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1 EXECUTIVE SUMMARY 

This report describes methods and results of a noise emission measurement according to IEC 61400-11 

Edition 3.0 on a wind turbine generator system Senvion MM92 with serial number 93626 and internal 

park id. T4 near Gunns Hill in Canada. 

2 INTRODUCTION 

The order from Gunn’s Hill LP required GL Garrad Hassan Canada Inc. which is part of the Energy 

Renewables Advisory of DNV GL to carry out acoustic noise measurements on the wind turbine generator 

system (WTGS or ‘turbine’) Senvion MM92 of hub height 100 m with serial number 93626 and internal 

park id. T4 near Gunn’s Hill in Canada. GL Garrad Hassan Deutschland GmbH (GH-D) was subcontracted 

by GL Garrad Hassan Canada Inc. to perform the mesaurement. From this turbine the sound power level 

and frequency spectra, emitted at different wind speeds, have been determined. 

 

The results given in this report only relate to the specific turbine, weather conditions and 

measurement site. The results mentioned in this report can only be transferred to other 

turbines of the same model and technical construction with consideration of the uncertainty 

in the results, due to manufacturing tolerances and variation in meteorological and 

geographical conditions where the turbines might be installed. 

 

3 METHODS 

3.1 Measurement procedure 

The measurements of the acoustical emissions are performed in accordance with the legacy GH-D 

management system procedure /2/. This test procedure is an integral part of the management system of 

DNV GL. 

All measurements and analysis described in this report were done in accordance with /2/ in combination 

with IEC 61400-11 Ed. 3.0 Wind Turbines, Part 11: Acoustic Noise Measurement Techniques, 

2012-11-07 /1/.  

According to /1/ the sound power level has to be analysed for wind speeds from 0.8 to 1.3 times the 

wind speed at 85 % of maximum power rounded to the bin centres.  

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. 
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3.2 Measurement object 

Table 3-1 shows the characteristics of the measured WTGS. The remaining characteristics can be found 

in the manufacturer’s certificate in the annex. 

Table 3-1 Characteristics of the measured WTGS 

Parameter Value 

Manufacturer Senvion 

Type Senvion MM92 

Mode 1880 kW 

Rated Power 2050 kW 

Site Gunns Hill 

Turbine serial no. 93626 

Wind park internal id. T4 

Hub-height above ground 100 m 

Rotor diameter 92.5 m 

Distance middle of tower to middle of blade flange 3.15 m 

Gearbox type Eickhoff, EBN1378 C13 

Generator type Siemens, JFRA-560SR-06A 

Rotor blades Power Blades, RE45.2 

Power control (pitch/stall) Pitch 

3.3 Course of measurements 

The total measurement period lasted from 2017-11-16 11:43 h until 2017-11-16 20:41 h. During 

turbine operation the measured wind speed at hub height ranged from 6.9 to 16.9 m/s. The real 

electrical power output of the turbine ranged between 617 and 1959 kW. During the measurement only 

the WTG with wind park id T5 was shut down. Additional WTGS in the wind park are located at distances 

of 1000 m or larger and therefore have a negligible influence on the measurement results. 

The sound pressure level was measured with a microphone on an acoustically hard board and fed into a 

sound level meter which then calculated A-weighted equivalent 1-second average values which were 

then acquired by the measurement system. Non-acoustic data were acquired by the measurement 

system with a sampling rate of 1 Hz. Time periods with intermittent background noise of a significant 

nature, e.g. passing cars, planes flying over, rain etc., were marked accordingly during the 

measurements and are 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 audio-recording was done.  

The wind turbine generator system is sited in farmland. The surface is covered by grass/plants, therefore 

a typical roughness length of 0.05 m is assumed in the following. 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 3-2 prevailed.w 

Table 3-2 Prevailing meteorological conditions during the measurements 

Parameter Value 

Barometric pressure at 2 m height above ground [hPa] 973 - 982  

Air temperature at 2 m height above ground [°C] 0 - 5  

Prevailing wind direction WSW 

Range of wind direction [°] 212 - 282 

Weather conditions Dry and sunny 
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3.4 Measuring equipment 

The used measuring equipment is listed in the annex. The equipment is tested regularly according to the 

management system support function /3/ which includes the requirements of the /1/ to ensure a high 

degree of measurement accuracy as well as data security. The complete acoustic measurement system 

was checked before and after the measurement using an acoustic calibrator. 

