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Notice

This report was prepared by the National Renewable Energy Laboratory (NREL), operated for
the United States Department of Energy (DOE) by the Alliance for Sustainable Energy, LLC
(Alliance), as an account of work sponsored by 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.

THIS REPORT IS PROVIDED "AS IS" AND NEITHER THE GOVERNMENT, ALLIANCE, NREL
NOR ANY OF THEIR EMPLOYEES, MAKES ANY WARRANTY, EXPRESS OR IMPLIED,
INCLUDING THE WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE, OR ASSUMES ANY LEGAL LIABILITY OR RESPONSIBILITY FOR THE
ACCURACY, COMPLETENESS, OR USEFULNESS OF ANY SUCH INFORMATION DISCLOSED
IN THE REPORT, OR OF ANY APPARATUS, PRODUCT, OR PROCESS DISCLOSED, OR
REPRESENTS THAT ITS USE WOULD NOT INFRINGE PRIVATELY OWNED RIGHTS.

Neither Alliance 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 or Alliance.

NREL is a DOE Laboratory, and as an adjunct of the United States government, cannot certify
wind turbines. The information in this report is limited to NREL’s knowledge and understanding
as of this date.

NREL is accredited by the American Association for Laboratory Accreditation (A2LA) and the
results shown in this test report have been determined in accordance with the NREL’s terms of
accreditation unless stated otherwise in the report.

This report shall not be reproduced, except in full, without the written approval of Alliance or
successor operator of NREL.
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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
Mariah Windspire 1-kW wind turbine. In this test, the Windspire 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 Windspire 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.

During this test, two configurations were tested on the same turbine. In the first configuration,
the turbine inverter was optimized for power production. Data collection was not completed with
the last required wind speed bin (14 m/s) not filled. In the second configuration, the turbine
inverter was set for normal power production. Again, data collection was not completed with the
last wind speed bin (14 m/s) not filled. In both configurations, the inverter experienced failures
and the tests were not finished.

In Figure 1, the first summary result, the normal configuration results are shown. Power is
normalized to sea-level air density. Additional results are given in Section 7.1. This test was
begun on October 7, 2008, and was ended on November 19, 2009. 291.57 hours of valid data
were collected during that time. The highest wind speed bin filled was the 13.5 m/s bin. The
amount of test data is not sufficient to meet the requirements of the Standard, Annex H.

In Figure 2, the second summary result, the optimized power configuration results are shown.
Power is normalized to sea-level air density. Additional results are given in Section 7.2.

This test was begun on June 12, 2008, and was ended on September 13, 2009. 1023.5 hours
of valid data were collected during that time. The highest wind speed bin filled was the 13.5 m/s
bin. The amount of test data is not sufficient to meet the requirements of the Standard, Annex H.
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Report Created:

Turbine Specifications:

Site Conditions:

Test Statistics:

Normalized Power, kW

Bin Wind Bin Number
Mariah Power Windspire Speed Power Data Cp
(m/s) (kW) Points
Sea-Level Density Power Curve 0.54 -0.01 477 -10.70
1.03 -0.01 905 -1.56
January 23, 2009 1.52 -0.01 1,595 -0.48
2.01 -0.01 2,228 -0.21
2.50 -0.01 2,343 -0.11
2.99 -0.01 2,084 -0.06
Serial Number: 800021 3.48 0.00 1,335 -0.02
Rated Power: 1 kW 3.98 0.01 910 0.02
Cut-in Wind Speed: 4.00 m/s 4.50 0.03 670 0.07
Cut-out Wind Speed: N/A 4.99 0.05 599 0.10
Rated Wind Speed: 1 m/s 5.49 0.09 567 0.11
Rotor Diameter: 3.076 m 6.00 0.13 573 0.13
6.50 0.18 510 0.14
Control Type: Stall 7.01 0.25 472 0.16
Pitch Setting: Fixed 7.49 0.32 409 0.17
7.98 0.41 351 0.18
8.50 0.52 291 0.19
8.99 0.64 307 0.19
9.49 0.76 253 0.20
Location NWTC, Boulder, CO 9.98 0.88 189 0.19
Average Air Density: 1.00 kg/m® 10.48 0.96 132 0.18
Measurement Sectors: 132-323 degrees true 10.99 1.02 114 0.17
11.48 1.06 65 0.15
11.99 1.09 42 0.14
12.49 0.99 38 0.11
13.02 0.96 21 0.10
Start Date: October 7, 2008 13.47 0.99 14 0.09
End Date: November 19, 2008
Amount of Data Collected: 291.57 hours
Highest Bin Filled: 13.50 m/s
Test Completed? No
Sea-Level Air Density Normalized Power Curve
Mariah Power Windspire
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Figure 1. Power curve summary for the normal configuration
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Power Performance Test Bin Wind Bin Number
Mariah Power Windspire Speed Power Data Cp
Optimized inverter (m/s) (kW) Points
Sea-Level Density Power Curve 0558 -0.01 1,548 -10.60
1.02 -0.01 3520 -168
Report Created: January 26, 2009 1562 -0.01 6,102 -0.51
2.0 -0.01 9,108 -0.22
Turbine Specifications: 2.50 -0.01 9,700 011
299 -0.01 8,497 -0.08
Serial Number: 800021 348 -0.01 6251 -0.03
Rated Power: 1 kw 398 0.01 3977 0.02
Cut-in Wind Speed: 4.00 m/s 448 0.02 2,690 0.06
Cut-out Wind Speed: N/A 499 0.05 2,031 0.09
Rated Wind Speed: " m/s 5.49 0.08 1,576 0.1
Rotor Diameter. 3.076 m 8.00 0.12 1.391 0.12
648 0.16 1,124 013
Control Type: Stall 699 022 953 0.14
Pitch Setting: Fixed 749 029 741 015
7.99 0.37 559 0.16
8.47 0.48 411 0.17
Site Conditions: 8908 060 N 0.18
948 072 208 019
Location NWTC, Boulder, CO 10.00 086 181 0.19
Average Air Density: 0.97 kg/m? 10.50 0.98 148 018
Measurement Sectors: 132 - 323 degrees true 10.99 1.08 121 0.18
11.47 1.15 80 0.17
12.02 1.24 71 0.16
Test Statistics: 12.50 129 43 0.14
13.02 1.32 29 013
Start Date: June 12, 2008 13.56 1.37 14 012
End Date: September 13, 2008
Amount of Data Collected: 1023.50 hours
Highest Bin Filled: 13.50 m/s
Test Completed? No
Sea-Level AirDensity Normalized Power Curve
Mariah Power Windspire
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Figure 2. Power curve summary for the power optimized configuration




3. Test Turbine Configuration

Table 1 lists the configuration of the Windspire that was tested at the NWTC.

Table 1. Test Turbine Configuration

Turbine make, model, serial number, production year

Mariah Power, Windspire, 800021, 2008

Horizontal or vertical axis turbine

Vertical

Rotor diameter (m) 3.05
Rotor height (m) 6.10
Rotor center height (m) 6.10
Tower type Tubular
Rated electrical power (kW) 1

Rated wind speed (m/s) 11.0
Rotor speed range (rpm) 0-500
Fixed or variable pitch Fixed
Number of blades/airfoils 3

Blade pitch angle (deg) 0

Blade make, type, serial number

Mariah Power, Airfoil

Description of control system (device & software
version)

Windspire 1.2G

The rotor diameter was verified by measurements.




