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1 Background 
The U.S. Department of Energy (DOE) acquired and installed a 1.5-megawatt (MW) wind 
turbine at the National Wind Technology Center (NWTC) at the National Renewable Energy 
Laboratory. This turbine (hereafter referred to as the DOE 1.5) is envisioned to become an 
integral part of the research initiatives for the DOE Wind Program, such as Atmosphere to 
Electrons (A2e). A2e is a multiyear DOE research initiative targeting significant reductions in 
the cost of wind energy through an improved understanding of the complex physics governing 
wind flow into and through wind farms. For more information, 
visit http://energy.gov/eere/wind/atmosphere-electrons. 

To validate new and existing high-fidelity simulations, A2e must deploy several experimental 
measurement campaigns across different scales. Proposed experiments include wind tunnel tests, 
scaled field tests, and large field measurement campaigns at operating wind plants. Data of 
interest includes long-term atmospheric data sets, wind plant inflow, intra-wind plant flows (e.g., 
wakes), and rotor loads measurements. It is expected that new, high-fidelity instrumentation will 
be required to successfully collect data at the resolutions required to validate the high-fidelity 
simulations. 

The large-scale field measurement campaigns are expected to use the DOE 1.5 as it is of 
sufficient enough size to represent current technology, and turbines of this size are widely 
deployed in U.S. wind plants.  

Expected future use of the DOE 1.5 at the NWTC may include the following (leading up to the 
large files measurement campaigns at operating plants):  

• Deployment and validation of high-fidelity instrumentation prior to large-scale 
deployment at a wind plant 

• Deployment of advanced controls algorithms 

• Characterization of inflow, aerodynamics, turbine loads, and wake propagation on an 
unwaked turbine. 

A series of tests were conducted to characterize the baseline properties and performance of the 
DOE 1.5 to enable research model development and quantify the effects of future turbine 
research modifications. 

The tests included:  

• Power performance per International Electrotechnical Commission (IEC) 61400-12-1 

• Power quality per IEC 61400-21 

• Acoustic noise per IEC 61400-11 

• Mechanical loads per IEC 61400-13 

• Modal testing. 

http://energy.gov/eere/wind/atmosphere-electrons
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The DOE 1.5 is built on the platform of GE’s 1.5-MW SLE commercial wind turbine model.  It 
was installed in a nonstandard configuration at the NWTC with the objective of supporting DOE 
Wind Program research initiatives such as A2e. Therefore, the test results may not represent the 
performance capabilities of other GE 1.5-MW SLE turbines. 

The acoustic noise test documented in this report is one of a series of tests carried out to establish 
a performance baseline for the DOE 1.5 in the NWTC inflow environment.  
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2 Test Summary 
The turbine was tested in accordance with the International Electrotechnical Commission’s (IEC) 
standard IEC 61400-11, Edition 2.1, 2006-11, Wind Turbine Generator Systems—Part 11: 
Acoustic Noise Measurement Techniques, hereafter referred to as the Standard. Turbine acoustic 
emissions and meteorological data were collected on 3 days: March 3, 2011; March 22, 2011; 
and April 4, 2011. The standardized wind speed (at 10 meters [m]) was derived from power 
when the turbine was operating at less than 95% rated power. When the turbine was operating 
above 95% rated power, standardized wind speed was determined from a correlation between the 
nacelle anemometer and the wind speed derived from power. For background measurements, the 
standardized wind speed was determined from a correlation between the wind speed measured at 
hub height (80 m) and the wind speed derived from power. 
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3 Test Turbine Configuration  
Table 1 lists the general data configuration for the DOE 1.5 that was tested at the NWTC. 

