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4.0 Disclaimer 
This report was prepared as an account of work sponsored by an agency of the United States government. 
The test results documented in this report define the characteristics of the test article as configured and 
under the conditions tested. 

The United States government nor any agency thereof, nor any of their employees, makes any warranty, 
express or implied, or assumes any legal liability or responsibility for the usefulness of any information, 
apparatus, product, or process disclosed, or represents that its use would not infringe privately owned 
rights. Nor do they assume legal liability or responsibility for the performance of the test article or any 
similarly named article when tested under other conditions or using different test procedures. 

Neither Midwest Research Institute nor the U. S. Government shall be liable for special, consequential or 
incidental damages. Reference herein to any specific commercial product, process, or service by trade 
name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States government or any agency thereof. The views and 
opinions of the authors expressed herein do not necessarily state or reflect those of the United States 
government or any agency thereof.  

NREL is a National Laboratory of the U. S. Department of Energy, and as an adjunct of the U. S. 
Government, cannot certify wind turbines. The information in this report is limited to NREL’s knowledge 
and understanding as of this date.  

5.0 Results 
Turbine and background data was collected on March 30, 1999.  The following sections show the results 
of the analysis of the data. 

5.1 A-Weighted Sound Power Level 
The apparent sound power level was determined using pairs of turbine plus background and pairs of 
background data between the wind speeds of 6 to 10 m/s.  Table 1 gives the calculated apparent sound 
power level for the four microphone positions.  Figure 1 through Figure 4 show the data pairs for 
microphone positions 1, 2, 3, and 4, respectively. 
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Table 1.  Apparent Sound Power Levels 

Microphone Position Unit 1 2 3 4 

Apparent Sound Power Level  dB 101.1 100.3 98.5 100.0

Uncertainty* dB 0.6 0.6 0.6 0.6

Number of Turbine plus 
Background Data Points 

 58 41 12 50

Number of Background Data 
Points 

 14 15 9 8

* - The uncertainty reported is the worst case.  

5.2 Wind Speed Sensitivity 
In determining the wind speed dependence, 74 pairs of turbine plus background and 31 pairs of 
background data was used.  The results are shown in Table 2 and Figure 5.  The wind speed range for the 
turbine data pairs was 4.14 to 9.46 m/s and background data pairs was 4.14 to 9.41 m/s. 

Table 2.  Wind Speed Dependence 

Bin Wind Speed 
Average

Position 1 Uncertainty* 

m/s m/s dBA dBA
4 4.26 59.6 1.9 

5 5.15 59.6 1.4 

6 5.99 62.8 1.5 

7 7.20 63.5 1.1 

8 8.03 **63.7 1.2 

9 9.00 64.7 1.0 

* The uncertainty reported is the worst case.  
**2 data points in background bin, estimate. 

5.3 Directivity 
In calculating the directivity, the measurements from the four microphone positions were measured 
simultaneously.  The directivity was calculated for positions 2, 3, and 4 in reference to position 1 at a 
wind speed of 8 m/s.  The results are shown in Table 3. 
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Table 3.  Directivity 

Position Units 2 3 4 

Directivity dB -0.6 -2.6 -0.9

Uncertainty* dB 0.8 0.8 0.8

* The uncertainty reported is the worst case.  

5.4 Octave Spectra 
At the reference position, third octave data was also collected.  The octave band results for microphone 
position 1 is shown in Table 4 and Figure 6 

Table 4.  Third Octave Bands for Microphone Position 1 

Center 20 25 31.5 40 50 63 80 100 125 160 200 
Frequency Hz Hz Hz Hz Hz Hz Hz Hz Hz Hz Hz 
Units dB dB dB dB dB dB dB dB dB dB dB 

Position 1 69.0 67.0 65.0 57.0 58.0 59.9 56.7 54.3 53.8 54.1 54.1

Uncertainty 4.1 3.8 3.3 7.2 4.6 2.7 1.8 3.6 1.7 1.6 1.5

     

Center 250 315 400 500 630 800 1000 1250 1600 2000 2500 
Frequency Hz Hz Hz Hz Hz Hz Hz Hz Hz Hz Hz 
Units dB dB dB dB dB dB dB dB dB dB dB 

Position 1 52.6 54.1 51.7 53.7 56.8 62.4 52.0 52.0 53.1 47.4 48.8

Uncertainty 1.4 1.7 1.5 1.7 2.4 2.3 1.5 2.1 2.7 1.1 1.4

 

Center 3150 4000 5000 
Frequency Hz Hz Hz 
Units dB dB dB 

Position 1 45.5 41.0 37.7

Uncertainty 1.3 1.4 1.8

5.5 Tonal Analysis 
A tonal analysis was completed for frequencies from 20 to 5000 Hz for 5 integer wind speed bins at the 
reference microphone position.  The sets of unweighted spectra were obtained using the settings shown in 
Table 5.   
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Table 5.  Data Files Created During the Tonal Analysis 

Bin Bandwidth Frequency 
Resolution 

Setup File 
Turbine On 

Setup File 
Background 

Number of 
Spectra 

5 20 - 3200 6 5TAOCNLW 5BAOCNLO 280 

5 2500 - 
5000 

6 5TAOCNHI 5BAOCNHI 280 

6 20 - 3200 6 6TAOCNLW 6BAOCNLO 280 

6 2500 - 
5000 

6 6TAOCNHI 6BAOCNHI 280 

7 20 - 3200 6 7TAOCNLW 7BAOCNLO 280 

7 2500 - 
5000 

6 7TAOCNHI 7BAOCNHI 280 

8 20 - 3200 6 8TAOCNLW 8BAOCNLO 280 

8 2500 - 
5000 

6 8TAOCNHI 8BAOCNHI 280 

9 20 - 3200 6 9TAOCNLW 9BAOCNLO 280 

9 2500 - 
5000 

6 9TAOCNHI 9BAOCNHI 280 

 

5.5.1  Reference Wind Speed 
The tonal analysis for the frequency range 20 to 5000 Hz was done with an effective bandwidth of 6 Hz. 
Figure 10 shows the unweighted spectrum for turbine plus background and background noise.  Two 
critical bands were analyzed.  Table 6 shows the results from the critical band analysis.  

Table 6.  Tonal Analysis at the Reference Wind Speed 

Frequency of 
Tone 

Critical 
Band 

∆Ltn,max,           
Difference between the 
maximum level of tone 

and masking level 

∆Ltn,avg,            
Difference between the 

average level of the tone 
and masking 

UC        
Combined 

Uncertainty 

Hz Hz dB dB dB 
488, 492, 
496, 500 

432 – 548 7.1 1.8 1.5 

1000 916 - 1076 -2.1 -7.8 1.4 
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5.5.2 Wind Speed Dependence on Tonality 
An additional tonal analysis was done for integer wind speed bins from 4 to 9 m/s.  Figures 7 through 11 
show the spectrums for wind speed bins 5 through 9, respectively.  The following tables show the results 
for the critical band analysis for each wind speed bin. 