Figure 3. Mariah Power Windspire 1-kW test turbine at the NWTC



4. Test Site Description

The test turbine is located at site 3.3C 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 at 292 degrees relative to true north. For measurements where it is
important to accurately measure wind speed, NREL used data obtained when wind direction is
between 132° and 323° degrees 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.
Sizes and distances of nearby obstructions are provided in Table 2.
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Figure 4. Map of the test site



Table 2. Structures close to the test turbine

Bearing from Distance from Obstruction Rotor Diameter
Designation Test Turbine Test Turbine Height or Obstruction
(deg. T) (m) (m) Width
(m)
Windspire 293 7.0 4.6 0.3
met
Data shed 341 60.0 3.1 7.0
ARE 442 26 303.4 31.0 7.3
ARE 442 met 13 299.3 31.0 04
Gaia 47 168.9 18.2 13.0
Gaia met 9 153.3 8.2 0.4

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 2.6% Pass
Maximum variation from best fit plane < <2L 360 0.04 Pass
0.08D

Maximum slope of best fit plane < 5% 2-4L In 1.7% Pass
Maximum variation from best fit plane < 2-4L In 0.04 Pass
0.15D

Steepest slope maximum < 10% 2-4L Out 3.4% Pass
Maximum slope of best fit plane < 10% 4-8L In 2.0% Pass
Maximum variation from best fit plane < 4-8L In 0.04 Pass
0.15D

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 Mariah Windspire was connected to the electrical grid at a nominal voltage of 120 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 and the 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 primary anemometer was sent out for re-
calibration after the test period. The difference between the pre-test and post-test calibrations
was within the tolerances allowed by the standard.

Table 4. Equipment used in the power performance test

Instrument Make and Model Serial Number Calibration Due Date
Power transducer Second Wind, Phaser 5FM-4A20 | 02061 8 Feb 2009
Voltage transformers Ohio Semitronics, VT7-010E-11 | 08010700 Calibrated with power
transducer

Primary anemometer Thies, First Class 0707894 27 Feb 2009
Reference NRG, Max 40 179500049701 In situ
anemometer 179500049703
Wind vane Met One, 020C with aluminum W5515 27 Feb 2009

vane
Pressure sensor Vaisala, PTB101B C1040008 29 Oct 2008
(replaced during test) Y3350027 29 Nov 2009
Temperature sensor Met One, T200 0673553 29 Oct 2008
(replaced during test) 0602948 10 Oct 2009
Precipitation sensor Campbell Scientific, 237 None In situ
Data acquisition Compact DAQ w/LabVIEW
system

cDAQ backplane 12E4D23

NI 9229 12B6DD2 28 Jun 2008

NI 9217 12BD192 06 Jul 2008

NI 9205 12E9C3E 08 Oct 2008

Modules post-test
calibrated on 6 May
2009 and found in
compliance
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Figure 5. Meteorological tower and instruments

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 are used to track when any of these conditions occur during the test. The first
method, the logbook will be checked for such events. The other method is a signal from the
turbine that indicates when the turbine is braked.



6. Description of Test Procedure

The test was conducted according to the procedures in the Standard. The sampling rate was
10 kHz, decimated to 40 Hz. 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 Windspire was obtained by checking the release of the brake.
The status signal indicated if the turbine was braked or not.

Only database A is reported since the Windspire does not have a cut-out wind speed.
Table 5 gives the uncertainty sources and values used in the analysis.

Table 5. Uncertainty values used in the analysis

Component Uncertainty Source
Power
Current sensor/signal 6.00 W Specifications (specs)
conditioner
Power transducer 0.12% Specs
Data acquisition 40.50 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 0.09 °C IEC method
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

Test results are given for two turbine configurations. The first section is for the normal
configuration. The second section is for the power optimized configuration.

7.1. Results of Power Performance Test for the Normal Configuration

7.1.1. Tabular Results for Normal Power Production

Table 6 through Table 9 provide the power performance test results for the normal configuration
in tabular format. Table 6 shows the binned power performance results at sea-level normalized
air density for normal power production. Table 7 shows the binned power performance results
for the site average air density at the NWTC for normal power production.
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Table 6. Performance at Sea-level air density; 1.225 kg/m® for normal power production

Measured power curve (database A)

Reference air density: 1.225 kg/m® Category A | Category B | Combined
Bin Wind | Normalized Cp Number of | Standard | Standard | Standard
Speed Power 1-Minute |Uncertainty | Uncertainty |Uncertainty
Output Data Sets

