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1. Background

This test is being conducted as part of the U.S. Department of Energy’s (DOE) Independent
Testing project. This project was established to help reduce the barriers of wind energy
expansion by providing independent testing results for small turbines. In total, four turbines are
being tested at the National Wind Technology Center (NWTC) as a part of this project. Power
performance testing is one of up to 5 tests that may be performed on the turbines, including
duration, safety and function, noise, and power quality tests.

2. Test Summary

Figure 1 is a summary of the results of a power performance test that NREL conducted on the
ARE 442 wind turbine. For this test, the ARE 442 turbine was installed at the NWTC, close to
Boulder, Colorado. This test was conducted in accordance with the International
Electrotechnical Commission’s (IEC) standard, Wind Turbine Generator Systems Part 12:
Power Performance Measurements of Electricity Producing Wind Turbines, IEC 61400-12-1
Ed.1.0, 2005-12. However, because the ARE 442 is a small turbine as defined by IEC, NREL
also followed Annex H that applies to small wind turbines. This test report refers to these
procedures as the Standard.

In these summary results, wind speed is normalized to sea-level air density. Additional results
are given in Section 7. This test was begun on December 9, 2008 and was ended on December
28, 2008. 303.7 hours of valid data were collected during that time. The highest bin filled was
the 18.0 m/s bin. The amount of test data is sufficient to meet the requirements of the Standard,
Annex H.
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Power Performance Test Bin Wind Bin Number
ARE442 Speed Power Data Cp
(ml/s) (kW) Points
Sea-Level Density Power Curve 0.51 -0.03 1,000 -9.00
1.00 -0.04 1,210 -1.61
Report Created: 31-Dec-08 1.50 -0.04 1,339 -0.53
1.99 -0.05 1,423 -0.27
Turbine Specifications: 2.50 -0.05 1,196 -0.13
2.98 -0.01 1,061 -0.02
Serial number: Y08-001C 3.49 0.08 861 0.08
Rated Power: 10000 w 4.00 0.30 713 0.19
Cut-in Wind Speed: 2.2 m/s 4.49 0.59 647 0.26
Cut-out Wind Speed: - m/s 5.00 0.91 579 0.29
Rated Wind Speed: 12 m/s 5.51 1.35 604 0.32
Rotor Diameter: 7.2 m 6.00 1.86 586 0.35
6.50 242 624 0.35
Control Type: Active 7.00 3.04 647 0.35
Pitch Setting: Fixed 7.49 3.70 599 0.35
8.00 4.41 535 0.35
8.49 5.19 544 0.34
Site Conditions: 9.00 6.02 478 0.33
9.50 6.81 416 0.32
Location: NWTC Boulder, CO 10.00 7.70 404 0.31
Average Air Density: 1.035 kg/m*3 10.49 8.47 384 0.29
Measurement Sectors: 214-74 °T 10.99 9.17 362 0.28
11.50 9.69 340 0.26
12.01 10.10 289 0.23
Test Statistics: 12.49 10.05 245 0.21
12,97 9.91 243 0.18
Start Date: 9-Dec-2008 13.50 9.42 186 0.15
End Date: 28-Dec-2008 14.00 9.00 162 0.13
Amount of Data Collected: 303.70 hours 14.48 8.58 138 0.11
Highest Bin Filled: 18.0 m/s 15.00 8.28 124 0.10
Test Completed? Yes 15.54 7.86 74 0.08
15.99 7.85 78 0.08
16.49 7.59 47 0.07
16.95 7.33 33 0.06
17.51 7.48 27 0.06
18.01 7.57 24 0.05
Sea-Level Air Density Normalized Power Curve ARE 442
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10 4 © -0 -0 ° . + 0.35
—e— Power o T / \
. ‘o
> 84| --o--Cp s J \ + 0.30
K 4 ’
= ° / A 1025
5 .
% 6 E N a
X . . 1 0.20 &
o 4 ; A o
E / . {o1s5
o .
2 ! R + 0.10
° .5,
[ O o e %o 1 005
-2 0.00
0 2 4 6 8 10 12 14 16 18 20

Normalized Wind Speed, m/s

Figure 1. Power curve summary




3. Test Turbine Configuration

Table 1. Test turbine configuration

Turbine make, model, serial number, production
year

Abundant Renewable Energy, ARE 442, Y08-001C, 2008

Rotor diameter (m) 7.2

Hub height (m) 30.9

Tower type Free standing lattice, Valmont U4.5 x 100’
Rated electrical power (kW) 10

Rated wind speed (m/s) 12

Rotor speed range (rpm) 0-140

Fixed or variable pitch Fixed

Number of blades 3

Blade-tip pitch angle (deg)

0°, blade root flat on alternator

Blade make, type, serial number

Aero Energy 089-028, 089-029, 089-030

Description of control system (device & software
version)

Side furling with gravity return; VCL442-HV Voltage Clamp
pulse-width modulated resistor-loading; Windy boy
6000US

NREL measured the distance of the blade tip to the center of the rotor as 3.7 m, which would
make the diameter 7.4 m. If the turbine has this measured rotor diameter of 7.4m instead of the
specified diameter of 7.2m, this would reduce the peak Cp from 0.42 to 0.40.

The power transducer was connected between the NREL grid and the subpanel (Figure 2) to
which the voltage clamp and the inverters are connected. It thus captures the combined
consumption/production of all three components.
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Figure 2. Electrical diagram of the ARE 442 installation



Figure 3. ARE 442 test turbine at the NWTC



4. Test Site Description

The test turbine is located at site 3.3a at the NWTC located 8 miles south of Boulder, Colorado.
The terrain primarily consists of mostly flat terrain with short vegetation. The test site has
prevailing wind bearing 292° relative to true north. For measurements where it is important to
accurately measure wind speed, NREL used data obtained when wind direction is between 214°
and 74° true. In this measurement sector, the influence of terrain and obstructions on the
anemometer is small. Figure 4 shows the turbine and meteorological tower locations. This
figure also shows nearby obstructions and topographical features of the site. A circle indicating
20 rotor diameters is drawn on the map. Sizes and distances of nearby obstructions are
provided in Table 2.

