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1 Introduction 

1.1 Background 

At the starting point of the project, condition monitoring and fault prediction systems has just 
been introduced to the wind energy market. Also, products for wind farm management and 
maintenance and repair scheduling were coming up. Therefore, the need for standardised 
concept of the above mentioned item became more and more important. Also, the 
optimisation of existing and the development new techniques in the addressed fields were of 
interest. Finally, all this had to be adapted for the use in offshore wind turbines. This leads to 
the idea for the presented project. To carry out the project, a consortium consisting of 
manufacturers for condition monitoring systems, for wind farm management tools, for wind 
turbine control systems and for complete wind turbines was formed. Also wind energy 
research institutes are in the consortium. With the chosen partners, the work out of 
comprehensive solutions for the project's objectives could be realised. The following table 
shows the project partners. 
 
Project participants: Acronym Number Country 
Institut für Solare Energieversorgungstechnik e.V. 
(co-ordinator) 

ISET 1 D 

Mita-Teknik a/s MITA 2 DK 
Nordic Wind Power AB (1) NWPAB 3 S 
Plambeck Neue Energien AG PNE 4 D 
Brüel & Kjaer Vibro B&KV 5 D 
Overspeed GmbH & Co. KG Ospeed 6 D 
Gram & Juhl APS GJ 7 DK 
Deutsche Montan Technologie GmbH DMT 8 D 
Risø National Laboratory Risoe 9 DK 
Deltawind AB (2) DWAB 10 S 
 
(1): Until April 2005 
(2): From May 2005 
 
 
 
1.2 Scientific/technological and socio-economic objectives 

The main scientific and technical objective of the project was to lay the foundations for 
condition depending maintenance and repair (M&R) strategies for wind turbines in offshore 
wind farms. As a basis for such strategies, condition monitoring and fault prediction hardware 
and software has to be integrated into wind turbine and wind farm technology. Within the 
project, comprehensive solutions for installation of the required sensor equipment in wind 
turbines have been worked out. Existing condition monitoring and fault prediction techniques 
have been investigated relating to their applicability for use in wind turbines. New offshore 
wind turbine specific techniques are developed. Algorithms for condition depending M&R 
scheduling are worked out. 
 
 
 
1.3 Applied methodology, scientific achievements and main deliverables 

The developments carried out in the course of the project should be understood as "plug in" 
components for existing or currently developed offshore wind farm management and 
surveillance software products. To achieve an optimised integration ability to these products, 
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existing industrial standards (e.g. IEC61400) have be used. Parts of the project's results will 
contribute to the revision of these standards or will help to form new standards in the field of 
M&R strategies for offshore wind farms. The scientific and technological results of the project 
are described in the sections 2 and 3 of this report. The described hardware and software 
developments are the main deliverables of the project. The developed items have been 
laboratory and field tested. The methodology and results of these test are described in 
section 4 of this report. 
 
 
 
1.4 Conclusions including socio-economic relevance, strategic aspects 

and policy implications 

In the course of the project, all major objectives have been achieved. The project has been 
made public on several events. Concepts for communication, hardware installation, data 
base operation has been worked out and have been tested in distributed Internet 
communication tests in the course of the project. The work out of standards and guidelines 
according to condition monitoring and M&R scheduling will promote interest on these 
technologies in the wind energy industry in general and for the project’s result in particular.  
 
Contact was made on several meetings, conferences and exhibitions to different groups of 
interest within the wind energy economic sector. German insurance companies have certified 
several CMS (amongst them also CMS of project partners) for use in WECs. It also becomes 
more and more obvious that the next generation of offshore WTs will be equipped with CMS 
since the insurance regulations will demand this as mandatory. The project’s results will also 
impact the standards in the field of condition monitoring and fault detection. Together with the 
IEC TC88, a new project team has been established for work out of a condition monitoring 
and M&R scheduling part of the IEC61400. This will contribute to integrate the project’s 
results into future offshore WT technology developments. Contact has also been made to 
several national standardisation work groups, e. g. in Denmark and Germany. 
 
 
 
1.5 Dissemination and exploitation of the results 

The dissemination and exploitation of the results achieved in this project is described in the 
section 5 of this report. 
 
 
 
1.6 Main literature produced 

An overview of the literature and publications produced in the project is given in the section 
5.1 of this report. 
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2 Hardware 

2.1 Principle concept for communication hardware 

2.1.1 Networking 

For the communication within a wind energy converter itselfs and from the wind energy 
converter to the outside world, an Ethernet network with TCP/IP protocol has been proven to 
be most suitable. Therefore, for the following such a network is assumed. But there are also 
other solutions possible, e.g. WLAN from a wind energy converter to a centralised SCADA 
system or Farm Server. The principle structure of the communication network is shown in 
Figure 2.1. 
 

 
Figure 2.1: Communication network structure 

 
The structure of the network is leaned on an example given in [1]. All components in the 
network are addressed by the IP numbers. If it is a private network, which does use the 
restricted IP address space (10.X.X.X etc.), communication inside the wind farm is not 
affected. Only for outside contacts, the SCADA-System / Farm Server then have act as a 
proxy. Connection from a remote office at the operator’s / M&R service provider’s place is 
made by dial in (Analogue Modem, ISDN, …) or will remain permanently (VPN, GPRS, 
UMTS). 
 
 
2.1.2 Real time data 

For some of the data which has to be exchanged, electronic interchange is not useful. This is 
the case for data, which has to be made available without any time delay, the so called "real 
time data". For this type of data, hardware signals must be made available according to 
analogue and digital bus system according to Figure 2.2. Those signals are for example 
digital pulses from shaft revolution measurement sensors, which are used as trigger 
information to perform order analysis data evaluation. Details about this can be found in 
section 3.3 and the given references there. 
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Figure 2.2: Real time data exchange network structure 

 
 
 
2.2 Gram & Juhl TCM System 

The TCM System is a complete permanent conditioning monitoring system for monitoring a 
large number of wind turbines located at different sites all over the world. The key 
components are 
 

• Hardware front-end doing the data acquisition and real-time analysis. This is the M-
System and its predecessor the DAM modules 

• Database servers, the TCM Server, storing data and doing the post data processing. 
This is the server part of the TCM System (back-office) 

• The control room with the operator interface. This is the web based operator interface 
of the TCM System 

 
The condition monitoring is based on advanced signal analysis on various signals as 
vibration, sound, strain and process signals in combination with automation rules and 
algorithms for generating references and alarms. The system has a high degree of inbuilt 
automation presenting the conditions and alarms in a condensed form to the operator. An 
expert has the possibility to dig into measurements and alarms by an advanced data-mining 
tool. 
 
Configuration of the system is based on a template philosophy, so it is possible to configure 
are large number of wind turbines in one operation. Alarm limits are automatically generated 
by the system based on rules setup by an expert. In addition the overall systems has a 
system daemon, watching that all parts are up running i.e. a watch dog. 
 
The main parts of the wind turbine which are monitored are 
 

• Tower, blades and nacelle using the DAM-XY SVM sensor and its frequency guards. 
• Mechanical parts as bearings, axes, couplings and gear-wheels 

 
The system components covered are: 
 

• The M-System Unit 
• ICP Accelerometers 
• Cables 
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The diagram given in Figure 2.3 depicts the dataflow for the TCM System. Measurement 
data are recorded and processed by the M-System in the wind turbine. The M-System is 
normally situated in the nacelle. Qualified measurements and alarms are forwarded to a TCM 
Server which may be replicated by one or more Offline TCM Server(s). The purpose of the 
Offline TCM Server is to gain faster access to information, since the data transfer bandwidth 
internally at the Control Room is normally much higher than the bandwidth to the Wind 
Turbine Site. The drawback is that there can be a delay in the information available at the 
Control Room.  
 
In small installations the TCM Server at the Wind Turbine Site may be omitted, which means 
that data goes directly to the Control Room TCM Server. The M-System is capable to buffer 
data for a shorter period, typical 10 days, if the connection to the Control Room is temporarily 
disrupted. Configuration and data access can be restricted on a per user basis. 
 

 
Figure 2.3: Real time data exchange network structure 

 
Meanwhile, the Gram & Juhl TCM system has been certified according to the requirements 
of the German Germanischer Lloyd WindEnergy "Guideline for the Certification of Condition 
Monitoring Systems for Wind Turbines, 2003 Edition". It also has been certified to meet the 
following EMC standards: 
 
• EN 61000-6-4.2001 
• EN 61000-6-2.2001 
• EN 61000-4-9.1993 +  
• A1.2001 Level 5 (Test report DANAK-19k0296)  
 
Detailed information about the system is available at Gram & Juhl's home page: 
http://www.gramjuhl.dk/ 
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2.3 Mita WP4000 System 

The WP4000 Data Acquisition Controller (DAC) has the purpose to provide a hardware and 
software platform for data acquisition of sensor signals in the wind turbine. The aim is to 
compute raw data to information as close as possible to the source and to reduce the 
amount of data to be communicated to remote systems. Existing communication network to 
the wind turbine has to be used. 
 
System description 
The DAC has the hardware configuration sketch in Figure 1. The DAC is running on a MITA-
Teknik WP-4000 A/S controller. The controller includes a number of WP-Line modules, which 
make it possible to connect the sensor equipment. The software has the objective to collect 
and make data available for to the Gateway SCADA system and external parties like EU 
Offshore M&R partners. The role of the components is presented in the following. The DAC 
collects data from the sensor equipment and wind turbine controller. The sensor equipment 
is connected to the WP4000 running the DAC software using WP-Line communication 
modules. 
 
From the WP3000 wind turbine controller the DAC gets control data like RPM, wind speed, 
temperatures and other data. The wind turbine controller also informs when the turbine is 
yawing. This means that sensor signals may be affected by this state of the wind turbine. For 
vibration it means, that the signals are not useful. 
 
The sensor equipment is for example MITA-Teknik WP4086 vibration analyser, Brüel & Kjær 
Vibro sensor equipment and others. The DAC communicates with the WP4086 vibration 
analyser using the MITA-Teknik A/S proprietary protocol M-Net. The SCADA system calls 
the DAC and gets data. The data from the DAC are stored and monitored like all other data 
from the wind turbine. All interested parties can get data from the DAC. The protocol is FTP. 
 
Based upon experiences gained by Mita-Teknik and other partners, Mita-Teknik has 
reviewed the initial turbine communication network, which is presented earlier in this report.  
 
In order to fortify the commercial appeal of the system, the technological implementation in 
future applications will follow the installation principle as shown in the enclosed drawings. 
Tests have shown, that the principle allows the integration of the WP4086 Vibration Analyser 
into existing and new park networks made up by the WP3X00 and WP4X00 controller 
families as well as in installation with other brands of turbine controller (see Figure 2.4 and 
Figure 2.5). 
 