(m/s) | (m/s) (kW) (kW) (kW) (kW)
2.5 2.50 -0.01 -0.11 2343 0.00 0.04 0.04
3 2.99 -0.01 -0.06 2084 0.00 0.04 0.04
3.5 3.48 0.00 -0.02 1335 0.00 0.04 0.04
4 3.98 0.01 0.02 910 0.00 0.04 0.04
4.5 4.50 0.03 0.07 670 0.00 0.04 0.04
5 4.99 0.05 0.10 599 0.00 0.04 0.04
5.5 5.49 0.09 0.11 567 0.00 0.04 0.04
6 6.00 0.13 0.13 573 0.00 0.04 0.04
6.5 6.50 0.18 0.14 510 0.00 0.04 0.04
7 7.01 0.25 0.16 472 0.00 0.05 0.05
7.5 7.49 0.32 0.17 409 0.00 0.05 0.05
8 7.98 0.41 0.18 351 0.00 0.05 0.05
8.5 8.50 0.52 0.19 291 0.00 0.06 0.06
9 8.99 0.64 0.19 307 0.00 0.07 0.07
9.5 9.49 0.76 0.20 253 0.00 0.07 0.07
10 9.98 0.88 0.19 189 0.00 0.07 0.07
10.5 | 10.48 0.96 0.18 132 0.01 0.06 0.06
11 10.99 1.02 0.17 114 0.01 0.05 0.05
11.5 | 11.48 1.06 0.15 65 0.02 0.05 0.05
12 11.99 1.09 0.14 42 0.03 0.04 0.05
12.5 | 12.49 0.99 0.11 38 0.03 0.07 0.08
13 13.02 0.96 0.10 21 0.04 0.04 0.06
13.5 | 13.47 0.99 0.09 14 0.06 0.04 0.07
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Table 7. Performance at site average density; 1.00 kg/m®for normal power production

Measured power curve (database A)

Reference air density: 1.00 kg/m® Category A | Category B | Combined
Bin Wind | Normalized Cp Number of | Standard | Standard | Standard
Speed Power 1-Minute |Uncertainty | Uncertainty |Uncertainty
Output Data Sets

(m/s) | (m/s) (kW) (kW) (kW) (kW)
2.5 2.50 -0.01 -0.11 2343 0.00 0.04 0.04
3 2.99 -0.01 -0.06 2084 0.00 0.04 0.04
3.5 3.48 0.00 -0.02 1335 0.00 0.04 0.04
4 3.98 0.01 0.02 910 0.00 0.04 0.04
4.5 4.50 0.02 0.07 670 0.00 0.04 0.04
5 4.99 0.04 0.10 599 0.00 0.04 0.04
5.5 5.49 0.07 0.11 567 0.00 0.04 0.04
6 6.00 0.10 0.13 573 0.00 0.04 0.04
6.5 6.50 0.15 0.14 510 0.00 0.04 0.04
7 7.01 0.20 0.16 472 0.00 0.04 0.04
7.5 7.49 0.26 0.17 409 0.00 0.05 0.05
8 7.98 0.33 0.18 351 0.00 0.05 0.05
8.5 8.50 0.42 0.19 291 0.00 0.05 0.05
9 8.99 0.52 0.19 307 0.00 0.06 0.06
9.5 9.49 0.62 0.20 253 0.00 0.06 0.06
10 9.98 0.72 0.19 189 0.00 0.06 0.06
10.5 | 10.48 0.78 0.18 132 0.01 0.05 0.05
11 10.99 0.83 0.17 114 0.01 0.05 0.05
11.5 | 11.48 0.87 0.15 65 0.01 0.05 0.05
12 11.99 0.89 0.14 42 0.02 0.04 0.05
12.5 | 12.49 0.81 0.11 38 0.02 0.06 0.07
13 13.02 0.78 0.10 21 0.03 0.04 0.05
13.5 | 13.47 0.80 0.09 14 0.05 0.04 0.06
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Table 8 shows the annual energy production at sea-level normalized air density for normal
power production. Table 9 shows the annual energy production at the site average air density
for the NWTC for normal power production. A cut-out wind speed of 25 m/s is assumed for
analysis purposes, though the turbine does not have a cut out wind speed.