Table 1. General Data Configuration for the DOE 1.5 

Turbine manufacturer and address 
GE Energy 
300 Garlington Rd., P.O. 648 
Greenville, SC 29602-0648 

Model GE 1.5-MW SLE 

Rated power (kW) 1,500 

Rated wind speed (m/s) 14 

Serial number N000780-N 

Blade make, type, and serial number GE37c, fiberglass, S00028, S00029, 
S00030 

Generator make, type, and serial number Winergy, doubly-fed induction, JFEC-
500SS-06A 

Gearbox make, type, and serial number GETS, multistage planetary/helical, 
7GA87E2, EE0809404 

Control software WindSCADA 

Wind turbine type Horizontal axis, upwind 

Tower type Tubular 

Number of blades 3 

Hub height (m) 80 

Rotor diameter (m) 77 

Horizontal distance from rotor center to tower axis (m) 3.8 

Speed control Pitch control 

Constant or variable speed Variable 

Rotational speeds at standardized integer wind speeds 
from 6 m/s to 10 m/s (rpm) 10–20 

Pitch angle at standardized integer wind speeds from 6 
m/s to 10 m/s (rpm)  Variable 

Rotor control devices None 

Presence of vortex generators, stall None 
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Figure 1. DOE 1.5 at the NWTC. Photo by Jeroen van Dam, NREL 
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4 Test Site Description 
The test turbine is located at site 4.0 at the NWTC, which is approximately 8 miles south of 
Boulder, Colorado. The terrain consists of mostly flat land with short vegetation (see Appendix 
A for photos). The site has prevailing winds bearing approximately 292 degrees relative to true 
north. Figure 2 shows the test turbine and meteorological (met) tower locations. Also shown are 
nearby obstructions and topographical features. Table 2 shows the nearby turbines and whether 
they were operating during data collection. 

 
Figure 2. Map of the NWTC’s 4.0 test site and area surrounding the DOE 1.5  

 
Table 2. Structures Located Near the DOE 1.5 

Source Site  Operating 

Alstom 4.1 No 

Controls Advanced Research Turbine (CART)-3 4.2 No 

CART-2 4.3 No 

Siemens 2.3 MW 4.4 March 22, 2011 
April 4, 2011 

  

Met Tower  
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5 Description of Test Equipment  
Table 3 lists the equipment used for the test. All instruments meet the requirements defined by 
the Standard [1]. 

Table 3. Test Equipment 

Instrument Manufacturer Model  
Number 

Serial 
Number 

Calibration  
Due Date 

Digital recorder and signal 
analyzer Delta Acoustics  NoiseLab 1258E43 Nov. 9, 2012 

Microphone Brüel & Kjær 4189-A-21 2395206 
2395209 

Nov. 8, 2012 
Nov. 8, 2012 

Preamplifier Brüel & Kjær 4012 2373719 
2373721 

Nov. 8, 2012 
Nov. 8, 2012 

Calibrator Brüel & Kjær 4231 2326144 Nov. 8, 2011 

Primary anemometer  Thies First Class 0909219 Dec. 20, 
2011 

Wind vane Met One Instruments WD-201 K16689* 
J5950 

Jan. 19, 
2012 
Mar. 31, 
2012 

Nacelle anemometer Renewable NRG 
Systems 

IceFree Hybrid 
XT 

3734-
0000726 n/a 

Pressure sensor Vaisala PTB101B B2130018 Dec. 22, 
2011 

Temperature sensor  Met One Instruments T-200 RTD 0673552 Dec. 22, 
2011 

Power transducer Ohio Semitronics DWV-008D 09070337 Jan. 7, 2012 

Data acquisition National Instruments 

Compact  
DAQ 
w/LabView 
cDAQ 
backplane 
NI 9229 
NI 9217 
NI 9205 
 

1361570 
12B6DD2 
12BD192 
12E9CD3 

n/a 
Aug. 21, 
2011 
Aug. 21, 
2011 
Aug. 21 
2011 

* Replaced midtest with J5950 
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5.1 Instrument Locations 
The anemometer and wind vane were located on a meteorological tower 153.4 m from the test 
turbine at a bearing of 276 degrees true north. The anemometer was at a hub height of 80 m. The 
meteorological tower distance is 2.0 rotor diameters from the test turbine, which is within the 
range of 2 and 4 rotor diameters specified in the Standard [1]. 