Figure 4. Map of the test site



Table 2. Structures close to test turbine

Obstacle or Relative Distance Bearing Equiv. Dia. Obstructed Sector
Turbine to: Start End
(m) (deg T) (m) (deg T) (deg )

Met A Test Turbine 18.3 290 0.8
Data Shed Test Turbine 62.8 250.6 4.3 0 0
Gaia Test Turbine 48.0 182.3 N/A 152 213
Met B Test Turbine 49.2 221.7 0.8 0 0
Mariah Test Turbine 92.0 205.6 N/A 0 0
Met C Test Turbine 93.3 211.2 0.7 0 0
Test Turbine Met Tower 18.3 110 N/A 73 147
Data Shed Met Tower 50.0 237 4.3 0 0
Gaia Met Tower 56.4 164 N/A 136 193
Met B Met Tower 45.7 200 0.8 0 0
Mariah Met Tower 92.0 194 N/A 0 0
Met C Met Tower 91.5 200 0.7 0 0

Based upon this analysis, NREL has established a measurement sector from 214° to 74°.
NREL completed a site assessment to determine if the site fails the requirements of Annex A of
the Standard and would therefore require a site calibration. Table 3 shows the results from the
site assessment. Based on the site assessment results, a site calibration is not required.

Table 3. Criteria for test site without site calibration

Description Distance | Sector Test Site Pass/Fail
(deg) Condition
Maximum slope of best fit plane < 3% <2L 360 2.3% Pass
Maximum variation from best fit plane < 0.08 D <2L 360 0.02 Pass
Maximum slope of best fit plane < 5% 2-4L In 2.7% Pass
Maximum variation from best fit plane < 0.15 D 2-4L In 0.02 Pass
Steepest slope maximum < 10% 2-4L Out 3.1% Pass
Maximum slope of best fit plane < 10% 4-8L In 2.7% Pass
Maximum variation from best fit plane < 0.15 D 4-8L In 0.02 Pass
No neighboring and operating turbines <2D, 360 0 Pass
No obstacles <2D, 360 0 Pass

D = test turbine rotor diameter
L = distance between test turbine and meteorological tower
D, = equivalent diameter of obstacle

In = inside preliminary measurement sector
Out = outside preliminary measurement sector

The ARE442 was connected to the electrical grid at a nominal voltage of 240 VAC at a
frequency of 60 Hz. The grid tolerances are 5% for voltage amplitude and 1% for frequency.




5. Description of Test Equipment
All test equipment was calibrated; calibration sheets are included in Appendix B. Table 4 shows
the equipment used and calibration due dates. Figure 5 shows placement of the meteorological
instruments on the tower. The anemometer was sent out for recalibration after the test period.
The difference between the two calibrations was within the tolerances allowed by the Standard.
The data acquisition modules were out of calibration during the test period. They were sent out
for post-test calibration and found to be within specification. The post-test calibration sheets are
included in Appendix B as well.

Table 4. Equipment used in the power performance test

Instrument Make, Model Serial Number Calibration Due Date
Power transducer Secondwind Phaser 5FM-4A20 02663 28 Apr 2009
Current transducers OSI1 12974 001235408 Calibrated with power
001235411 transducer

Primary anemometer Thies, First Class 0707886 28 Feb 2009
Reference anemometer | NRG, Max 40 179500049022 In situ
Wind vane Met One, 020C with aluminum G4706 28 Feb 2009

vane
Pressure sensor Vaisala, PTB101B T4730007 26 Aug 2009
Temperature sensor Met One, T-200 0789020 10 Oct 2009
Precipitation sensor Campbell Scientific, 237 None In situ
Data acquisition Compact DAQ w/LabView-based
system data acquisition

cDAQ-9172 12EAE14

NI 9229 12A2037 31 May 2008

NI 9217 12C73B4 3 Aug 2008

NI 9205 12ECB77 9 Oct 2008
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Figure 5. Meteorological tower and instruments

Figure 5 shows placement of the meteorological instruments on the tower. (Note that the
Primary Anemometer is within the allowable 2.5% of hub height. To ensure that only data
obtained during normal operation of the turbine are used in the analysis, and to ensure data are
not corrupted, data sets are excluded from the database under the following circumstances:

e external conditions other than wind speed are out of the normal range for turbine
operation,

e turbine cannot operate because of a turbine fault condition, and,

e turbine is manually shut down or in a test or maintenance operating mode.

Two methods were used to track when any of these conditions occur during the test. With the
first method, the logbook was checked for such events. For the second, the turbine controller
had a status signal which was measured that indicates when the turbine is available or braked.
A copy of the logbook is available upon request. No maintenance was performed during the test
period.



6. Description of Test Procedure

The test was conducted according to the procedures in the Standard. The sampling rate was
10 kHz, which was then decimated to 1 Hz data. The averaging time was 1 minute for the mean
values. Standard deviation, minimum, and maximum values for each averaging period were
also collected.

The turbine status signal for the ARE 442 was obtained by checking the release of the up-tower
brake relay. The status signal indicated if the turbine was braked or not.

Only database A is reported since the ARE 442 does not have a cut-out wind speed.

Table 5. Uncertainty values used in the analysis

Component Uncertainty Source

Power (Inverter)

voltage transducer NA

current sensor/signal 12W Specifications (specs)
power transducer * 0.12% Specs

data acquisition 17 W +0.08% Specs

resistor 0.01% Specs

Wind Speed

calibration 0.02 m/s Calibration sheet
operational characteristics 0.05 m/s +0.52% IEC

mounting effects 1.00% Assumption
terrain effects 2.00% IEC

data acquisition <0.01 m/s Assumption
Temperature

temperature sensor 0.15°C Specs

radiation shielding 1.15°C Assumption
mounting effects 0.11 °C IEC method
algorithm 0.00 °C Included in DAS
data acquisition 0.35°C Specs

Air Pressure

pressure sensor 0.20 kPa Instrument specs.
mounting effects < 0.01 kPa IEC method

data acquisition 0.06 kPa Specs

10



7. Test Results

7.1.Tabular Results of Power Performance Test
Table 6 through 9 provide the power performance test results in tabular format.

