzzifier,” the decision logic and the “defuzzifier,” and the rule base, 

which is defined and parameterized via structures. For parameterization 

of the input variables three ranges are specified for the rotor speed and 

the rotor acceleration. The output parameters are set via three ranges 

for the blade adjustment speed. The corresponding program code was 

encapsulated in a library.

Before the fuzzy controller was used in the actual turbine, the functional-

ity and its effect on the loads were examined in detail. This examination 

was carried out by WINDnovation Engineering Solutions GmbH using 

the BLADED software tool from GL Garrad-Hassan. Using the same 

tool, WINDnovation had already undertaken the full load calculation
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The fuzzy controller also demonstrated its robustness in trials involving 

significant ‘provocative’ modifications of the controller parameters.

In summary, it can be noted that this controller types meets the above-

mentioned expectations (even based on merely a pre-configuration of its 

parameters) and is clearly the ideal controller for wind turbines.

Outlook

Future extensions of the fuzzy controller could include additional inputs 

for further improvement of the characteristics. For example, the wind 

speeds could be analyzed to determine a trend and enable anticipatory 

responses. Additional outputs could be used to enhance the functionality 

of the controller and enable greater intervention in the process. For ex-

ample, the resisting moment of the generator could be used in a targeted 

manner to influence the speed. In addition, it is conceivable to combine 

the controller with a neural network, also referred to as a neuro-fuzzy 

system, for automatic optimization of the parameters.

and the pre-configuration of the conventional PID controller for the 2.5 

MW turbine. The results for the two controller types are therefore fully 

comparable.

Optimized load design, improved energy yield

The analysis showed that the fuzzy controller largely provided compa-

rable results, in some cases even better results, although in some cases it 

led to significantly higher adaptation activity of the pitch system. Above 

the rated wind speed, the deviations of rotor speed and the generator 

output (i.e. the key control variables) from their specified set values were 

significantly lower, resulting in higher energy yield of the turbine (with 

comparable pitch adaptation activity).

Fuzzy controllers also lead to significant improvements in terms of the 

loads (for all load cases and system components). In some cases the fa-

tigue loads were also significantly lower, with the exception of the tower. 

In terms of extreme loads, the differences between the fuzzy controller 

and conventional controller were small.

As part of the studies, no optimization of the fuzzy controller was 

carried out, which would no doubt lead to further improvement.  
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Robert Müller, wind energy expert,  

Beckhoff, Germany
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Standardized wind turbines communication according to IEC 61400-25

TwinCAT supports wind power industry standards

Beckhoff is announcing a new PLC library for its automation suite in 

“TwinCAT PLC IEC 61400-25”. The IEC 61400-25 standard defines 

communication for monitoring and controlling wind turbines. Its in-

tegration in TwinCAT will simplify the control of heterogeneous wind 

farms considerably.

Regenerative energies are on the advance. More and more  

wind turbines are being installed worldwide, both onshore and off-

shore; most of them are organized into wind farms. In wind farms 

with wind turbines made by different manufactures, the IEC 61400-25 

communication standard is intended to make communication pos-

sible. It is based on the IEC 61850 basic standard and will be available 

from mid-2009 as a PLC library as one of the TwinCAT supplementary 

products.

The “TwinCAT PLC IEC 61400-25” PLC library simplifies communication 

for monitoring and controlling wind turbines.

Like IEC 61850, IEC 61400-25 is object-oriented. This approach al-

lows particularly simple configuration, diagnosis and main tenance of 

the communication. In addition to the IEC 61850 basic standard, the 

IEC 61400-25 contains descriptions for wind power-specific objects. 

However, the same communication services are used, as a result of 

which TwinCAT users can also access IEC 61850 data objects. The ba-

sic standard defines a general transmission protocol for protective and 

control equipment in medium and high voltage electrical substations.