The system is prepared to supply data in the IEC61400-25 format from the data-acquisition 
and -storage PC, which can be installed in a remote or park office. Meanwhile, the system 
has been successfully certified by the Allianz Zentrum Technik (AZT), a German CMS 
certification company. The certificate is the equivalent to the above mentioned Germanischer 
Lloyd WindEnergy "Guideline for the Certification of Condition Monitoring Systems for Wind 
Turbines, 2003 Edition" 
 
Detailed information about the above described system is available at Mita's home page: 
http://www.mita-teknik.com 
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Figure 2.4: Hardware configuration type 1 of the Mita system. 

 
 

 
Figure 2.5: Hardware configuration type 3 of the Mita system. 
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2.4 DMT WindSafe System 

The main task of the WindSafe condition monitoring system (CMS) is the continuous 
monitoring of wind energy plants (WEP). For this purpose the system measures continuously 
through individual acceleration sensors the vibrations of drive line positioned in the nacelle of 
the WEP. By appropriate evaluation procedures it is possible to make differentiated 
statements regarding the condition of individual machine components, like main, 
transmission and generator bearings, teeth stages in the gearbox etc. 
 
The Figure 2.6 shows an overall architecture of the WindSafe system. The system consists 
of several so-called Local Acquisition Centres (LAC) and Field Control Centres (FCC). The 
LAC and FCC are affiliated in one unit, so-called TopBox (see Figure 2.7). All FCCs are 
connected to the Company Control Centre (CCC). This allows that an online data transfer 
from every WEC to the CCC is guaranteed. 
 

LAC LACLACLAC LAC LAC

OCC

FCC FCC FCC FCC FCC FCC

Master

FCC

LAC LACLACLAC LAC LAC

OCC

FCC FCC FCC FCC FCC
Master

FCC

LAC CCCFCCLocal Acquisition Center Field Control Center Company Control Center

Configuration 1 Configuration 2

CCC
CCC

FCC

LAC LACLACLAC LAC LAC

OCC

FCC FCC FCC FCC FCC FCC

Master

FCC

LAC LACLACLAC LAC LAC

OCC

FCC FCC FCC FCC FCC
Master

FCC

LAC CCCFCCLocal Acquisition Center Field Control Center Company Control Center

Configuration 1 Configuration 2

CCC
CCC

FCC

 

Figure 2.6: WindSafe System configurations 

The FCC part of the TopBox is responsible for the communication with the outside world. For 
that purpose several communication options, as it is shown in above figure, are selectable. 
For the co-ordination of the communication is responsible the “data processing and 
communication unit”. The LAC part of the TopBox is responsible for condition monitoring 
data collection and processing. On the one hand LAC samples data from acceleration 
sensors and on the other the necessary operational data like power or rotational speed. The 
processor units handled the acquired data and save the adequate results. 
 
Technical data of the TopBox: 
Input:    8 x vibration simultaneously 
    8 x analogue operational data 
Analysis:    time signal, envelope, FFT 
Sampling frequency:  25,6 kHz / channel 
FFT frequency range:  10 kHz 
Dynamic:    138 dB (24 bit) 
Min. resolution:   0,0125 Hz 
Communication:  Ethernet (TCP/IP), phone line, GPRS, OPC, XML 
Processor:   DSP, embedded controller 
Access:   Standard explorer, browser 
Power supply:   24 V DC 
Process monitoring:  Hard- und software watchdog 
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Figure 2.7: Block diagram of the TopBox 

 
For the capture of low frequency vibrations the sensor KS22 is used. The high frequency 
signals are measured with the KS11 sensors. The sensors are shown in Figure 2.8. 
 

 
Figure 2.8: Low frequency vibration sensor KS22 (left) and  

High frequency vibration sensor KS11 
 
Technical data of the low frequency sensor KS22: 
Measuring directions:  2 
Frequency range:  0 to 5 Hz 
Sensor signal:   1 V per m/s² 
Effective range:  ± 3 m/s² 
Power supply:   24 V DC 
Source resistance:  100 W 
Current:   30 mA 
Weight:   250 gram 
Temperature range: - 20° to +65°C 
 
Technical data of the low frequency sensor KS11: 
Frequency range:  0.8 to 11 kHz 
Sensor signal:   100 mV per m/s² 
Effective range:  ± 50 m/s² 
 
For detailed information about the WindSafe system: http://www.dmt.de/  
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2.5 Technical Description of B&KV’s 3652 system 

 
 
System Overview 
 
The 3652 system (DDAUII) is developed based on the experience with the combination of 
VIBRO-IC and DDAUII in NEG/Micon turbines. It contains the concepts of both devices, 
processing of characteristic values to describe the condition of the machine and the 
possibility to acquire raw time series for diagnostic purposes.  
 
The whole system consists basically of the WebServer, which builds up the communication 
with the central Data Acquisition Server (DAS), the DAS and the DDAUII, which contains all 
data processing. 
 
 

 
 

Figure 2.9: Structure of B&KV's 3652 system 
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DDAUII 
 
DDAUII can automatically and continuously monitor: 
 

• Overall vibration signals 
• Narrow-band measurements (peaks, harmonics, sidebands, etc.) 
• Residual values  
• DC values with averaging 
• Speed and phase information 
• Process parameters 
• Time based vibration data 

 
 
This data is polled cyclically by an on-board processor or acquired by user request, and can 
be sent to the DAS for further processing. It is even possible to send this data to a monitoring 
system server and database via a GPRS modem, including the time series.  
 
DDAUII records 16 channels of time signals simultaneously in a ring buffer. The signal is 
recorded with a 25.6 kHz sampling frequency, giving a useful frequency range of 10 kHz for 
spectrum analysis.  
 
Currently the implementation of a SOAP based protocol is tested. This allows to receive 
information directly from the turbine controller. This gives the possibility to improve the 
performance of the system by including more process values that are relevant for the 
vibration level. 
 
DDAUII includes: 

• 16 AC/DC/trigger channel inputs 
• power supply for constant current sensors 
• power supply for voltage sensors 
• 4 digital inputs 
• 2 digital outputs 
• 2 serial interfaces (RS232 / RS485) 
• 4 Ethernet interfaces (3x RJ45 and 1x optical) 

 
 
WebServer 
 
This device was already used in the predecessor system. It is especially designed to handle 
IP based communication even on less stable connections like GPRS. It automatically 
connects to the central DAS and can be configured over this connection.  
It has an Ethernet, RS232 and TTL interface to communicate with the Condition Monitoring 
devices. It is also capable to enhance the functions of the connected device with storage and 
processing of data.  
 
 
DAS 
 
This server is the central entry point of the Condition Monitoring Systems. It receives the 
incoming data and stores it in a database. The configuration of the local units is stored on 
this server. When a device connects to the server, it receives its configuration. 
 
 
For detailed information: http://www.bkscms.com/  
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3 Software 

The following section describes the main results of the software developing efforts done in 
the project. 
 
 
3.1 Data exchange and communication 

As a basis for the data exchange and communication software and procedures between 
(several) CMS(s), the wind turbine controller, the SCADA-System/Farm Server and human 
users, the Standard IEC61400-25 [1] is used. The hardware, in which the routines have to be 
implemented, is described in section 2.1.  
 
In a first approach, the required measurement values as defined in the standard have been 
identified according to their importance for condition monitoring, fault prediction and M&R 
actions. For an optimised data handling, the measurements have been divided into two 
categories: 
 

1.) Real time data (RTD): This type of data is required directly for signal analysis 
purposes, e.g. as a pulse signal from a rpm sensor to be used as a basis for an order 
analysis. Signals must be sampled time synchronously (“real time”) to the respective 
measure, e.g. a vibration signal from the gearbox, by the CMS. The idea is to 
decouple such signals as analogue or digital hardware outputs from the controller. 
Connection to the CMS will be done by hard wiring the signals, e.g. as current loops. 

2.) Long term data (LTD): This type of data is used to classify characteristic values 
generated by the CMS, e.g. to classify spectral amplitudes according to the load 
condition (active power output) of the WEC. The classification process can be 
performed after the characteristic values have been processed. LTD will be stored 
with a time stamp to be synchronized with the characteristic values. Data exchange 
between WEC controller and CMS is done by transfer of XML files, e.g. over an 
Ethernet/TCP-IP network using SOAP Server requests. The server typically should 
hold the data for about 1 hour time in memory. This allows the access to the required 
access to the classification information for all kinds of characteristic values. LTD are 
divided into four groups, shown in the following table. 
 

LTD Status 
information 

LTD Classification 
information HiRes 

LTD Classification 
information 
MidRes 

LTD Classification 
information LoRes 

File format: XML 
with time stamp 

File format: XML 
with time stamp 

File format: XML 
with time stamp 

File format: XML 
with time stamp 

Time resolution: 
1 Hz 

Time resolution:  
10 Hz 

Time resolution:  
1 Hz 

Time resolution:  
0.1 Hz 

Information about 
WEC component 
status, e.g. yaw 
drive active.  

Time series of data 
which require high 
time resolution 

Time series of data 
which require 
medium time 
resolution 

Time series of data 
which require low 
time resolution 
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Used for decision if 
characteristic value 
measured is valid 
or have to be 
discarded 

Used to classify 
characteristic 
values 

Used to classify 
characteristic 
values 

Used to classify 
characteristic 
values 

Short name: 
LTD-St 

Short name: 
LTD-Cl10 

Short name: 
LTD-Cl1 

Short name: 
LTD-Cl0p1 

 
The next table give the selected signals with their enumeration (column 1) in the standard, 
their meaning and dimension (column 2) and their standardised nomenclature according to 
IEC61400-25 (column 3). The rows 4 and 20 contains suggestions for a new measurements, 
which should be integrated into the standard in the next revision cycle. 
 