3.5 Position of microphone 

The microphone was placed according to /1/. The distance from the turbine to the reference measuring 

point, R0 = 144.0 m, was chosen taking local circumstances into account. The height of the microphone 

with respect to the bottom of the turbine foundation was hA = 0.0 m. 

3.6 Position of met mast 

To gain results of free wind at the turbine position the met mast was located at the marked area in 

Figure 1. The aim is to measure the wind speed and wind direction in free-wind conditions by means of 

an anemometer and wind vane mounted on a 10 m met mast. The wind speed measured at the met 

mast is used for background noise measurements. 

 
 

Figure 1: Position of the met mast  

 

4 MEASUREMENT RESULTS 

4.1 Determination of noise directivity 

As no significant noise directivity was ascertained the reference noise measurement position was chosen 

to be directly downwind of the turbine. This position ensured that the worst-case sound propagation 

conditions were taken into account. 

4.2 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 (WS) at a 

height of 10 m (Vz,m) and the measured power output (Pm) of the turbine, all recorded by the 

measurement system, is plotted against time in a graph given in the annex 9.8. 



 

 

DNV GL  –  Report No. GLGH-4286 16 14199 293-A-0007-A  –  www.dnvgl.com  Page 4/88 

  

Here it can be seen at which points in time the turbine is in operation and shut down and provides an 

overview of the background noise in relation to the operating noise over the whole period of the 

measurement.  

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 in operation and when it is 

stopped.  

Following states have been used for evaluation in this report:  

State 0: marks the data to be omitted in the evaluation, 

State 0.5:  depicts a stopped turbine, 

State 1: depicts a turbine in operation.  

Remark Nr. 1: This measurement was performed using a secondary wind shield. The attenuation effect 

of this wind shield was corrected by use of the measured coefficients for the secondary wind shield of 

type EWS-12A-01 which are shown in the annex. 

 

In order to determine the wind speed at hub height during noise measurement of the turbine the allowed 

range of the power curve is taken into account based of the following equation: 

 0)()(
1


 tolktolk

PPPP  (1) 

where 

k is the wind speed bin number of the power curve; 

kP  is the power curve value at wind speed bin k; 

1kP  is the power curve value above wind speed bin k; 

tolP  is the tolerance on the power reading, in this case it is 1 % of the maximum power. 

All data points which exceed or are below these limitations are determined with the nacelle anemometer 

and the wind speed from the power curve using the following relation: 

 mnac,nnac,
VV

nac
 

 (2) 

where 

Vnac,n  is the normalised wind speed from the nacelle anemometer, corrected to hub height; 

Vnac,m   is the wind speed measured with the nacelle anemometer. 

Outside the allowed range of the power curve the normalised WS at hub height is VH,n = Vnac,n.  

For this measurement nac is determined to be nac = 1.05.  

For background noise measurements the wind speed is measured at hub height, corrected to a height of 

10 m and furthermore multiplied by another Z  factor to calculate the normalised wind speed.  

 mZ,nB, VV Z    (3) 
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where 

VZ,m  is the wind speed measured with an anemometer at height Z of at least 10 m; 

VB,n  is the normalised wind speed at hub height. 

During background noise measurements:  VH,n = VB,n. 

For this measurement z is determined to be z = 1.51. 

Besides the equivalent noise level, a 1/3-octave spectrum with centre frequencies between 20 Hz and 

10 kHz is calculated from the recorded WAV files and later on is used for the evaluation of the equivalent 

noise level LAeq,o,j. 