Table 8. Annual energy production (AEP) at sea-level density; 1.225 kg/m®for normal
power production

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 .
annual Complete if AEP
. Standard Uncertainty in AEP- AEP- measured is at least

average wind AEP-measured measured extrapolated 95% of AEP

speed extrapolated
(Rayleigh)
m/s kWh kWh % kWh

4 615 372 61% 617 Complete

5 1,354 391 29% 1,383 Complete

6 2,120 402 19% 2,283 Incomplete

7 2,700 400 15% 3,156 Incomplete

8 3,032 385 13% 3,898 Incomplete

9 3,152 362 11% 4,459 Incomplete

10 3,126 336 1% 4,827 Incomplete

11 3,010 308 10% 5,024 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; 1.00 kg/m®for normal power

production
Estimated annual energy production, database A (all valid data)
Reference air density: 1.00 kg/m”3
Cut-out wind speed: 25.00 m/s
Huabn:ﬁlas:ht . . Complete if AEP
. Standard Uncertainty in AEP- AEP- measured is at least

SRR Tt (AEPRIEEETC measured extrapolated 95% of AEP

speed extrapolated
(Rayleigh)
m/s kWh kWh % kWh

4 502 367 73% 503 Complete

5 1,106 380 34% 1,129 Complete

6 1,731 386 22% 1,864 Incomplete

7 2,204 381 17% 2,577 Incomplete

8 2,475 365 15% 3,182 Incomplete

9 2,573 342 13% 3,640 Incomplete

10 2,552 316 12% 3,941 Incomplete

11 2,457 290 12% 4,101 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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7.1.2. Graphical Results for Normal Power Production

Figure 6 through Figure 12 show the results of the power performance test for normal power
production in graphical format. Figure 6 shows a plot of the binned power curve normalized to
sea level air density for normal power production.
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Figure 6. Power curve at sea-level density; 1.225 kg/m®for normal power production
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Figure 7 shows a plot of the binned power curve at the site average air density during the test
period for normal power production.
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Figure 7. Power curve at site average density; 1.00 kg/m®for normal power production
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Figure 8 shows a scatter plot of statistics for normal power production.
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Figure 8. Scatter plot of mean, standard deviation, minimum, and maximum power data
for normal power production

Multiple power curves appear at the higher wind speeds. NREL did not find the cause during
testing.
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Figure 9 shows a plot of the binned coefficient of power as a function of wind speed at sea-level
normalized air density for normal power production.
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Figure 9. Coefficient of power at sea-level density; 1.225 kg/m? for normal power
production
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Figure 10 shows a scatter plot and binned turbulence intensity as a function of wind speed for
normal power production.
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Figure 10. Wind turbulence intensity as a function of wind speed during for normal power

production
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Figure 11 shows a scatter plot of wind speed and turbulence intensity as a function of wind
direction for normal power production.
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Figure 11. Wind speed and turbulence intensity as a function of wind direction during
test for normal power production
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Figure 12 shows a scatter plot of binned values of rotor speed as a function of wind speed for
normal power production.

Wind speed |m/s 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7
Rotor speed |rpm 0 0 1 3 9 20 42 80| 137| 177| 204 228] 255| 276
Wind speed |m/s 7.5 8 8.5 9 9.5 10| 10.5 11] 115 12] 12.5 13| 13.5 14
Rotor speed |rpm 291| 312 331] 344| 353] 359| 355 352| 348] 346 326] 318 321 299

rotor speed (rpm)
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wind speed (m/s)

Figure 12. Rotor speed as a function of wind speed (1-minute averages) and binned
values for normal power production

7.2 Results of Power Performance Test for Optimized Power Production

7.2.1 Tabular Results for Optimized Power Production
Table 10 through Table 13 provide the power performance test results for the optimized power
production in tabular format.
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Table 10 shows the binned power performance results at sea-level normalized air density for
optimized power production.