The communication is physically based on Ethernet technology. TCP/IP 

and the Manufacturing Message Specification (MMS) have been imple-

mented as protocols in TwinCAT PLC. The hierarchical data objects are 

communicated between a master control station and a wind turbine 

via MMS as the application layer.
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While great for promoting green energy and reducing reliance on fossil fuels, the constantly growing per-
centage of electricity generated by wind power places are increasing certain demands on electrical grids. 
Whereas in times gone by the electricity utilities disconnected the wind turbines from the grid when there 
were grid problems, the turbines nowadays truly have to support the grid. As a result, converters play a 
crucial role today. The manufacturers of converter systems master the task of supporting wind turbine-
enabled grids with the help of fast and flexible Beckhoff technology.

controller. With the use of the EtherCAT Terminal system, however, the 

company can offer its customers any desired communication interface: 

PROFIBUS, CANopen, DeviceNet, RS485, etc. The communication master 

that matches the specific project is simply selected from the modular 

EtherCAT Terminal system and implemented. If the Beckhoff CX9000 

or CX1010 Embedded PCs are used, Modbus TCP can also be utilized 

directly as the gateway to higher-level systems, without the use of a 

separate communication master. This greatly simplifies communication 

between the converter unit and the turbine controller, while at the same 

time reducing the number of components required for communication. If, 

as in many cases, the turbine controller is also from Beckhoff, then the 

operational management can also be connected via real-time EtherCAT 

or real-time Ethernet.

Integrated data recording

Apart from their function as communication interfaces, Embedded PCs 

also serve to log all necessary process data. The system can also monitor 

and log the temperature via analog EtherCAT Terminals. An almost unlim-

ited storage capacity is available for data logging via the USB interface 

of the Embedded PC.

The Switch  www.theswitch.com

Beckhoff Finland  www.beckhoff.fi

“The Switch” arose in December 2006 from the fusion of three enter-

prises, Rotatek Finland, Verteco and Youtility; over 25 years of expert 

know-how flowed together among the three companies. Apart from the 

company headquarters in Vantaa and the production sites in Lappeen-

ranta and Vaasa in Finland, The Switch also manufactures in Hudson, 

New Hampshire in the United States and in China. In 2009 the company 

brought solutions onto the market for 2.5 MW high-speed turbines, for 

medium-speed 1.25 MW generators and for a 1.5 MW direct drive solu-

tion. The annual production capacity for generator and converter systems 

currently amounts to 5.5 GW.

The Switch offers a large selection of standard and customer-specific 

gearless drive systems, consisting of a permanent magnet generator 

(PMG) and a full-power converter (FPC). They represent a direct drive 

solution in which the rotor of the wind turbine is connected directly to the 

generator, thus making a gearbox unnecessary. The payoff is improved re-

liability and availability as well as simplified maintenance over the entire 

turbine life cycle. The technology also guarantees compliance with future 

grid compatibility requirements by providing grid-supporting functions.

EtherCAT promotes communication freedom

In supplying its customers with generator and converter packages, The 

Switch found itself confronted with different customer needs regarding 

the transmission of data between the Switch Drive™ and the plant 

The Switch Drive generator and converter package was developed by 
the Finnish wind turbine parts supplier The Switch. In addition to 
increased reliability and availability, the Switch Drive™ offers high 
efficiency in the partial load range, leading to a higher energy yield. 
The con verter is controlled by a Beckhoff Embedded PC. Both the in-
ternal converter communication and the external communication are 
based on EtherCAT.

Switch Drive™ fullpower converter 
guarantees reliable operation 

The Switch

Converter system suppliers
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The permanent magnet generators (PMGs) from The Switch 

cover all wind power applications. Each PMG is designed 

with special magnet shapes and arrangements to match 

specific wind conditions for smooth operation and 

maximum efficiency. The directly driven, low-speed PMGs 

work without a gearbox, which results in an unequalled 

overall efficiency of the drive train.

The sturdy full-power converters 

from The Switch, which are designed 

for the highest performance de-

mands in wind power generation, 

are virtually immune to disturbances 

or changes in the grid and enable 

adaptation to changing operating 

conditions due to the flexible design 

of the controller.
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Security is a big topic in wind power systems; precise control of the plant performance in 
all conceivable situations is considered to be very important. Brake systems have therefore 
developed in the wind power industry into complex, ‘intelligent’ subsystems that cooperate 
with the complete plant and its main controller. Beckhoff offers compact control solutions 
for brake systems in the form of Embedded PCs or Bus Terminal controllers.