 
Data Type “LTD-St” 
 

Row 
No. IEC 
61400-25 
main table 

Signal Name IEC61400-25 

1 1 Turbine status (on/fault/off) WTUR.TurSt 
2 3 Rotor status (on/off/trundle) WROT.RotSt 
3 6 Pitch angle (degree) WROT.PtAngVal 

4  Pitch drive status 
(on/fault/off) 

Not yet in IEC, proposal: 
WROT.PtDrvSt 

5 8 Brake mode (on/fault/off) WTRM.BrkOpMod 
6 12 Generator mode (on/fault/off) WGEN.GnOpMod 
7 24 Wind direction nacelle (m/s) WNAC.WDirNac 
8 28 Yaw mode (on/fault/off) WYAW.YwSt 
 
 
 
Data Type “LTD-Cl10” 
 

Row 
No. IEC 
61400-25 
main table 

Signal Name IEC61400-25 

9 2 Turbine active Power (kW) WTUR.TotPwrAt 
10 22 Generator torque (Nm) WCNV.CnvGenTrq 
11 23 Wind speed nacelle (m/s) WNAC.WSpdNac 
 
 
 
Data Type “LTD-Cl0p1” 
 

Row 
No. IEC 
61400-25 
main table 

Signal Name (IEC61400-25) 

12 9 Shaft bearing Temp1 (K) WTRM.TmpMs.ShfBrg1 
13 10 Shaft bearing Temp2 (K) WTRM.TmpMs.ShfBrg2 
14 11 Oil Temp (K) WTRM.TmpMs.GbxOil 
15 16 Temp. stator 1 (K) WGEN.TmpMs.GnSta1 
16 17 Temp. stator 2 (K) WGEN.TmpMs.GnSta2 
17 18 Temp. rotor 1 (K) WGEN.TmpMs.GnRtr1 
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18 19 Temp. rotor 2 (K) WGEN.TmpMs.GnRtr1 
19 20 Temp. air inlet (K) WGEN.TmpMs.GnAirTmp 

20  Absolute nacelle position 
(degree related to north) 

Not yet in IEC, proposal: 
WNAC.AbsPos 

21 26 Temp. outside (K) WNAC.TmpNac 
22 27 Temp. inside (K) WNAC.TmpNac 
23 29 Wind speed (m/s) WMET.MetPos1. WSpd 
24 30 Wind direction (degree) WMET.MetPos1. WDir 
25 31 Temperature WMET.MetPos1. Tmp 
26 32 Humidity WMET.MetPos1. Hum 
27 33 Preasure WMET.MetPos1. Pres 
 
 
3.1.1 Service and network setup 

The services running on the WP4000 DAC Server are bound to HTTP protocol. The request 
is send as a HTTP POST message to TCP port 80 on the server. A SOAP-request document 
is attached to the POST message. The controller response is an HTTP OK reply with an 
attachment of a SOAP-reply document. The reply document is split up in several HTTP-
frames. In the example below the SOAP reply document contains 4 rows with in total 12 data 
fields. The HTTP OK reply is split up in three HTTP message. 
 
3.1.2 SOAP request and reply example 

Figure 3.1 give an example of a QueryLogByTime request. The request demands all log 
entries from the time 1102416266 (startTime) to the time 1102417500 (stopTime). The time 
is seconds since 1970-01-01 00:00:00 UTC (Unix Epoch). The 2004-07-12 11:05:00 is 
1102417500 seconds since 1970-01-01 00:00:00 UTC. The start time is about 21 minutes 
earlier. The namespace prefix is "osmr:" in the SOAP messages. The Server reply can be 
seen in Figure 3.2. The log row may contain up to 5 tLOGData fields and minimum 1 field. 
The log contains 4 rows, which are collapsed. The first log row is shown in an expanded form 
in Figure 3.3. 
 

 
 

Figure 3.1: SOAP QueryLogByTime request 
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Figure 3.2: SOAP QueryLogByTime reply 
 
 

 
Figure 3.3: The first row in the log 
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3.2 Data base storage 

The handling of huge amount of data, which can be expected with CMS in offshore wind 
turbines, requires an effective data base system. For transmission of these data, the OSMR-
XML has been developed which is self describing (one of the major advantages of XML). In 
the following, the OSMR-XML format is defined and a suitable XML database concept is 
introduced. 
 
3.2.1 Storage concept with OSMR-XML  

An XML document is divided into two parts, a document header with processing instructions 
partly used by an XML parser and a content part with the intrinsic data. The following 
concentrates on the content part. Since XML is case sensitive most of the element names 
are in lower case. Exceptions are made for legibility only. 
 
The definition of the name space avoids conflicts with element names possibly in use in 
different fields. The choice reflects the name of the EU project Offshore Maintenance and 
repair (OSMR). The content of the XML document has two parts. In the osmr:location 
element all the information about the site from wind farm location and name down to the 
sensor position in use for the measurement is defined. The osmr:measurement element 
holds all the information important for interpretation of the contained data. The elements 
have the following sketched hierarchical order shown by the indentation. The sequence is 
fixed. For clarity brackets and closing element parts have been left out. 
 
osmr:location  

osmr:institution  
osmr:name   institution name responsible for CM analysis  
osmr: short   abbreviation of the name  

osmr:windFarm  
osmr:name   name of wind farm  
osmr: short   abbreviation of the name  

osmr:turbine  
osmr:name   turbine denomination within wind farm  
osmr:type   type of the turbine  
osmr:serial   serial number given by the manufacturer  

 
The first block in the osmr:measurement section holds all the information about the sensor 
used for this specific measurement, followed by time and measurement type information. The 
next block carries the data about the configuration of the CMS itself and the actual measured 
parameters. These parameters are typically RPM speed and power. Predefined alarm limits 
for each component of the drive train can be found in the alarm block. This block carries 
information about how often an alarm occurred. The last block is typically the largest one 
caused by the measured data it contains. 
 
osmr:measurement  

osmr:sensor  
osmr:wfarm   short cut for wind farm  
osmr:turbine  turbine denomination  
osmr:part   part of drive train  
osmr:serial  serial number of this part  
osmr:tag   sensor position denomination  
osmr:type   sensor type given by manufacturer  

osmr:time  
osmr:triggertime  ISO conform time stamp for time at which the measurement  

has been initialised  
osmr:starttime  ISO conform time stamp at which the measurement starts  
osmr:timezone  ISO conform time zone  
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osmr:meastype  
osmr:type  type of measurement: time series / power spectrum /  

envelope time series / envelope spectrum / trend etc.  
osmr:short   shortcut for measurement type  
osmr:subtype   special subtype of measurement e.g. zoom fft  

 
Here follows a block with information under which circumstances measurements should take 
place and about he concrete parameters measured for the data included in the data – 
element. As stated before there can be more than one parameter triggering a data 
acquisition event. Therefore we can have more than one variable – element within the 
conditions – element. 
 

osmr:conditions  
osmr:variable  

osmr:name   name of the parameter  
osmr:physname  physical denotation  
osmr:unit   unit ISO conform!  
osmr:bins  

osmr:bin  
osmr:name name of the interval covered  
osmr:min  minimum  
osmr:max  maximum  
osmr:tolerance tolerance allowed  
osmr:maxstdev  standard deviation tolerated and estimated within  

the time interval the measurement has lasted  
osmr:measured  

osmr:value   value calculated  
osmr:raw   raw value measured  
osmr:cal1   value = cal1 + cal2 * value  
osmr:cal2  
osmr:min   minimum in measurement interval  
osmr:max   maximum in measurement interval  
osmr:stdev   standard deviation for measurement interval  
osmr:bin   one of the above defined bin names  

 
osmr:alarms  

osmr:band  
osmr:tag   denotation of part monitored  
osmr:order   order of harmonic ( integer)  
osmr:fmin   limits in the frequency window  
osmr:fmax  
osmr:alarmlevel  

osmr:pre   amplitude causing a pre alarm  
osmr:main  amplitude causing a main alarm  

 
In the following block all the basic conditions of the measuring process and the data itself is 
included. Typically the data has to be filtered before sampling. Therefore the filter parameters 
and the sampling rate are of interest. 
 

osmr:data  
osmr:description  description of the data included here e.g. time series  

or power spectrum  
osmr:name   name of the method used e.g. fft  
osmr:configuration  

osmr: filter  
osmr:low   lower cut off frequency of band pass  
osmr:lowUnit  unit e.g. Hz / kHz / ??MHz?? - maybe  
osmr:high   upper cut off frequency of band pass  
osmr:highUnit  respective unit  
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osmr:rate  
osmr:val   sampling rate  
osmr:unit   respective unit  
osmr:type   type of filter  

osmr:sensorSensitivity  
osmr:val   sensitivity of the sensor  
osmr:unit   respective unit  

osmr:dataset  
osmr:dimension  typically 1; allows use of more dimensional sensors  
osmr:XTag   tag for abscissa  
osmr:XOffset  offset on abscissa; e.g. a meaningful zoom FFT  

starts not at frequency zero  
osmr:XDelta   range on abscissa  
osmr:XUnit   respective unit  
osmr:YTag   tag for ordinate  
osmr:YUnit   respective unit  
osmr:values   column of measured values  

 

3.2.2 Data base concept 

XML documents fall into two broad categories: data-centric and document-centric. Data-
centric documents are those where XML is used as a data transport. They include sales 
orders, patient records, and scientific data as relevant in this project. A special case of data-
centric documents are dynamic web pages, such as online catalogues and address lists, 
which are constructed from known, regular sets of data. Document-centric documents are 
those in which XML is used for its SGML-like capabilities, such as in user's manuals, static 
web pages, and marketing brochures. They are characterized by non regular structure and 
mixed content and their physical structure is important.  

For highly structured data, such as the white pages in a telephone book, you will need an 
XML-enabled database that is tuned for data storage, such as a relational or object-oriented 
database, and some sort of data transfer software. This may be built in to the database in 
which case the database is said to be XML-enabled. If the data is semi-structured, such as 
the yellow pages in a telephone book or health data, you have two choices. You can try to fit 
your data into a well-structured database, such as a relational database, or you can store it in 
a native XML database, which is designed to handle semi-structured data. The following 
table gives a selection of suitable native XML Database software products. 

 

Product Developer License DB Type 
4Suite, 4Suite 

Server 
FourThought Open Source Object-oriented 

Berkeley DB 
XML 

Sleepycat 
Software Open Source Key-value 

DBDOM K. Ari Krupnikov Open Source Relational 

dbXML dbXML Group Open Source Proprietary 

eXist Wolfgang Meier Open Source Relational 

 

Native XML databases fall into two broad categories:  

• Text-based storage Store the entire document in text form and provide some sort of 
database functionality in accessing the document. A simple strategy for this might store the 
document as a BLOB in a relational database or as a file in a file system and provide XML-
aware indexes over the document. A more sophisticated strategy might store the document 
in a custom, optimised data store with indexes, transaction support, and so on.  
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• Model-based storage Store a binary model of the document (such as the DOM or a variant 
thereof) in an existing or custom data store. For example, this might map the DOM to 
relational tables such as Elements, Attributes, Entities or store the DOM in pre-parsed form 
in a data store written specifically for this task. This includes the category formerly known as 
"Persistent DOM Implementations".  

There are two major differences between the two strategies. First, text-based storage can 
exactly round-trip the document, down to such trivialities as whether single or double quotes 
surround attribute values. Model-based storage can only round-trip documents at the level of 
the underlying document model. This should be adequate for most applications but 
applications with special needs in this area should check to see exactly what the model 
supports.  