11



Table 6. Performance at sea-level air density; 1.225 kg/m®

Measured power curve (database A)

Reference air density: 1.225 kg/m’ Category A | Category B | Combined
Bin |[Normalized| Power C, Number of | Standard | Standard | Standard
Wind Speed| Output 1-Minute |Uncertainty | Uncertainty | Uncertainty

(m/s) (m/s) (kW) Data Sets (kW) (kW) (kW)
0.5 0.51 -0.03 -9.00 1000 0.00 0.16 0.16
1 1.00 -0.04 -1.61 1210 0.00 0.16 0.16
1.5 1.50 -0.04 -0.53 1339 0.00 0.16 0.16
2. 1.99 -0.05 -0.27 1423 0.00 0.16 0.16
25 2.50 -0.05 -0.13 1196 0.00 0.16 0.16
3 2.98 -0.01 -0.02 1061 0.00 0.16 0.16
3.5 3.49 0.08 0.08 861 0.01 0.16 0.16
4 4.00 0.30 0.19 713 0.01 0.17 0.17
4.5 4.49 0.59 0.26 647 0.01 0.18 0.18
5 5.00 0.91 0.29 579 0.02 0.18 0.18
5.5 5.51 1.35 0.32 604 0.02 0.20 0.20
6 6.00 1.86 0.35 586 0.02 0.23 0.23
6.5 6.50 2.42 0.35 624 0.02 0.24 0.24
7 7.00 3.04 0.35 647 0.02 0.27 0.27
7.5 7.49 3.70 0.35 599 0.02 0.29 0.29
8 8.00 4.41 0.35 535 0.02 0.32 0.32
8.5 8.49 5.19 0.34 544 0.02 0.36 0.36
9 9.00 6.02 0.33 478 0.02 0.39 0.39
9.5 9.50 6.81 0.32 416 0.03 0.39 0.39
10 10.00 7.70 0.31 404 0.03 0.45 0.45
10.5 10.49 8.47 0.29 384 0.04 0.42 0.42
11 10.99 9.17 0.28 362 0.04 0.40 0.40
11.5 11.50 9.69 0.26 340 0.05 0.32 0.33
12 12.01 10.10 0.23 289 0.05 0.29 0.29
12.5 12.49 10.05 0.21 245 0.06 0.17 0.19
13 12.97 9.91 0.18 243 0.06 0.20 0.21
13.5 13.50 9.42 0.15 186 0.06 0.33 0.34
14 14.00 9.00 0.13 162 0.05 0.33 0.33
14.5 14.48 8.58 0.11 138 0.04 0.34 0.34
15 15.00 8.28 0.10 124 0.06 0.26 0.27
15.5 15.54 7.86 0.08 74 0.11 0.33 0.35
16 15.99 7.85 0.08 78 0.06 0.17 0.18
16.5 16.49 7.59 0.07 47 0.05 0.26 0.27
17 16.95 7.33 0.06 33 0.14 0.28 0.31
17.5 17.51 7.48 0.06 27 0.14 0.20 0.25
18 18.01 7.57 0.05 24 0.08 0.18 0.20
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Table 7. Performance at site average density; 1.05 kg/m®

Measured power curve (database A)

Reference air density: 1.05 kg/m” Category A | Category B | Combined
Bin |[Normalized| Power Co Number of | Standard | Standard | Standard
Wind Speed| Output 1-Minute |Uncertainty | Uncertainty | Uncertainty

(m/s) (m/s) (kW) Data Sets (kW) (kW) (kW)
0.5 0.52 -0.03 -10.29 928 0.00 0.16 0.16
1 1.00 -0.04 -1.84 1129 0.00 0.16 0.16
1.5 1.50 -0.05 -0.63 1254 0.00 0.16 0.16
2 2.00 -0.05 -0.29 1376 0.00 0.16 0.16
25 2.50 -0.05 -0.16 1175 0.00 0.16 0.16
3 2.99 -0.03 -0.05 1079 0.00 0.16 0.16
3.5 3.49 0.04 0.05 862 0.00 0.16 0.16
4 3.99 0.19 0.14 714 0.01 0.17 0.17
4.5 4.50 0.46 0.24 646 0.01 0.17 0.17
5 5.00 0.73 0.27 574 0.01 0.18 0.18
55 5.50 1.1 0.31 549 0.02 0.19 0.19
6 6.00 1.53 0.33 585 0.02 0.21 0.21
6.5 6.50 2.04 0.35 546 0.02 0.23 0.23
7 7.00 2.59 0.35 605 0.02 0.25 0.25
7.5 7.49 3.19 0.35 618 0.02 0.27 0.27
8 7.99 3.84 0.35 550 0.02 0.30 0.30
8.5 8.50 4.51 0.34 503 0.02 0.32 0.32
9 8.98 5.25 0.34 514 0.02 0.36 0.37
9.5 9.50 6.06 0.33 459 0.02 0.39 0.39
10 10.00 6.82 0.32 398 0.03 0.39 0.39
10.5 10.51 7.67 0.31 388 0.03 0.45 0.45
11 11.00 8.41 0.30 361 0.04 0.42 0.42
11.5 11.49 9.04 0.28 344 0.04 0.39 0.39
12 12.00 9.62 0.26 327 0.05 0.36 0.37
12.5 12.50 10.02 0.24 283 0.06 0.29 0.30
13 12.98 10.06 0.22 250 0.06 0.17 0.19
13.5 13.49 10.03 0.19 243 0.06 0.17 0.19
14 13.99 9.61 0.16 186 0.06 0.32 0.33
14.5 14.50 9.16 0.14 166 0.05 0.34 0.34
15 14.99 8.83 0.12 143 0.05 0.29 0.29
15.5 15.48 8.44 0.11 126 0.05 0.33 0.33
16 15.98 8.14 0.09 89 0.07 0.28 0.29
16.5 16.52 7.80 0.08 80 0.10 0.30 0.32
17 16.98 7.77 0.07 64 0.07 0.17 0.18
17.5 17.48 7.56 0.07 43 0.05 0.24 0.24
18 17.94 7.24 0.06 27 0.20 0.33 0.39
18.5 18.48 7.60 0.06 26 0.10 0.33 0.34
19 18.98 7.53 0.05 22 0.08 0.18 0.20
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Table 8. Annual energy production (AEP) at sea-level density; 1.225 kg/m®