Table 7.  Tonal Analysis for 5 m/s Wind Speed Bin 

Critical 
Band 

∆Ltn,avg,              
Difference between 
the average level of 

the tone and masking 

∆La,max,       
Tonal 

Audibility 

∆Ltn,max,             
Difference between 
the maximum level 
of tone and masking  

UC  
Combined 

Uncertainty 

Hz dB dB dB dB 
432 – 548 0.2 9.7 7.4 2.7 

 

Table 8.  Tonal Analysis for 6 m/s Wind Speed Bin 

Critical 
Band 

∆Ltn,avg,              
Difference between 
the average level of 

the tone and masking 

∆La,max,       
Tonal 

Audibility 

∆Ltn,max,            
Difference between 
the maximum level 
of tone and masking  

UC  
Combined 

Uncertainty 

Hz dB dB  dB 
432 – 548 2.3 11.9 9.6 2.1 

 

Table 9.  Tonal Analysis for 7 m/s Wind Speed Bin 

Critical 
Band 

∆Ltn,avg,              
Difference between 
the average level of 

the tone and masking 

∆La,max,       
Tonal 

Audibility 

∆Ltn,max,             
Difference between 
the maximum level 
of tone and masking  

UC  
Combined 

Uncertainty 

Hz dB dB  dB 
432 – 548 4.5 12.4 10.1 1.8 

916 - 1076 -4.1 4.3 1.5 1.8 
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Table 10.  Tonal Analysis for 8 m/s Wind Speed Bin 

Critical 
Band 

∆Ltn,avg,              
Difference between 
the average level of 

the tone and masking 

∆La,max,       
Tonal 

Audibility 

∆Ltn,max,             
Difference between 
the maximum level 
of tone and masking  

UC  
Combined 

Uncertainty 

Hz dB dB  dB 
432 – 548 1.8 9.5 7.1 1.5 

916 - 1076 -7.8 0.8 -2.1 1.4 

 

Table 11.  Tonal Analysis for 9 m/s Wind Speed Bin 

Critical 
Band 

∆Ltn,avg,              
Difference between 
the average level of 

the tone and masking 

∆La,max,       
Tonal 

Audibility 

∆Ltn,max,             
Difference between 
the maximum level 
of tone and masking  

UC  
Combined 

Uncertainty 

Hz dB dB  dB 
328 – 436 -2.6 3.2 1.0 7.8 

432 – 548 5.4 13.4 11.1 2.0 

916 - 1076 1.3 10.3 7.4 2.1 
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6.0 Uncertainty 
The combined uncertainty is reported for the apparent sound power level, directivity, wind speed 
dependence, and tonality.  The combined standard uncertainty is the combination of Type A and Type B 
uncertainties.  Type A uncertainty components are evaluated by using statistical methods to a series of 
repeated measurements.  Type B uncertainty components are evaluated through estimations or 
calibrations.  The methods used to evaluate the uncertainty components for the apparent sound power 
level, directivity, wind speed dependence and tonality will be explained in this section. 

6.1 Apparent Sound Pressure Level 
The Type A uncertainty for the apparent sound pressure level is the standard error of the estimated LAeq at 
the acoustic reference wind speed.  This is found from the linear regression analysis. 

 
2

)( 2

−
−Σ

=
N

yyU est
A  Equation 10 

Table 12.  Type A Apparent Sound Power Level Uncertainty Components 

Parameter Description Microphone  Units 

  1 2 3 4  

UA Type A uncertainty for apparent sound 
pressure level, 

1.1 1.1 0.7 1.2 dB 

y measured sound pressure level, - - - - dB 

yest estimated sound pressure level using linear 
regression, 

63.8 63.3 61.5 63.0 dB 

N Number of measurements used in the linear 
regression. 

58 41 12 50 - 
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The Type B uncertainty components include: 

2
9

2
8

2
7

2
6

2
5

2
4

2
3

2
2

2
1 BBBBBBBBBB UUUUUUUUUU ++++++++=  Equation 11 

Table 13.  Type B Apparent Sound Power Level Uncertainty Components 

Parameter Description Microphone Position Unit Source 

  1 2 3 4   

UB Type B uncertainty for 
apparent sound pressure level 

0.6 0.6 0.6 0.6 dB Equation 11 

UB1 uncertainty for calibration of 
the instruments, 

0.0 0.0 0.1 0.1 dB calibrator calibration 
and the standard error 
from field calibrating 
microphones 

UB2 uncertainty for tolerances on 
the chain of acoustic 
measurement instruments, 

0.2 0.2 0.2 0.2 dB signal analyzer, 
microphone, 
microphone adapter, 
and preamplifier 

UB3 uncertainty for acoustic 
conditions for microphone 
mounting board, 

0.3 0.3 0.3 0.3 dB estimate 

UB4 uncertainty on the distance 
from microphone to hub, 

0.1 0.1 0.1 0.1 dB estimate 

UB5 uncertainty on the acoustic 
impedance of air, 

0.1 0.1 0.1 0.1 dB  estimate 

UB6 uncertainty on the acoustic 
emission of the turbine due to 
changing weather conditions, 

0.3 0.3 0.3 0.3 dB estimate 

UB7 uncertainty on the measured 
wind speed 

0.1 0.1 0.1 0.1 dB anemometer 
calibration and 
estimate of the site 
effects 

UB8 uncertainty on the wind 
direction measurement, 

0.3 0.3 0.3 0.3 dB Estimate 

UB9 uncertainty for the 
background correction. 

0.0 0.0 0.0 0.0 dB Applied background 
correction 
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These uncertainties are combined into one standard uncertainty by Equation 12. 

22
BAC UUU +=   Equation 12 

Table 14.  Overall Uncertainty Components 

Parameter Description Microphone Positions Units 

  1 2 3 4  

UC Overall standard uncertainty for apparent 
sound pressure level, 

0.6 0.6 0.6 0.6 dB 

UA Type A uncertainty for apparent sound 
pressure level,  

1.1 1.1 0.7 1.2 dB 

UB Type B uncertainty for apparent sound 
pressure level 

0.6 0.6 0.6 0.6 dB 

6.2 Wind Speed Sensitivity 
Type A uncertainty for wind speed dependence is found from the from a linear regression analysis.  The 
uncertainty, UA is calculated for integer wind speeds as the root sum of the squared standard error of the 
estimated value at the actual wind speed.  The squared standard error is given in Equation 13. 

 2

2
,

)1(
)(

−

−
= ∑

N
LL

s jAeqAeq
i  Equation 13 

Table 15.  Type A Wind Dependence Uncertainty Components 

Parameter Description Units 

si Type A standard uncertainty for bin i dB 

LAeq Average of the sound pressure levels in the bin i dB 

LAeq,i sound pressure level in the bin dB 

N number of measurement results in the bin  
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The Type B uncertainty for each bin is found using Equation 11. 