  











28

1

10

jAeq,o,

ji,Aeq,

10log10
i

L

L  (4) 

 jo,Aeq,jAeq, LLj   (5) 

The difference j  between the noise level and the sum of the 1/3-octave band spectrum is added to 

each individual band ji,n,Aeq,L  in the 1/3-octave band spectrum for each measurement period j.  

 jLL  ji,Aeq,ji,n,Aeq,  (6) 

4.3 Sound power level 

In accordance to /1/ the corrected sound pressure level for the 1/3-octave band i is the energetic 

difference between the total noise level and the background noise level expressed as: 

  ki,B,V,ki,T,V, 1.01.0

kc,i,V, 1010log10
LL

L


  (7) 

The corresponding sound power level LWA,i,k is calculated from the background corrected sound pressure 

level for the same 1/3-octave band as follows: 

 


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


 


0

2

1
ki,c,V,ki,WA,

4
lg106

S

R
LL


 (8) 

where 6 dB is the correction due to the doubled sound pressure sensed by the microphone caused by the 

coherent interference at the acoustically hard board.  








 


0

2

1
4

lg10
S

R
 corresponds to the ratio in dB of the surface area of a sphere having the radius R1 to 

the reference surface area of S0 

where 

S0 = 1 m2 

    2A

2

01 hHdRR   (9) 

 

The total sound power level LWA,k of the turbine in dB in wind speed bin k is derived by energy summing 

all the 1/3-octave band sound power levels: 
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
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kWA,
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The difference between the sum of the 1/3-octave bands of the total noise and the sum of the 1/3-

octave band of the background noise has to be at least 3 dB. Otherwise the result shall not be reported. 

If the difference is larger than 3 dB and smaller than 6 dB the result shall be marked with an asterisk. 

The following results are given in the annex: 

 A plot of LT,c,l,k and Lv,B,l,k against wind speed; 

 A plot of LAeq against power; 

 A plot of rotor speed against power; 

 A plot of met mast wind speed against wind speed from power curve; 

 A plot of nacelle wind speed against wind speed from power curve; 

 A time plot of the measurement. 

For the Senvion MM92 in the present configuration the apparent sound power levels are given in  

Table 6-1. 

4.4 Tonal and frequency analysis 

In accordance with the international standard /1/ a tonal analysis is carried out. The frequency spectrum 

of the noise measured on the acoustically hard board is determined on the basis of a narrow band 

analysis. This analysis is performed after the measurements using the recorded audio signal. 

The results of the tonal analysis of the Senvion MM92 according to /1/ are given in Table 6-1. 

4.5 One-third octave analysis 

The A-weighted sound spectra at all the wind speed bins are given in the annex. 

4.6 Uncertainties 

4.6.1 Type B uncertainties 

For these measurements all the type B measurement uncertainty components as specified in the 

international standard /1/ are given in Table 4-1. 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

a
U   (11) 
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Table 4-1 Type B measurement uncertainty components 

Parameter Value 

Calibration, UB1 0.2 dB 

Instruments, UB2 Taken from calibration certificates 

Board, UB3 0.3 dB 

Wind screen insertion loss, UB4 Depending on the frequency 

Distance and direction of microphone, UB5 0.1 dB 

Air absorption, UB6 Usually no uncertainty assumption 

Weather, UB7 0.5 dB 

Wind speed (measured), UB8
  1) 0.7 m/s 

Wind speed (derived), UB8
  2) 0.2 m/s 

Wind speed from power curve, UB9 0.2 m/s 

1) through nacelle anemometer or met mast 

2) through power curve 

4.6.2 Uncertainty on the wind speed 

Before calculating the sound power level uncertainty the uncertainty on the average wind speed per bin 

needs to be considered. Specifications are given in the international standard /1/.  

The values per bin shall be averaged arithmetically as: 

 



N

j

kjk V
N

V
1

,

1
 (12) 

where 

N is the number of measurements in wind speed bin k; 

kjV ,  is the average value of the wind speed at measurement period j in wind speed bin k. 

