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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 92.5m

Distance middle of tower to middle of blade flange 3.15m

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, Ro = 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 (V. 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.
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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 O: 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:

(Pk+1_Rol)_(Pk+Ptol)>o (l)
where
k is the wind speed bin number of the power curve;
Pk is the power curve value at wind speed bin k;
Pk+1 is the power curve value above wind speed bin k;

Ptol 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:

V. =x_-V

nac,n nac nac,m (2)

where

Vhac,n is the normalised wind speed from the nacelle anemometer, corrected to hub height;
Vhae,m 1S the wind speed measured with the nacelle anemometer.

Outside the allowed range of the power curve the normalised WS at hub height is Vi,n = Vhac,n-
For this measurement knac is determined to be xpac = 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 K, factor to calculate the normalised wind speed.

VB,n =Kz 'Vz,m (€))
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where

Vz,m is the wind speed measured with an anemometer at height Z of at least 10 m;
Ve.n is the normalised wind speed at hub height.

During background noise measurements: Vuyn= Vg n.

For this measurement k; is determined to be x, = 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 Laeg,o,j-

L

‘Aeq,0,j

L'-Aeqi,jj
=10-log> 10" *° O]

Aj = LAeq,j - LAeq,o,j 5)

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

each individual band LA in the 1/3-octave band spectrum for each measurement period j.

eq.n,i,j

La

eqnij —

La

eq.i, j

+A, (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:

Ly iy =10-logL0®tvrse —10%bvens @

The corresponding sound power level Lwa,ik is calculated from the background corrected sound pressure
level for the same 1/3-octave band as follows:

4.77-R?
Lwaik = Lyeix —6+10- IQ[S—lJ (8

0

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.

4.7 -R?
10- Ig[—l corresponds to the ratio in dB of the surface area of a sphere having the radius R; to
0

the reference surface area of So

where
So =1 m?

R = \/(Ro +d)2+ (H _hA)2 ()]

The total sound power level Lwax 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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LWAJ,k J

Lyax =10-log ZilOL 0 (10)

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:

e Anplot of Ltk and Ly, k against wind speed;

e A plot of Laeqg against power;

e A plot of rotor speed against power;

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

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

e 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

(11)

ol
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Table 4-1 Type B measurement uncertainty components

Parameter Value

Calibration, Usi1 0.2dB

Instruments, Us2 Taken from calibration certificates
Board, Uss 0.3dB

Wind screen insertion loss, Uss Depending on the frequency
Distance and direction of microphone, Ugs 0.1dB

Air absorption, Use Usually no uncertainty assumption
Weather, Us7 0.5dB

Wind speed (measured), Ugs 0.7 m/s

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

Wind speed from power curve, Use 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:

1 N
Vi = W-ZVLk (12)

j=1

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

Vj’k 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:

Sk = (13)
where
ijk is the average value of the wind speed at measurement period j;
Vi is the average wind speed in the wind-speed bin k.
The type B uncertainty on the wind speed uVJ_ for each measurement period j is calculated as:
(14)

where

UVj . is the type B uncertainty due to the source g 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 vak on the average wind speed bin k is calculated as:

(15)

The combined uncertainty U k can be expressed as:

[o2 2
ucom,V,k = S\/,k—i_uv,k (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:

com\V,

L, =10-log| =->'10" (17)
N
where
N is the number of measurements in the wind speed bin k;
Lijk 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:

N

Z(Li’j’k —[i,k)z

i-1

S, =
N-(N-1)

(18)

where

Li,k 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:

(19)

where
Ul_i i is the type B uncertainty from source g 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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(20)

The combined uncertainty can be expressed as:

2 2
ucovai,k - \ '—i,k+u|-i,k (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:

L, ()= (1—t)- Lk +t-Lia (22)
Where \7k <V <\7k+1

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

o V-V
Via —Vi)

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

(23)

1 N — —
covy, ., :ﬁ'zl:(vj,k —Vi)- (Li,j,k —Liy) (24)
=

The corresponding covariance is used to calculate the uncertainty on the sound pressure level at the
wind-speed bin centre v by using:

2
covy, (1)
u_ ()= [u’(t) - =2 (25)
N \/ W
where
2 2 2 2 2
uL(t) = (1_t) ’ ucom,L,k +t : ucom,L,k+1
2 2 2 2 2
u, (t) = (1_t) : ucom,V,k +t°- l"Icom,v,k+l
cov cov
COVLV (t) — (1_.[)2 . LV k +t2 X LV k+L
Nk Nk+l
Nk 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:

\/(ULV,T,i '100.1’LV'T’i )2+ (ULV,B,i .100'1'|-v,B,i )2
u., =

cik ™ 100-1'|-v,T,i _100-1'|-V,B,i

(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 Lyg,i = Ly,1,i— 3 dB:

\/(ULV,T,i '100'1.LV'TJ)2+ (ULV,B,i '100-l.|-v,T,i_3)2

cik — 100 _1004bvnid) (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
= (28)

L 28
WAk Zlo(o-l'LWAj,k)

i=1

The result of u,_WAk 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:

e 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 Combin(_ed ) Measured - Frequency of
hub height SPL Lwak uncertainty in rotor speed Tonal audibility the most Relevant
[m/s] [dB] the SPL [min-] ALk [dB] prevalent tone?
UcLwak [dB] tone [Hz]
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

Combined uncertainty in the SPL

WS at 10 m height [m/s] SPL Lwa,1omk [dB] Uc.wazoms [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,jk sound pressure level of masking noise within a critical band in the ‘j **

spectrum at the 'k ™" wind speed bin [dB]
Lpn.avg.ik average of analysis bandwidth sound pressure levels of masking noise

in the ‘j ! spectra at the 'k ™" wind speed bin [dB]
Lpt,j.k sound pressure level of the tone or tones in the ‘j ™’ spectra at the ‘k ™" wind speed bin [dB]
Lwa k apparent sound power level, where k is a wind speed centre value [dB]
log logarithm to base 10
Pm measured electric power [kW]
Pn normalised electric power [kW]
P« power curve value at wind bin k [kw]
P tol tolerance of the power reading [kw]
Ro reference distance [m]
R1 slant distance from rotor centre to actual measurement position [m]
So reference area, So =1 m? [m]
SPL sound power level [dB]
Tc air temperature [°C]
Tk absolute air temperature [K]
ua Uncertainty components of Type A [dB]
Us Uncertainty components of Type B [dB]
VHn normalised wind speed at hub height H [m/s]
Ven normalised wind speed derived from power curve [m/s]
V: wind speed at height z [m/s]
Vnac,m measured wind speed from nacelle anemometer [m/s]
Vhnac,n normalised wind speed from nacelle anemometer [m/s]
f frequency of the tone [Hz]
fe centre frequency of critical band [Hz]
p atmospheric pressure [kPa]
Z0 roughness length [m]
Zoref reference roughness length, 0.05 m [m]
z anemometer height [m]
K Ratio between normalised wind speed and measured wind speed [-]
ALtn jk tonality of the ‘j th’ spectrum at 'k th’ wind speed [dB]
(o) inclination angle [°]
Vz,m is the measured wind speed with an anemometer at height Z of at least 10 m [m/s]
Ven 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.)
\Y 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

DNV GL - Report No. GLGH-4286 16 14199 293-A-0007-A - www.dnvgl.com Page 14/88



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
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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
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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 - ALpnj and AL,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

DNV GL - Report No. GLGH-4286 16 14199 293-A-0007-A - www.dnvgl.com Page 48/88



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
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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
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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