Table 16.  Type B Wind Dependence Uncertainty Components 

Parameter Description Value Unit Source 

UB Type B uncertainty for bin i varies 
by bin

dB  

UB1 uncertainty for calibration of 
the instruments, 

0.1 dB calibrator calibration and the standard 
error from field calibrating microphones 

UB2 uncertainty for tolerances on 
the chain of acoustic 
measurement instruments, 

0.2 dB signal analyzer, microphone, 
microphone adapter, and preamplifier 

UB3 uncertainty for acoustic 
conditions for microphone 
mounting board, 

0.3 dB estimate 

UB4 uncertainty on the distance 
from microphone to hub, 

0.1 dB estimate 

UB5 uncertainty on the acoustic 
impedance of air, 

0.1 dB  estimate 

UB6 uncertainty on the acoustic 
emission of the turbine due to 
changing weather conditions, 

0.3 dB estimate 

UB7 uncertainty on the measured 
wind speed 

0.1 dB anemometer calibration and estimate of 
the site effects 

UB8 uncertainty on the wind 
direction measurement, 

0.3 dB Estimate 

UB9 uncertainty for the 
background correction. 

varies 
by bin

dB Applied background correction 

6.3 Directivity 
An estimate of the standard uncertainty on the directivity is shown in Equation 14. 

 CD UU 2=  Equation 14 

Table 17.  Variables for Estimating Directivity Uncertainty 

Parameter Description Microphone Position Unit 

  2 3 4  

UD Standard uncertainty for directivity, 1.6 1.0 1.7 dB 

UC Overall standard uncertainty for apparent sound 
pressure level. 

1.1 0.7 1.2 dB 
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6.4 Third Octave Spectra 
For the third octave band, UA for each band is the standard error on the averaged band level.  UA is 
calculated for each band.  

 
1

)( 2

−

−
= ∑

N
yy

U est
A  Equation 15 

Table 18.  Type A Octave Band Uncertainty Components 

Parameter Description Units 

UA Type A standard uncertainty for band dB 

y Sound pressure level of the band dB 

yest Average sound pressure level of the band dB 

N number of measured spectra  
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The Type B uncertainty components are estimated to be the same except for UB3.  It will be considered 
much larger than for LWA, estimated value is 1.2 dB as shown in Table 19. 

Table 19.  Type B Octave Band Uncertainty Components 

Parameter Description Value Unit Source 

UB Type B uncertainty for octave 
bands 

varies 
by band

dB  

UB1 uncertainty for calibration of 
the instruments, 

0.1 dB DAT recorder and calibrator 
calibration, and the standard error 
from field calibrating microphones 

UB2 uncertainty for tolerances on 
the chain of acoustic 
measurement instruments, 

0.2 dB signal analyzer, microphone, 
microphone adapter, and preamplifier 

UB3 uncertainty for acoustic 
conditions for microphone 
mounting board, 

0.3 dB estimate 

UB4 uncertainty on the distance 
from microphone to hub, 

0.1 dB estimate 

UB5 uncertainty on the acoustic 
impedance of air, 

0.1 dB  estimate 

UB6 uncertainty on the acoustic 
emission of the turbine due to 
changing weather conditions, 

0.3 dB estimate 

UB7 uncertainty on the measured 
wind speed 

varies 
by band

dB anemometer calibration and estimate 
of the site effects 

UB8 uncertainty on the wind 
direction measurement, 

0.3 dB Estimate 

UB9 uncertainty for the 
background correction. 

varies 
by band

dB Applied background correction 

6.5 Tonal Analysis 
For the third octave band, UA for each band is the standard error on the averaged band level.  UA is 
calculated for each band.  

 
1

)( 2

−

−
= ∑

N
yy

U est
A  Equation 15 
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Table 20.  Type A Tonality Uncertainty Components 

Parameter Description Units 

UA Type A standard uncertainty for tone dB 

y Maximum sound pressure level of the tone dB 

yest Average sound pressure level of the band dB 

N number of spectra used  

 

The Type B uncertainty components are estimated to be the same as shown in Table 19. 

Table 21.  Type B Octave Band Uncertainty Components 

Parameter Description Value Unit Source 

UB Type B uncertainty for octave 
bands 

varies 
by band

dB  

UB1 uncertainty for calibration of 
the instruments, 

0.0 dB DAT recorder and calibrator 
calibration, and the standard error 
from field calibrating microphones 

UB2 uncertainty for tolerances on 
the chain of acoustic 
measurement instruments, 

0.2 dB signal analyzer, DAT recorder 

UB3 uncertainty for acoustic 
conditions for microphone 
mounting board, 

0.3 dB estimate 

UB4 uncertainty on the distance 
from microphone to hub, 

0.1 dB estimate 

UB5 uncertainty on the acoustic 
impedance of air, 

0.1 dB  estimate 

UB6 uncertainty on the acoustic 
emission of the turbine due to 
changing weather conditions, 

0.3 dB estimate 

UB7 uncertainty on the measured 
wind speed 

0.1 dB anemometer calibration and estimate 
of the site effects 

UB8 uncertainty on the wind 
direction measurement, 

0.3 dB Estimate 

7.0 Exceptions 

7.1 Exceptions to Standard 
1. There were no exceptions to the Standard. 
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7.2 Exceptions to NWTC-CT Quality Assurance System 
There were no exceptions to the NWTC-CT Quality Assurance System. 
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Figure 12.  Picture Taken From the Reference Microphone Position  
(manlift was not present during test) 

 

Figure 13.  Picture Taken From the Meteorological Tower (manlift was not present during test) 
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4.0 Disclaimer 
This report was prepared as an account of work sponsored by an agency of the United States 
government.  The test results documented in this report define the characteristics of the test article 
as configured and under the conditions tested. 
 
The United States government nor any agency thereof, nor any of their employees, makes any 
warranty, express or implied, or assumes any legal liability or responsibility for the usefulness of 
any information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights.  Nor do they assume legal liability or responsibility for the 
performance of the test article or any similarly named article when tested under other conditions or 
using different test procedures. 
 
Neither Midwest Research Institute nor the U. S. Government shall be liable for special, 
consequential or incidental damages.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or otherwise does not necessarily 
constitute or imply its endorsement, recommendation, or favoring by the United States government 
or any agency thereof.  The views and opinions of the authors expressed herein do not necessarily 
state or reflect those of the United States government or any agency thereof.   
 
NREL is a National Laboratory of the U. S. Department of Energy, and as an adjunct of the U. S. 
Government, cannot certify wind turbines.  The information in this report is limited to NREL’s 
knowledge and understanding as of this date.   
 

5.0 Test Objective 
The objective of the test is to characterize the noise emissions of the AOC 15/50 wind turbine in a 
manner suitable for certification.  To meet this objective, the test was conducted in accordance with 
the IEC draft standard for acoustic noise measurement techniques, IEC 61400-11 (Ref. 1).  This 
report documents the measurement techniques, test equipment, analysis procedures, results, and 
uncertainty for the following quantities: 
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• apparent sound power level, 
• dependence on wind speed, 
• directivity, 
• octave band levels, 
• tonality. 