Estimated annual energy production, database A (all valid data)

Reference air density: 1.225 kg/m*3
Cut-out wind speed: 25.00 m/s
Hub height Complete if AEP
annual average| AEP-measured Standard Uncertainty in AEP- AEP- measured is at least
wind speed measured extrapolated 95% of AEP
(Rayleigh) extrapolated
m/s kWh kWh % kWh
4 7,884 1,717 22% 7,884 Complete
5 15,327 1,948 13% 15,329 Complete
6 23,516 2,144 9% 23,572 Complete
7 30,967 2,271 7% 31,330 Complete
8 36,718 2,325 6% 37,924 Complete
9 40,459 2,314 6% 43,158 Incomplete
10 42,350 2,254 5% 47,049 Incomplete
11 42,770 2,160 5% 49,696 Incomplete

AEP measured assumes zero power between highest bin and cutout
AEP extrapolated assumes power in last bin between last bin and cutout

Table 9. Annual energy production at site average density; 1.05 kg/m®

Estimated annual energy production, database A (all valid data)

Reference air density: 1.050 kg/m*3
Cut-out wind speed: 25.0 m/s
Hub height Complete if AEP
annual average| AEP-measured Standard Uncertainty in AEP- AEP- measured is at least
wind speed measured extrapolated 95% of AEP
(Rayleigh) extrapolated
m/s kWh kWh % kWh
4 6,608 1,670 25% 6,608 Complete
5 13,321 1,887 14% 13,322 Complete
6 21,066 2,086 10% 21,091 Complete
7 28,513 2,230 8% 28,714 Complete
8 34,658 2,310 7% 35,419 Complete
9 39,036 2,329 6% 40,886 Complete
10 41,641 2,297 6% 45,046 Incomplete
11 42,734 2,228 5% 47,953 Incomplete

AEP measured assumes zero power between highest bin and cutout
AEP extrapolated assumes power in last bin between last bin and cutout
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7.2.Graphical Results
Figure 6 through 9 show the results of the power performance test in graphical format. The
12-kW ceiling of the power maxima in Figure 8 is caused by the maximum output capability
of the inverters. Figure 10 through 12 show plots of turbulence intensity and rotor speed.
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Figure 6. Power curve at sea-level density; 1.225 kg/m®
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Figure 7. Power curve at site average density; 1.05 kg/m®
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Figure 8. Scatter plot of mean, standard deviation, minimum, and maximum power data.
1 Hz samples with 1 minute averaging.
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Figure 9. Coefficient of performance at sea level density; 1.225 kg/m®
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Turbulence Intensity
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Figure 10. Wind turbulence intensity as a function of wind speed
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Figure 11. Wind speed and turbulence intensity as a function of wind direction
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Wind speed [m/s] | 05 1.0 15 2.0 25| 3.0 35/ 4.0 45| 50| 55 6.0 65 7.0 75| 80 85| 9.0 9.5] 10.0
Rotor speed  |[rpm] 0 0 1 5 10 17 31 48 71 81 89 97| 101} 105] 108| 111} 114] 117 120] 123
Wind speed [m/s] | 10.5{ 11.0] 11.5] 12.0] 12.5] 13.0f 13.5| 14.0] 14.5| 15.0] 15.5| 16.0| 16.5| 17.0] 17.5| 18.0] 18.5| 19.0] 19.5] 20.1
Rotor speed |[rpm] | 127 130| 134] 137| 140| 142| 144| 145| 145| 145| 145| 146| 147| 147| 148| 148| 150| 154| 152| 153
180
160 Boget
S Y
140 o pad
4 }..‘»; o .
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2100 o
'§ - Rotor Speed
o . @ Binned value
§ 80
o
= %
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2
0
0 5 10 15 20 25
Wind speed [m/s]

Figure 12. Rotor speed as a function of wind speed (1-minute averages) and binned

values
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8. Deviations and Exceptions

8.1. Deviations from the Standard
The current transformers are not listed as compliant to IEC 60044-1, but do exceed the
minimum accuracy required by the Standard.

8.2. Exceptions to NWTC-CT Quality Assurance System
During the test period, the data acquisition system was out of calibration. A post test calibration
has been performed which showed that the system was within specification without adjustment.
Thus, it can be assumed the system was within specification during the test period and no
additional uncertainty needs to be applied.
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Appendix A. Pictures of the Test Site
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Figure A.2. Southwest
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Figure A.3. South-south-west

Figure A.4. South southeast

25



Figure A.5. East

Figure A.6. Northeast
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Figure A.7. North northeast

Figure A.8. North

27



Figure A.9. Northwest
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Appendix B. Equipment Calibration Sheets
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Branch #: 5000

NREL METROLOGY LABORATORY

Test Raport

Tast Instrumant: Fhaser FPower Transducer & Z-Cls DOE #: 0282dcC
Maodel # i Phaser-5-F-5A S/ @ 02663
Calibration Date; 0172872008 Due Datar 0L/28/2010

As Set-Up for Total Real Power Calibratiomn:

A.l. Voltage I appliad to phases A&B = 120 V @ 60 Hs.

A.2. Current s applied to n = 5=-TURNS through two current transformers
that are connected to phases A&E.

A.3. Analog Cutput-1 ix measursad across precision resistor = 250 (1.
A.4. Phaser Full Scale sebtting = -7.2KW to T7.3KW.

Input Current Input Power Analog Output-1

(AAC) (KW) (VvDC)

28 &.72 _ d4.7590
| a1 5.04 4.341
14 3.36 3.882

7 1.68 ’ 3.444

a o 2,995

-7 -1,68 2.547

~-14 -3.36 2.09%9

-21 -5.04 1,651

=28 -6.72 1.203

B. Sat-Up for Powar Factor Calibration:
B.1. Voltage & Current are applied as A.1 & A.2.
B.d. Analog Qubput-2 is measured across precision resistor = 250 ().