The second major difference is speed. Text-based storage obviously has the advantage in 
returning entire documents or fragments in text form. Model-based storage probably has the 
advantage in combining fragments from different documents, although this does depend on 
factors such as document size, parsing speed (for text-based storage), and retrieval speed 
(for model-based storage). Whether it is faster to return an entire document as a DOM tree or 
SAX events probably depends on the individual database, again with parsing speed 
competing against retrieval speed. For CMS data storage, a model based approach is 
recommended to ensure fast access and optimal use of the available storage capacity. 

 
 
 
3.3 Data evaluation 

This section describes the data processing and evaluation algorithms for use in condition 
monitoring systems for offshore wind turbines as described in section 2. Possible faults in the 
components of a wind turbine will be listed and the relevant monitoring and the fault 
prediction algorithms for identification of these faults are described according to their 
principle way of operation. 
 
The algorithms mentioned are used for generation of characteristic values, which describe 
the actual condition of components of wind energy converters. From this characteristic 
values, fault prediction can be done, e.g. by trend analysis or by definition of threshold 
values. In the paper, state of the art data evaluation and processing algorithms, like standard 
spectral analysis (FFT) algorithms will be only mentioned and not described in detail, since 
documentation of those algorithms can be found in multiple publications. 
 
 
3.3.1 Monitoring of the rotor 

The rotor of a wind turbine can have the following faults: 
 
Blade surface roughness 
Reasons for increased blade surface roughness can be pollution (dirt, insects, …), damages 
of the blade’s surface painting (cracks, blowholes etc.) and icing. Increase of blade surface 
roughness causes a decrease of wind energy converter’s power output due to the reduced 
aerodynamic performance of the blade profile. These effects are developing over long term 
periods. Therefore, monitoring have to be done by online measurements of the wind energy 
converter’s power characteristic. 
 
Rotor mass imbalance 
Figure 3.4 shows a simplified model of a 3 bladed rotor. The behaviour of the blades due to 
mass imbalance can be described using mass m, which is located in the blade’s center of 
gravity with a distance r to the rotor axis. For a perfectly mass balanced rotor, the following 
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equations are given: 

332211 rmrmrm ⋅=⋅=⋅   

In this case the absolute value of the centrifugal forces FCi are the same for each blade. Due 
to the symmetric geometry of the rotor, the three force vectors will add to zero. If one of the 
parameters mi, ri (i=1,2,3) changes, the rotor is in a state of imbalance. Mass mi can change 
if material (for example water) penetrates a blade or if icing (asymmetric due to mass) covers 
the blades, radius ri can change if loose material inside the rotor starts to move, e.g. towards 
the blade tip during rotor revolution.  
 
A rotor mass imbalance can be described as a virtual mass mR at a virtual distance rR (see 
Figure 3.4). This mass will induce a resulting centrifugal force to the rotor axis and from 
there to the nacelle and the supporting structure. This leads to a periodic transverse (relative 
to the rotor axis) oscillation of the wind energy converter’s nacelle at rotor circular frequency 
ω (which is the so called 1p-frequency). A detailed description of the effects of rotor mass 
imbalance can be found in [1] 

 
 

Figure 3.4: Simplified model of rotor mass imbalance 
 
Aerodynamic asymmetries 
Aerodynamic rotor asymmetries are caused, if the blades have different aerodynamic 
behaviours, for example if the angle of attack is different due to assembling faults of the 
blade pitch drive. Another reason could be a difference in the blade profiles caused by 
production tolerances or permanent deformation during operation.  
 
Since the aerodynamic forces are very sensitive to the angle of attack (related to pitch angle 
faults) or to the blade profile (related to profile deformations), aerodynamic asymmetries of 
the rotor lead to significant differences in the thrust for the individual blades. As shown in 
Figure 3.5, the thrust FT1, which represents the aerodynamic force for the designed 
operational angle of attack ϑ1, is higher than the thrust FT2, corresponding to a faulty angle of 
attack ϑ2. In this case, the particular blade will generate lower excitation forces and excites 
the axial and torsion nacelle oscillation less. This happens once per rotor revolution. 
Therefore, 1p axial and torsion oscillation component of the nacelle is excited. 
 
Monitoring the amplitude of this 1p oscillations provides a measure for the magnitude of 
aerodynamic rotor asymmetries. The phase angle of the oscillation related to the absolute 
rotor position points to the blade, which causes the asymmetry.  
 
All the above mentioned effects will be additionally influenced by an incoherent wind field 
over the rotor swept area. Since these influences are random distributed, monitoring and 
averaging over a suitable number of time windows with an appropriate length will erase their 

⇒  FC1 = FC2 = FC3     ⇒     FC1 + FC2 + FC3 = 0 
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interferences from the 1p amplitude and phase information. Details can be found in [1]. 
 

 
 

Figure 3.5: Relation of thrust and angle of attack for a blade profile 
 
 

3.3.2 Drive train monitoring 

Typical faults and damages on shafts 
Reasons for shaft damages can be: 
 

• Under estimated design loads 
• Torque overloads 
• Wrong materials 
• Manufacturing problems 
• Damages during transport and assembly 
• Bending due to asymmetric rotor induced forces 
• Misalignment of connected components 
• Assembly faults of bearings and supporting elements 

 
Consequential damages caused by the above mentioned reasons can be cracks and mass 
imbalances. The detection of cracks in shafts can be done by measuring the 2p-Frequency 
(which is two times the rotational frequency of the respective shaft) of the rectangular shaft 
movement. This can be done by shaft orbit measurement with inductive distance sensor. 
This gives a measure for the displacement of the shaft during its rotation. Sometimes, also 
the 2p-Vibration components of a sensor for bearing condition monitoring can be used to 
estimate the amplitude and phase of the 2p spectral component of the shaft vibration. Mass 
imbalances of shafts can be detected by applying the above mentioned algorithms to the 1p 
spectral component of a distance or vibration signal. 
 
Faults in roller bearings 
In the scope of the condition monitoring, there will be bearings on shafts, in the gearbox and 
in the generator. Most of the bearings used in wind energy converters (WECs) are roller 
bearings. Therefore, all the following statements according to fault description, causes and 
detecting algorithms will be related to the elements of roller bearings. Common causes for 
roller bearing faults and damages and their consequences are given in the following table. 
 
Category Damage Cause Consequences 

Wear 
Abrasion of surfaces under 
design loads, increased wear 
due to lubrication problems 

Increased bearing 
clearance Abrasion 

Fatigue High loads, eventually beyond 
design loads 

Cracks and break out of 
particles from surfaces 
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Deformation 
Plastic surface deformation 
of roller elements and rings, 
pitting Overload 

Fracture 

Extreme loads, ongoing wear 
Fracture of roller cages and 
rings 

Heat stress cracks Overheating and cooling within 
short periods 

Cracks in bearing 
components 

Overheating 
Overheated 
operation 

Over RPM, dimension 
changes by heat extension, 
Lubrication problems (to 
much, to few, pollution) 

 

Corrosion Corrosion of 
surfaces 

Lubricant humidity, 
environmental influences (Salt 
water in offshore WECs) 

Increased wear, lubricant 
pollution 

Electrical current 
conduction 

Surface break out 
and adherence 

Bearing has to conduct high 
electrical currents due to 
lightning strikes, electrical 
problems (induced currents) 

High abrasion, surface 
adherence due to sparks 
and surface welding  

 
For monitoring and fault prediction of roller bearings, the following algorithms can be used: 
 
• Statistical algorithms: Statistical algorithms are used to analyse the time signals of 

vibration sensors. Vibration signals taken from intact bearings are normally distributed. If 
a damage on the bearing starts to develop, sonic pulses with higher energy (spikes) can 
be found in the vibration signals. The presence of those spikes can be identified with the 
statistical analysis algorithms as described below. Advantages of these statistical 
algorithms is that they give an absolute measure for the condition of the respective 
bearing. Disadvantages of the algorithms are the relatively poor selectivity, which means 
that a change in the value does not point to a certain faulty component of a bearing. 

• Time series based algorithms: An approach using only the pure time signal, e.g. from a 
vibration sensor, is the calculation of the „diagnosis value“ DV [4]. This value is given by:  

(t)a (t)a

(0)a (0)a = (t)D   
RMS

RMS
V ˆ

ˆ
. 

The relation between the value of DV and the bearing condition is given in the table. The 
frequency range for the signal analysis (calculating maximum and RMS values) normally 
should be 0 - 20 kHz. 
 

DV(t) Bearing condition 
> 1 „Running in“ period with improving bearing 

condition 
1 ... 0.5 Component ok 
0.5 ... 0.2 Damage begins to develop 
0.2 ... 0.02 Increasing fault condition 
< 0.02 Damage on bearing 

 
• Frequency analysis based algorithms: All bearing elements generate vibration at 

defined frequencies, the so called fault frequencies. They depend on the geometry of the 
bearing and the roller elements as well as on the rotational frequency of the respective 
shaft. For the analysis of periodic signals, the following FFT based data evaluation 
algorithms can be used: 
1.) Standard FFT for periodic vibration effects with fixed frequencies 
2.) Order analysis for vibration effects on variable speed components 
3.) Bearing Condition and Envelope Curve spectral analysis (BCS/ECS analysis) 
A description of the principle functionality of the mentioned algorithms can be found in the 
literature, e.g. in [5] and [6]. 
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Fault detection in friction bearings 
Friction bearings are not used in wind turbines in a remarkable extend at the moment, but 
could become more important in the future. Therefore, some effort should be spend to find 
sufficient monitoring algorithms. Fault prediction and condition monitoring for friction bearings 
is difficult, since no specific vibration fault frequencies will be excited. In some first 
approaches, algorithms use monitoring of shaft orbit to detect increased bearing clearance. 
As soon as friction bearings will become more important for use in different components of 
wind turbines, development of monitoring and fault detection algorithms will be intensified. 
 
Gear wheel faults 
The following table summarises typical faults related to gear wheels in gear boxes: 
 
Category Damage Cause Consequences 

Tooth base cracks Cracks or complete 
break out of teeth 

Cracks 

Tooth face cracks 

Extreme torque loads, blocking 
due to debris inside gearbox 

Pitting, surface peeling 
Tooth face Cracks, pitting, grey 

marks, surface 
peeling, wear, 
erosion 

Wrong geometry, torque overload, 
vibrations 

Ductile surface 
deformation of teeth, 
pitting on contact 
surfaces 

Heat stress cracks Overheating and cooling within 
short periods 

Cracks in teeth Overheating 

Overheated 
operation 

Over RPM, dimension changes by 
heat extension, Lubrication 
problems (to much, to few, 
pollution) 

High abrasion, surface 
adherence 

Corrosion Corrosion of 
surfaces 

Lubricant humidity, environmental 
influences (salt water in offshore 
WECs) 

Extreme wear 

Current Teeth have to carry 
high electrical 
currents 

Lightning strikes, electrical 
problems 

Surface adherence 

 
Calculating the fault frequencies for gear wheels works similar to the methods as described 
above. What is new with gear wheels is the tooth mesh frequency fT. For each wheel, it is the 
product of fR and the number of teeth t: fT = fR ·t. 
 