The type A uncertainty on the average wind speed in the k-th bin is calculated as: 

 

 

)1(

1

2

kj,

k,





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

NN

VV

s

N

j

k

V
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where 

kjV ,  is the average value of the wind speed at measurement period j; 

kV  is the average wind speed in the wind-speed bin k. 

The type B uncertainty on the wind speed 
jVu  for each measurement period j is calculated as: 

 



9

8

2

,j

q

VV qj
uu  (14) 

where 

qjVu
,

 is the type B uncertainty due to the source q on the average wind speed for each measurement 

period j.  

Information about the sources are given in Table 4-1. 
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The type B uncertainty k,Vu  on the average wind speed bin k is calculated as: 

 



N

j

VV j
u

N
u

1

2

k,

1
 (15) 

The combined uncertainty kVcomu ,,  can be expressed as: 

 
2

,

2

,,, kVkVkVcom usu   (16) 

4.6.3 Uncertainty on the average sound spectra  

For each 1/3-octave band i the average sound pressure level is energetically averaged as: 

 













 











N

j

L

ki
N

L
1

10

,

kj,i,

10
1

log10  (17) 

where 

N is the number of measurements in the wind speed bin k; 

Li,j,k is the und pressure level of the 1/3-octave band i in the measurement period j and in wind speed 

bin k. 

 

The type A uncertainty on the uncertainty on the sound pressure level measured in the wind-speed bin k 

is calculated as: 

 

 

)1(

1

2

,kj,i,

L ki, 








NN

LL

s

N

j

ki

 (18) 

where 

ki
L

,  is the average sound pressure spectrum in the wind speed bin k 

The type B uncertainty on the energy averaged sound pressure level of the i-th 1/3-octave band for each 

measurement period j is calculated as: 

 



7

1

2

,,,

q

LL qjiji
uu  (19) 

where 

qjiLu
,,

 is the type B uncertainty from source q on the average sound pressure level of the 1/3-octave 

band for each measurement period j. 

The type B uncertainty on the average sound pressure level of the 1/3-octave band i in wind speed bin k 

is calculated as: 
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kjikjiLki L

N

j

L uu
N

u
,,,,,

1

21
 



 (20) 

The combined uncertainty can be expressed as: 

 
22

, ,,, kikiki LLLcom usu   (21) 

4.6.4 Uncertainty on the noise levels at bin centres 

The sound pressure level for both total noise and background noise at bin centre is calculated at each 

1/3- octave band i and at every bin centre of the wind speed k. Using linear interpolation the estimated 

sound pressure level at wind speed v is given as: 

 1V )1()(  kk LtLttL  (22) 

Where 1 kk VVV  

The t value at a certain wind speed v is given as:  

 
)(

)(

1 kk

k

VV

VV
t








 (23) 

To fulfil an entire statistical evaluation according to the /1/ a corresponding covariance is calculated as: 

 






N

j

kikjikkjL LLVV
NkiV

1

,,,, )()(
1

1
cov

,,

 (24) 

The corresponding covariance is used to calculate the uncertainty on the sound pressure level at the 

wind-speed bin centre v by using: 

 
)(

)(cov
)()(

2

2
2

LV tu

t
tutu

V

LV
L   (25) 

where 

2

1,,

22

,,

22 )1()(  kLcomkLcomL ututtu  

2

1,,

22

,,
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1

1,2,2
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




k

kLV

k

kLV

LV
N

t
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tt

 

kN  is the number of measurements in the wind speed bin k. 

4.6.5 Uncertainty on the total noise level 

If the difference between the total noise level and the background level is higher than 3 dB in the same 

1/3- octave band i, the standard deviation of the background-corrected sound-pressure-levels is 

calculated as follows: 

 
iB,V,iT,V,

iB,v,

V

iT,V,

V

1.01.0

21.0

iB,,L

21.0

i,T,L

ki,c,
1010

)10()10(

LL

LL
uu

u







  (26) 
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If the difference between the total noise level and the background level is less than 3 dB in the same 

1/3- octave band i, a 3 dB correction is applied and the result is marked with brackets [ ]. The 

corresponding uncertainty is then calculated, as if the background noise level is 3 dB smaller than the 

total noise level Lv,B,i = Lv,T,i – 3 dB: 

 
)3(1.01.0

231.0

iB,,L

21.0

iT,,L

ki,c,
iT,V,iT,V,

iT,V,

V

iT,V,

V

1010

)10()10(










LL

LL
uu

u  (27) 

4.6.6 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 as calculated is the previous 

chapters.  