P;:-;;?}r Powesr Pacter Anal ﬂ?& Eput-ﬂ
6.72 1.0 | d.988

" 0.8 - d4.179

n 0.8 3.377

n 0.4 2,577

" 0.2 : 1.778

Page 1 of 2

Figure B.1. Power transducer calibration sheet
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DEUTSCHER KALIBRIERDIENST DKD

K.alibrierlaboratorium flr Strdmungsgeschwindigkeit von Luft
Calibration laboratory for velocily of air flow

Akkraditiert durch die / accredited by the
Akkreditierungsstelle des DKD bei der
PHYSIKALISCH-TECHNISCHEN BUNDESAMNSTALT (PTB)

Deutsche WindGuard Frer
Wlin-:'.i:{f-iuard Wind Tunnel Services GmbH =
Whad Ture o 5T Ll Varel DKD-K- 38801
DKD-K-
Kalibrierschein Kaiibrierzeichen | 36801
Calibration Certificalte Calibration fabel 07 2417

Gegenstand Cup Anemometer Dieser  Kallbrerschein  dokumentied  die
Oyt Rickfihrung  aul  netionale  Normals  zur
Darstellung der Einhailen in Oberainstimmung

. . mit dem Inlernalionzlen Einheitensystern (31).
mﬁ!}ﬂr Bl-liliqj'?lgil’:gaﬁttin it [Jer DKD st Unterzeichner dar mulli- laleralen
g Dbersnkommen der European co-cparation for
Accredital'on  (FA) wnd  der  Intermalional

Typ 4.3350.00.000 Laboralory Accreditalion Gooperation (ILAG)
T ur gagenaeiligen Anerkennung der
. . Kalibriorscheine,
%’Eﬁ?"ﬂ"'m Body: 07073286 For die Einhaltung einer engemessenen Frist
Cup: 0707886 zur Wiederholung der KaBbrierung sl der
Benulzer verantworilich.
ﬁ“,,ﬁ,,".%?“” Thias Clima This eolbralion eovfifcale  documants  (he
D-37083 Gottingen traceabilily fo nafianal sfandands, which realize
the umilz of messwreman! sccoriing (o the
f Intamational Syster of Linds {S1).
Auftragsaummer . The DKD is signalory to the muititalers!
I.'g' V707285 agresments of e Europesn co-operation for
' I Accroditation (EA) and af the Infamational
Anzahi der Seiten des Kelibrierscheines 3 Labowatory Accraditation Cooperaion {ILAC)
L for the mutual recognition of calbration
cerliicales,
Datum der Kalibrierung 54 o7 2007 The user is obliged to have the object

recalibrated at approprste intersals,

Diaser Kalibrisrschein darf nur vollstéindig und unverinden weltenverbrediet werden. Ausziige oder Anderungan bedirfen
der Ganehmigung sowchl der Akkredilierungsstelle des DKD als auch des aussiellenden Kalbserlaboratoriums.
Kallbrigrscheine ohne Unterschrift und Stempel haben keine Goltigkeit,

Tiiz calibralion cedificate may nod be reproduced offer than in full excopt with the permission of both the Accreditaticn
Endy of the DKD and the Issuing laborafory. Cafbration ceviificates withow! signature and seal are rol valid,

Sta RulSoA N, - Datum Leiter des Kalibioraboratariuns Baarbeiter
Sesl /¢ Yy Date W the cokbratisn laboratary i ch
DKD-K-
= s o] 24072007 ﬁ. W . Q/ﬁ ﬂ E
5, 20 & 9, g o

" Dipl. FIF'H"- D. Westerrnann h, Ass, Inf. H. Weslermann
ﬁ.ﬂ' ot )

Deulsche WindGuard Wind Tunnel Services GmbH
Qldenburger Str. 66
26316 Varal ; Tel. ++49 [0}4451 9515 0

Figure B.2. Primary anemometer calibration sheet |
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DEUTSCHER KALIBRIERDIENST DKD

Kalibrigrlaboratorium fir Stromungsgeschwindigkeil von Luflt
Cahibration laborafory for velocify of air flow

Akkreditiert durch die / accredited by the

Akkreditierungsstelle des Deutschen Kalibrierdienstes

DEWI GmbH P—
Deutsches Windenergie-Institut T
DEWI [ e~ =1
DKD-K-28801
1295_09
DED-K-
28901
l{allihrlgrschalin Kalibrierzeichen

Calibration cerlificate Calibration labe 16.06.00

Gegenstand Cu Dieser Kalibrierschein  dekumentiert  die

Cibject P Anemometer RUckfihrung auf nafionale Momale zur
Darstellung  der  Einheiten  in  Ober-

Herslaller Thies Clima cinsfimmung  mit  dem  Infermalionalen

: Einhaitansystam {Sl).

Manudachuror D-37083 Gettingen Der DKD ist Unlerzeichner der mulli-
lateraien Ubereinkommen der European co-
operation for Accredilation (EA) und der

Typ 4.3260.00.000 Intarnational  Laboralory  Accreditation

Thpa Cooperation  (ILAC) zur gegenselligen

} . Anerkennung der Kallbrierschaine.
Fabrikat/Serien-hr. body: 0707885 FOr die Einhallung einer angemessenen
Serial mumiar Cup: - Frist zur Wiederholung der Kalibrerung ist

" dar Banutzer verantwaortlich.

Auftraggeber Thies Climea ;

Cusiomer D-a?DBEGaaltingen, This caifbralion cﬂf‘l‘ﬂml‘o dociiments the
fraceabilly fo nalional standards, which

Aufiragsnummer ABDODIRIT realize the units of measuremend according

Crctiar Wi, fo the infemational System of Units (S1).

The DKD iz signatory fo the muliatersl

Anzahl der Seilen des Kalbrierscheines 343 agreaments of e Ewopean co-operation

Numh pages for  Accrediation  (EA) and of e

Bl o the certiicale Intemalional  Labomatory  Acercoflation
Datum der Kalbrierung 16.06.08 Coopersfion  {ILAC)  for the  mutval

Daite of calbration

recognilion of calbration cerificales.
The wser is obliged fo have tho objoct
recalibraled al appropriate inforvals.

