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1 Scope 

The order from Vestas Wind Systems A/S dated 2005-02-09 required WINDTEST Kaiser-
Wilhelm-Koog GmbH (WINDTEST) to carry out acoustic noise measurements on the wind 
turbine generator system (WTGS or ‘turbine’) V90-3MW, Mode 0 of hub height 78,8 m near 
Bökingharde (Germany).  From this, the sound power level (relevant for noise propagation 
calculations) of the noise emitted from the turbine at different wind speeds, and frequency 
spectra of the same, was also to be determined. 

The results given in this report relate only to this WTGS. 

2 Method 

2.1 Measurement procedures 

All measurements and analysis described in this report were done in accordance with the 
IEC 61400-11: Wind turbine generator systems – Part 11: Acoustic noise measurement 
techniques, Ed. 2 [IEC 61400-11] using Method 1 as outlined in 7.3.1.1 “Method 1: 
determination of the wind speed from the electric output and the power curve”. In this report the 
sound power level and the tonality are given in the range of wind speeds from 6 to 10 m/s at a 
height of 10 m. 
 
Note: A calculated power curve for the turbine was provided by the customer for purposes of 
converting the measured turbine power output into the standardised wind speed. This power 
curve is given in the Annex. 

2.2 Measurement object 

Table 1 shows the characteristics of the measured WTGS. The remaining characteristics can be 
found in the manufacturer’s certificate included in the Annex. 

Table 1: Characteristics of the measured WTGS 

parameter Value 

manufacturer 

type 

WTGS No. 

site 

hub-height above ground 

rotor diameter 

distance middle of tower to middle of blade flange 

power control (pitch/stall) 

Vestas Wind Systems A/S 

V90-3MW, Mode 0 

19899 

Bökingharde (Germany) 

78,8 m  

90 m 

3,06 m 

optispeed, optipitch 
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2.3 Course of the measurements 

The total measurement period lasted from 2005-05-06 11:00 h until 2005-05-06 23:00 h. During 
this time the measured wind speed ranged from 5 to 11 m/s at a height of 10 m. The real 
electrical power output of the turbine ranged between 760 and 3006 kW. The turbine was 
running continuously during the operating noise measurements. 

The sound pressure level was recorded with a microphone on an acoustically hard board. The 
real electrical power output and the wind speed at a height of 10 m (taken upwind of the turbine 
in clear air) were also recorded. Time periods, where there were intermittent background noise 
of a significant nature, e.g. passing cars, planes flying over, rain etc., were marked accordingly 
during the measurements, and were omitted in the later evaluation. If there were random and 
reoccurring disturbances, which could not be marked during the measurement, a later state 
correction by means of a comparison with the DAT-recording was done. 
 
The wind turbine generator system is sited in farmland. The surface roughness length for this 
measurement is assumed to be 0.05 m. The microphone position was chosen to minimise the 
effect of buildings, trees or bushes in the surrounding area of the wind turbine generator 
system, which might have had an influence on the measurement results. The conditions comply 
with free field behaviour over a reflecting plane. 

During the noise measurements the meteorological conditions given in Table 2 were prevailing. 

Table 2: Prevailing meteorological conditions during the measurements 
barometric pressure at 2 m height above ground [hPa] 1004  
air temperature at 2 m height above ground [°C] 10 - 13  
prevailing wind direction W 
range of wind direction 254 - 338 
weather conditions cloudy and dry 
Turbulence intensity at 10 m height above ground [%] 16,7 

2.4 Measuring equipment 

The measuring equipment used is listed in the Annex. This equipment is tested regularly 
according to [IEC 61400-11] to ensure a high degree of measurement accuracy as well as 
security of data. The complete acoustic measurement system was checked before and after the 
measurements using an acoustic calibrator (B&K 4231). 

2.5 Position of microphone 

The microphone was placed according to [IEC 61400-11]. The distance from the turbine to the 
reference measuring point, R0 = 110 m, was chosen taking local circumstances into account. 
The height of the microphone with respect to the bottom of the turbine foundation was 0 m. 