Table 4 gives the location of the microphone for the measurement sessions. 

Table 4. Microphone Positions for Turbine and Background Measurements 

Microphone 
Distance  
Turbine  
(m) 

Slant  
Distance  
(m) 

Position Relative  
to Turbine  
(deg. true north) 

Reference 117.9 145.6 271 
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6 Test Results 
6.1 Test Conditions 
The analysis was done using the measured wind speed, power, and 1-min averages of the data. 

For the March 3, 2011, data, the standardized wind speeds and wind directions ranged from 6.8 
meters per second (m/s) to 11.7 m/s and 258 degrees to 279 degrees, respectively. The 
temperature and pressure ranged from 10.2°C to 11.0°C and 80.0 kilopascals (kPa) to 80.1 kPa, 
respectively. 

For the March 22, 2011, data, the standardized wind speeds and wind directions ranged from 4.3 
m/s to 10.5 m/s and 256 degrees to 281 degrees, respectively. The temperature and pressure 
ranged from 4.0°C to 4.9°C and 79.5 kPa to 79.6 kPa, respectively. 

For the April 4, 2011, data, the standardized wind speeds and wind directions ranged from 3.5 
m/s to 8.6 m/s and 264 degrees to 285 degrees, respectively. The temperature and pressure 
ranged from -1.2°C to 1.7°C and 80.8 kPa to 80.9 kPa, respectively. 

6.2 Standardized Wind Speed Calculation 
For 1-min average periods when power was less than 95% of rated, the wind speed at hub height 
was derived from the power curve, as shown in Figure 3 [2]. These points were correlated to the 
nacelle wind speed, and the extrapolation of this correlation, as shown in Figure 4, was used to 
derive the wind speed at hub height when the turbine was operating above 95% rated power. 
Additionally, the points below 95% rated power were used to create a correlation between 
measured wind speed at hub height and the derived wind speed from power. This correlation, 
shown in Figure 5, was used to calculate the derived wind speed from the measured wind speed 
at hub height during background measurements. In this test, wind speed at a hub height of 80.0 m 
was standardized to a height of 10 m, assuming an idealized wind profile based on an assumed 
terrain roughness of 0.05 m. 
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Figure 3. DOE 1.5 SLE site-specific power curve [2] 

 

 
Figure 4. Wind speed from power compared to the nacelle wind speed 
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Figure 5. Wind speed from power compared to the primary wind speed 

6.3 Apparent Sound Power Level 
The sound pressure levels at the integer wind speeds were calculated from a fourth-order 
regression using the valid measured data. These levels were then background corrected to 
calculate the sound power levels. The apparent sound power level at standardized wind speeds of 
5 m/s, 6 m/s, 7 m/s, 8 m/s, 9 m/s, and 10 m/s are shown in Table 5 and Figure 6.  

Table 5. Sound Power Levels for Standardized Integer Wind Speeds 5 m/s through 10 m/s 

Wind Speed  
Bin (m/s) 

Sound Power  
Level (dBA) 

Combined  
Standard 
Uncertainty  
(dBA) 

5 99.9 3.8 

6 102.9 2.8 

7 104.1 1.1 

8 103.9 1.6 

9 102.7 2.5 

10 101.2 2.4 
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Figure 6. Sound power levels as a function of the standardized wind speed 

 
Figure 7 shows a scatterplot of the sound pressure levels of the validated total (operating plus 
background) and background noise. 

 
Figure 7. Measured sound pressure levels as a function of the standardized wind speed 
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6.4 One-Third Octave Analysis 
One-third octave levels were analyzed at standardized wind speeds of 5 m/s, 6 m/s, 7 m/s, 8 m/s, 
9 m/s, and 10 m/s. The results are given in Table 6, Table 7, and Figure 8. 