6.0 Test Turbine 
The test turbine was a model AOC 15/50 wind turbine manufactured by Atlantic Orient 
Corporation and installed at the National Wind Technology Center just south of Boulder, Colorado.  
The turbine has no serial number but was the third turbine of this type to be manufactured by 
Atlantic Orient Corporation. 
 
The AOC 15/50 wind turbine is shown in Figure 1 and its configuration is detailed in Table 1.  The 
turbine is a horizontal-axis, downwind, free-yaw, fixed-pitch machine.  Hub height is 25 m (82 ft).  
Rotational energy is converted to electrical power in the nacelle, which contains a gearbox and a 
generator.  Operation of the turbine is controlled from a programmable logic controller (PLC) 
located in a control shed on the ground.  Wind speed data, required for operation of the wind 
turbine, is gathered from instrumentation located on the turbine tower. 
 
The blades are lofted from NREL S825/S809/S810 thick-airfoil sections, and are made of wood-
epoxy laminates, reinforced with carbon fiber.  The rotor is a three-bladed, fixed-pitch, stall-
regulated design.  It has a diameter of 15 m (49.2 ft) and has a nominal speed of 65 rpm.  For the 
present performance test, the blade pitch is set to 0.09°, where the pitch is measured at the blade tip, 
and positive pitch angles are towards feather.  The rotor is connected directly to the gearbox main 
shaft, and the gearbox increases the main shaft speed to 1800 rpm, driving a three-phase, 60 Hz, 
480 volt, induction generator. 
 
The tower is a 24.4 m (80 ft) high free-standing, steel lattice, three-legged structure.  The machine 
is controlled by a PLC that is located in a control house adjacent to the tower.  This PLC 
communicates with the PLC in the nacelle and provides performance and maintenance diagnostic 
information.  Connection to the grid is made at the switchboard enclosure in the control house. 
 
A complete description of the AOC 15/50 control system is available in the AOC 15/50 Operations 
and Maintenance Manual (Ref. 2). 
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Figure 1.  AOC 15/50 Test Turbine 
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Table 1.  Test Turbine Configuration 

 Test Turbine 
General Configuration:  
Make and Model Atlantic Orient Corporation, AOC 15/50 
Rotation Axis (H / V) Horizontal 
Orientation (upwind / downwind) Downwind 
Number of Blades 3 
Rotor Hub Type Rigid 
Rotor Diameter (m) 15.0 
Hub Height (m) 25 
Performance:  
Rated Electrical Power (kW) 50 
Rated Wind Speed (m/s) 12 
Cut-in Wind Speed (m/s) 4.9 
Cut-out Wind Speed (m/s) 22.4 
Extreme Wind Speed (m/s) 59.5 
Rotor:  
Swept Area (m2) 177 
Rotational Speed (rpm) 65 
Rotational Speed at reference wind speed 
(rpm) 

65 

Rotational Speed at rated power (rpm) 65 
Coning Angle (deg) 6 
Tilt Angle (deg) 0 
Blade Pitch Angle (deg) 0.09 
Power Regulation Stall 
Overspeed Control Failsafe redundant aerodynamic tips and high-speed 

shaft brake 
Drive Train:  
Gearbox Make, Type, Ratio AOC Custom-made, Planetary, 28.25:1 
Generator: Make, Type, Speed, Voltage, 
Frequency 

Magnetek, 3-Phase Induction, 1800 rpm, 480 V, 60 Hz

Yaw System:  
Wind Direction Sensor None 
Yaw Control Method Free 
Tower:  
Type Lattice 
Height 24.4 
Control / Electrical System:  
Controller: Make, Type Koyo Direct Logic 205, PLC 
Power Converter: Make, Type None 
Logic System PLC Ladder 
Monitoring System None 
Electrical Output: Voltage, Frequency, 
Number of Phases 

480 V, 60 Hz, 3-phase 
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7.0 Test Site 
The test turbine is located at NREL’s National Wind Technology Center, located off Colorado State 
Highway 128, approximately 8.1 km (5 miles) south of Boulder, Colorado.  The turbine site, as 
shown in Figure 2, is at an approximate elevation of 1849 m (6065 ft).  

 
Power connection is made to the wind site 13.8 kV main collector line via a cable from the site 
control house to a pad-mounted transformer (D68215) and breaker panel.  The main collector line 
connects to the Public Service of Colorado’s 69 kV distributor line, which represents an infinite 
load to the wind turbine.   
 
The test site terrain is flat, farm land with an estimated roughness of 0.5 m.  Table 2 lists the 
structures close to the test turbine.  The turbine shed is located upwind of the microphone positions 
and its wake does not influence wind speed measurements or microphone measurements.  The 
Bergey 850 W wind turbine noise does not influence microphone measurements. 

Table 2.  Structures Close to AOC 15/50 Test Turbine 

 Bearing Distance Tower Or Rotor Diameter Operating 
Description From From Structure Or Structure Status 

 Turbine Test Height Width  
 (deg. T) (m) (m) (m)  

Turbine shed 340 23.7 3.0 2.5 - 
Whisper 3000 190 71.3 32.0 4.5 Operating 
 
The existing meteorological tower is located 35.7 meters from the test turbine at a bearing of 292o 
true.  This distance is 2.38 rotor diameters from the test turbine and within the range between 2 and 
4 rotor diameters specified in the IEC standard. 
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Figure 2.  Location of AOC 15/50 Test Turbine 
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8.0 Test Equipment 

8.1 Equipment Description 
Table 3 shows the list of equipment used for the test.  All instruments met the requirements defined 
by the Standard.  

Table 3.  Equipment List for Acoustic Test  

Instrument Manufacturer Model Number Serial Number Calibration Due 
Signal Analyzer Hewlett Packard 35670A 3431A01613 8/14/00 
Microphone 1 ACO Japan 7012 19037 1/29/00 
Microphone 2 ACO Japan 7012 19014 1/29/00 
Microphone 3 ACO Japan 7012 19017 1/29/00 
Microphone 4 ACO Japan 7012 19035 1/29/00 
Preamplifier 1 ACO Pacific 4012 79900503 1/29/00 
Preamplifier 2 ACO Pacific 4012 96049 1/29/00 
Preamplifier 3 ACO Pacific 4012 79900502 1/29/00 
Preamplifier 4 ACO Pacific 4012 79900504 1/29/00 
Acoustic Calibrator Bruel & Kjaer 4230 861619 4/22/99 
Digital Recorder Sony PC208AX U3538 8/25/00 
Anemometer Met One 010C T2346 10/29/99 
Wind Vane Met One 020C U1475 12/18/99 
Pressure Sensor Omega HHP-102 046/21 9/14/99 
Temperature Sensor Omega 869 T171111 9/14/99 
GPIB Card National 