 

 Page 6 / 45  

 

WT 4245/05: Report of Acoustical Emissions of a Wind Turbine Generator  
System of the Type V90-3MW, Mode 0 near Bökingharde (Germany) 
 

WINDTEST Kaiser-Wilhelm-Koog GmbH

3 Measurement results 

3.1 Determination of directivity 

As no significant directivity was ascertained the reference measurement position was chosen to 
be directly downwind of the turbine. This ensured worst case sound propagation conditions 
were taken into account. 

3.2 Sound pressure level 

The microphone converts the sound pressure into a continuous analogue signal which is then 
fed to a sound level meter. The resulting dB value, LAeq, together with the status, the wind speed 
at a height of 10 m, WS, and the real power output of the turbine, Pw, all recorded by the 
measurement system, is plotted against time in a graph given in the Annex. Here it can be seen 
at which points in time the turbine is switched on and off and provides an overview of the 
background noise in relation to the operating noise recorded by the measurement system over 
the whole period of the measurement. As can be seen, data was captured continuously 
throughout the whole measurement period. Non-normal background noises occurring in the 
measurement period, e.g. from aircraft or traffic, were marked during data acquisition to enable 
their easy omission in the evaluation to follow. The state signal is used to differentiate between 
periods when the turbine is running and when it is stopped. State = 1 depicts a running turbine, 
state = 0.5 depicts a stopped turbine, and state = 0 marks the data to be omitted in the 
evaluation. 

The noise produced by the turbine alone LAeq,c at wind speeds of 6, 7, 8, 9 and 10 m/s is then 
determined by converting the dB levels of background and in-service noise to intensities, 
performing a subtraction and converting back again to dB. In order to determine this, regression 
curves of the measured sound pressure level with the turbine both running and stopped, plotted 
with respect to the standardised wind speed at a height of 10 m are required.  The wind speed 
measured during the background noise measurement is multiplied by the factor κ, which is 
defined as the following: 

z

s

V
V

=κ  

where, 

sV  is the standardised wind speed 

zV  is the measured wind speed. 

For this measurement, κ = 0,98. 

The results of this regression analysis are given in the Annex. All relevant sound pressure level 
values are given in the annex. 

Remark: The data have been analysed using a second order regression because this is the 
best fitting approximation through all the relevant data points.  
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3.3 Sound power level of the turbine 
In accordance with [IEC 61400-11] the sound power level kWAL ,  of the turbine in dB is derived 

from the corrected sound pressure level kcAeqL ,, , at wind speeds between 6 and 10 m/s at a 
height of 10 m, using the following formula: 
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where, 6 dB is the correction due to the doubled sound pressure sensed by the microphone 
caused by coherent interference at the acoustically hard board.  
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the ratio in dB of the surface area of a sphere having the radius 1R  

to the reference surface area of 0S  

where, 
0S  = 1 m2 

( ) ( )22
01 AhHdRR −++=  

0R = distance between tower centre and microphone position 
d  = distance between tower centre and rotor flange middle point 
H = hub-height above ground level 
Ah = height of microphone 

The following results are given in the Annex: 

• A graph showing regressions through all the measured wind turbine sound data LAeq and 
background noise data Ln. 

• A plot of the background corrected normalised values of LWA against the standardised 
wind speed. 

• A plot of LAeq and Ln against measured wind speed. 

• A plot of LAeq against power. 

• A plot of pitch angle against power. 

• A plot of rotor speed against power. 

• A time plot of the measurement. 

For the V90-3MW, Mode 0 in the present configuration the real power output and the 
apparent sound power levels are given in table 4. 
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3.4 Tonal and frequency analyses 

In accordance with the technical guideline [IEC 61400-11] a tonal analysis has to be carried out. 
The A-weighted frequency spectrum of the noise, which is measured on the acoustically hard 
board, is determined on the basis of a narrow band analysis by means of the FFT-analyser B&K 
2144. This analysis was performed after the measurements using the audio signal recorded on 
a DAT-recorder. 