Brake suppliers

with which the hydraulic unit of the brake systems is controlled. The goal 

is a controlled, precisely steered and even braking process that is as 

gentle on the entire plant as it is on the brake system and its mechani-

cal components. The braking behavior of the SOBO® controller can be 

adapted exactly to the individual type of wind turbine.

Beckhoff supplies the necessary hardware with the flexibility that 

ensures versatile applicability of the SOBO® controller – which also 

includes applications outside the wind power industry, e.g. for cranes 

and conveyor belts. A Bus Terminal Controller from Beckhoff’s BX series 

(BX8000) and various Bus Terminals are used, including an incremental 

encoder terminal for the detection of the speed of the main shaft. The 

wide applicability is made possible in particular by the flexible TwinCAT 

automation solution. In addition, communication with the higher-level 

automation system is greatly simplified, especially when an automation 

platform from Beckhoff is also used, as is the case in many wind turbines.

Svendborg Brakes www.svendborg-brakes.com

The Danish company, which today operates internationally and has a 

growing global presence, supplies brake systems for azimuth and rotor 

as well as safety brake systems and rotor lock systems. The supplied 

systems are used primarily to decelerate the rotor – on the fast or slow 

shaft depending on the design – and to lock it. 

The precise alignment or adjustment of the nacelle to the wind direction 

and the stabilization of the azimuth system are ensured by the azimuth 

brakes. The loads that the brake system has to cope with are enormous. 

However, by the interaction of the aerodynamic brake by means of pitch 

adjustment and the active mechanical brake, all plant sizes up to the 

multi-megawatt class can be managed securely.

The control of the brake systems is a crucial factor in addition to suitable 

brake lining materials and a mechanical design capable of bearing high 

loads. 

To this end Svendborg uses its own controller called SOBO® (Control – 

Soft Braking Option, also with ‘fault-ride-through’ function if necessary), 

PC Control for SOBO® brake controller 
helps ensure wind turbine safety
Svendborg Brakes is one of the best-known manufacturers of brake sys-
tems for wind turbines and is following the trend towards increasingly 
powerful and more intelligent systems. Beckhoff supplies the hardware 
for Svendborg Brakes’ SOBO® controller.

Svendborg Brakes
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Precise control of plant performance in all conceivable situations is a big topic 

in wind power systems. Brake systems have therefore developed into complex, 

“intelligent” subsystems that cooperate with the complete plant and its main 

controller.

The BSAK3000 hydraulic brake system, which is controlled by the 

SOBO® Control developed by Svendborg, enables a controlled and precisely 

steered braking process. The system can generate a pressing force of 

up to 55,000 N.
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This permits specific customer solutions on a modular basis. The solutions 

developed in this way are then produced by the customers themselves (e.g. 

Goldwind, Vensys, Guodian United Power or Winwind) with the help of the Atech 

and Beckhoff components.

Various Beckhoff Embedded PCs are available for the control and regulation 

of the blade pitch. Common to all is a PROFIBUS slave interface to connect to 

the main controller. The PROFIBUS cabling is connected to the nacelle by a slip 

ring. Newer designs are characterized by CANopen communication to the power 

components and battery chargers employed, and the entire system is even more 

compact as a result. The CX9000 Embedded PC from Beckhoff offers a particu-

larly simple to operate Web interface for easier commissioning.

Atech www.atech-antriebstechnik.com 

Pitch systems are exposed to great stresses and, as safety systems, must remain 

functional at all times. They are used not only to adapt the rotor speed precisely 

to the prevailing wind; in extreme cases, the pitch systems are also used as 

emergency brakes. Redundancy, low maintenance and high load capability are 

therefore central requirements – especially under the extreme environmental 

conditions under which wind turbines must operate.

Atech uses electrical pitch systems, which is an obvious choice for a manufac-

turer that also  markets drive and battery technologies. In addition, the company 

has a close and long-standing development partnership with the ZAPI group, 

which is located in the Emilia-Romagna area of Italy.