There is the assumption all 1/3-octave bands are correlated. Therefore the uncertainty of the sound 

power level can be expressed as:  

 

 















28

1

)1.0(

28

1

)1.0(

ki,c,

L

ki,WA,

ki,WA,

kWA,

10

10

i

L

i

L
u

u  (28) 

The result of 
kWA,Lu  will be shown in the annex.   

 

4.6.7 Uncertainty on the tonality analysis 

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

 

5 DEVIATIONS 

There are following deviations to the standard: 

 The power signal was not measured according to the standard /1/. This signal was taken from 

the controller of the turbine as provided by the manufacturer. 

 The manufacturer did not provide a pitch-angle signal during the measurements. 
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6 CONCLUSIONS 

As ordered by Gunn's Hill LP GL, Garrad Hassan Deutschland GmbH took measurements of the acoustic 

noise emissions on the WTGS Senvion MM92 with a hub height of 100 m. 

All measurements and analysis of the sound power level and tonality described in this report based on 

the international standard /1/. The analysis of the sound power level was carried out using the 

standardised wind speed which was derived from the calculated power curve provided by the customer 

(see annex). 

The result of this measurement is given in Table 6-1. For detailed results please refer to the annex. 

For the measured turbine in 1880 kW the relevant wind range according to /1/ is between 7.8 m/s and 

12.6 m/s. 

Table 6-1   Summary of results at hub height 

WS at  
hub height  
[m/s] 

SPL LWA,k 

[dB] 

Combined 

uncertainty in 
the SPL  
UC,L,WA,k [dB] 

Measured 
rotor speed 
[min-1] 

Tonal audibility 

∆La,k [dB] 

Frequency of  

the most 
prevalent  
tone [Hz] 

Relevant 

tone? 

8.0 100.6 1.0 14.0 -4.94 149 No 

8.5 101.1 1.0 14.2 -5.36 75 No 

9.0 101.5 1.0 14.2 -2.55 75 No 

9.5 101.7 1.0 14.2 5.69 145 No 

10.0 101.8 1.0 14.2 -1.91 131 No 

10.5 101.8 1.4 14.2 -3.51 141 No 

11.0 101.9 1.5 14.2 -3.70 272 No 

11.5 101.9 1.9 14.2 8.44 148 No 

12.0 102.4 1.9 14.2 -0.32 270 No 

12.5 102.3 1.9 14.2 -5.88 151 No 

 

Table 6-2   Summary of results at 10 m height 

WS at 10 m height [m/s] SPL LWA,10m,k [dB] 
Combined uncertainty in the SPL 
UC,L,WA,10m,k  [dB] 

5 99.1 2.2 

6 101.1 1.0 

7 101.8 1.1 

8 102.1 1.9 

9 102.4 1.8 

 

The results of the measurement confirm that the Senvion MM92 turbine with serial number 93626 and 

park internal id. T4 does not exceed the value of the maximum sound power level, including the 0.5 dB 

tolerance, shown in the Compliance Protocol of the Ministry of the Environment and Climate Change of 

Ontario (MOECC 2017). The measured maximum sound power level is 102.4 dB. 

The tonality analysis has been performed in accordance to /1/. No relevant tone has been found. 