Most of the statistical algorithms, the time series based algorithms and the frequency 
analysis based algorithms for bearings as described above can also be applied to gear 
wheels. In addition, for gear wheels, the side band analysis is a powerful measure to detect 
faults. In the following, only the fixed frequency FFT algorithm will be mentioned. In case of a 
variable speed wind turbine, the order analysis algorithm must be used instead to get 
appropriate spectral peaks, even if this is not mentioned explicitly. In case of a developing 
fault on a gear tooth, once per revolution of the related gear wheel, a stronger pulse is 
generated during force-fit contact. Therefore, the resulting time signal has a pulse sequence 
at tooth mesh frequency where the amplitudes of the pulses are varying with the shaft/gear 
wheel rotational frequency. From a signal analysis point of view, this is a amplitude 
modulated signal with a carrier at tooth mesh frequency and a modulation at rotational 
frequency. Applying the FFT to such a signal generates a spectrum with a peak at carrier 
frequency and side band peaks including their harmonics at multiples of the rotational 
frequency. 
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3.3.3 Monitoring of the electrical components 
 
Generator 

• Windings and rotor cages: Faults in copper windings can be caused by short cuts due 
to insulation degradation. The rotor cages of asynchronous squirrel cage generators can 
have bar cracks or contacting problems on the connections of the bars and the short cut 
rings. Another problem can be asymmetric clearance of the air gap between stator and 
rotor. In general, these type of faults cause electrical asymmetries in generators. For 
standard procedures, e. g. resistance measurement of the windings, the generator cables 
have to be interrupted. This cannot be done during wind turbine operation and will cause 
long downtimes. Therefore, to detect electrical asymmetries, online fault prediction 
techniques have to be used. Some algorithms for this are be described in [7].  

• Slip rings and brushes: Typical faults of slip rings and brushes are increased surface 
roughness of the rings or the brush contact face, break out of carbon material from the 
brushes and decreasing contact pressing forces. All these faults lead to increased brush 
sparking. One method to detect this is to measure the temperature of the brushes or the 
brush-holder, e. g. with thermo imaging as described in the sections below.  

 
 
Transformer 
For detection of wiring and contacting faults on transformers thermo graphical investigation 
methods can be used. Thermography also can be useful to detect winding problems, which 
will lead to inhomogeneous temperature deviations in the phase windings. Figure 3.6 shows 
a thermo image of a 3-phase transformer. In the image, no significant differences in the 
temperature can be detected, so this points to a normal condition of the transformer. 
 

 
 

Figure 3.6: Thermo image of a 3-phase transformer 
 
 

Contacting and switching gear 

• Contacting faults: Faults with contacts leads to increased resistance due to reduced 
conductivity. Cause for this can be lose terminal screws/clamps, corrosion etc. The 
increased resistance causes a higher power loss when the current goes over the contact. 
The resulting increase of the temperature can also be detected with thermography. By 
evaluating thermo images of the electrical contact or switch in scope at a certain current 
load, either compared to other components of the same type or compared to stored 
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images of former thermo graphical investigations can be used to detect an increasing 
contact resistance. 

• Switching gear: The contact plates of switches will be eroded by sparks during each 
switching action. This causes burning marks on switch contacts and leads to an 
increased resistance. As described above, this will cause a higher contact temperature at 
the same current and therefore can be detected with thermography.  

 
 
 
3.4 M&R scheduling 

Offshore wind energy converters (OWEC) require specific strategies for maintenance and 
repair (M&R) action. Most of the actual planned offshore wind farm projects will be sited in 
the North Sea with distances of 50 km and more to the coast line. Therefore, the farms will 
be exposed to severe climate conditions like high waves and storms over periods of several 
weeks. This can prevent service teams from access the farm’s OWECs for quite a long time. 
 
M&R actions on OWEC will be quite cost intensive. M&R Personnel have to be taken out by 
boat or helicopters. Heavy equipment and spare parts have to be transported also by ships. 
Replacement of main components often require external cranes. Due to the above 
mentioned distance, all these actions are very time and money consuming. This section 
describes the different approaches for M&R strategies and discusses the advantages and 
disadvantages with respect to OWEC. 
 
 
3.4.1 Common Maintenance and Repair strategies 

Figure 3.7 shows the time depending condition of a technical system with respect to the 
applied M&R strategy in principle.  

 
Figure 3.7: Comparison of different M&R strategies [8] 
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Cyclic M&R strategy 
With this strategy, the system will be inspected and maintained cyclically. Cycle times will be 
matched to the requirements of the respective system components, e.g. Components, which 
show first indications of wear or fatigue, will be replaced. This strategy requires regular 
access to the system. 
Advantages: 

• Downtime probability is low 
• M&R activities can be scheduled quite good 
• Spare part logistics is easy  

Disadvantages: 
• Components will not be used up to their maximum lifetime, therefore it is cost 

intensive 
• M&R scheduling can be confused by climate (wind farm can be unreachable for 

several weeks in the North Sea) 
 
Break down M&R strategy 
M&R activities will not take place or will be reduced to a minimum. The system will be 
operated until a major failure of a component will result in a shut down.  
Advantages: 

• Low M&R cost during operation phase 

Disadvantages: 
• High risk of consequential damages resulting in extensive downtimes 
• No M&R activity scheduling possible 
• Spare part logistics is complicated, long delivery periods for spare parts are likely 

 
Condition depending M&R strategy 
System components will be operated to a defined condition of wear and fatigue. When this 
condition is reached, the component will be maintained and/or replaced. 
Advantages: 

• Components will be used up to their lifetimes 
• Downtime probability is low 
• M&R activities can be scheduled quite good 
• Spare part logistics is easy  

Disadvantages: 
• Required reliable information about the remaining lifetime of the system components 
• High effort for condition monitoring hardware and software required 

 
 
3.4.2 Condition depending M&R strategy for OWEC 

Looking at the advantages and disadvantages of the different M&R strategies described in 
section 2, it can be found that a condition depending strategy will be most beneficial for 
OWECs ([8], [9] and [10]). 
 
The cyclic M&R approach for OWECs would mean that components which are exposed to 
wear and fatigue, like bearings or gearboxes, have to be replaced e.g. every five years 
(which corresponds to the actual German insurance regulations for WECs). Even if these 
components are not at the end of their lifetime and can be repowered after revision, a big 
share of the costs for such a strategy then will result in the supply for cranes and M&R 
personnel. Transport of spare parts, components and personnel to the wind farm also will be 
quite cost intensive, due to the distance from the next suitable harbour. For a distance of e.g. 
50 km a 6 hour travel time by ship can be assumed both ways. 
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The break down strategy should be eliminated completely for WECs. Even failures of relative 
small and dispensable components of an offshore WEC can lead to severe consequential 
damages. For example if an oil filter is blocked, the bearings and wheels of the gearbox can 
take irreparable damages, which require replacement of the complete component. Another 
aspect is that most of the component failures are likely to be related to the actual load 
condition of the WEC and also are likely to happen during high load conditions. This means 
that most of the shutdown events will occur during high wind periods. During such periods, 
accessibility to OWEC is likely to be bad. Downtimes within such periods will lead to high 
production losses. 
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4 System testing 

4.1 Laboratory tests 

4.1.1 Preparation and work out of the tests 

To get started with first ideas and to bring all the partners, who want to contribute to and 
participate on the tests, on the same level of knowledge, a first programming workshop was 
held on 2004-03-25 at ISET, Germany. As an introduction, some principle information about 
communication software (XML, Java, Perl, ...) and hardware (embedded Web Server, ...) 
were given.  
 
Furthermore, partner Overspeed showed some first programming examples made in Perl 
and Java. Partner Gram&Juhl presented his G&J XML format to OffshoreM&R-XML format 
converter, based on the xls style sheet concept of XML. This makes it very easy to convert 
different XML file formats into each other.  
 
Main items of the discussion on the work shop was the work out of a communication concept 
as described in section 3. It was common sense that the concept should be deduced from 
the IEC 61400-25 standard. On the workshop, there was also agreed on the hardware 
implementation. The idea was to perform first tests as "distributed" laboratory test. This 
means that every OffshoreM&R partner will be connect his hardware involved to the Internet. 
First communication test will be then carried out over the Internet. Partner Mita suggested to 
provide a reduced set of measures for the first tests (P, RPM, Vwind, Status). 
 
In the course of the second programming work shop, which took place on 2004-09-02 again at 
ISET, the following results could be achieved: 
• Overspeed has prepared PERL scripts for polling and retrieving of XML data into/from 

their data base; The data base programme is based on SQL and runs on a server. The 
SOAP access is maintained by this server. 

• G&J can poll OffshoreM&R-XML data into Ospeeds data base 
• B&KV will prepare XML CMS data polling 
• ISET will also prepare XML CMS data polling 
• Overspeed will bring their server to the Internet, others start testing data transfer 
 
 
Internet distributed hardware tests 
The distributed hardware test have been successfully performed in the period from January 
to April 2005. There were several hosted test sessions, where partner Mita has checked the 
queries to their SOAP server according to any kind of problems. This was very helpful to fine 
tune the access procedures for different software platforms (Java, Perl, PHP, …)  
 
Geographical structure of the tests 
Figure 4.1: Geographical structure of the distributed hardware laboratory test campaign 
shows the geographical relations of the partners involved in the Internet distributed hardware 
tests.  
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Figure 4.1: Geographical structure of the distributed hardware laboratory test campaign 

 
 
4.1.2 Test results 

Communication 
After eliminating some minor problems with server time outs, communication works very 
stable and at a reasonable transfer rate. No collision problems due to concurrent client 
queries have been occurred. Two types of requests for data (queries) have been tested:  
• "Query by time": the query to the server contains the start and end time of the data 

requested by the client. 

• "Query after": the query contains only the start time of the data requested. The server 
sends all available data from the start time up to the most recent data set to the client. 

 
Both types of queries have shown the same good behaviour according to data quality, 
transfer stability and response time. 
 