Diesar Kalibrisrschein darf nur vollstindig und unverindert weitarverbreitel werden. Auszlige oder Anderungen bediren
der Genehmigung sowohl der Akbreditiensnpsstele des DED als auch des ausstellenden Halibiedabosalanums,
Kalibrierscheine ohne Unterschaill und Stampel haben keine Glltgredt,
This caltvalion cotificele may nol be reproduced other than in kil except with tha pemmission of bofh the Accreaifation
EBody of the DKD and ihe isswing laboratory. Calbrafion certifcates without slignalure and seal are not valil,

Dalum

16.05.08

Stallv. Letter des Kalbrisrlaboratoriums Bearbailar

Dropurly head of e callbradion labardory

( Togm &

Dipl.-ing. (FH) P Buscha

Pavgan in charge

ki

DEWI GmbH DEUTSCHES WINDENERGIE - INSTITUT

Eberlalr. 86, D-263582 Wikhelmshaven

Tal. +43 (Dp4421 4808-0, Fax, +49 (()4421 4808-43

oan

Figure B.3. Primary anemometer calibration sheet Il
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Wind Vane Calibration Report

Cadibration Laborabory: Customer:
Hational Wind Technology Cenber - Cert. Team Mational Wind Technology Center - Certificalion Team
Halional Renewable Enargy Labaratory Matianal Ranawable Enargy Labaratory
1617 Cola Boulevand 1617 Cole Boulevard
Gelden, Colorado B0401 Gaolden, Colorado 80401
Calibration Location: Calbration Date; 13-8ep-07
Hational Wind Technology Cenber
Rzom 101, Building 256
Report Mumber:  GAT06-070913 Procedure:
HWTC-CT: GEZ4-DO0E 13, Wind Vane Calibratlion
Paga: 1 of 1
Deviations from procadura: Calibratad an 5V range
Ttem Colibrabsd: Calibeated in Volts (not m\)
Manutachrer Mat Ore Insiruments, Inc
Mode 0200 Resulis:
Serial Number G4 ToE Slope: 7247 deghV
Wang hMalarial Alurminum Qifset 1o boam: 3481 deg
Condion Rafuraished Max aror: 099 deg
Estimated Uncertainty: Tracaahiity: Mig & Meadal Sarinl Cal
Inclinomeder Tolal Mumber Dale
Un:nﬂ.:inlj Unicatainty Inclincematar; Spi-Tronlc 310383 o MarT
(deg) (deg) Voltmedes: FlulaT438 GIG5608  10-May-07
0.10 05T
Calibration by W /J/E- 13:5ep07
Mark Moadors ﬁi‘ Date
380 T - 18
L]
— 300 fa— . - — {1
iy .
= & | E
o 240 4 — 1 x A 1eE g
=] * . . =
| 0
'E 180 . — - 1 — &0 |
= & =
o . N . =
= [l
- 120 L - - 'y B o5 E
& I °
> 60 = ‘ . "
| |-
0 . f . i
1] 1 2 3 4 )

Vane Qutput Voltage (V)

Figure B.4. Wind vane calibration report
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Branch #: 5000

sgheet: 1 of: 1
NREL METROLOGY LABORATORY

Tast Report

Test Instrument: RTD-Frobe

DOE #: Q3T22C
Model # r TENOINOON 8/N ¢ 0783020
Calibratian Dats: 10/10/2008 Dua Datsa: 10/10/2009
Measured Values { )Mfr. Specs.
Ne Funetion Nominal () OR
Tasted VYalue (X)Data only
{*c) AS AS
Found Laft
- Temperature: @ 39.96 Same
25 109.588 -
Ea 115,32 .
Notes:

- calibration was performed using instruments that are traceable to
NIST. DOE#s 124272, 108603, and 108604.

- Calibration was performed at temperature = 23 °C and relative
humidity = 38.

- Uncertainty of Nominal Values =  0.03 *C, k = 2.

Tested By: Reda

Date r 18/10/2008

Figure B.5. RTD-Probe calibration sheet
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Branch #: 5000 sheet: 1 of: 1

NREL METROLOGY LABORATORY

Test Report

Tast Instrument: Pressure Transmitter DOE #: 02735C
Model # ¢ PTB101B 5/ : T4730007
Calibration Date: 08/26/2008 Due Date: 08/26/2008
Meaguread Output Voltage { JMfr. Spacs.
Na Function Nominal (VDC) OR
Tested valua {X)pata enly
(kPa) As Found As Left (mb)
. Absolute Pressure
&5 0.287 Hame
70 0.580 "
75 0.832 u
80 1.1058 L
85 1.377 "
20 1.648 n
85 1.5921 -
100 2,154 -
108 2,487 -
Notea:
1. Uncertainty of the nominal value iz % 0.2 kPa, k = 2.
2. Calibhration was performed at 23°C and 37% RH.
3. Calibration was performed using standards that are traceable to NIST. DOE
numbers s 02£.='5E,- ﬂﬂ?i?ﬂ, and 023601C.

Calibrated By: Reda QA By: Bev
Date: 08/26/2008 Date: O8/26/2008

Figure B.6. Pressure transmitter calibration sheet
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MNATIONAL Certificate of
INSTRUMENTS Calibration

Beard Information:

Serial Mumber: 12C7384

NI Part Mumber: 192347D-01
Deseription: M1 9217

Certificate Information:
Certificate Number: 786529
Date Printed: 05-JAN-09

Calibration Date: 03-A1UG-07
Recommended Calibration Due Date; 03-A0UG-08*

Ambient Temperature; 23 °C
Relative Humidity: 46 %

National Instricments certifies that al the time of manfocture, the ahove product was calibrated
in accordance with dppf:' cable National Instruments pnn:'edl.r.rﬂ.t. These pra:red‘nre.'r are in
compliance with relevant clawses of IS0 9001 and are designed to assure thai the product listed
ahove meels ar exceeds Natfonal Instruments specifications,

National Instruments further certifies that the measurements standards and instruments used
during the calibration of this product are traceable to National and’or International Standards

admifnistered by NIST or Ewramel members or are derived from accepted valves of natural
physical constarnis.