Instruments 
PCMCIA-
GPIB 

A2B275 n/a 

DAQ Card National 
Instruments 

AI-16XE-50 A4CBCC n/a 

Laptop Computer Panasonic CF-25 7DkSA01050 n/a 
Campbell Datalogger Campbell 

Scientific 
CR23X 1214 10/16/00 

 
The data acquisition system synchronizes the acoustic measurements with the meteorological 
measurements. This system is run from a laptop computer.  From the laptop, two PCMCIA 
(Personal Computer Memory Card International Association) cards are used.  One card, a GPIB 
(General Purpose Interface Bus) card, controls and downloads one-minute acoustic data from the 
signal analyzer. The other card, a DAQ (Data Acquisition) card, records samples of wind speed, 
wind direction, and power data.  The wind speed signal is shared with the power performance 
datalogger, pre-scaled to 1 Volt equals 360o and 1 Volt approximately equals 120 kW These signals 
are sent to the National Instruments DAQ card from the power performance datalogger continuous 
analog out ports.  All meteorological signals are updated once a second.  A Microsoft Visual Basic 
program AcoustDAQ Version 1.2 averages the meteorological data and synchronizes with the 
acoustic averages.  The program also records, graphs, and updates the user on all incoming data.  
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Figure 3.  Microphone Positions 

8.2 Instrumentation Locations 
Figure 3 shows the layout of the microphones.  The radius, Ro is determined by Equation 1. 

 R H
D

o = +
2

  Equation 1 

Table 4.  Variables for Determining the Distance Between the Turbine and Microphones 

Parameter Description Value Units 
Ro reference distance, 32.5 m 
H vertical distance from the ground to the rotor center, 25 m 
D diameter of the rotor. 15 m 
 
Microphones were located 32.5 m from the center of the tower with positions as shown in Figure 3.  
Measurements from three microphones will be placed at microphone positions 1A, 1B, and 1C will 
meet the requirements for the reference microphone position shown in Table 5.  One additional 
microphone will be moved between microphone positions 2, 3, and 4 to meet the requirements for 
these positions as shown in Table 5.  No adjustments from the nominal microphone positions were 
required to avoid reflecting surfaces or to obtain allowable grazing angles.  
 
The microphones were placed on a reflecting surface.  The reflecting boards were 1 m diameter 
circular plywood boards with a thickness of approximately 13 mm.  In addition, microphone 
primary windscreens were used.  The primary windscreen was one half of an open cell foam sphere 
with a diameter of approximately 90 mm. 
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The anemometer was located on a meteorological tower at the turbine’s hub height.  The 
meteorological tower was located 35.7 m (2.38 rotor diameters) from the turbine at a bearing of 
292o true.   
 
To meet the requirements of the Standard, the NWTC-CT quality assurance document, AI05, is 
used to define allowable wind directions.  With an anemometer height equal to turbine hub height 
and anemometer position 2.38 rotor diameters from the turbine, the tolerance on wind direction due 
to anemometer placement is 57o.   

9.0 Measurement Procedures 

9.1 Test Conduct 
During the test, the temperature and pressure was read from the Campbell Scientific data logger and 
manually entered into laptop computer.  Temperature and pressure were updated at least every 2 
hours.  Also, the microphone calibrations were documented on the log sheet, included in Appendix 
B.  Changes to analyzer settings were also documented on the log sheet. 
 
After the data acquisition and related equipment was checked out, the data acquisition program, 
AcoustDAQ, was initiated.  AcoustDAQ requires the operator to start a new project file and enter 
general test information, such as turbine information and site characteristics.  The operator enters 
some data, such as air pressure and temperature and the reference microphone position, at the 
beginning of each measurement session.  A session is started when the turbine is stopped for 
background measurements, when it is started for operating measurements, and when microphone 
positions are changed.   
 
The four microphones were calibrated through a procedure in AcoustDAQ.  During the calibration 
process, the sensitivity factors to calibrate the microphone transducers were entered on the test log 
sheet (Appendix B).  The microphones were also recalibrated at the start and end of each 
measurement session. 
 
After the microphones were calibrated, a measurement session was started.  AcoustDAQ initiated 
and triggered the signal analyzer that acquired and averaged four channels of microphone data.  The 
program also acquired and averaged one-minute of wind speed and wind direction data.  Wind 
speed averages were corrected to a reference height of 10 m using Equation 2.  The data were 
accepted if the wind speed and wind direction were in the acceptable range.  If the data were 
acceptable, the wind speed and wind direction averages were synchronized with the microphone 
averages and recorded in a data file along with pressure and temperature readings.  One-minute 
octave averages were also downloaded from the analyzer, synchronized with the corrected wind 
speed, and stored in a separate data file. 
 
AcoustDAQ also tracked how much data was collected.  Different counts were kept of acceptable 
data sets according to wind speed.  The number of data sets overall, with wind speed between 4 and 
8 m/s, with wind speed between 8 and rated wind speed, and with wind speed between 6 and 10 m/s 
was tracked.  The counts were kept for both turbine and background data sets. 

9.2 Test Completion 
The test was complete when all requirements listed in Table 5 are fulfilled. 
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Table 5.  Data Requirements for Turbine and Background Measurements 

Measurement Type Microphon
e Position 

Requirements 

Overall measurements 1* At least 30 one-minute averages.  
Overall measurements 2, 3, and 4 At least 10 one-minute averages taken 

during a wind speed not differing more 
than 2 m/s from the acoustic reference 
wind speed. 

For A-weighted sound pressure 
level:                    
 

1* At least 10 measurements taken during 
a wind speed not differing more than 2 
m/s from the acoustic reference wind 
speed (8 m/s). 

  At least 8 of the measurements below 
the acoustic reference wind speed. 

  At least 8 of the measurements above 
the acoustic reference wind speed. 

For octave or third octave band 
measurements: 

1* At least 5 one-minute averaged spectra 
measured with wind speeds differing 
less than 2 m/s from the acoustic 
reference wind speed. 

Narrow band measurements 1* At least 2 minutes of measurements 
taken each for 4 integer wind speeds 
including the acoustic reference wind 
speed (8 m/s) 

* - This position includes microphone positions 1A, 1B, and 1C. 