data acquisition and
analytical software

DATALOG GmbH

Dasy-Lab 10.0

Beschreibun Fabrikat T WT Nr./Ser.Nr. letzte nachste letzte néchste
descrintion 9 sunplier Tyi WT stock number/ Kalibrierung Kalibrierung Eichung Eichung
P PP w serial number last calibration next calibration last verification next verification
Schallpegelmesser Briiel & Kjeer 2238 WT300119506 (2540948) Jul.17 Jul. 19
sound level meter
Mikrofon Briel & Kjeer 4188 7u WT300119506 (2760470)
microphone
gemeinsame gemeinsame
Vorverstarker . N Kalibration Kalibration
Briel & Kjeer ZC 0030 zu WT300119506 (-)
preamp. CT'E]mt('m “".':m‘?“ gemeinsame gemeinsame
calibration calibration Eichung Eichung
common common
" verification verification
Mikrofonkabel Brilel & Kjeer AO 0560 2uWT300119506 ()
microphone cable
Akustischer Kalibrator Briel & Kjaer 4231 WT 300119306 (2507176) Feb. 17 Feb. 19
acoustic calibrator
Primérwindschirm Brijel & Kieer UA 0237
primary wind shield
Sekundarwindschirm DNVGL EWS 12A-01 GLGH-428606-336000021
secondary wind shield
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 R
{emperature sensors Heraeus PT100 428604-112000046 Okt. 14 Okt. 16
Luftdruckgeber Wilmers 0619 428612-111000049 Apr. 15 Apr. 17
pressure sensors Messtechnik
Feuchtesensor
humidity sensor
Niederschlagssensor
rain sensor
WEA Box DNVGL GLGH-428613-611000017 Okt. 15 Okt. 17
Laser-
Entfernungsmesser
laser distance meter
Erfassungsrechner HP 12400 GLGH-428612-411000095
data acquisition computer (CNF6412953)
Erfassungs- und
GfS Aachen DIAdem 15.0
Auswertesoftware Microsoft Office 365 ProPlus
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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)
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9.67

Calibration certificate of secondary wind screen (page 3)

Physikalisch-Technische Bundesanstalt

Seite 3 zum Priifbericht vom 2014-06-18, Priifzeichen: 16149 PTB 14
Page 3 of the Test Report dated 2014-06-18, test mark: 16149 PTB 14

Priifverfahren

Geprift wurde nach DIN EN 61400-11 (VDE 0127-11):2013-09 Anhang E.

In einem ausreichend groften Freifeldraum wurde Uber einen Lautsprecher, der in einer Héhe h =
4,00 m angebracht war, rosa Rauschen eingespielt. Der sekundare Windschirm wurde kérperschall-
isoliert in drei Abstanden d = (4,80 m, 6,00 m, 7,20 m) von der Quelle aufgestellt und in jedem Ab-
stand mit drei Wiederholungen vermessen. Dabei wurde der Schirm jeweils um ca. 120° gedreht um
geometrische UnregelmaRigkeiten auszumitteln. Die verschiedenen Messabstande d entsprechen
verschiedenen Schalleinfallswinkeln a = (29°, 34°, 40°). Abbildung 2 zeigt den grundlegenden Aufbau.

Abweichend von der Norm wurde in Absprache mit dem Auftraggeber ohne den halben priméaren
Windschirm gemessen. Dieser konnte aufgrund der Schirmkonstruktion nicht wie vorgesehen auf dem
Mikrofon angebracht werden. Das Mikrofon (Kapsel mit Vorverstérker) war auf der kreisférmigen
Grundplatte plan etwa 4 cm auRRerhalb der Mitte fixiert und wies stets in Richtung der Schallguelle. In
Absprache wurde die vom Hersteller vorgesehene Klemmvorrichtung zur Befestigung des Mikrofons
auf der Platte nicht benutzt. Der Windschirm wurde mittig auf der Unterplatte aufgestelit.

Abbildung 2: Skizze des Aufbaus im Freifeldraum

_ ____@ Lautsprecher
i T~ akustisches

~~ Freifeld

=~ sekundarer
= Windschirm

~

I| Grundplatte
|
»

Vermessen wurden der akustische Hintergrund, der Aufbau ohne Schirm, der Aufbau mit Schirm und
der Aufbau mit Schirm und Wetterschutzhaube. Ausgewertet wurde der unbewertete aquivalente
Dauerschallpegel LZeq in Terzen von 20 Hz bis 20 kHz Uber eine Mittelungszeit von 3 min. Um magli-
che Schwankungen des Lautsprecherpegels zu kompensieren, wurde der LZeq in Terzen mit einem
zweiten Mikrofon an einer festen Kontrollposition abseits des Aufbaus aufgenommen und am Schirm-
mikrofon korrigiert.