The Atech concept is based on low-voltage technology. All systems are offered 

for supply voltages between 45 and 100 V. The systems themselves are designed 

for wind turbines  of output classes between 1 and 6 MW. The pitch systems 

are optionally offered with maintenance-free, load-cycle-independent capaci-

tors, which supply the pitch adjustment system with the necessary power in the 

event of a power failure.

Special consideration in the development of the Atech pitch systems is given 

not only to wind-specific requirements, but also to general requirements for  

automotive use. Atech systems are characterized by tolerance to extreme tem-

peratures and temperature fluctuations, as well as high resistance to shocks and 

vibration. Many years of experience are reflected in the quality of the products. 

Atech has opted for a compact design. Only three pitch boxes are used per 

plant – one for each blade – which, additionally are 100% identical. The systems 

are offered not only as standardized solutions, but also as customer-specific 

versions designed in close cooperation with the developers of the wind turbine.  

Electrical pitch controllers, i.e. electrical blade adjustment systems, can be found in more than 80 % of all large wind turbines 
today. Since the pitch system plays a critical part in the safety infrastructure of a wind turbine, it must operate independently 
and be failure-proof. In order to ensure this, the system has electrical buffers and its own control system so that it can turn the 
blades out of the wind in case of emergency. As a consequence, two very interesting systems with different architectures – and 
with correspondingly different controllers from Beckhoff – are presented. 

Pitch system suppliers

Atech Antriebstechnik builds pitch systems for wind turbines. 
The uncompromising concept is characterized by a reduction 
of components and high reliability in the operational man-
agement. Beckhoff cooperates closely with Atech to maintain 
these standards.

CX9000 system  BX system  BC system
CX9000-0001   BX3100   BC3150

EL5001     KL5001   KL5001

EL9011     KL9010   KL9010

EL6731-0010   KL1809   KL1104

EL6751     KL2809   KL2408

EL3204     KL3204   KL3404

EL1809     KL9010   KL4001

EL2809         KL9010

Compact pitch systems with 
open control technology

Atech

Atech relies on various Beckhoff 

Embedded PCs for the control and 

regulation of the pitch box. 

worldwide | pitch       Published in PC Control | Wind Special 201090





Mingyang relies on Beckhoff wind industry expertise

Meanwhile China has become the country with the world’s most wind farms.  

The reasons for using wind energy are obvious: With a population of more than 

1.3 billion or approx. a quarter of the world’s population, China uses around  

10 percent of the global primary energy resources. Coal is the main energy source 

for China, with all the consequences associated with generating electricity from 

coal. Existing coal-fired power plants have a very poor environmental balance, 

due to their high CO2 emissions and other polluting attributes. Economic growth 

creates an incredible challenge: China must build new clean, advanced power 

plant capacities faster than the dramatic increase in energy consumption.

Wind energy is becoming one of the assets in China’s dynamic energy market, 

with up to 40 GW of capacity expected to be installed by 2020. By the end of 

2007, around 6 GW capacity had already been installed, of which approx. 3.3 GW 

were installed in 2007 alone.

Mingyang: wind turbines for the domestic market and abroad

Mingyang Electric Group Co., based in the southern Chinese province of Guan-

dong, was established in 1993 and became active in the wind energy sector sev-

eral years ago. Last year the company built its first wind turbine with a nominal 

capacity of 1.5 MW at Zhanjiang in the far south of China. An additional 33 units 

are expected. Mingyang is currently establishing production capacities not only to 

satisfy the Chinese market, but also for export: In 2008 the company expects to 

export 72 systems to the USA. Over the coming years Mingyang intends to build 

systems with a total capacity of 2,000 MW, around half of which destined for the 

United States. In addition to the lower price, high system performance and reli-

ability are further key arguments in favor of this wind energy market newcomer.