It is assured that this report has been drawn up impartially and with best knowledge and 

conscience. 
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8 LIST OF ABBREVIATIONS 
Abbreviation Description Unit 

d  distance from rotor centre to tower axis [m] 

D  rotor diameter [m] 

H  height of rotor centre above local ground near the wind turbine [m] 

LA or LC  A or C-weighted sound pressure level [dB] 

LAeq  equivalent continuous A-weighted 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 bin [dB] 

Lpn,avg,j,k  average of analysis bandwidth sound pressure levels of masking noise  
  in the ‘j th’ spectra at the ‘k th’ wind speed bin [dB] 

Lpt,j,k  sound pressure level of the tone or tones in the ‘j th’ spectra at the ‘k th’ wind speed bin [dB] 

LWA,k  apparent sound power level, where k is a wind speed centre value [dB] 

log   logarithm to base 10 

P m  measured electric power [kW] 

P n  normalised electric power [kW] 

P k  power curve value at wind bin k  [kW] 

P tol  tolerance of the power reading [kW] 

R0  reference distance [m] 

R1  slant distance from rotor centre to actual measurement position [m] 

S0  reference area, S0 = 1 m2 [m] 

SPL  sound power level [dB] 

TC  air temperature [°C] 

TK  absolute air temperature [K] 

uA  Uncertainty components of Type A [dB] 

uB  Uncertainty components of Type B [dB] 

VH,n   normalised wind speed at hub height H [m/s] 

VP,n  normalised wind speed derived from power curve [m/s] 

Vz  wind speed at height z [m/s] 

Vnac,m  measured wind speed from nacelle anemometer [m/s] 

Vnac,n  normalised wind speed from nacelle anemometer [m/s] 

f  frequency of the tone [Hz] 

fc  centre frequency of critical band [Hz] 

p  atmospheric pressure [kPa] 

z0  roughness length [m] 

z0ref  reference roughness length, 0.05 m [m] 

z  anemometer height [m] 

  Ratio between normalised wind speed and measured wind speed [-] 

Ltn,j,k  tonality of the ‘j th’ spectrum at ‘k th’ wind speed [dB] 

Φ  inclination angle [°] 

VZ,m  is the measured wind speed with an anemometer at height Z of at least 10 m [m/s] 

VB,n  is the normalised wind speed at hub height  [m/s] 

 
Description of the subscripts and indexes of the formulas  

i  1/3 octave band number (e.g. i = 1 for 20 Hz centre frequency,  
i = 2 for 25 Hz centre frequency, ... , i = 28 for 10 kHz centre frequency) 

j  10 s measurement period number  
(each bin should have the minimum of 10 points per bin therefore j = 1 to 10 or greater)    

k  wind speed bin (i.e. k = 6 m/s bin, k = 6,5 m/s bin, k = 7 m/s bin, etc.)  

V  bin centre value; of measured 1/3 octave spectrum 

n  normalized spectrum 

N number of measurements in wind speed k 

T  total noise 

B  background noise 

C background corrected total noise 

 

9 APPENDIX 
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9.1 LAeq vs. wind speed at 10 m height 
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9.2 LAeq vs. wind speed at hub height 
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9.3 Summary of analysis input and results 
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9.4 Measured wind speed from met mast vs. wind speed from 
power curve  
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9.5 Measured wind speed from nacelle anemometer vs. wind 
speed from power curve  
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9.6 LAeq vs. active power 
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9.7 Rotor speed vs. active power  

 



 

 

DNV GL  –  Report No. GLGH-4286 16 14199 293-A-0007-A  –  www.dnvgl.com  Page 21/88 

  

9.8 Time plot of measurement  
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9.10 Third-octave sound power spectra at a WS of 8.0 m/s  
at hub height 
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9.11 Third-octave sound power spectra at a WS of 8.5 m/s  
at hub height 
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9.12 Third-octave sound power spectra at a WS of 9.0 m/s  
at hub height 

 



 

 

DNV GL  –  Report No. GLGH-4286 16 14199 293-A-0007-A  –  www.dnvgl.com  Page 25/88 

  