The results of the tonal analysis of the V90-3MW, Mode 0 according to [IEC 61400-11] are 
given in table 4. 
 
Measurements of this turbine carried out at a distance of 500 m from the turbine confirmed a 
reduction in the tonal audibility of tones at around 900 Hz of more than 10 dB.  
 

Therefore in this case, there is no need for any tonality penalty to be applied at the surrounding 
points of noise impact. 

3.5 3rd octave analysis 

The A-weighted sound spectra at all the integer wind speeds are given in the Annex. 
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3.6 Uncertainties 

3.6.1 Sound power level 
The result of the sound power level measurement is subject to uncertainties which are due to 
the environment, meteorological conditions and the measurement system. For these 
measurements all the type B measurement uncertainty components as specified in the technical 
guideline [IEC 61400-11] are given in Table 3. For all of the type B uncertainties mentioned 
here, a rectangular distribution of possible values is assumed for simplicity with a range 
described as “±a”. The standard deviation for such a distribution is: 

 
3
aU =  

Table 3: Type B measurement uncertainty components 

Component Range 
[dB] 

Uncertainty 
[dB] 

Calibration, 1BU  ±0,2 0,12 

Chain of acoustic measurement instruments, 2BU  ±0,4 0,23 

Acoustically hard board, 3BU  ±0,5 0,29 

Distance measurement, 4BU  ±0,1 0,06 

Acoustic impedance of air, 5BU  ±0,2 0,12 

Meteorological variation (including turbulence), 6BU  ±0,7 0,40 

Wind speed derived from the power curve, 7BU  ±1,5* 0,87 

Wind direction, 8BU  ±0,5 0,29 

∑
=

8

1

2

i
BiU  

1,17 

* Due to a valid measured power curve not being available a calculated power curve was used 
in the analysis which is given in the annex.  For this reason the possible range relating to the 
wind speed derived from the power curve was increased from ±0,3 dB, as proposed in the 
technical guideline [IEC 61400-11], to ±1,5 dB. 
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The error in the background correction 9BU  in dB has been calculated for each integer wind 
speed as follows: 

 ( )( )[ ]HG, 1,01,0
,,9 1010log10 ULL
kcAeqB

nkAeqLU +⋅ −⋅−=  

where HGU  is the error in the background noise in dB defined as follows: 

( )
2

2
,

HG −
−

=
n

estnn

N
yy

U
 

where: 

ny   = measured sound pressure level of background noise in dB 

estny ,   = estimated sound pressure level of background noise from the regression analysis 
in dB 

nN   = number of background noise measurement values in the wind speed bin 
corresponding to the integer wind speed. 

The combined measurement uncertainty CU relating to the sound power level kWAL ,  is 
calculated as follows: 

∑
=

++=
8

1

22
9

2

i
BiBAC UUUU  

where: 

( )
2

2

−
−

= ∑
N

yy
U est
A  

where: 

y   = measured sound pressure level of total noise (operating plus background) in dB 

esty   = estimated sound pressure level of total noise from the regression analysis in dB 

N   = number of total noise measurement values in the wind speed bin corresponding 
to the integer wind speed. 

 

All values for AU , 9BU  and CU  are given in the annex. 

3.6.2 One-third octave band spectra  

The uncertainty in the one-third octave band spectra is given in the Annex for all the third octave 
bands. 
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3.6.3 Tonality 

The uncertainty in the tonality is given in the Annex for all the given tones. 

4 Summary 

As ordered by Vestas Wind Systems A/S, 8900 Randers, WINDTEST Kaiser-Wilhelm-Koog 
GmbH took measurements of the acoustic noise emissions on the WTGS V90-3MW, Mode 0 
with a hub height of 78,8 m. 

