
measuring wind power www.ammonit.com 

ACCUWIND Study 

CLASSCUP Study 

MEASNET 

How to assess the accuracy of a sensor  

with international standards? 

www.partosystem.com



measuring wind power www.ammonit.com 

Content 

• History of SITEPARIDEN, CLASSCUP, ACCUWIND  

• Author ACCUWIND Study 

• Most important criteria for the evaluation of anemometers 

• Comparison of angular response of:  

 Thies / Risø / NRG anemometers 

• Comparison of bearing friction characteristics of: 

 Thies / Risø / NRG anemometers 

• Overall evaluation of Thies / Risø / NRG anemometers 

• MEASNET calibration requirements 

2 

www.partosystem.com



measuring wind power www.ammonit.com 

History of Studies 

The EU has financed 3 studies to define the criteria for good anemometers and to 

analyse the accuracy of anemometers on the market. 

 

• First Study:  SITEPARIDEN 

• Second Study:  CLASSCUP 

• Third Study:  ACCUWIND 

 

These studies were headed by: T.F. Pedersen (Risø) 

       J.-Å. Dahlberg (FOI) 

       Peter Busche (DEWI)  

       Dieter Westermann (DEWI) 
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Authors of the Studies 

The  following institutes took part at the ACCUWIND-Study: 

 

• Risø National Laboratory, RISØ, Denmark 

• Deutsches Windenergie Institut GmbH, DEWI, Germany 

• Swedish Defence Research Agency, FOI, Sweden 

• Centre for Renewable Energy Sources, CRES, Greece 

• Energy Research Centre of the Netherlands, ECN, The Netherlands  

• Universidad Politechnica de Madrid, UPM, Spain 

 

 ACCUWIND study Risø-R-1555(EN), May 2006   

 ACCUWIND Summary Report Risø-R-1563(EN), July 2006 

 CLASSCUP study Risø-R-1348(EN), December 2002 
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History: SITEPARIDEN Study 

Errors associated with the measurement of wind speed are major sources of 

uncertainties in power performance testing of wind turbines 

 

The EU project SITEPARIDEN [1,2,3,4] showed measured differences between  

various types of cup anemometers of up to 4%. This is significant when the limits  

of power performance acceptance is guaranteed with 95%  

 

Field comparisons of well-calibrated anemometers show significant and unacceptable 

differences. A round robin test in the nineties [1] has shown deviations of up to ± 3 % 

for wind speed. 

 
[1] Lockhart: Uncertainties in Anemometer Calibration Methods, 333-336, Proceedings of the European Wind Energy Conference, 

1997, Dublin 
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History: CLASSCUP Study 

The European CLASSCUP project posed the objectives  

to quantify errors associated with the use of cup anemometers,  

and developed a classification system for the quantification  

of systematic errors of cup anemometers.  

 

This classification system has now been implemented in the  

standard: IEC 61400-12-1 on power performance measurements  

in the annexes I and J. 
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CLASSCUP Study: Criteria for Anemometers 

Criteria: angular response, dynamic effects & bearing friction characteristics 

 

• Angular response:  

Behaviour of anemometer with vertical wind component 

 

• Dynamic effects: 

How quickly does an anemometer react to acceleration or deccelaration of wind 

speed?  

 

• Bearing friction characteristics: 

How does the bearing friction behave in cold temperatures? 
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ACCUWIND Study: Class A and Class B Landscape 

Table 4-1  Operational condition ranges of Class A and Class B category classification 

Class A category classification is connected to reasonably flat sites  

Class B category is connected to complex terrain 
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Table 2-1  Main cup anemometer data being used in the analysis 

NRG=NRG 40 MAX, RIS= Risø P2546, THF=Thies First Class, Vaisala WAA151, Vec=VectorL100  

 

 

 

 

 

 

 

 

 

 

 

Low pulse rate by Risø and Vaisala; by Vaisala the signal is a sinusoide  

 

 

ACCUWIND Study: Pulse per Revolution 

9 

www.partosystem.com



measuring wind power www.ammonit.com 

ACCUWIND Study: Angular Response (NRG) 

Figure 6-2  Angular response measurements on NRG cup anemometer by FOI and 

DEWI at 8m/s  
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ACCUWIND Study: Angular Response (NRG) 

Table 3-16  DEWI tilt test measurements with NRG anemometer 

 