9.13 Third-octave sound power spectra at a WS of 9.5 m/s  
at hub height  
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9.14 Third-octave sound power spectra at a WS of 10.0 m/s  
at hub height 
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9.15 Third-octave sound power spectra at a WS of 10.5 m/s  
at hub height 
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9.16 Third-octave sound power spectra at a WS of 11.0 m/s  
at hub height 
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9.17 Third-octave sound power spectra at a WS of 11.5 m/s  
at hub height  
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9.18 Third-octave sound power spectra at a WS of 12.0 m/s  
at hub height 
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9.19 Third-octave sound power spectra at a WS of 12.5 m/s  
at hub height 
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9.20 Third-octave sound power spectra at a WS of 5 m/s  
at 10 m height  
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9.21 Third-octave sound power spectra at a WS of 6 m/s  
at 10 m height  
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9.22 Third-octave sound power spectra at a WS of 7 m/s  
at 10 m height  
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9.23 Third-octave sound power spectra at a WS of 8 m/s  
at 10 m height  
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9.24 Third-octave sound power spectra at a WS of 9 m/s  
at 10 m height 
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9.25 Tonality analysis overview – all frequencies 
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9.26 Tonality analysis - rpm vs. frequency for the identified 
tones in the total noise 
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9.27 Tonality analysis - ∆Lpn,j and ∆La,k vs. frequency 
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9.28  Tonality analysis - wind bin overview (page 1) 
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9.29  Tonality analysis - wind bin overview (page 2) 
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9.30  Tonality analysis - wind bin overview (page 3) 
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9.31  Tonality analysis - wind bin overview (page 4) 
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9.32  Tonality analysis - wind bin overview (page 5) 
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9.33 Frequency spectra of total and background noise at a WS 
of 8.0 m/s at hub height 
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9.34 Frequency spectra of total and background noise at a WS 
of 8.5 m/s at hub height 
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9.35 Frequency spectra of total and background noise at a WS 
of 9.0 m/s at hub height 
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9.36 Frequency spectra of total and background noise at a WS 
of 9.5 m/s at hub height 
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9.37 Frequency spectra of total and background noise at a WS 
of 10.0 m/s at hub height 
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9.38 Frequency spectra of total and background noise at a WS 
of 10.5 m/s at hub height 

 



 

 

DNV GL  –  Report No. GLGH-4286 16 14199 293-A-0007-A  –  www.dnvgl.com  Page 51/88 

  

9.39 Frequency spectra of total and background noise at a WS 
of 11.0 m/s at hub height 
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9.40 Frequency spectra of total and background noise at a WS 
of 11.5 m/s at hub height 
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9.41 Frequency spectra of total and background noise at a WS 
of 12.0 m/s at hub height 
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9.42 Frequency spectra of total and background noise at a WS 
of 12.5 m/s at hub height 

 



 

 

DNV GL  –  Report No. GLGH-4286 16 14199 293-A-0007-A  –  www.dnvgl.com  Page 55/88 

  

9.43 Power curve used for the analysis (page 1) 
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9.44 Power curve used for the analysis (page 2) 
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9.45 Manufacturer’s certificate (page 1) 
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9.46 Manufacturer’s certificate (page 2) 
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9.47 Measuring equipment 

 

Beschreibung 
description 

Fabrikat 
supplier 

Typ 
Type 

WT Nr./Ser.Nr. 
WT stock number/ 

serial number 

letzte  
Kalibrierung 
last calibration 

nächste 
Kalibrierung  

next calibration 

letzte  
Eichung 

last verification 

nächste 
Eichung 

next verification 

Schallpegelmesser 
sound level meter 

Brüel & Kjær 2238 WT300119506 (2540948) Jul. 17 Jul. 19     

Mikrofon 
microphone 

Brüel & Kjær 4188 zu WT300119506 (2760470) 

gemeinsame 
Kalibration  

common  
calibration 

gemeinsame 
Kalibration 

common  
calibration 

gemeinsame 
Eichung 
common  

verification 

gemeinsame 
Eichung  
common  

verification 

Vorverstärker 
preamp. 