Die Messkette bestand aus einem kalibrierten 2-Kanal-Schallpegelmessgerat Norsonic Typ 840 und
zwei Messmikrofonen B&K Typ 4133 auf Vorverstarkern B&K Typ 2669.

Nach Korrektur der gemessenen Pegel am Schirmmikrofon um die Schwankung des Lautsprecherpe-
gels wurde aus den Terzspektren der neun Einzelmessungen (drei Messabstande x drei Wiederho-
lungen) der Mittelwert und die Standardabweichung der Einfiigungsdampfung in dB bestimmt:

Einflgungsdampfung = korrigierter Pegel ohne Schirm — korrigierter Pegel mit Schirm

Eine Dampfungswirkung des Schirmes flhrt somit zu einem positiven Wert der EinfUgungsdampfung,
eine Verstarkungswirkung zu einem negativen Wert.
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9.68 Calibration certificate of secondary wind screen (page 4)

Physikalisch-Technische Bundesanstalt

Seite 4 zum Priifbericht vom 2014-06-18, Priifzeichen: 16149 PTB 14
Page 4 of the Test Report dated 2014-06-18, test mark: 16149 PTB 14

Ergebnisse

Die Ergebnisse beziehen sich nur auf den gepriften Gegenstand.

Nach Norm werden die einzeln gemessenen Einfugungsdampfungen des Schirms Uber alle Messab-
stéande und Wiederholungen gemittelt. Die angegebene Einflgungsdampfung reprasentiert damit ei-
nen Mittelwert Gber einen Einfallswinkelbereich von etwa 29° bis 40°. Aufgrund von Interferenzen im
Schirmaufbau ist die Unsicherheit dieser Gréfe recht hoch (siehe Tabelle 3). Hier sind zusatzlich die
(nur Uber je drei Wiederholungen gemittelten) Einzelergebnisse der drei Messabstdnde angegeben,
die Informationen Uber Interferenzen im Schirmaufbau beinhalten.

Die Umgebungsbedingungen wahrend der Messungen waren wie folgt:
Lufttemperatur: 23,7°C £ 1°C

Relative Luftfeuchte: 46 % + 15 %

Luftdruck: 100,2 kPa £ 3 kPa

Der Signal-Rausch-Abstand war an beiden Mikrofonen in jeder Einzelmessung in allen angegebenen
Terzbéndern groRer als der in der Norm geforderte Mindestwert von 3 dB:

Frequenzband um 20 Hz: Signal-Rausch-Abstand > 3 dB
Frequenzbander um 25 Hz bis 63 Hz: Signal-Rausch-Abstand > 15 dB
Frequenzbander um 80 Hz bis 5 kHz: Signal-Rausch-Abstand > 60 dB
Frequenzbénder um 6,3 kHz bis 16 kHz:  Signal-Rausch-Abstand > 15 dB
Frequenzband um 20 kHz: Signal-Rausch-Abstand > 3 dB

Die ermittelten Einfligungsdampfungen des sekundéren Windschirms sind tabellarisch in den Tabellen
1 bis 2 und grafisch in den Abbildungen 3 bis 4 angegeben.

Hinweis: Die in den Tabellen 1 bis 2 und Abbildungen 3 bis 4 nach Norm angegebenen Standardun-
sicherheiten der Einfigungsdampfungen beruhen ausschlieflich auf der Mittelung tber 3 bzw. 9 Ein-
zelmessungen und sind nicht die zugehérigen Messunsicherheiten. Letztere sind in Tabelle 3 aufge-
listet.
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Tabelle 1: Einfligungsdampfung des Sekundéren Windschirms EWS-12A-01 ohne optionale Wet-
terschutzhaube als Mittelwert und Standardabweichung aus 3 (fester Abstand) bzw. 9 (ge-
samt) Einzelmessungen.