Response times and data amounts 
The following figure 2 shows the relation between the data amount to be transferred and the 
time required for this. Requests are made via a 10 Mbit Ethernet connection, which can be 
assumed as a standard network infrastructure for modern type wind turbines.  
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The pink line with the squares show the response time from sending the request for a 
defined number of data rows until reception of the complete set of data in seconds. The blue 
line with the triangles give the relation between the number of data rows requested and the 
amount of data to be transferred in kBytes. 
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Figure 4.2: Test evaluation of server response time via 10 Mbit Ethernet link 

 
As can be seen, for a typical request of 100 data rows (i. e. a power output / wind speed time 
series with 1 Hz sampling rate for 100 seconds), the response will be back at the client with 
almost no delay. Even bigger amounts of data (up to 2000 rows) can be transferred with less 
than 20 seconds delay. It is not expected that such big data sets have to be transferred 
regularly between the wind turbine controller and the clients. 
 
Figure 4.3: Test evaluation of server response time via 128 kBit ADSL modem show the 
same information for the connection via the Internet (Internet). Connection at Mita was made 
with a 128 kBit ADSL modem, so the transfer rate was expected to be reduced significantly. 
But, as can be seen from figure 3, the delay time for transfer of about 100 data rows is still 
below 10 seconds. This is a tolerable delay time for an online CMS waiting for a power 
output time series as classifying data to evaluate, for example, vibration level measurements. 



Offshore M&R Final Public Report  Page 34 of 56 Contract NNE5/2001/710 

Time in seconds for response received on client

0

5

10

15

20

25

60 120 300 600

data rows requested

sec.

0

100

200

300

400

500

600

700
kBytes

Bytes in response Time in seconds for response received on client

 
 

Figure 4.3: Test evaluation of server response time via 128 kBit ADSL modem 
 

 
Conclusions of the laboratory test results 
As a conclusion of the results from the distributed hardware laboratory tests, the following 
can be stated: 
 
• The SOAP server has been proven and tested OK for direct access via Ethernet LAN and 

via the Internet. 
• Communication facilities could successfully send requests and receive responses. 
• The implemented SOAP server is providing the communication abilities according to the 

basic log services as described in IEC 61400-25 standard ("query by time" and "query 
after"). 

• A maximum of 5000 seconds (1 hrs 20 min) log for time series data measured by the 
wind turbine controller are available. 

• A FIFO queue for up to 4 concurrent data requests is provided by the server. 
• The server is stable and have no known bugs. 
 
 
 
 
 
4.2 Principle field test installation concept 

4.2.1 Sensor equipment for condition monitoring 

The monitoring and fault prediction functions of a condition monitoring system are based on 
robust sensor equipment for continuous measurements and perform online evaluation of 
characteristic fault indicators by use of modern digital signal processing methods. shows a 
typical sensor configuration for the nacelle of a horizontal axis wind energy converter.  
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Figure 4.4: Common condition monitoring sensor configuration for  
horizontal axis wind energy converters 

 
Modern type wind energy converter technology is mainly based on rotational components. 
Therefore, measurement of vibration on component housings and structural oscillation will 
yield data for the calculation of characteristic values by advanced condition monitoring and 
fault prediction algorithms.  
 
The sensor configuration shown in Figure 4.4 allows nacelle oscillation measurement in axial 
and transverse direction, related to the rotor axis (see orange arrows in Figure 4.4). By use 
of two transverse directed sensors in front of and behind the vertical tower axis, 
measurement of torsional oscillation of the nacelle can be done. The algorithms for 
separation of the different nacelle oscillation modes are described in detail in [2]. 
 
The above mentioned nacelle oscillations for generation of characteristic values for the 
detection of rotor faults are induced by rotational speed of the rotor. Therefore, they have to 
be measured at very low frequency. Measurement is done with static accelerometers. This 
means that the sensor has a lower cut-off frequency of 0 Hz. Internally, the sensors measure 
the force applied to a probe mass, either by acceleration or by the gravitational force. The 
applied force is measured with strain gauges mounted to a small spring. There are sensors 
available on the market, which have integrated the complete electronics for strain gauge 
amplifiers and output signal converters. These sensors only need an external power supply 
and deliver voltage or current signals for analogue process inputs. Figure 4.4 shows the 
mounting positions of the sensors at labels 2, 3 and 4. These positions allow the 
measurement of the above mentioned nacelle oscillation modes. 



Offshore M&R Final Public Report  Page 36 of 56 Contract NNE5/2001/710 

For monitoring of gearbox and bearing conditions, state of the art vibration sensors will be 
used. These sensors operate at a frequency range from 1 Hz to 20,000 Hz to measure the 
vibration induced by bearings and gearwheels. They work on the piezo electrical effect and 
generate acceleration depending electrostatic charges. The charges will be converted into 
output voltage or current by internal charge amplifiers. There is a huge variety of piezo 
electrical vibration sensors available on the market, which need only to be connected to a 
power supply and to an analogue process data input of the respective condition monitoring 
system to get in operation. Labels 5 and 6 in Figure 4.4 show a sample for the position of the 
gearbox and generator vibration sensors. For large wind turbines of the multi megawatt 
class, additional sensors can be mounted on the housings of gearbox and generator. 
 
Some specialized algorithms for signal processing require the absolute rotor position (e.g. 
phase sensitive narrow band analysis using Fast Fourier Transform algorithms). A quite 
simple and effective way to get this position is to generate a “one pulse per rotor revolution” 
signal. This can be obtained from an inductive distance sensor (label 1 in Figure 4.4).  
 
The above mentioned sensors can be mounted with glued sockets on every plane surface of 
a gearbox or generator housing or on the supporting structure of the wind energy converter. 
The area needed is about 5 cm in square. The low frequency accelerometers should be 
mounted on the supporting frame of the nacelle. Vibration sensors are advantageously 
placed near bearing shields. Installation of the complete system can be done even after wind 
energy converter’s building up phase very easily.  
 
Significant cost reduction is expected by integration of the condition monitoring system 
during construction phase. At the mounting positions there can be prepared tapped blind 
holes with screw threads for sensor mounting, e.g. at gearbox or generator housing design. 
This will make installation easier and will also improve the comparability between condition 
monitoring system results from different wind energy converters of the same type. 
 
 
4.2.2 Installation locations for the hardware 

Most of the wind energy converter components to be monitored are in the nacelle (gearbox, 
bearings, …) or directly attached to it (rotor blades, azimuth drives, …). For modern type 
turbines with hub heights of 100 m and more, it is most useful to install the data acquisition 
and evaluation hardware in the nacelle. This allows short cables to the sensors with reduced 
costs and problems due to electromagnetic interferences. Most of the above mentioned 
analogue, digital and pulse signals can be decoupled also in the nacelle. For data file 
exchange with the controller in the tower base, Ethernet standard connections can be used. 
If there are problems with electromagnetic interference, e.g. due to the main power cables, 
fibre optic connections can be used. Figure 4.5 show the principle configuration for condition 
monitoring hardware installation in a modern type wind energy converter. 
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Figure 4.5: Installation locations for the condition monitoring system (CMS) hardware and 
connections to sensors and to the wind energy converter’s (WEC) control system 

 
 
4.3 Field test S70 

4.3.1 General information 

With its increased rotor diameter, the S70 is designed and optimised on the basis of the S70 
type in particular for in-land sites. The rotor blades are pitched with individual electrical DC 
motors with rotating backup batteries. The rotor is supported with a fixed roller bearing at the 
hub. The second (movable) rotor bearing is integrated into the gearbox. The gearbox itselfs 
has three stages design with one planetary input stage and two spur gear stages. The 
electrical generator concept is based on a double feed asynchronous machine. This allows 
variable speed operation of the turbine. 
 
The S70 is build up in a wind farm with three wind turbines near the town of Stassfurt 
(Sachsen-Anhalt, Germany). show the site map of the wind farm (red circle in upper left 
corner). The landscape around the wind farm is rather flat with almost no trees or forests. It is 
agricultural influenced. Figure 4.6 gives a map and panorama view of the turbine and the 
surrounding landscape. 
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Figure 4.6: Site map and impression of S70 wind farm 

 
For performing condition monitoring tasks, additional sensor equipment has to be installed in 
the turbine. This section describes and documents the suitable mounting positions for the 
required sensors. 
 
 
4.3.2 Sensor installation  

For the detection and quantification of nacelle oscillations, normally three acceleration 
sensors are required, one in the axial direction and two in the transverse direction (related to 
the rotor axis). In this case, the used sensor, the GJ DAM-XY01, provides two measurement 
axes, so that the task can be done with only two sensors. Since most of the relevant 
oscillation modes are excited by the revolving rotor, the frequency range for the sensors 
must be from approx. 0.1 Hz to 10 Hz. Recommended are sensors working with the “piezo-
resistive” principle. These sensors have a frequency range from 0 Hz (which is true static 
acceleration measurement) and 500 Hz. This frequency range allows also the monitoring of 
low frequency bearing condition analysis on slowly rotating components, e.g. the main rotor 
bearing. The DAM-XY01 meet this requirements. The vibration induced by the rotor main 
bearing can also be measured with this sensor type.  
 
Since the low frequency vibration measurement on the planetary input stage is covered by 
the transverse acceleration sensor, there should be an additional high frequency vibration 
sensors mounted to the gearbox. This sensor should have a frequency range from several 
Hz up to approx. 10 kHz. For this purpose, the DAM-Z08 acceleration sensor is suitable. The 
mounting points of the DAM-Z08 acceleration sensor is on top of the gearbox. The sensor is 
close to the intermediate stage as well as to the high speed bearing shield. Therefore, 
vibration and acceleration signals from this components can be monitored with the sensor. 
The vibration sensors on the generator should also be mounted close to the bearing shields. 
Therefore, an additional DAM-Z08 sensor was mounted on the front bearing shield. 
 
4.3.3 Base unit and connections 

The CMS base unit performs the required tasks, i.e. analogue/digital conversion of the 
acceleration and vibration sensor signals, forming of pulse signals (e.g. from the inductive 
rotor position sensor), analysis and storage of the CMS data and the communication with the 
outer world. A suitable position for this base unit could be behind the nacelle control cabinet. 
At this position, easy access to a 230 V power supply can be done. For hardware signals 
(status switch positions, pulse signals, etc.), which have to be decoupled from the controller, 
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short cable connections can be realised. The communication network connection for the 
software signals from the WEC’s controller can also be easily connected here. 
 
The CMS requires some information from the WEC’s controller. It is the actual power and 
windspeed, the switching state of the generator, the actual rotor/generator RMP as 
mandatory signals to examine the actual load condition of the turbine and for 
acceleration/vibration signal classification purposes. Optional signals are several 
temperatures, oil preasures, meteorological measures, etc. all these signals will be 
downloaded as data files from the WEC controller by the CMS base unit, using Web Services 
according to the IEC61850 and IEC61400-25 respectively. The CMS also should pass its 
sampled and processed data to a SCADA system or a farm server and to an external 
operator. Communication of the CMS base unit with the WEC controller, a SCADA system 
and/or external users should is done via a direct dial in RAS connection to the system PC. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.7: Vibration sensors at the components of the S70 
4.3.4 Results and data evaluations 

This section describes some example results form the measurements at the Nordex S70 
wind turbine in PNE's wind farm in Staßfurt, Germany. The low frequency tower oscillations 
give information about the rotor condition and are measured by one sensor mounted on the 
front main rotor bearing and another one at the gearbox input stage, which is also the rear 
rotor bearing. The sensor type used has two measurement axes., i. e. it is sensitive in two 
rectangular oscillation directions. For the sensor at the front rotor bearing the first 
measurement axis (defined as the 'x' axis) is directed vertically transverse related to the rotor 
shaft. The second ('y') axis is directed horizontal transverse.  
 