10.0 Analysis Methods 

10.1 Data Selection 
The first step in the data analysis procedure is to reject all data obtained during the following 
circumstances: 
 

• Interrupting noise sources such as a passing vehicle or airplane 
• Failure of test equipment 
• Wind direction is outside of allowable range 
• Wind speed is outside of allowable range 
• Turbine failure 
• Adverse weather conditions 

10.2 Wind Speed Correction 
Wind speed was corrected to the reference condition of an anemometer height of 10 meters using 
Equation 2.  
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Table 6.  Variables for Standardizing Wind Speed 

Parameter Description Value Units 
Vs corrected wind speed - m/s 
Vz wind speed measured at anemometer height z - m/s 
zoref reference roughness length of 0.05 m 0.05 m 
zo roughness length 0.05 m 
H rotor center height 25 m 
zref reference height 10 m 10 m 
z anemometer height 25 m 

10.3 A-Weighted Sound Power Level 
A linear regression analysis will be done with at least 10 pairs of equivalent continuous sound 
pressure levels from the microphone at the reference positions and the corrected wind speed.  These 
pairs were selected to cover wind speeds that differ less than 2 m/s from the acoustic reference wind 
speed of 8 m/s or wind speeds between 6 and 10 m/s.  The reference position sound pressure level, 
LAeq, is the value of the regression line at the acoustic reference wind speed.   A similar analysis 
yields the background noise level at the acoustic reference wind speed.  If the sound pressure level 
is less than 6 dB but more than 3 dB higher than the background sound pressure level, the turbine 
sound pressure level is corrected for background by subtracting 1.3 dB and marked by an asterisk, 
"*".  These corrected sound pressure levels would not be used in calculating the apparent sound 
power level or directivity.  If the difference was less than 3 dB, no data will be reported and it will 
be reported the turbine noise was less than the background noise.  If the turbine sound pressure 
level was more than 6 dB above the background sound pressure levels, Equation 3 corrects the 
measured turbine noise level for background noise and provides the corrected sound pressure level 
at the reference position, LAeq,c. 
 

 [ ])1.0()1.0(
, 1010log*10 nns LL
cAeqL −= +  Equation 3 

Table 7.  Variables for Determining Equivalent Sound Pressure Level 

Parameter Description Units 
LAeq,c sound pressure level of the turbine operating alone dB 
Ls+n sound pressure level of the turbine plus background dB 
Ln sound pressure level of the background dB 
 
Finally, we calculated the apparent sound power level, LWA, from the corrected sound pressure level 
using Equation 4. 

 







+−=

o
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1
,
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log*106

π
 Equation 4 

Table 8.  Variables in Calculating the Apparent Sound Power Level 

Parameter Description Units 
LAeq,c background-corrected, A-weighted, sound pressure level at the 

acoustic reference wind speed under reference conditions, 
dB 

R1 slant distance from the rotor center to the microphone  m 
So reference area So = 1 m2 m2 
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10.4 Wind Speed Sensitivity 
In addition to the scatter plot obtained from the procedure in Section 8.4.3, the IEC Standard 
requires that wind speed sensitivity be defined by binning the reference microphone data into 
integer values of corrected wind speed.  For each bin, the reference position sound pressure level 
was corrected for that bin’s background noise as described above.  

10.5 Directivity 
Directivity, ∆i, is the difference in A-weighted sound pressure levels at Positions 2, 3, and 4 
compared to the A-weighted sound pressure levels at the reference position.  The sound pressure 
levels at the reference wind speed of 8 m/s were corrected for background noise using the methods 
described in Section 8.4.3.  In addition, corrections were made for differences in slant distances.  
(Slant distance is the distance from the microphone to the center of the turbine’s rotor.)  The 
directivity at each position is calculated by Equation 5.  
 

 







+−=∆

1
1,, log*20

R
R

LL i
AeqiAeqi .  Equation 5 

 

Table 9.  Variables in Determining the Directivity 

Parameter Description Units 
LAeq,i  A-weighted sound pressure level at positions 2, 3, or 4, corrected 

for background noise in the same position, 
dB 

LAeq,1  A-weighted sound pressure level at the reference position, 
measured simultaneously with LAeq,I and also corrected for 
background noise, 

dB 

Ri slant distance between the rotor center and positions 2, 3, or 4 m 
R1 slant distance between the rotor center and the reference position. m 

10.6 Octave Spectra 
Spectral content of the noise signal at the reference microphone is obtained using the spectrum 
analyzer’s octave analysis setting. 

10.7 Tonal Analysis 

10.7.1 Tonality at the Acoustic Reference Wind Speed (8 m/s) 
Quantification of the tonal characteristics is the final analysis activity.  The first step in this analysis 
is to identify a data set where wind speed is close to 8 m/s for a minimum of 2 minutes.  The signal 
analyzer was set to perform Fast Fourier Transforms (FFTs) using a Hanning window in the time 
domain and 800 lines resolution.  The unweighted noise data from the reference position 
microphone were played back from the DAT recorder to the signal analyzer.  
 
The frequency resolution accounted for a 50 percent decrease in resolution resulting from use of a 
Hanning window, calculated by Equation 6.  (The frequency resolution used in this analysis is 
much finer than the 20-57 hertz required by the Standard.)  The spectra were RMS-averaged and 
saved as files listed in the table above.  The files are imported into an Exceltm spreadsheet for 
plotting.  The plots allow the analyst to identify suspected tones.   
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 FactorWindow
linesofNumber

BandidthNoiseBandwEffective *=  Equation 6 

 
Next, each suspected tone was compared to the masking level of its neighboring frequencies.  The 
range of neighboring frequencies that was considered was called the “critical band” and was 
defined as follows: 
 
1. If the suspected tone is between 20 and 500 hertz, the critical band spans 100 hertz. 
2. If the suspected tone is above 500 hertz, the critical band spans 20% of the tone frequency. 
 
If a suspected tone is single peak, the critical band is located to center the peak.  If the suspected 
tone consists of multiple peaks closely spaced, the critical band is located to include the largest 
possible number of the most prominent peaks.  If the suspected tone is between 20 and 70 hertz, the 
critical band is 20 to 120 hertz. 
 
Each line in the critical band was then classified according to the following criteria: 
1. A peak is classed as a tone if its RMS-averaged level is: 

• more than 6 dB above the average masking level.  The average masking level is the 
logarithmic average of the sound pressure levels of the rest of the lines in the critical band 
but excluding one line each side of the peak.  

2. Lines adjacent to a tone are also classified as a tones if their RMS-averaged levels are: 
• within 10dB of the peak and  
• more than 6 dB above the average masking level.  

3. Lines adjacent to a tone are classified as neither tones nor masking if their RMS-averaged 
levels are: 
• more than 10dB below the peak level and 
• more than 6 dB above the average masking level. 

4. Lines are classified as masking if their RMS-averaged levels are less than 6 dB above the 
average masking level. 

 
Because classifying a line as a tone means it can no longer be counted as masking, an iterative 
procedure is required for the proper identification of tones and masking.  A spreadsheet analysis 
method is used for this iteration.  For more information, refer to the NWTC-CT quality assurance 
document, AI09.   
  
This process was repeated for every suspected tone in the spectrum. The result was that within each 
critical band every spectral line was classified as tone energy, masking energy or neither.  The 
frequency of each tone was also determined during this part of the analysis. 
 