Table 6. One-Third Octave Analysis for Wind Speeds 5 m/s through 7 m/s 

Center  
Frequency 

5 m/s One-Third  
Octave Levels (dBA) 

6 m/s One-Third  
Octave Levels (dBA) 

7 m/s One-Third  
Octave Levels (dBA) 

50 22.8 ± 3.5 25.5 ± 2.9 26.4 ± 2.1 

63 26.6 ± 3.2 29.0 ± 2.8 30.4 ± 2.2 

80 31.7 ± 2.0 32.4 ± 2.3 34.1 ± 2.5 

100 37.5 ± 4.8 41.3 ± 3.6 42.7 ± 2.1 

125 34.3* ± 4.9 39.1 ± 3.9 41.0 ± 2.2 

160 35.5 ± 4.7 39.7 ± 4.0 41.8 ± 2.3 

200 37.9 ± 5.1 42.3 ± 3.9 43.8 ± 2.1 

250 40.1 ± 5.0 44.3 ± 3.7 45.6 ± 1.9 

315 41.9 ± 4.9 45.8 ± 3.5 46.9 ± 1.9 

400 42.5 ± 4.5 45.9 ± 3.2 46.8 ± 1.8 

500 42.7 ± 4.6 46.2 ± 3.3 47.1 ± 1.9 

630 42.0 ± 4.1 45.0 ± 3.0 45.7 ± 1.9 

800 41.6 ± 3.7 44.1 ± 2.7 44.7 ± 1.9 

1,000 40.2 ± 3.6 42.7 ± 2.8 43.4 ± 2.1 

1,250 38.6 ± 3.6 41.1 ± 2.8 42.0 ± 2.1 

1,600 36.6 ± 3.8 39.3 ± 3.0 40.3 ± 2.2 

2,000 33.9 ± 4.2 36.9 ± 3.0 37.6 ± 2.0 

2,500 31.5 ± 4.2 34.7 ± 3.1 35.5 ± 2.0 

3,150 29.3 ± 4.5 33.0 ± 3.3 33.8 ± 2.0 

4,000 26.3* ± 4.5 30.3 ± 3.4 31.3 ± 2.0 

5,000 24.1* ± 4.0 27.0* ± 3.4 28.5* ± 2.3 

6,300 NR  NR  NR  

8,000 NR  NR  NR  

10,000 NR  NR  NR  
* The difference between the total and background noise was less than 6 dB but greater than 3 dB. A standard 
background correction of 1.3 dB was applied. 
NR: The difference between the total and background noise was less than 3 dB, so no results were reported. 
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Table 7. One-Third Octave Analysis for Wind Speeds 8 m/s through 10 m/s 

Center  
Frequency 

8 m/s One-Third  
Octave Levels (dBA) 

9 m/s One-Third  
Octave Levels (dBA) 

10 m/s One-Third  
Octave Levels (dBA) 