Abstand 4,80 m | Abstand 6,00 m | Abstand 7,20 m gesamt
Mittelwert StAbw | Mittelwert StAbw | Mittelwert StAbw | Mittelwert StAbw
Frequenz in Hz Einfigungsdampfung in dB (re 1)
20 -0,13 0,15 0,10 0,00 -0,03 0,15 -0,02 0,15
25 -0,07 0,06 0,00 0,00 -0,03 0,06 -0,03 0,05
31,5 0,00 0,00 0,03 0,12 0,03 0,06 0,02 0,07
40 0,00 0,00 0,00 0,10 0,00 0,00 0,00 0,05
50 0,00 0,00 0,00 0,10 0,00 0,00 0,00 0,05
63 0,00 0,00 -0,03 0,06 0,00 0,00 -0,01 0,03
80 0,00 0,00 0,00 0,10 0,00 0,00 0,00 0,05
100 0,00 0,00 0,00 0,00 -0,07 0,06 -0,02 0,04
125 0,00 0,00 -0,03 0,06 0,00 0,00 -0,01 0,03
160 0,00 0,00 -0,03 0,06 0,00 0,00 -0,01 0,03
200 -0,10 0,00 -0,07 0,06 0,00 0,00 -0,06 0,05
250 -0,10 0,00 0,00 0,00 0,00 0,00 -0,03 0,05
315 0,00 0,00 -0,07 0,06 0,00 0,00 -0,02 0,04
400 -0,07 0,06 -0,13 0,06 0,00 0,00 -0,07 0,07
500 0,10 0,00 0,17 0,15 0,20 0,00 0,16 0,09
630 0,37 0,06 0,40 0,00 0,33 0,06 0,37 0,05
800 0,40 0,00 0,40 0,00 0,33 0,06 0,38 0,04
1000 0,00 0,00 0,00 0,00 0,03 0,06 0,01 0,03
1250 0,23 0,06 0,30 0,00 0,33 0,06 0,29 0,06
1600 0,20 0,10 0,20 0,00 0,23 0,06 0,21 0,06
2000 0,27 0,086 0,37 0,06 0,43 0,086 0,36 0,09
2500 0,30 0,00 0,37 0,06 0,43 0,06 0,37 0,07
3150 0,23 0,06 0,37 0,06 0,33 0,06 0,31 0,08
4000 0,40 0,00 0,37 0,06 0,37 0,06 0,38 0,04
5000 0,43 0,06 0,43 0,06 0,37 0,06 0,41 0,086
6300 0,43 0,06 0,53 0,12 0,50 0,00 0,49 0,08
8000 0,60 0,00 0,63 0,12 0,67 0,12 0,63 0,09
10000 0,63 0,06 0,83 0,12 0,73 0,06 0,73 0,11
12500 0,67 0,06 0,87 0,12 0,93 0,06 0,82 0,14
16000 0,80 0,00 0,83 0,21 1,13 0,35 0,92 0,26
20000 0,30 0,00 0,67 0,32 0,87 0,06 0,61 0,30
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Tabelle 2: Einfligungsdampfung des Sekundéren Windschirms EWS-12A-01 mit optionaler Wetter-
schutzhaube als Mittelwert und Standardabweichung aus 3 (fester Abstand) bzw. 9 (gesamt)
Einzelmessungen.