The next step in tonal analysis was to determine the maximum sound pressure level of the tone(s).  
The sound data were again played from the DAT recorder into the signal analyzer.  This time the 
analyzer was programmed to display the spectra as a “waterfall.”  The analyst used analyzer 
functions to slice through the waterfall-displayed spectra at single frequency bins (frequency lines).  
Sound pressure levels of the tone in each spectrum were saved in files whose names correspond 
with the frequency of the tone.  These files were imported into an Exceltm spreadsheet and sorted to 
enable the analyst to identify and arithmetically-average the maximum 25% of the sound pressure 
levels of each tone.  Finally, if multiple tones were present within the critical band, they are energy-
summed to determine the overall tone level, Lpt. 
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Next the analyst determined the sound pressure level of the masking noise, Lpn, in the critical bands.  
Masking energy was calculated from the same 2-minute data set as used to determine the tone level.  
The short-term spectra were RMS-averaged into a single, 2-minute spectrum. The masking level 
was corrected for the reduction in the number of lines due to the exclusion of tones and for the 
Hanning window using Equation 7. 
  

 







+=

bandwidthnoiseeffective
bandcriticalofbandwidthLL avgpnpn log*10,  Equation 7 

Table 10.  Variables in Determining the Masking Noise Level 

Parameter Description Units 
Lpn  Sound pressure level of masking noise within a critical band, dB 
Lpn,avg  energy averaged measured masking noise determined by 

averaging the masking noise separate from any tones within the 
critical band. 

dB 

 
The analyst determined if background noise affected the masking noise level by performing an FFT 
of background noise obtained under similar wind conditions to those used for the turbine operating 
noise analysis.  First, the analyst verified that the background noise does not contain the same tone 
as the turbine noise.  Next, the analyst determined the background noise level for the same critical 
band as used for each tone.  Equation 3 was used to correct the masking noise level of each critical 
band for background noise.  If background noise level was within 6 dB of the masking noise, then 
the report states that the masking noise was affected by background noise. 
 
The analyst determined the tone level difference, ∆Ltn,max, between the maximum tone level and the 
background-corrected masking noise level using Equation 8. 
 
 pnpttn LLL −=∆ max,  Equation 8 

Table 11.  Variable in Determining the Tone Level Difference 

Parameter Description Units 
∆Ltn,max Tone level difference, dB 
Lpt maximum tone level within the critical band, dB 
Lpn total masking noise within the critical band. dB 
 
Tone levels were subjected to a final check for audibility by determining the minimum tone level, 
∆Ltm,crit, that an average listener would be able to hear using Equation 9. 


















+−−=∆

5.2

, 502
1log2 fL crittn  Equation 9 

Table 12.  Variables in Determining the Masking Threshold 

Parameter Description Units 
∆Ltn,crit Masking threshold for tones in noise, dB 
f frequency at the center of the critical band. dB 
 
If the tone level difference, ∆Ltn,max, is less than ∆Ltm, crit, the tone is not reported. 
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For each value of ∆Ltn,max  a frequency dependent correction must be applied to compensate for the 
response of the human ear to tones of different frequency. 
 
The ‘tonal audibility’, ∆La,max, is defined as: 
 

∆ ∆L L La tn ac,max ,max= −  Equation 10 
 
Where La is the frequency dependent audibility criterion, defined as: 
 

L
f

a = − − +
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 Equation 11 

 
A corresponding value of ∆La,max must be calculated for each value of ∆Ltn,max. For tonal audibilities 
meeting the condition: 
 

∆La ,max ≥ 0  Equation 12 
 
the values of ∆La,max must be reported. According to the criterion curve defined above, a ‘typical’ 
listener would consider such tones as being ‘audible’.  For tonal audibilities not meeting this 
condition, there is no requirement to report the values. According to the criterion curve defined 
above, a ‘typical’ listener would consider such tones as being ‘inaudible’. 
 
 

10.7.2 Wind Speed Dependence of Tonality 
The wind speed and spectra are averaged over a two-minute period for acoustic/wind speed data 
pairs and binned into integer wind speed bins.  The bins must cover at least a 4 m/s wind speed 
range including the acoustic reference wind speed (8 m/s).  A tonal analysis will be done on 
measurements in each bin as detailed in the previous section.  

11.0 Uncertainty 
The combined uncertainty is reported for the apparent sound power level, directivity, wind speed 
dependence, and tonality.  The combined standard uncertainty is the combination of type A and 
type B uncertainties.  Type A uncertainty components are evaluated by using statistical methods to 
a series of repeated measurements.  Type B uncertainty components are evaluated through 
estimations or calibrations.  The methods used to evaluate the uncertainty components for the 
apparent sound power level, directivity, wind speed dependence and tonality will be explained in 
this section. 

11.1 A-Weighted Sound Power Level   
The type A uncertainty for the apparent sound pressure level is the standard error of the estimated 
LAeq at the acoustic reference wind speed.  This is found from the linear regression analysis. 
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Table 13.  Type A Apparent Sound Power Level Uncertainty Components 

Parameter Description Units 
   
UA Type A uncertainty for apparent sound pressure level, dB 
y measured sound pressure level, dB 
yest estimated sound pressure level using linear regression, dB 
N Number of measurements used in the linear regression.  
 
The Type B uncertainty is found using Equation 14.  It components are listed in Table 14: 
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Table 14.  Type B Apparent Sound Power Level Uncertainty Components 

Parameter Description Unit Source 
    
UB Type B uncertainty for apparent 

sound pressure level 
dB  

UB1 uncertainty for calibration of the 
instruments, 

dB calibrator calibration and the 
standard error from field 
calibrating microphones 

UB2 uncertainty for tolerances on the chain 
of acoustic measurement instruments, 

dB signal analyzer, microphone, 
microphone adapter, and 
preamplifier 

UB3 uncertainty for acoustic conditions for 
microphone mounting board, 

dB estimate 

UB4 uncertainty on the distance from 
microphone to hub, 

dB estimate 

UB5 uncertainty on the acoustic impedance 
of air, 

dB  estimate 

UB6 uncertainty on the acoustic emission 
of the turbine due to changing 
weather conditions, 

dB estimate 

UB7 uncertainty on the measured wind 
speed 

dB anemometer calibration and 
estimate of the site effects 

UB8 uncertainty on the wind direction 
measurement, 

dB Estimate 

UB9 uncertainty for the background 
correction. 

dB Applied background 
correction 

 
These uncertainties are combined into one standard uncertainty using Equation 15. 
 