Table 10. Performance at sea-level air density; 1.225 kg/m® for optimized power

production

Measured power curve (database A)

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

(m/s) | (m/s) (kW) (kW) (kW) (kW)
3 2.99 -0.01 -0.06 8497 0.00 0.01 0.01
3.5 3.48 -0.01 -0.03 6251 0.00 0.01 0.01
4 3.98 0.01 0.02 3977 0.00 0.01 0.01
4.5 4.48 0.02 0.06 2690 0.00 0.02 0.02
5 4.99 0.05 0.09 2031 0.00 0.02 0.02
5.5 5.49 0.08 0.11 1576 0.00 0.03 0.03
6 6.00 0.12 0.12 1391 0.00 0.03 0.03
6.5 6.48 0.16 0.13 1124 0.00 0.04 0.04
7 6.99 0.22 0.14 953 0.00 0.05 0.05
7.5 7.49 0.29 0.15 741 0.00 0.06 0.06
8 7.99 0.37 0.16 559 0.00 0.08 0.08
8.5 8.47 0.48 0.17 411 0.01 0.11 0.11
9 8.98 0.60 0.18 331 0.01 0.11 0.11
9.5 9.48 0.72 0.19 206 0.01 0.13 0.13
10 10.00 0.86 0.19 181 0.01 0.14 0.14
10.5 | 10.50 0.96 0.18 146 0.01 0.11 0.11
11 10.99 1.08 0.18 121 0.01 0.12 0.12
115 | 11.47 1.15 0.17 80 0.01 0.09 0.09
12 12.02 1.24 0.16 71 0.02 0.09 0.09
12.5 | 12.50 1.29 0.14 43 0.01 0.07 0.07
13 13.02 1.32 0.13 29 0.01 0.04 0.04
13.5 | 13.56 1.37 0.12 14 0.01 0.06 0.06
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Table 11 shows the binned power performance results at the site average air density for the
NWTC for optimized power production.

Table 11. Performance at site average density; 0.95 kg/m® for optimized power production

Measured power curve (database A)

Reference air density: 0.95 kg/m® Category A | Category B | Combined
Bin Wind  |Normalized Cp Number of | Standard | Standard | Standard
Speed Power 1-Minute |Uncertainty | Uncertainty |Uncertainty
Output Data Sets

(m/s) (m/s) (kW) (kW) (kW) (kW)
3 2.99 -0.01 -0.06 8497 0.00 0.01 0.01
3.5 3.48 0.00 -0.03 6251 0.00 0.01 0.01
4 3.98 0.00 0.02 3977 0.00 0.01 0.01
4.5 4.48 0.02 0.06 2690 0.00 0.02 0.02
5 4.99 0.04 0.09 2031 0.00 0.02 0.02
5.5 5.49 0.06 0.11 1576 0.00 0.02 0.02
6 6.00 0.09 0.12 1391 0.00 0.03 0.03
6.5 6.48 0.13 0.13 1124 0.00 0.03 0.03
7 6.99 0.17 0.14 953 0.00 0.04 0.04
7.5 7.49 0.22 0.15 741 0.00 0.05 0.05
8 7.99 0.29 0.16 559 0.00 0.06 0.06
8.5 8.47 0.37 0.17 411 0.00 0.08 0.08
9 8.98 0.46 0.18 331 0.00 0.09 0.09
9.5 9.48 0.56 0.19 206 0.01 0.10 0.10
10 10.00 0.67 0.19 181 0.01 0.11 0.11
10.5 10.50 0.75 0.18 146 0.01 0.08 0.08
11 10.99 0.83 0.18 121 0.01 0.10 0.10
11.5 11.47 0.90 0.17 80 0.01 0.07 0.07
12 12.02 0.96 0.16 71 0.01 0.07 0.07
12.5 12.50 1.00 0.14 43 0.01 0.05 0.05
13 13.02 1.02 0.13 29 0.01 0.03 0.03
13.5 13.56 1.06 0.12 14 0.01 0.05 0.05
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Table 12 shows the annual energy production at sea-level normalized air density for optimized
power production. Table 13 shows the annual energy production at the site average air density
at the NWTC for optimized power production.