The enviranmen! in which this product was calibrated is mainfained within the operating
specifications af the insirument and the siandards.

The information shown on this certificate applies only to the fnstrument identified abave and the

ceriificate may noi be reproduced, excepi in full, withowi prior written consent by Nailional
Instrumenis,

For questions ar comments, please contact National Insivuments Technical Support.

NI Hungary Saftware é5 Signed,

Hardware Gydrtd Eft.

4031 Debrecen, Hatdr i &QW
1.

HUNGARY Andrew Krupp

Quality Director

* Recommended calibration doe date is based on a combination of calibration interval and, when
applicable, calibration shelf life. This date may vary depending on your application requirements.

Figure B.7. NI 9217 data acquisition module calibration sheet |
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meﬁlﬂﬁ Certificate of

Calibration

Board Information:

Serial Number: 1242037

NI Part Mumber: 192580D-02
Description: NI 9229

Certificate Information:
Certificate Mumber; 733748
Date Printed: 05-JAN-09

Calibration Date: 31-MAY-07
Recommended Calibration Due Date: 31-MAY-08*

Ambient Temperature; 22 *C
Relative Humidity: 50 %

National Instruments certifies that ai the time of mamfacture, the above product was calibrated
in accordance with applicable National Instrumenis procedures. These procedures are in
compliance with relevant clouses of IS W0 and are designed io assure that the produet listed
above meets or exceeds National Instruments specifications.

Narional Instraments further certifies that the measurements standards and instruments used
during the calibration of this product are traceable to National endor Tnlernational Standards

administered by NIST or Evromet members or ave devived from accepted values of natural
Phvsical consfeants.

The environment in which this prodict was calibrated is mainiained within the operating
specifications of the instrument and the standards.

The information shown on this ceviificate applies only to the instrument identified above and the
certificate may ot be reproduced, except in full, withow! prior written consent by National
Instruments.

For guestions or commenls, please contact National Instrumenis Technical Suppord.

NI Hungary Software és Signed,

Hardware Cryarta Kt

4031 Debrecen, Hatar i OQHO

14,

HUNGARY Andrew Krupp
Ouality Director

* Recommended calibration due date is based on a combination of calibration interval and, when
applicable, calibration shelf' life. This date may vary depending on your application requirements,

Figure B.8. NI 9229 data acquisition module calibration sheet |

37



MNATIONAL Certificate aof
wmmrs Calibration

Bn@r-d Inl'nrmauogt Certifieate Information:
Serial Number: 12ECB77 Certificate Mumber:; 837236
NI Part Mumber: 193299F-01 Date Printed: 03-JAN-09

Description: NI-9205

Calibration Date; 09-0CT-07
Recommended Calibration Due Date: 09-0CT-08*

Ambient Temperature: 23 “C
Relative Humidity: 37 %

National Instruments certifies that al the time of manfacture, the above product was calibrated
in accordance with applicable National Instrumenis procedures. These procedures are in
compliance with relevani clauses of ISO 9001 and are designed to assure that the product listed
above meets or exceeds Natfonal Instrumenis specifications,

National Instruments further certifies that the measurements standards and fnstruments used
during the calibration of this product are traceable to National end'or International Standards
administered by NIST or Euromet members or are derived from accepted values of natural
physical constants.

The environment in which this product was calibrated is maintained within the operating
specifications of the instrunent and the siamdards.

The information shovwn on this certificare applies only to the instrument identified above and the
certificate may not be reproduced, except in foll, without prior wrilfen cansemi by National
Tnsiruisments,

For gquestions or comnrents, please contact National Instruments Teclmical Suppori.

NI Hungary Software és Signed,

Hardware Gyartad Kft,

4031 Debrecen, Hatéir ii OQ¥—e
174,

HUNGARY Andrew Krupp

Quality Director

* Recommended calibration due date is based on a combination of calibration interval and, when
applicable, calibration shelf life. This date may vary depending on your application requirements.

Figure B.9. NI 9205 data acquisition module calibration sheet |
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Certificate of Calibration
3214191

Certificate Page 1 of 1

Davis|Calibration

CALIBRATION

Instrument Identification
Company ID: 229037 PO Number: 337683
NATIOMAL INSTRUMENTS

11500 N. MOPAC EXPWY
ATTN. RMA DEPT.
AUSTIN, TX 78759

Instrument ID: 12A2037 Model Number: NI 9229
Manufacturer: NATIONAL INSTRUMENTS Serial Number: 1242037
Description: 4-CHANNEL, +60 V, 24-BIT SIMULTANEOUS ANALOG INPUT

Accuracy: Mfr Specifications

Certificate Information

Reason For Service: CALIBRATION Technician: WAYNE GETCHELL
Type of Cal: ACCREDITED 17025 Cal Date 06May2009
As Found Condition: IN TOLERANCE Cal Due Date: 06May2010
As Left Condition: LEFT AS FOUMND Interval: 12 MONTHS
Procedure: NATIONAL INSTRUMENTS CAL EXECUTIVE REV 3.3.1 Temperature: 23.0 C

Humidity: 44.0 %
Remarks: Reference attached Data.

The instrument on this certification has been calibrated against standards rraceable to the Natienal Institute of Standards and Technology (NIST) or other recogmized
national metrology institutes, derived from ratio gpe ., OF C d to nati:  oF i ionally recogmized consensus standards.

A test uncertainty ratio (T.UR.} af 4:1 [E=2, approx. 93% Confidence Level] was maintained unless otherwize stated.
Davizs Calibration Laboratory is certified 1o IS0 0001 :2000 by Eagle Registrations {certificate # 3044). Lab Operations meet the requirements af
ANSINCSL Z540-1-1994, IS0 10012:2003, 10CFRI0 AppxB, and 10CFR2I.

ISQIEC 17025-2005 accredited calibrations are per ACLASS certificars # AC-1187 within the scope for which the lab is accredited.
Al results comtained within this certification relate only to item(z) calibrated. Amy number of factors may cause the calibration item to drift out of calibration bgfore the
instrument’s calibration interval has expived.

This certificate shall not be reproduced except in full, without written consent of Daviz Calibration Laboratery.