11 

www.partosystem.com



measuring wind power www.ammonit.com 

ACCUWIND Study: Angular Response (Risø) 

Table 3-17  DEWI tilt test measurements with RIS anemometer 
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Deutsche Windguard Report: Angular Response (Thies FCA) 

Cup Anemometer Classification – Off Axis Response 
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ACCUWIND Study: Bearing Friction (NRG) 

Operates in temperatures °C 

14 

www.partosystem.com



measuring wind power www.ammonit.com 

ACCUWIND Study: Bearing Friction (Risø) 

Operates in temperatures °C up to 0°C 
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ACCUWIND Study: Bearing Friction (Risø) 

Operates in temperatures  °C, up to -10°C 
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ACCUWIND Study: Bearing Friction (Thies FC) 

• Operates in temperatures C°, up to -10°C 
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ACCUWIND Study: Global Evaluation, Class A, NRG 

Table 4-25  Classification of NRG cup anemometer with TRTC model for Class A  

vector wind speed definition and DEWI tilt data 
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ACCUWIND Study: Global Evaluation, Class B, NRG 

Table 4-27  Classification of NRG cup anemometer with TRTC model for Class B  

horizontal wind speed definition and DEWI tilt data 
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ACCUWIND Study: Global Evaluation, Class A, Risø 

Table 4-33  Classification of Risø cup anemometer with TRTC model for Class A  

horizontal wind speed definition and DEWI tilt data 
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ACCUWIND Study: Global Evaluation, Class B, Risø 

Table 4-35  Classification of Risø cup anemometer with TRTC model for Class B  

horizontal wind speed definition and DEWI tilt data 
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Deutsche Windguard, Global Evaluation, Class A, Thies FCA 
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Deutsche Windguard, Global Evaluation, Class B, Thies FCA 
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Deutsche Windguard Report 

Cup Anemometer Classification – S Classification 
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Summary ACCUWIND Study: Classification of TFCA by DW 

Table 4-4  Classification of five cup anemometers according to IEC 61400-12-1  

using a TRTC model with DEWI tilt data and with influence of friction  

 

Classification IEC61400-12-1  

Model: TRTC +DEWI tilt response +with friction   

Horizontal wsp definition   

Cup anemometer   Class A   Class B   

NRG max 40    2.4    7.7   

Risø P2546    1.9    8.0   

Thies FC     1.5    2.9   

Vaisala WAA151   1.7    11.1  

Vector L100    1.8    4.5 

Thies FC Advanced  0.9   3.0 Classification Deutsche Windguard 
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MEASNET Calibration 

The MEASNET organisation sets rules that require  

all calibration institutes to perform calibrations  

within an average of 1%. 

 

A round robin test in the nineties has shown deviations  

up to ± 3 % in wind speed. The MEASNET accepted  

calibration institutes were in the range of ± 0.5 %.  

MEASNET is a network of measurement institutes enforced  

a harmonisation on top on the general accreditation process,  

according to ISO/IEC 17025 and IEC standards in order to  

reduce financial risks and the generation of reproducible,  

recognised measurements and anemometer calibrations.  
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MEASNET Calibration 

The MEASNET calibration procedure has been  

introduced to the IEC standard (revision of the  

IEC 61400-12 for power curve measurements). 

 

MEASNET requires successful regular participation  

in round robin tests which means: 

 

Accurate and reproducible anemometer calibration results. 
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MEASNET Calibration 

The facility belonging to MEASNET shall, as a matter  

of course, undergo a detailed examination of the  

repeatability of anemometer calibrations.  

 

This shall include at least 5 calibrations of a reference  

anemometer (in various atmospheric conditions) with  

a target maximum difference between calibrations of  

less than 0.5 % at 10 m/s wind speed. The average value  

of calibrations shall not deviate by more than 1 % at 10 m/s  

wind speed in a common reference wind tunnel (reproducibility). 
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ACCUWIND Study: Linearity (NRG) 

Table 3-1  Linear regression results for  NRG cup anemometers 
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Deutsche Windguard Report: Linearity (Thies FCA) 
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Please contact us for further information 
 
  

Ammonit Measurement GmbH 
 Wrangelstrasse 100 • D-10997 Berlin 

 
T: +49 30 6003188-0   

F: +49 30 6003188-10 
 

info@ammonit.com 
www.ammonit.com 
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