Abstand 4,80 m | Abstand 6,00 m | Abstand 7,20 m gesamt
Mittelwert StAbw | Mittelwert StAbw | Mittelwert StAbw | Mittelwert StAbw
Frequenz in Hz Einfigungsdampfung in dB (re 1)
20 0,00 0,20 0,07 0,21 0,13 0,06 0,07 0,16
25 0,03 0,06 0,00 0,00 0,07 0,12 0,03 0,07
31,5 0,00 0,00 0,10 0,10 0,03 0,06 0,04 0,07
40 0,00 0,00 0,07 0,06 0,00 0,00 0,02 0,04
50 0,00 0,00 0,07 0,06 0,00 0,00 0,02 0,04
63 0,07 0,06 0,07 0,06 0,00 0,00 0,04 0,05
80 0,00 0,00 0,03 0,06 -0,03 0,06 0,00 0,05
100 0,00 0,00 0,00 0,00 -0,07 0,06 -0,02 0,04
125 0,00 0,00 0,03 0,06 -0,10 0,00 -0,02 0,07
160 0,00 0,00 -0,03 0,06 -0,03 0,06 -0,02 0,04
200 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
250 -0,10 0,00 0,00 0,00 0,00 0,00 -0,03 0,05
315 0,10 0,00 -0,03 0,06 0,07 0,06 0,04 0,07
400 0,13 0,06 0,10 0,00 0,10 0,00 0,11 0,03
500 0,50 0,00 0,53 0,06 0,43 0,06 0,49 0,06
630 0,80 0,00 0,80 0,00 0,60 0,17 0,73 0,13
800 0,53 0,06 0,60 0,00 0,30 0,20 0,48 0,17
1000 0,10 0,00 0,10 0,00 0,13 0,06 0,11 0,03
1250 1,00 0,00 0,87 0,06 0,60 0,17 0,82 0,20
1600 0,57 0,12 0,50 0,00 0,30 0,10 0,46 0,14
2000 1,23 0,086 1,00 0,10 0,63 0,23 0,96 0,29
2500 1,03 0,06 1,23 0,06 0,77 0,29 1,01 0,25
3150 0,53 0,06 1,37 0,06 1,20 0,36 1,03 0,42
4000 0,57 0,06 1,37 0,12 1,53 0,32 1,16 0,48
5000 0,40 0,00 1,13 0,23 1,67 0,21 1,07 0,57
6300 0,30 0,17 0,40 0,00 0,90 0,10 0,53 0,30
8000 1,43 0,40 0,20 0,26 0,17 0,29 0,60 0,69
10000 213 0,64 0,93 0,06 -0,33 0,21 0,91 1,12
12500 0,50 0,35 3,33 0,42 0,17 0,47 1,33 1,55
16000 1,50 0,69 2,37 0,32 1,57 0,81 1,81 0,70
20000 -0,23 0,06 0,07 0,42 2,07 0,50 0,63 1,13
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Abbildung 3: Einfiigungsd&dmpfung des Sekund&ren Windschirms EWS-12A-01 ohne optionale Wet-
terschutzhaube (Mittelwert und Standardabweichung aus 9 Einzelmessungen).
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Abbildung 4: Einfigungsddmpfung des Sekunddren Windschirms EWS-12A-01 mit optionaler Wet-
terschutzhaube (Mittelwert und Standardabweichung aus 9 Einzelmessungen).
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Messunsicherheit

Tabelle 3 zeigt die erweiterten Messunsicherheiten fir einen Erweiterungsfaktor von 2, entspre-
chend einem Vertrauensniveau von ungefahr 95 %. Sie wurde berechnet und wird angegeben nach
den Leitlinien im "GUM - Guide to the expression of uncertainty in measurement" (Leitfaden zur
Angabe der Unsicherheit beim Messen).

Die Messunsicherheit wird Uber eine Grundunsicherheit hinaus mageblich beeinflusst durch schlech-
teren Signal-Rausch-Abstand der gemessenen Schalldruckpegel in den aufteren Terzbandern und -
bei Mittelung Uber einen Bereich von Messabstanden bzw. Einfallswinkeln — bei héheren Frequenzen
durch verschiedenartig ausgepragte Interferenzen im Schirmaufbau.

Tabelle 3: Messunsicherheit u (Deckungsintervall 95%) der angegebenen Einfligungsddmpfungen
fiir die Schirmaufbauten mit und ohne Wetterschutzhaube, jeweils fiir die Angaben bei festem
Messabstand (einzeln) und fiir die Mittelung iiber alle Abstdnde (gesamt).