Approved By: VICTOR PENA
Service Representative

Calibration Standards

NIST Traceable# Inst. 10# Description Model Cal Date Date Due
3143038 15-0271 MULTIFUNCTION CALIBRATOR 5700A 15Apr2009 14Jul2009

Davis Calibration » 2324 Ridgepoint Drive, Suite D « Austin, TX 78754 « Phone: 800-365-0147 » Fax: 512-926-8450

Figure B.10. NI 9229 data acquisition module calibration sheet I|
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Certificate of Calibration

Da"ls call bratlon ACCREDITED 3214178

CALIBRATION

Certificate Page 1 of 1

Instrument Identification

Company ID: 229037 PO Number: 337683
NATIONAL INSTRUMENTS

11500 N. MOPAC EXPWY
ATTN. RMA DEPT.
AUSTIN, TX 78759

Instrument ID: 12C73B4 Model Number: NI 9217
Manufacturer: NATIONAL INSTRUMENTS Senal Number: 12C73B4
Description: 4-CH 100 OHM 24-BIT RTD ANALOG INPUT

Accuracy: Mfr. Specifications

Certificate Information

Reason For Service: CALIBRATION Technician: WAYNE GETCHELL
Type of Cal: ACCREDITED 17025 Cal Date 06May2009
As Found Condition: IN TOLERANGE Cal Due Date: 06May2010
As Left Condition: LEFT AS FOUND Interval: 12 MONTHS
Procedure: CAL EXEC 3.3.1 CALEXEC 3.31 Temperature: 23.0 C

Humidity: 46.0 %
Remarks: Reference aftached data.

The instrument on thiz certification has been calibrated againzt standavd:s traceable to the National Inztitute of Standard: and Technology (NIST) or other recogmized
national metrology institutes, derived from ratio npe measurements, or comparsd to nationally or internationally recognized conzensus standards.

A test uncertainty ratio (T.UR} af 4:1 [F=2, approx. 935% Confidence Level] was maintained unless otherwize stated.
Daviz Calibration Laboratory is certified re IS0 0001 :2000 by Eagls Registrations {certificate # 3046). Lab Operations meet the requiremenis af
ANSINCSL Z540-1-1994, ISO 10012:2003, 10CFR50 AppxB, and 10CFR2L

ISQIEC 17025-2005 accredited calibrations are per ACLASS certificate # AC-1187 within the scope for which the lab is accredited.
Al results comtained within this certification relate only to item(z) calibrated. Any number of factors may cause the calibration item to drift our of calibration begfore the
instrument’s calibration interval has expired.

Thiz certificate shall not be reproduced except in full, without vritten consent af Danvis Calibration Laborarery.

Approved By: VICTOR PENA
Service Representative

Calibration Standards

MNIST Traceable# Inst. 10# Description Model Cal Date Date Due
3078982 15-0011 DECADE RESISTOR DB52 24Mar2009 24Mar2010
3004176 15-0060 DIGITAL MULTIMETER (GOLDEN CAL) 3458A OPT 002 17Feb2009 17May2009

Davis Calibration » 2324 Ridgepoint Drive, Suite D » Austin, TX 78754 » Phone: 800-365-0147 » Fax: 512-926-8450

Figure B.11. NI 9217 data acquisition module calibration sheet I|
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Certificate of Calibration
3214150

Certificate Page 1 of 1

Davis|Calibration

CALIBRATION

Instrument Identification
Company ID: 229037 PO Number: 337683
NATIONAL INSTRUMENTS

11500 N. MOPAC EXPWY
ATTN. RMA DEPT.
AUSTIN, TX 78759

Instrument ID: 12ECB77 Model Number: NI 9205
Manufacturer: NATIONAL INSTRUMENTS Serial Number: 12ECB77
Description: 32-CH +200 MV TO £10 V, 16-BIT, 250 KS/S ANALOG INPUT MODULE

Accuracy: Mfr Specifications

Certificate Information

Reason For Service: CALIBRATION Technician: WAYNE GETCHELL
Type of Cal: ACCREDITED 17025 Cal Date 06May2009
As Found Condition: [N TOLERANCE Cal Due Date: 06May2010
As Left Condition: LEFT AS FOUND Interval: 12~ MONTHS
Procedure: NATIONAL INSTRUMENTS CAL EXECUTIVE REV 3.3.1 Temperature: 230 C

Humidity: 47.0 %
Remarks: Reference attached Data.

The instrument on thiz certification has been calibrated against standards macsable to the National Institute qf Standards and Technolagy (NIST) or other recognized
national metrology institutes, derived from ratio fpe measuremsnts, or compared to nationally or internationally recognized conzensus stamdards.

A test umcertainty ratio (T.UR} af 4-1 [K=2, approx. 83% Confidence Level] was maintained unless otherwize stated.
Daviz Calibration Labovatory iz certified to ISO 0001:2000 by Eagle Regiztrations (certificate £ 30406). Lab Operation: meet the regquirements of
ANSINCSL Z540-1-1094, I50 10012:2003, 10CFRI0 AppxB, and 10CFRIL.

ISQAIEC 17023-2003 accredited calibrations are per ACLASS certificats # AC-1187 within the rcope for which the lab is accredited.
All results contained within this certification relate only to item(z) calibrated. Ay mumber of factors may cause the calibration item ro drift our af calibrarion before the
instrument s calibration interval has expired.

This certificate shall nor be reproduced except in full, without written consent af Davis Calibration Laboratory.

Approved By: VICTOR PENA
Service Representative

Calibration Standards

NIST Traceable# Inst. 10:# Description Model Cal Date Date Due
3143038 15-0271 MULTIFUNCTION CALIBRATOR 5700A 15Apr2008 14Jul2009

Davis Calibration » 2324 Ridgepoint Drive, Suite D » Austin, TX 78754 « Phone: 800-365-0147 » Fax: 512-926-8450

Figure B.12. NI 9205 data acquisition module calibration sheet I
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The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources,
gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this
collection of information, including suggestions for reducing the burden, to Department of Defense, Executive Services and Communications Directorate (0704-0188). Respondents
should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a
currently valid OMB control number.
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