50 26.2 ± 1.9 26.6 ± 1.8 25.7* ± 2.0 

63 30.4 ± 1.9 30.0 ± 2.0 29.2 ± 2.0 

80 34.6 ± 2.0 32.9 ± 2.4 32.3 ± 2.1 

100 42.7 ± 2.4 40.0 ± 3.3 38.6 ± 2.3 

125 40.5 ± 2.3 38.3 ± 2.9 37.1* ± 2.4 

160 41.4 ± 2.4 39.0 ± 3.1 37.5* ± 2.5 

200 43.5 ± 2.8 40.2 ± 4.0 38.2* ± 2.9 

250 45.1 ± 3.1 41.6 ± 4.8 38.7* ± 3.6 

315 46.4 ± 2.8 43.5 ± 4.1 41.0* ± 3.1 

400 46.2 ± 2.9 43.1 ± 4.0 40.8* ± 2.9 

500 46.9 ± 2.4 44.6 ± 3.0 42.9* ± 2.3 

630 45.5 ± 1.9 44.4 ± 2.2 43.2* ± 2.1 

800 44.6 ± 1.8 44.3 ± 1.9 43.5* ± 2.0 

1,000 43.8 ± 2.1 44.7 ± 2.1 44.2* ± 2.0 

1,250 42.4 ± 2.2 43.7 ± 2.3 43.1* ± 2.0 

1,600 40.7 ± 2.2 41.9 ± 2.2 41.3* ± 2.0 

2,000 37.7 ± 2.1 38.9 ± 2.2 38.3* ± 2.0 

2,500 35.4 ± 2.0 36.2 ± 2.0 35.6* ± 2.0 

3,150 33.4 ± 1.9 33.6 ± 1.9 NR  

4,000 30.7* ± 2.1 31.1* ± 2.0 NR  

5,000 NR  30.9* ± 2.9 NR  

6,300 NR  NR  NR  

8,000 NR  NR  NR  

10,000 NR  NR  NR  
* The difference between the total and background noise was less than 6 dB but greater than 3 dB. A standard 
background correction of 1.3 dB was applied. 
NR: The difference between the total and background noise was less than 3 dB, so no results were reported. 
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Figure 8. One-third octave levels 
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6.5 Tonality 
The tonality analysis resulted in reportable tones for 5 m/s and 6 m/s. Table 8 shows the results 
for the tonality analysis. 

Table 8. Tonality Results 

 
  

k (m/s) 6
Freq (Hz) 90 99 105
∆Ltn1,k -1.6 -13.6 -2.2
∆Ltn2,k -0.8 -13.6 -0.1
∆Ltn3,k -5.6 -5.6 -0.4
∆Ltn4,k -3.5 -3.5 -0.2
∆Ltn5,k -0.8 -0.8 -0.9
∆Ltn6,k 0.2 0.2 -1.4
∆Ltn7,k -13.3 -0.5 -0.7
∆Ltn8,k -13.3 1.4 -1.1
∆Ltn9,k -0.8 -0.8 1.6
∆Ltn10,k -1.9 -13.6 3.6
∆Ltn11,k -13.3 -13.6 -3.3
∆Ltn12,k -13.3 -13.6 -5.0
∆Lk dB(A) -3.2 -3.1 -0.3
∆La,k dB(A) -1.2 -1.1 1.7
UA dB(A) 4.5 4.1 1.5
UB dB(A) 2.2 2.2 2.2
UC dB(A) 5.0 4.7 2.6

5
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Figures 9 through Figure 11 show typical 10-s energy-averaged spectrums indicating the 
classifications of the spectral lines for each of the identified tones. 

 
Figure 9. Classifications of the spectral lines for the 90-Hz tone typical in the 5-m/s bin 

 

 
Figure 10. Classifications of the spectral lines for the 99-Hz tone typical in the 5-m/s bin 
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Figure 11. Classifications of the spectral lines for the 105-Hz tone typical in the 6-m/s bin 

6.6 Uncertainty 
The Type A uncertainties for sound power levels, one-third octave levels, and tonality were 
calculated using the methods prescribed in the Standard [1].  

The Type B uncertainty components are shown in Table 9. Additional uncertainty, compared to 
the standard value, was incorporated in UB7 because the anemometer was boom mounted instead 
of top mounted.  Also, it is suspected that the turbine itself influenced the primary anemometer 
reading. Again, additional uncertainty in UB7 was incorporated as a result. 
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Table 9. Type B Uncertainty Components for Sound Power Levels and Tonality 

Variable  Description 
Type B 
Uncertainty for 
Sound Power 
Level (dBA) 

Type B 
Uncertainty for 
One-Third 
Octave Levels 
(dBA) 

Type B 
Uncertainty  
for Tonality 
(dBA) 