All measurements and analyses of the sound power level and tonality described in this report 
were made on the basis of the technical guideline [IEC 61400-11]. The analysis of the sound 
power level was carried out using the standardised wind speed which was calculated from the 
calculated power curve provided by the customer (see Annex). 

The data on the WTGS V90-3MW, Mode 0 have been evaluated by using a second order 
regression because this is the best fitting approximation over all relevant points.  

The results of this measurement are given in table 4. 

Table 4: Summary of results 

* Remark: It should be noted that there are only 2 minute values in the 10 m/s bin. 

The calculated tonality given in table 4 is only valid for the direct surroundings of the WTGS.  
Based on the results of measurement in the distance field, described under point 3.4, it is 
improbable that there is a tonal audibility at the next point of Immission for the relevant 
windspeeds given in table 4.  

It is assured that this report has been drawn up impartially in accordance with state-of-
the-art science and technology and with best knowledge and conscience. 

wind speed in 10 m height [m/s] 6 7 8 9 10 * 

electrical power output calculated from the 
power curve [kW] 1017 1591 2192 2692 2952 

measured pitch angle [degrees] -2,6 -2,7 -1,9 -0,6 1,0 

measured rotor speed [min-1] 15,0 16,0 16,1 16,1 16,1 

sound power level [dB] 105,2 107,6 109,0 109,4 108,7 

combined uncertainty in the sound power 
level, UC [dB] 1,6 1,3 1,2 1,2 1,3 

tonality, ∆Lk [dB] -13,70 -10,21 -3,89 -2,64 -1,73 

tonal audibility, ∆La,k [dB] -11,44 -7,59 -1,15 0,10 1,00 

frequency of the most prevalent tone [Hz] 388 922 924 922 920 
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5 List of employed symbols and abbreviations 
d - distance from rotor centre to tower axis m 
D - rotor diameter m 
∆Ltn,j,k - tonality of the ‘j th’ spectrum at ‘k th’ wind speed, where j = 1 to 12 and 

  k = 6, 7, 8, 9, 10 dB 
∆Lk - energetic average of the 12 ∆Ltn,j,k dB 
∆La,k - tonal audibility dB 
f - frequency of the tone Hz 
fc - centre frequency of critical band Hz 
H - height of rotor centre (horizontal axis turbine) or height of rotor 

  equatorial plane (vertical axis turbine) above local ground near the 
  wind turbine m 

hA - location point height (in measurement equal to microphone height) m 
κ - the ratio between standardised wind speed and measured wind speed    - 
LA or LC - A or C-weighted sound pressure level dB 
LAeq,k - equivalent continuous A-weighted sound pressure level, where k = 

  6, 7, 8, 9, 10  dB 
LAeq,c,k - equivalent continuous A-weighted sound pressure level corrected for 

  background noise at each integer wind speed and corrected to reference 
  conditions, where k = 6, 7, 8, 9, 10  dB 

Ln - equivalent continuous sound pressure level level of the background 
  noise dB 

Lp - sound pressure level dB 
Lpn,j,k - sound pressure level of masking noise within a critical band in the ‘j th’ 

  spectrum at the ‘k th’ wind speed, where j = 1 to 12 and k = 6, 7, 8, 9, 10 dB 
Lpn,avg,j,k - average of analysis bandwidth sound pressure levels of masking noise  

  in the ‘j th’ spectrum at the ‘k th’ wind speed, where j = 1 to 12 and k =  
  6, 7, 8, 9, 10 dB 

Lpt,j,k - sound pressure level of the tone or tones in the ‘j th’ spectrum at the  
  ‘k th’ wind speed, where j = 1 to 12 and k = 6, 7, 8, 9, 10 dB 