ohne Haube mit Haube
Messabstand | einzeln gesamt | einzeln  gesamt
Frequenz in Hz | u(Einfigungsdampfung, 95%) in dB (re 1)
20 0,9 0,9 0,9 0,9
25 0,4 0,4 0,4 0,4
31,5 0,4 0,4 0,4 0,4
40 0,4 0,4 0,4 0,4
50 0,4 0,4 0.4 0,4
63 0.4 0,4 0.4 0,4
80 0,4 0,4 0,4 0,4
100 0.4 0,4 0.4 0,4
125 0,4 0,4 0,4 0,4
160 0,4 0,4 0,4 0,4
200 0,4 0,4 0,4 0,4
250 0.4 0,4 0.4 0,4
315 0.4 0,4 0.4 0,4
400 0,4 0,4 0,4 0,4
500 0,4 0,4 0,4 0,4
630 0,4 0,4 0,4 0,4
800 0,4 0,4 0.4 0,4
1000 0,4 0,4 0,4 0,4
1250 0.4 0,4 0.4 0,5
1600 0,4 0,4 0.4 0,4
2000 0,4 0,4 0,4 0,5
2500 0,4 0,4 0,4 0,5
3150 0,4 0,4 0,4 0,7
4000 0,4 0,4 0.4 0,9
5000 0,4 0,4 0,4 1,0
6300 0,4 0,4 0,4 0,6
8000 0,4 0,4 0,5 1,0
10000 0,4 0,4 0,5 1,6
12500 0,4 0,4 0,6 21
16000 0,4 0,5 0,8 1,1
20000 1,3 1,3 1,3 20

DNV GL - Report No. GLGH-4286 16 14199 293-A-0007-A - www.dnvgl.com

Page 84/88



9.73

Calibration certificate of secondary wind screen (page 9)

Physikalisch-Technische Bundesanstalt

Seite 9 zum Priifbericht vom 2014-06-18, Priifzeichen: 16149 PTB 14
Page 9 of the Test Report dated 2014-06-18, test mark: 16149 PTB 14

Die Physikalisch-Technische Bundesanstalt (PTB) in Braunschweig und Berlin ist
das nationale Metrologieinstitut und die technische Oberbehérde der Bundesrepublik Deutschland
fur das Messwesen. Die PTB gehért zum Geschéftshereich des Bundesministeriums fur Wirtschaft
und Energie. Sie erflllt die Anforderungen an Kalibrier- und Priflaboratorien auf der Grundlage der
DIN EN ISO/IEC 17025.

Zentrale Aufgabe der PTB ist es, die gesetzlichen Einheiten in Ubereinstimmung mit dem
Internationalen Einheitensystem (SI) darzustellen, zu bewahren und weiterzugeben. Die PTB steht
damit an oberster Stelle der metrologischen Hierarchie in Deutschland.
Die Kalibrierscheine der PTB dokumentieren eine auf nationale Normale rlckgefihrte Kalibrierung.

Zur Sicherstellung der weltweiten Einheitlichkeit der MaReinheiten arbeitet die PTB mit anderen
nationalen metrologischen Instituten auf regionaler européischer Ebene in EURAMET und auf
internationaler Ebene im Rahmen der Meterkonvention zusammen. Dieses Ziel wird durch einen
intensiven Austausch von Forschungsergebnissen und durch umfangreiche internationale
Vergleichsmessungen erreicht.

The Physikalisch-Technische Bundesanstalt (PTB) in Braunschweig and Berlin is
the National Metrology Institute and the supreme technical authority of the Federal Republic of
Germany for metrology. The PTB comes under the auspices of the Federal Ministry of Economics
and Energy. It meets the requirements for calibration and testing laboratories as defined in
DIN EN ISO/IEC 17025.

The central task of PTB is to realize, to maintain and to disseminate the legal units in compliance
with the International System of Units (SI). PTB thus is at the top of the metrological hierarchy in
Germany. The calibration certificates issued by PTB document a calibration traceable to national
measurement standards.

PTB cooperates with other national metrology institutes - at the regional European level within
EURAMET and at the international level within the framework of the Metre Convention - with the aim
of ensuring the worldwide coherence of the measurement units. This aim is achieved by an intensive
exchange of the results of research work and by comprehensive international comparison
measurements.

Physikalisch-Technische Bundesanstalt

Bundesallee 100 Abbestral&e_ 212
38116 Braunschweig 10587 Berlin
DEUTSCHLAND DEUTSCHLAND
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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
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