Figure 4.8 shows the power spectral density (PSD) of the transverse nacelle oscillations. 
The left diagram results from the front sensor at the rotor main bearing, the right diagram 
comes from the gearbox input stage / rear rotor bearing. In Figure 4.9 the axial nacelle 
oscillation at the gearbox input stage is shown. 
 
The peak at 0.3 Hz in all diagrams corresponds to the rotor rotational frequency (the so 
called 1p-frequency). The peak at 0.9 Hz is related to the 3p-frequency, i. e. when the blades 
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pass the tower shadow or tower congestion. The peak at 1.8 Hz is the first harmonic of the 
3p peak. Also the first tower bending Eigen frequency can be seen in all diagrams. In 
principle, the amplitudes of the 1st tower bending Eigen frequency and the 3p frequency are 
quite high in all PSDs. This points to the fact that the tower structure is quite weak, which 
seems to be a constructural characteristic of the S70 wind turbine. 

 
Figure 4.8: PSD of transverse horizontal front (left) and rear nacelle oscillations 

 
 

 
 

Figure 4.9: PSD of axial nacelle oscillation at gearbox input stage 
 
The structural vibrations at generator bearing are shown for two different generator RPMs. 
The generator RPM for the measurements to calculate the PSD in the left diagram is 
1544/min (which corresponds to a rotational generator shaft frequency of 25.73 Hz), whereas 
the generator RPM/frequency in the PSD in the right diagram it is 1642/min or 27.37 Hz 
respectively. 
 
The two peaks at appr. 3600 Hz and 3700 Hz in Figure 4.10 left are shifted to appr. 3840 Hz 
and 3940 Hz in Figure 4.10 right, whereas the peak at appr. 2750 Hz is not depending on 
the generator RPM and remains fix in both figures. Since the amplitude of the fixed 
frequency peak differs with the generator RPM, this points to a resonance effect, which is 
likely to be related to the sensor mounting. The RPM depending peaks mentioned are also 
have a rising amplitude. The RPM of the S70 is related to the electrical power output and, 
therefore, to the load condition of the turbine. So this peaks seem to be related to a 
mechanical component, which reacts on the load condition of the generator, e. g. the roller 
elements of the bearing. 
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Figure 4.10: PSD of vibrations at generator bearing at low (left) and high RPM 

 
 

 
4.4 Field test Nordic 1000 

4.4.1 Installation description 

The site of the Nordic 1000 is located at the peninsula “Näsudden” on the south-west part of 
Gotland 70 km south from the airport of Visby (see label 1 and extended map in Figure 4.11). 
The turbine is located in a wind farm (pointer) as shown in Figure 4.12. 
 

 
Figure 4.11: Site and image of Nordic1000 
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Figure 4.12: Impression of Nordic1000 in Wind Farm 

The Nordic 1000 is equipped with a complete set of acceleration and vibration sensors. The 
following figures show a selection of these sensors. The turbine is also equipped with Mita's 
new WP4000 data acquisition controller as described in section 2.3 This WP4000 provides 
the user with the actual online measurement operational data of the turbine via web services 
as defined in the IEC61400-25 standard. For details refer to the following section. 
 

 

 
Figure 4.13: Sensors at the rotor main bearing and on the gearbox 
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Figure 4.14: Sensors at the generator front bearing shield (left) and at  

the rear bearing shield respectively 
 

 
4.4.2 Web access to data 

The Nordic 1000 is connected via an ADSL line to the outer world. A user can request for 
data by contacting the WP4000 built in web server. This server provides several web 
services based on the SOAP language. The request mechanism is the same as described in 
the section 4.1. The following Figure 4.15 show the main menu of the WP4000 via web 
access. The main actual operational data can be seen. Figure 4.16 gives the graphical 
presentation of a 20 minute time sample. The data for this graphic have been downloaded 
over the Internet via a SOAP request to the WP4000 server. 
 

 
 

Figure 4.15: WP4000 main Status menu via web access 
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Figure 4.16: Online data view (power output, generator rpm and wind speed) 

 
 
 
4.5 Field test V90 

4.5.1 Installation description 

 
The Vestas V90 is a three bladed pitch controlled turbine with variable number of revolutions. 
For the design of the turbine a weight optimised strategy was followed just in regard to 
offshore installations. The new gear box design integrates the bedplate directly into the 
gearbox, eliminating the shaft and thus shortening the overall length. The gearbox has two 
planetary and one helical stage. The V90 is built up at the wind turbine test field area of 
Wilhelmshaven, which is located about 1000 m north-east of the village Sengwarden at a sea 
level height. Figure 4.17 shows a satellite image of the test field. 
 
The surrounding area of the site is dominated by agriculture use. Fields and single 
agriculture buildings are located in and around the test field. About one kilometre direction 
south-west a small lake is situated, surrounded by bigger bushes. Near the lake there is also 
a small concrete factory situated with higher buildings and trees at the access road. 
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Figure 4.17: Sat image (Google Earth) of the turbine site V90 and surrounding area 

 
The V90 is equipped with an ACIDA Torqcontrol (µOMM) measurement system, which is 
connected to a FIS/FAG Dtect X1 CMS System Box. Torque measurements are basically 
suitable for load measurement evaluations and fatigue calculations. Load peeks of high 
dynamic events could be identified and analysed with regard to retro action to the different 
components of the gearbox. To identify gearbox bearing damages and gear wheel tooth 
damages the standard CMS evaluation procedures could be performed on the torque signals 
(time signal analysis, FFT etc.). It is expected that typical frequencies of defect wheel teeth 
and bearings could be identified. 
The measurement system is based on state of the art strain gauge sensors applied to the 
rotor shaft. The torque signal delivered by the strain gauges is amplified and transmitted from 
the rotor using a telemetry system. The receiving transceiver transfers the data to the 
processor box and provides energy in opposite direction for the rotating system by sending a 
high power signal on a different frequency channel. The RPM-signal is measured by an 
optical reflecting system. Figure 4.18 shows the sensors and the loop antenna for 
signal/energy transmission. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.18: Strain gauges and loop antenna 
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4.5.2 Results 

Preliminary data evaluation is done with the “Eventviewer” software by ACIDA-Torqcontrol. 
The following picture shows a typical time series of a torque measurement and the 
corresponding FFT diagram. 
 
Average data values during the measurement evaluations: 
Wind speed:    5 m/s 
Electrical power:  220 kW 
Rotation speed:  1680 rpm 
Measured torque ~   1500 Nm   
Mechanical power =   235 kNm/s (kW)  (2 x PI x torque x rotation speed) 
 

 

Figure 4.19: Rainflow count of the same data 
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4.6 Field test N60 

4.6.1 Installation description 

The NM80 (Figure 4.20) described is located in a wind park closed to the city of Husum. The 
turbine was erected in 2003 together with two other NM80. All three turbines are equipped 
with the condition monitoring system. The equipment for the condition monitoring task had to 
be installed in an already erected and operational turbine. So disturbance of the operation of 
that turbine had to be reduced to a minimum. The sensor types and position fulfil the GL 
guideline for the condition monitoring of wind turbines. All sensors are mounted by drilling M8 
holes and using a mounting stud to guarantee a optimal transmission of vibrations. 
 

 
 

Figure 4.20: NEG Micon NM80 
 
There are three sensors mounted on the gearbox. One is installed directly above the first 
bearing of the input shaft to be close to the third stage of the gearbox (counted from rotor to 
generator). The second sensor is mounted close to the bearing of the intermediate shaft. 
This is the bearing towards the rotor, as an installation on the other side was not possible 
due to the form of the cast gearbox housing. There are also sensors mounted on the 
generator. The used type is an AS-062, which is widely used industry type with a frequency 
range from 0.1 Hz to 10 kHz. The sensors should have been installed on the bearing shield 
in the load zone. On the non driven end it was not possible due to installed cooling pipes for 
the generator. Figure 4.21 shows two of the sensors mounted on the gearbox (left) and on 
the bearing shield of the generator's driven end. 
 
The turbine is equipped with two reference (speed) sensors, one on the generator shaft (as 
shown in Figure 4.22) and one the rotor shaft. These sensors produce exact one impulse 
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per revolution, so that it is possible to extract also phase information. This is necessary for 
some of the processed characteristic values. 
 

 
 

Figure 4.21: Vibration sensors on planetary gearbox stage (left) and on generator driven end 
 

 
 

Figure 4.22: Mounting of reference sensor at generator shaft 
 
 
4.6.2 Results and data evaluation 

This section describes measurements from the installation in a NM80 in north Germany. 
During the measurement period no fault occurred on this turbine. The measurement system 
consists of the locally installed Condition Monitoring Unit, a communication unit “WebServer” 
and the central Data Acquisition Unit “DAS”. 
 
During normal operation the Condition Monitoring Unit (CMU) processes a set of 
characteristic values. These values are classified by the mean of the produced power. The 
WebServer polls these data cyclic and check each value in each class against learned limits. 
Are no values above their limits, each value is incorporated in an average value. The 
average values are transmitted to the central server on a regular basis. In case of an 
exceeding the actual values are transmitted immediately to the central server and the service 
department is notified. 
 
On a regular basis or in case of an alarm it is possible to acquire the raw sensor signals for 
further analysis. A web service on the acquisition unit can be used to define a measurement 
with the following parameters: 

• channels to measure 
• time length 
• sample rate 
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This is used to reduce the amount of data, as the system is designed to use at least a GPRS 
connection, where the costs are based on the transferred amount of data. 
 
During the measurement period was no evidence of a fault found in the measurements. Also 
the regular maintenance service showed no sign of damage or wear. So representative for all 
measured characteristic values, Figure 4.23 shows the trend of one band measurement over 
the period of one year in five classes. Depending on the machine type there are up to 120 
characteristic values used for the automatic monitoring. Figure 4.24 shows a time series plot 
of one of the gearbox sensors. These measurements are taken on a regular basis and they 
can be processed by several data evaluation algorithms like FFT, Cepstrum, Envelope Curve 
Analysis and so on. 
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Figure 4.23: Trend band measurement over one year 
 
 
 

 
 

Figure 4.24: Time series plot 
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4.7 N60 at Cuxhaven 

4.7.1 Installation description 

The N60 is a wind turbine with a rotor diameter of 60m and a nominal power of 1300 kW 
designed especially for high wind speed areas. The rotor is a three-bladed, horizontal-axis 
design and is mounted up-wind and are made of high-quality fibreglass plastic. The blade 
tips can be turned 85 degrees relative to the main blade, in this position acting as 
aerodynamic brakes. 
 