Brüel & Kjær ZC 0030 zu WT300119506 (-) 

Mikrofonkabel 
microphone cable 

Brüel & Kjær AO 0560 zu WT300119506 (-) 

Akustischer Kalibrator 
acoustic calibrator 

Brüel & Kjær 4231 WT 300119306 (2507176) Feb. 17 Feb. 19 

                

Primärwindschirm 
primary wind shield 

Brüel & Kjær UA 0237 -         

Sekundärwindschirm 
secondary wind shield 

DNVGL EWS 12A-01 GLGH-428606-336000021         

                

Anemometer 
anemometer 

Thies Clima 4.3519.00.000 WT010062308 (1208487) Jul. 17 Jul. 19     

Windrichtungsgeber 
wind direction sensor 

Thies Clima 4.3129.00.012 WT020020208 (1208517)         

Temperaturgeber 
temperature sensors  

Heraeus PT100 428604-112000046 Okt. 14 Okt. 16     

Luftdruckgeber 
pressure sensors 

Wilmers 
Messtechnik 

0619 428612-111000049 Apr. 15 Apr. 17     

Feuchtesensor 
humidity sensor 

      

  
  

  
  

  
  

  
  

Niederschlagssensor 
rain sensor  

      

                

WEA Box DNVGL   GLGH-428613-611000017 Okt. 15 Okt. 17     

                

Laser-  
Entfernungsmesser 
laser distance meter 

              

                

Erfassungsrechner 
data acquisition computer 

HP nc2400 
GLGH-428612-411000095 

(CNF6412953) 
        

                

Erfassungs- und  
Auswertesoftware 
data acquisition and  
analytical software 

GfS Aachen 
Microsoft 

DATALOG GmbH 

DIAdem 15.0 
Office 365 ProPlus 

Dasy-Lab 10.0 
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9.48 Calibration certificate of noise level meter (page 1) 
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9.49 Calibration certificate of noise level meter (page 2) 
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9.50 Calibration certificate of microphone (page 1) 
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9.51 Calibration certificate of microphone (page 2) 
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9.52 Calibration certificate of calibrator (page 1) 
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9.53 Calibration certificate of calibrator (page 2) 
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9.54 Test report of noise level meter calibration (page 1) 
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9.55 Test report of noise level meter calibration (page 2) 
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9.56 Test report of noise level meter calibration (page 3) 
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9.57 Test report of noise level meter calibration (page 4) 
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9.58 Test report of noise level meter calibration (page 4) 
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9.59 Test report of noise level meter calibration (page 6) 
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9.60 Test report of noise level meter calibration (page 7) 
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9.61 Test report of noise level meter calibration (page 8) 
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9.62 Test report of noise level meter calibration (page 9) 
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9.63 Calibration certificate of anemometer (page 1) 
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9.64 Calibration certificate of anemometer (page 2) 
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9.65 Calibration certificate of secondary wind screen (page 1) 
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9.66 Calibration certificate of secondary wind screen (page 2) 

 



 

 

DNV GL  –  Report No. GLGH-4286 16 14199 293-A-0007-A  –  www.dnvgl.com  Page 79/88 

  

9.67 Calibration certificate of secondary wind screen (page 3) 
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9.68 Calibration certificate of secondary wind screen (page 4) 
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9.69  Calibration certificate of secondary wind screen (page 5) 
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9.70  Calibration certificate of secondary wind screen (page 6) 
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9.71  Calibration certificate of secondary wind screen (page 7) 
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9.72  Calibration certificate of secondary wind screen (page 8) 
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9.73 Calibration certificate of secondary wind screen (page 9) 
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9.74  Position of the test site 
Source: www.openstreetmap.org 
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9.75 Photos  

 

Photo 1: Photo of the microphone and board towards the measured turbine of the type 

Senvion MM92 
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Photo 2: Photo from the wind met mast towards the turbine 

 



 

 

  

 

ABOUT DNV GL 
Driven by our purpose of safeguarding life, property and the environment, DNV GL enables organizations 
to advance the safety and sustainability of their business. We provide classification and technical 

assurance along with software and independent expert advisory services to the maritime, oil and gas, 
and energy industries. We also provide certification services to customers across a wide range of 
industries. Operating in more than 100 countries, our professionals are dedicated to helping our 
customers make the world safer, smarter and greener
 