Ls - equivalent continuous sound pressure level of only wind turbine noise dB 
Ls+n - equivalent continuous sound pressure level of combined wind turbine  

  and background noise dB 
LWA,k - apparent sound power level, where k = 6, 7, 8, 9, 10 dB 
N - Number of measured values    - 
PW - effective electrical power kW 
R0 - reference distance m 
Ri - slant distance from rotor centre to actual measurement position m 
S0 - reference area, S0 = 1 m2 m 
UA ,  UB - Uncertainty components dB 
UC - Total uncertainty dB 
UHG  Error in the background noise dB 
Vm - derived wind speed from power curve m/s 
VS - standardised wind speed m/s 
WTGS - wind turbine generator system    - 
y - measured sound pressure level of operating plus background noise dB 
yest - estimated sound pressure level of operating plus background noise from the 

regression analysis dB 
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6 References 

[IEC 61400-11] IEC 61400-11‚ Wind turbine generator systems - Part 11: Acoustic noise 
measurement techniques, Ed. 2. 
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Annex 1: Measuring equipment used 
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Annex 2.1: 2nd order regression of LAeq and Ln against standardised wind speed 
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Annex 2.2: Summary of analysis input parameters and results 
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Annex 2.3: Plot of LWA against standardised wind speed 
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Annex 2.4: Plot of LAeq and Ln against measured wind speed 
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Annex 2.5: Plot of LAeq against power 
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Annex 2.6: Plot of pitch angle against power 
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Annex 2.7: Plot of rotor speed against power 
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Annex 2.8: Time plot of measurement 
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Annex 3.1a: Overview spectra 1-6 of turbine noise at a wind speed of 6 m/s 
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Annex 3.1b: Overview spectra 7-12 of turbine noise at a wind speed of 6 m/s 
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Annex 3.1c: Analysis of tonality of turbine noise at a wind speed of 6 m/s 
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Annex 3.2a: Overview spectra 1-6 of turbine noise at a wind speed of 7 m/s 
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Annex 3.2b: Overview spectra 7-12 of turbine noise at a wind speed of 7 m/s 
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Annex 3.2c: Analysis of tonality of turbine noise at a wind speed of 7 m/s 
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Annex 3.3a: Overview spectra 1-6 of turbine noise at a wind speed of 8 m/s 



 

Page 30 / 45 
 

WT 4245/05: Report of Acoustical Emissions of a Wind Turbine Generator  
System of the Type V90-3MW, Mode 0 near Bökingharde (Germany) 
 

WINDTEST Kaiser-Wilhelm-Koog GmbH

Annex 3.3b: Overview spectra 7-12 of turbine noise at a wind speed of 8 m/s 
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Annex 3.3c: Analysis of tonality of turbine noise at a wind speed of 8 m/s 
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Annex 3.4a: Overview spectra 1-6 of turbine noise at a wind speed of 9 m/s 
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Annex 3.4b: Overview spectra 7-12 of turbine noise at a wind speed of 9 m/s 
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Annex 3.4c: Analysis of tonality of turbine noise at a wind speed of 9 m/s 
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Annex 3.5a: Overview spectra 1-6 of turbine noise at a wind speed of 10 m/s 
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Annex 3.5b: Overview spectra 7-12 of turbine noise at a wind speed of 10 m/s 
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Annex 3.5c: Analysis of tonality of turbine noise at a wind speed of 10 m/s 
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Annex 4.1: A-weighted sound pressure 1/3-octave spectrum at 6 m/s 
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Annex 4.2: A-weighted sound pressure 1/3-octave spectrum at 7 m/s 
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Annex 4.3: A-weighted sound pressure 1/3-octave spectrum at 8 m/s 



 

Page 41 / 45 
 

WT 4245/05: Report of Acoustical Emissions of a Wind Turbine Generator  
System of the Type V90-3MW, Mode 0 near Bökingharde (Germany) 
 

WINDTEST Kaiser-Wilhelm-Koog GmbH

Annex 4.4: A-weighted sound pressure 1/3-octave spectrum at 9 m/s 
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Annex 4.5: A-weighted sound pressure 1/3-octave spectrum at 10 m/s 
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Annex 5: Power curve used in the analysis 
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Annex 6a: Manufacturer’s certificate (page 1) 
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