System design made in Germany

Mingyang relies on a tried and tested design originating from Aerodyn Energie-

systeme GmbH, a firm of consulting engineers based in Rendsburg, Germany, 

who have been developing wind turbines since the early 1980s. Beckhoff supplies 

the control and automation system. “The basic design is proven and has been 

used successfully in the market for years,” said Robert Müller, Beckhoff project 

manager and wind power branch manager, commenting on the basic idea for 

the Mingyang system. The wind turbine has a nominal capacity of 1.5 MW, with 

a hub height and a rotor diameter of 80 meters. Mingyang offers the system 

in strong wind and light wind versions as well as a cold climate version. The 

pitch-controlled, variable-speed system is equipped with a double-fed induction 

generator. All these features are familiar and have been proven in the market.

The project was nevertheless ambitious: The order for the development of the  

control system was issued in late autumn 2006. A prototype was built only a year 

later and commissioned in October 2007.

In recent years China has been experiencing a wind power boom. Now that the main international wind turbine 
manufacturers have established production plants in China, Chinese machine manufacturers are racing to gain 
a foothold in the wind energy sector. The Mingyang Group, originally based in southern China, started with a 
1.5 megawatt system using control technology and industry expertise from Beckhoff.

Wind energy helps keep the future bright for China
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Control concept for extreme operating conditions

The specific operating conditions for automation components in the wind energy 

sector differ from other industrial applications and require special automation ex-

pertise: harsh, rapidly varying ambient temperatures and weather conditions such 

as wind speed and direction have to be mastered in order for the systems to meet 

stringent electrical quality requirements. While the wind quality in the southern 

Chinese province of Zhanjiang is generally high and uniform, the region is at risk 

from typhoons all year round. Two typhoons already passed through during the 

construction phase and left their mark. The wind turbines have to cope with wind 

speeds in excess of 50 m/s (180 km/h) in conjunction with strong precipitation. 

The South China Sea location just north of the 20th degree of latitude generally 

has a more extreme climate than Central European locations.

“The control system has to be adapted to such extreme conditions,” said wind 

power expert Robert Müller. “It must be able to respond very quickly, the emer-

gency systems must be designed with redundancy in mind, and the installation 

must meet stringent safety criteria.” The automation system automatically  

responds to changes in environmental parameters. The operating states are  

monitored both locally and remotely via remote data communication in order  

to enable full control of the system. The data are stored for retrospective fault 

analysis, for example following disruptions in system communication.

PC-based control platform offers openness  

for future developments

The PC Control system in the tower is based on a CX1020 Embedded PC with 

TwinCAT automation software. The modular CX system is equipped with a  

CAN bus interface for communication with the autonomous converter for the 

double-fed induction generator and standard interfaces (USB, DVI and Ethernet 

TCP/IP). Further I/O stations for interfacing sensors and actuators are connected 

Mingyang built one of its first wind turbines with a nominal  

capacity of 1.5 MW at Zhanjiang in the far south of China.

via the high-speed EtherCAT communication system. The autonomous pitch 

system with PROFIBUS master is integrated into the EtherCAT I/O system via 

suitable fieldbus terminals. The safety sensors and actuators in the nacelle and 

the tower base are also directly integrated into the EtherCAT system. Therefore, 

an additional safety bus system is not required.

Current and historic operational data can be displayed on Beckhoff Control  

Panels in the nacelle and the tower base. The individual units can be integrated 

into a wind farm communication system or a control master station for remote 

monitoring, although this has not yet been implemented in the Zhanjiang instal-

lation. This functionality can be retrofitted if required.

In addition to the automation components, Beckhoff also supplied the application 

software and provided support for Mingyang’s engineers during commissioning. 

The open nature of the application program enables Mingyang to adapt and 

refine the software. This is a big advantage of open, PC-based control technology.

The use of Windows as an operating system and Ethernet as the communication 

platform opens up new potential in terms of communication and data processing 

speed. Control or communication components such as laptops can be connected 

at any time. In the future, any component can be replaced with state-of-the-art 

modules as required.

  Guangdong Mingyang Wind Power Technology Co., Ltd    

  www.mingyang.com.cn

Extreme conditions: the control system must adapt to the  

harsh, rapidly varying ambient temperatures and weather conditions 

such as wind speed and direction in order for the installation to meet 

the stringent electrical quality requirements.

PC controller in the tower:  

CX1020 Embedded PC with  

TwinCAT automation software
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