The gearbox is a three-stage design, a high torque planetary stage and two spur stages. So 
it is possible to transfer the high torque from the rotor with a high gear ratio. The helical 
design of all stages reduces the noise emission. The gearbox is mechanical de-coupled from 
the nacelle with rubber bushings fixed on the frame structure. 
 
The N60 is build up near the town of Cuxhaven in a wind farm with totally sixteen wind power 
plants. The surrounding area is rather flat and so predestined for wind energy harvesting. 
Figure 4.25 shows a site map of the wind farm and an impression about the surrounding 
landscape. 
 
 

 
 

Figure 4.25: Site map and impression of the N60 in wind farm Cuxhaven Altenbruch 
 
 
The N60 is equipped with sensors for nacelle oscillation as well as vibration measurement. 
For detecting all nacelle movements a two-axis sensor is required to measure the two 
horizontal directions. Most of the relevant oscillations are in the frequency range from almost 
0 to about 10 Hz. The used sensor DMT KS22 is working on a piezo-resistive principle and is 
designed for the above frequencies. Figure 4.26 (left image) shows the mounting position of 
the KS22 on the frame structure of the wind energy plant's nacelle. The sensors used on all 
other mounting positions are of the type DMT KS11. As an example, the sensor at the 
gearbox input stage is shown in Figure 4.26 (right image). This Sensor is used to detect the 
induced vibrations from single machine parts and can measure frequencies up to 10 kHz. As 
the required frequencies for spectral analysis lie in special bands of this frequency it is 
possible to define ranges per measuring software to do the complete analysis with one 
sensor type. 
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Figure 4.26: Nacelle acceleration sensor (left) and gearbox input stage sensor 

 
 

4.7.2 Data evaluation results 

This section describes the results form the measurements of DMT's WindSafe system at the 
N60 wind turbine.  
 
Figure 4.27 shows the frequency spectrum with a bandwidth of 100 Hz of sensor at gearbox 
input stage. In the figure, the triple harmonic of the rotor / main shaft rotational frequency, the 
so called blade passing frequency, and its higher order harmonics can be identified clearly. 
 

 
Figure 4.27: Gearbox input stage sensor spectrum at bandwidth 100 Hz 

 
In Figure 4.28, for a measurement of the sensor at the gearbox housing, the envelope curve 
spectrum is shown. The Bandwidth is again 100 Hz. The main component in the averaged 
spectrum is the rotational frequency of the output shaft at 29.3 Hz. 
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Figure 4.28: Envelope curve spectrum at bandwidth 100 Hz 
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5 Dissemination of results and project impact 

Since the project consortium consists mainly of commercial companies dissemination of the 
project’s result on an industrial level is ensured within the consortium itself This means that 
the technical result have been or will be integrated into the products of the project partners. 
Some results with a more general character are made available to the public within this 
report. The overall intellectual property gained in the course of the project will be made 
available subjected to the permission of the project consortium as described in the section 
5.4 below. 
 
 
5.1 Publications 

The following tables show the publications made during the project 
 
Peer reviewed articles: 

Authors Date Title Publication 

P. Caselitz,  
J. Giebhardt 

April 
2004 

Rotor Condition Monitoring for 
improved operational safety of 
offshore wind energy converters 

Conference proceedings of “The Science of 
making Torque from Wind” held at Delft 
University of Technology, Netherlands, 19-20-
21 April 2004 

P. Caselitz,  
J. Giebhardt 

May 
2005 

Rotor Condition Monitoring for 
improved operational safety of 
offshore wind energy converters 

Journal of Solar Energy Engineering, Volume 
127, May 2005, page 253 to page 261. Editor: 
American Society of Mechanical Engineers 

 
Non reviewed publications: 

Authors Date Title Event Type 

P. Caselitz,  
J. Giebhardt 

June 2003 Fault prediction tech-niques for 
Offshore wind farm M&R 
strategies 

European Wind Energy 
Conference 2003, 
Madrid, Spain 

Poster / Confe-
rence paper 

P. Caselitz,  
J. Giebhardt 

November 
2003 

Kommunikation und 
Fehlerfrüherkennung in 
Windenergieanlagen  

8. Kassler Symposium 
Ener-giesystemtechnik, 
Kassel, Germany 

Oral presen-
tation / Confe-
rence paper 

J. Giebhardt November 
2003 

Fehlerfrüherkennung und 
zustandsüberwachung in 
Windenergieanlagen 

AZT Expertentage 
2003, Ismaning, 
Germany 

Oral presen-
tation 

P. Caselitz, J. 
Giebhardt 

December 
2003 

Fehlerfrüherkennung in 
Windenergieanlagen 

Erneuerbare Energien Article 

OSMR 
consortium 

October 
2004 

Predictive Condition Monitoring 
for Offshore Wind Energy 
Converters with Respect to the 
IEC61400-25 standard 

German wind energy 
conference 
DEWEK2004, 
Wilhelmshaven, 
Germany 

Oral presen-
tation / Confe-
rence paper 

P. Caselitz,  
J. Giebhardt 

November 
2004 

Felderprobung von 
Windparkmonitoring- und 
Fehlerfrüherkennungssystemen 

9. Kassler Symposium 
Ener-giesystemtechnik, 
Kassel, Germany 

Oral presen-
tation / Confe-
rence paper 

 
Project Website: http://www.iset.uni-kassel.de/osmr/ 
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5.2 Conference attendances 

• The project was presented with a poster at the European Wind Energy Conference 
(EWEC 2003, 16th to 19th of June) in Madrid. A paper has been published in the 
Conference proceedings. 

• Some of the project partners have attended the Husum Wind (23th to 29th of September 
2003) exhibition (ISET, Overspeed, MITA, DMT, GJ) 

• On November 10th and 11th, ISET had an oral report at the “AZT Expertentage 2003” in 
Ismaning (near Munich). Conclusions of the conference’s results can be found here. 

• Also in November 2003 (13th and 14th), the “8. Kassler Symposium 
Energiesystemtechnik” took place. The project was presented by ISET in an oral report. 
There is also a paper published in the proceedings. 

• An oral presentation was held during the EWEA Special Topic Conference at TU Delft, 
Netherlands (April 19th to 21st 2004). The conference paper is published in the 
proceedings. 

• Overspeed had an oral presentation at the “5. Aachener Kolloquium für Instandhaltung, 
Diagnose und Anlagenüberwachung (5th Aachen colloqium für maintenance, diagnosis 
and monitoring)” at the 9th and 10th of November 2004 in Aachen, Germany. Title of his 
presentation was “Zustandsüberwachung von Windenergieanlagen im Spannungsfeld 
von Versicherer, Betreiber und Anlagenhersteller (Condition monitoring of wind energy 
converters in the conflict area of insurance companies, operators and manufacturers)”. 

• ISET had presented the project at a training course for young wind energie engineers 
from several African countries. Title of the course was "Wind turbines for decentralised 
and grid connected energy supply" and took place during spring 2005 at ISET, Kassel, 
Germany. 

 

5.3 Standards 

• Two meetings of the “Task Force Condition Monitoring (TFCM)” took place at ISET, 
Germany (25th of March and 8th of June 2004). Refer to section 3.3 for detailed 
information. 

• Partners Overspeed, Plambeck and ISET regularly participate on the meetings of the 
German national “FGW Arbeitskreis Instandhaltung” in Hamburg, Germany. This work 
group is defining guidelines for maintenance and repair activities and strategies in 
offshore wind turbines. 

• Partners B&KV, Overspeed and ISET have regularly participated on the meetings of the 
standardisation work group "Messung und Beurteilung der mechanischen Schwingungen 
von Windenergieanlagen und deren Komponenten (Measurement and Evaluation of 
mechanical Oscillations of wind turbines and their Components)", hosted by the "Verein 
Deutscher Ingenieure" (VDI). The aim of this work group is to establish a German 
national guideline for definition of absolute vibration and oscillation levels for wind turbine 
components. In a later stage, the guideline shall be conducted into an IEC/ISO standard. 

• Meanwhile, the foundation of an international subgroup of the IEC technical committee 88 
(TC88) is finalised in December 2005. This TC88 subgroup will work on the integration of 
condition monitoring and fault prediction items as an extension to the standard's subparts 
(it will become IEC61400-25-6). Partners involved are Risø, Overspeed, ISET and Gram 
& Juhl. 

• Dr. Gregor Giebel, Risø, became full member of S-588, the Danish standardisation 
gremium preparing Denmark's positions in international standardisation. As such, he 
collaborated in the IEC-61400-25 "Wind Turbine Communication" standard, and will be a 
member of the upcoming IEC-61400-25-6 extension body for condition monitoring. 
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5.4 Access to intellectual property ("Concept Papers") 

The produced intellectual property of the project in form of results of common interest for 
external groups have been published in several conference and journal papers and in this 
publishable final project report. 
 
Additional information can be obtained by contacting the project consortium (via the co-
ordinator) on a commercial or non-commercial consultancy basis, but is subjected to the 
intellectual property rights protection of the respective partners. 
 
 
Contact: 
 
Institut fuer Solare Energieversorgungstechnik 
c/o Jochen Giebhardt 
Division Energy Conversion and Control Engineering 
Koenigstor 59 
D-34119 Kassel 
Germany 
 
Email: jgiebhardt@iset.uni-kassel.de 
Web: www.iset.uni-kassel.de/osmr 
 
 
 
 
6 Conclusions and outlook 

Most of the project's objectives could be realised in the course of the RTD activities. The 
hardware of the involved industrial partners could have been improved and new features 
could have been added to the respective systems. Software products have been made 
compatible to the latest industrial communication standards in the field of wind energy. The 
results of the project have find their ways into standardisation work and into the scientific 
community by made them public on the relevant work groups, work shops, conferences etc. 
The project did find great interest there. Unfortunately, the development of offshore wind 
turbines was not in a stadium that the field test could have been carried out there. But with 
the achieved results and experiences from the onshore field tests, problems with porting of 
the developed items into the technology of offshore wind turbines are not expected. 
 
The achieved results are used in the industrial partners systems already and will be subject 
of further RTD efforts. The research institutes in the project are involved in several follow up 
projects. This means that condition monitoring and fault prediction based maintenance and 
repair strategies for offshore wind turbines are ready for the market. 
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