Table 12. Annual energy production (AEP) at sea-level density; 1.225 kg/m?® for optimized
power production

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

Reference air density: 1.225 kg/m?3
Cut-out wind speed: 20.00 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
(Ravleiah) extrapolated
m/s kWh kWh % kWh

4 569 229 40% 571 Complete

5 1,309 332 25% 1,347 Complete

6 2,127 416 20% 2,343 Incomplete

7 2,786 463 17% 3,397 Incomplete

8 3,192 476 15% 4,361 Incomplete

9 3,367 467 14% 5,139 Incomplete

10 3,376 444 13% 5,690 Incomplete

11 3,277 414 13% 6,023 Incomplete

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

Table 13. Annual energy production at site average density; 0.95 kg/m® for optimized
power production

Estimated annual energy production, database A (all valid data)
Reference air density: 0.95 kg/m”3
Cut-out wind speed: 25.00 m/s
Huabn:(:;glht Complete if AEP
. Standard Uncertainty in AEP- AEP- measured is at least
RTLEED TN (2 PEIEEETTL measured extrapolated 95% of AEP
speed extrapolated
(Rayleigh)
m/s MWh MWh % MWh
4 442 194 44% 443 Complete
5 1,015 271 27% 1,044 Complete
6 1,650 334 20% 1,817 Incomplete
7 2,160 368 17% 2,634 Incomplete
8 2,475 377 15% 3,382 Incomplete
9 2,612 369 14% 3,985 Incomplete
10 2,618 350 13% 4,413 Incomplete
11 2,542 327 13% 4,671 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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7.2.2  Graphical Results for Power-Optimized Configuration

Figure 13 through Figure 19 show the results of the power performance test for optimized power
production in graphical format. Figure 13 shows a plot of the binned power curve normalized to
sea-level air density of optimized power production.
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Figure 13. Power curve at sea-level density; 1.225 kg/m® for optimized power production
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Figure 14 shows a plot of the binned power curve at the site average air density for the NWTC
for optimized power production.
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Figure 14. Power curve at site average density; 0.95 kg/m? for optimized power
production
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Figure 15 shows a scatter plot of statistics for optimized power production.
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Figure 15. Scatter plot of mean, standard deviation, minimum, and maximum power data
for optimized power production
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Figure 16 shows a plot of the binned coefficient of power as a function of wind speed at sea-
level normalized air density for optimized power production.
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Figure 16. Coefficient of power at sea level density; 1.225 kg/m®for optimized power
production

30



Figure 17 shows a scatter plot and binned turbulence intensity as a function of wind speed for
optimized power production.
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Figure 17. Wind turbulence intensity as a function of wind speed during the test for
optimized power production
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Figure 18 shows a scatter plot of wind speed and turbulence intensity as a function of wind
direction for optimized power production.
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Figure 18. Wind speed and turbulence intensity as a function of wind direction during the
test for optimized power production
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Figure 19 shows a scatter plot and binned values of rotor speed as a function of wind speed for
optimized power production.
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Figure 19. Rotor speed as a function of wind speed (1-minute averages) and binned
values for optimized power production

31



8. Deviations and Exceptions

8.1. Deviations from the Standard

1. The current transformers are not complaint with IEC 60044-1, but do exceed the
minimum accuracy required by the Standard.

2. For both turbine configurations, the 14 m/s wind speed bin was not filled as required
in Annex H.

8.2. Exceptions to NWTC-CT Quality Assurance System

The data acquisition modules were used beyond the calibration due date. The modules were
post-test calibrated and found in compliance with the specifications. The post-test calibration
sheets are included in Appendix B.
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A. Appendix - Pictures of the Test Site from the Turbine Base

33



Figure A.1. South-southwest

Figure A.2. South-southeast
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Figure A.3. East-southeast

Figure A.4. East-northeast
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Figure A.5. North-northeast

Figure A.6. Northwest
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Figure A.7. West-northwest

Figure A.8. West
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B. Appendix - Equipment Calibration Sheets
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Branch #: 5000

NREL METROLOGY LABORATORY

Test Report

Test Instrument: Phaser Power Transducer & 1-CT DOE #: 02825C
Model # : Phaser-5-4A 20 8/N : 02061
Calibration Date: 02/08/2008 Due Date: 02/08/2010

A, Set-Up for Total Real Power Calibration:

A.1. Voltage is applied to phases A&N = 100 V @ 60 Hz.