22
BAC UUU +=   Equation 15 
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Table 15.  Overall Uncertainty Components 

Parameter Description Units 
   
UC Overall standard uncertainty for apparent sound pressure level, dB 
UA Type A uncertainty for apparent sound pressure level,  dB 
UB Type B uncertainty for apparent sound pressure level dB 

11.2 Wind Speed Sensitivity  
Type A uncertainty for wind speed dependence is found from the from a linear regression analysis.  
The uncertainty, UA is calculated for integer wind speeds as the root sum of the squared standard 
error of the estimated value at the actual wind speed.  The squared standard error is given by 
Equation 16. 
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Table 16.  Type A Wind Dependence Uncertainty Components 

Parameter Description Units 
si Type A standard uncertainty for bin i dB 
LAeq Average of the sound pressure levels in the bin i dB 
LAeq,i sound pressure level in the bin dB 
N number of measurement results in the bin  
 
The type B uncertainty for each bin is found by combining the components listed in  
Table 17 and the square root of the some of the squares. 
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Table 17.  Type B Wind Dependence Uncertainty Components 

Parameter Description Unit Source 
    
UB Type B uncertainty for bin i dB  
UB1 uncertainty for calibration of the 

instruments, 
dB calibrator calibration and the 

standard error from field 
calibrating microphones 

UB2 uncertainty for tolerances on the 
chain of acoustic measurement 
instruments, 

dB signal analyzer, microphone, 
microphone adapter, and 
preamplifier 

UB3 uncertainty for acoustic conditions 
for microphone mounting board, 

dB estimate 

UB4 uncertainty on the distance from 
microphone to hub, 

dB estimate 

UB5 uncertainty on the acoustic 
impedance of air, 

dB  estimate 

UB6 uncertainty on the acoustic emission 
of the turbine due to changing 
weather conditions, 

dB estimate 

UB7 uncertainty on the measured wind 
speed 

dB anemometer calibration and 
estimate of the site effects 

UB8 uncertainty on the wind direction 
measurement, 

dB Estimate 

UB9 uncertainty for the background 
correction. 

dB Applied background correction

11.3 Directivity 
An estimate of the standard uncertainty on the directivity is shown in Equation 17. 
 
 CD UU 2=  Equation 17 

Table 18.  Variables for Estimating Directivity Uncertainty 

Parameter Description Unit 
   
UD Standard uncertainty for directivity, dB 
UC Overall standard uncertainty for apparent sound pressure 

level. 
dB 

11.4 Octave Spectra   
For the third octave band, UA for each band is the standard error on the averaged band level.  
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Table 19.  Type A Octave Band Uncertainty Components 

Parameter Description Units 
UA Type A standard uncertainty for band dB 
y Sound pressure level of the band dB 
yest Average sound pressure level of the band dB 
N number of measured spectra  
 
The type B uncertainty components are estimated to be the same except for UB3.  It will be 
considered much larger than for LWA, estimated value is 1.2 dB as shown in Table 20. 

Table 20.  Type B Octave Band Uncertainty Components 

Parameter Description Unit Source 
UB Type B uncertainty for octave bands dB  
UB1 uncertainty for calibration of the 

instruments, 
dB calibrator calibration and the 

standard error from field 
calibrating microphones 

UB2 uncertainty for tolerances on the 
chain of acoustic measurement 
instruments, 

dB signal analyzer, microphone, 
microphone adapter, and 
preamplifier 

UB3 uncertainty for acoustic conditions 
for microphone mounting board, 

dB estimate 

UB4 uncertainty on the distance from 
microphone to hub, 

dB estimate 

UB5 uncertainty on the acoustic 
impedance of air, 

dB  estimate 

UB6 uncertainty on the acoustic emission 
of the turbine due to changing 
weather conditions, 

dB estimate 

UB7 uncertainty on the measured wind 
speed 

dB anemometer calibration and 
estimate of the site effects 

UB8 uncertainty on the wind direction 
measurement, 

dB Estimate 

UB9 uncertainty for the background 
correction. 

dB Applied background correction 

12.0 Reporting 
After the test has been completed to the above requirements and NREL has analyzed the data, a test 
report will be generated.  This report will consist of two main volumes.  The first is the test results, 
which will consist of the following sections: 
 

• A-weighted sound power level 
• Wind speed sensitivity (graphically and tabularly) 
• Plots of all data and regression lines 
• Directivity 
• Octave spectra (graphically and tabularly) 
• Tonal analysis including wind speed dependence of tonality 
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• Uncertainty 
• Exceptions to the test plan 

 
The goal of Volume 1 of the test report is that the client will have a small and easily usable 
summary of the acoustic noise test done on their turbine.  Volume 2 of the test report is the Test 
Plan, where all the details of the turbine and test equipment are listed. 
 

13.0 Roles and Responsibilities 
Table 21 lists the test team and identifies roles and responsibilities for each team member. 

Table 21.  Roles and Responsibilities 

Test Team 
Title 

Person (Employer) Roles and Responsibility 

Test Manager Hal Link - NREL Overall test management and responsibility.  
Customer contact person.   Authorization for 
any deviations from planned test procedures.  
Reviews and approves test plan and test 
report. 

Test Engineer 
and Analyst 

Arlinda Huskey – NREL 
 

Supervision of acoustic test set-up, checkout, 
and conduct.  Periodic review of test data.  
Review and report test results.  Primary point 
of contact between test technician and the test 
site manager. 

Test Technician Mark Meadors – NREL 
 

Responsible for installation and maintenance 
of test equipment.  Also assists in execution of 
test. 

Site Technician Mark Meadors – NREL Provide on-site assistance to test, responsible 
for turning on/off surrounding turbines and 
test turbine.  Must be available during regular 
working hours and off-hours. 

14.0 References 
 
1. IEC 61400-11:  Wind Turbine Generator Systems, Part 11: Acoustic Noise Measurement 

Techniques, 88/67/FDIS, International Electrotechnical Commission, Netherlands, 1995 as 
corrected by TJ Dubois Jan 1998. 

2. AOC 15/50 Wind Turbine Operation & Maintenance Manual, Atlantic Orient Corporation, 
Revision 1.1, 1995. 
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15.0 Appendix A:  Calibration Sheets 
 
Microphone 1 calibration s/n 19037 
Microphone 2 calibration s/n 19014 
Microphone 3 calibration s/n 19017 
Microphone 4 calibration s/n 19035 
Preamplifier 1 calibration s/n 79900503 
Preamplifier 2 calibration s/n 96049 
Preamplifier 3 calibration s/n 79900502 
Preamplifier 4 calibration s/n 79900504 
Signal Analyzer 
Acoustic Calibrator 
DAT Recorder 
Anemometer 
Wind vane 
Pressure Sensor 
Temperature Sensor 
Campbell Datalogger 
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Microphone 1 Calibration Sheet for s/n 19037 
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Microphone 2 Calibration Sheet for s/n 19014 
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Microphone 3 Calibration Sheet for s/n 19017 
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Microphone 4 Calibration Sheet for s/n 19035 
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Preamplifier 1 Calibration Sheet for s/n 79900503 
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Preamplifier 2 Calibration Sheet for s/n 96049 
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Preamplifier 3 Calibration Sheet for s/n 79900502 
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Preamplifier 4 Calibration Sheet  for s/n 79900504 
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Signal Analyzer Calibration Sheet 
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Acoustic Calibrator Calibration Sheet 
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DAT Recorder Calibration Sheet 
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Anemometer Calibration Sheet 
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Wind Vane Calibration Sheet 
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Pressure Sensor Calibration Sheet 
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Temperature Sensor Calibration Sheet 
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Campbell Datalogger Calibration Sheet 
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