Notes 

UB1 Calibration 0.2 0.2 0.1 Assumption, used 
typical value 

UB2 Instrument 0.2 0.2 0.2 Assumption, used 
typical value 

UB3 Board 0.3 1.7 1.7 
Board was placed 
well and used typical 
value 

UB4 Distance 0.1 0.1 0.05 Assumption, used 
typical value 

UB5 Impedance 0.1 0.1 0.1 Assumption, used 
typical value 

UB6 Turbulence 0.4 0.4 0.2 Assumption, used 
typical value 

UB7 
Wind speed, 
measured 

(Type A 
uncertainty on 
wind speed) x 
(slope) 

(Type A 
uncertainty on 
wind speed) x 
(slope) 

1.2 

Type A uncertainty 
on wind speed 
combined with 
anemometer 
accuracy and slope 
of SPL curve 

UB8 Direction 0.3 0.3 0.3 Assumption, used 
typical value 

UB9 Background Varied with wind 
speed 

Varied with wind 
speed and one-
third octave 
center frequency 
bin 

Varied by 
tone 

Difference between 
total and background 
for sound pressure 
levels  
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7 Exceptions 
An exception to IEC 61400-11 Ed 2.1 2006-11 was as follows:  

A picture of the soundboard is included in this document, but the microphone was not in place at 
the time. The microphone was placed in the center of the board in a wind screen and pointed 
directly at the turbine. 

There were no exceptions to the quality assurance system or the test plan. 
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Appendix A. Pictures 

 
Figure A-1. Picture of soundboard installation for test. Photo by Jason Roadman, NREL 
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Figure A-2. Test turbine as viewed from the reference microphone position. Photo by Jason 

Roadman, NREL 
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Figure A-3. Test turbine as viewed from the met tower. Photo by Jason Roadman, NREL 
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Appendix B. Calibration Reports 

 
Figure B-1. Calibration sheet for the digital recorder and signal analyzer (page 1) 
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Figure B-2. Calibration sheet for digital recorder and signal analyzer (page 2) 
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Figure B-3. Calibration sheet for the microphone 2406809 (page 1) 
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Figure B-4. Calibration sheet for the microphone 2406809 (page 2) 
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Figure B-5. Calibration sheet for the microphone 2406811 (page 1) 
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Figure B-6. Calibration sheet for the microphone 2406811 (page 2) 
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Figure B-7. Calibration sheet for the acoustical calibrator (page 1) 
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Figure B-8. Calibration sheet for the acoustical calibrator (page 2) 
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Figure B-9. Calibration sheet for the acoustic anemometer (page 1) 
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Figure B-10. Calibration sheet for the acoustic anemometer (page 2) 
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Figure B-11. Calibration sheet for the acoustic anemometer (page 3) 
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Figure B-12. Calibration sheet for the primary anemometer (page 1) 
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Figure B-13. Calibration sheet for the primary anemometer (page 2) 
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Wind Direction 

 
Figure B-14. Calibration sheet for the wind vane 
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Figure B-15. Calibration sheet for the wind vane 
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Pressure

 
Figure B-16. Calibration sheet for the pressure sensor 
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Temperature 

 
Figure B-17. Calibration sheet for the temperature sensor 
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Power  
Figure B-18. Calibration sheet for the power transducer (page 1) 



 
Page 49 of 56 

 
This report shall not be reproduced, except in full, without the written approval of Alliance or successor operator of NREL. 

 
Figure B-19. Calibration sheet for the power transducer (page 2) 
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Figure B-20. Calibration sheet for the power transducer (page 3) 
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Figure B-21. Calibration sheet for the power transducer (page 4) 
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Figure B-22. Calibration sheet for NI signal module 12B6DD2 
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Figure B-23. Calibration sheet for NI signal module 12E9CD3 
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Figure B-24. Calibration sheet for NI signal module 12B6DD2 
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Figure B-25. Calibration sheet for NI signal module 12BD192 
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Figure B-26. Calibration sheet for NI signal module 12E9CD3 
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