A.2. Current is appliled to n = 10-TURNS through the current transformer
that is connected te phases A.

A.3. Analog Output-1l is measured across precision resistor = 250 Q.

A.4., Phaser Full Scale setting = -1.5KW to 1.5KW.
Input Current Input Power Analog Output-1
(aAC) (KW) (VDC)
15 1.5 ' 4.991
10 1.0 ' ' 4.328
5 ' 0.5 3.662
0 0 ' 2,995
-5 -0.5 2.329
-10 -1.0 1.663
-15 -1.5 0.999

B. Set-Up for Powsr Factor Calibration:
B.1. Voltage & Current are applied as A.1 & A.2,
B.2. Analog Output-2 ia measured across precision resistor = 250 Q.

Power Analog Output-2
(KW) Power Factor (vDC)
1.5 1.0 4,988
w 0.8 4,182
w 0.6 3.382
» 0.4 2.582

bPage 1 of 2

Figure B.1. Power transducer calibration sheet
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Branch #: 5000

sheet: 1 of: 1

NREL METROLOGY LABORATORY

Test Instrument: RTD Probe
Model # 78NOINOONO4

Calibration Date: 10/29/2007

Test Report

DOE #: 03506C

8/N : 0673553

Due Date: 10/29/2008

Nominal Values Measured Values
He Nominal Eguivalent Measured Eguivalent Temperature
Regigtance ! Temperature / Resistance ’ Temperature Error
1 ' 96.09 O -10 °cC 96,070 0 -10.05 °C 0.05 °C
2 100.00 Q 0 °C 99.984 Q -0.04 *°C 0.04 °C
3 103.90 O 10 °C 103.886 Q2 2.96 °C g.04 °C
4 107.79 O 20 °C 107.777 0 19.87 °C 0.03 °C
5 111.67 0 30 °C 111.653 Q 29.96 °C o.04 °C
& 115.54 Q 40 °C 115.520 @ 3%.85 °C 0.05 °C
Notes:
1. Total Uncertainty of Nominal Values = +0.02 °C
2. Calibration was performed at 23 °C and 37% RH
3. Resistance is measured using 4-wire technique
Calibrated by: Reda QA by: Bev
Date : 10/28/2007 10/28/2007

Figure B.2. RTD probe calibration sheet |
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Branch #: 5000

sheet: 1 of: 1

NREL METROLOGY LABORATORY

Test Instrument: RTD-Probe

Test Report

DOE #: 02746C

Model # : 78NOINOO 5/N : 0602548
Calibration Date: 10/10/2008 Due Date: 10/10/2009
Measured Values ( )JMfr. Specs.
No Function Nominal [§9)] OR
Tested Value (X)Data only
(ec) AS AS
Found Left
* Temperature: ] 99.594 Same
25 109.69 w
50 119.35 w
‘Notes:

- Calibration was performed
NIST. DOE#s 124272, 108603,

- Calibration was performed
humidity = 38.

- Uncertainty of Nominal Val

using instruments that are traceable to
and 108604.
at temperature = 23 °C and relative

ues = % 0.03 °C, k = 2.

Tested By: Reda

Date : 10/10/2008

Figure B.3. RTD probe calibration sheet Il
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DEUTSCHER KALIBRIERDIENST DKD

Kalibrierlaboratorium fiir Strémungsgeschwindigkeit von Luft
Calibration laboratory for velocity of air flow

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

Coutschar

- Deutsche WindGuard Aoatiarungs
S X Wind Tunnel Services GmbH

Varel DKD-K- 36801

DKD-K-

Kalibrierschein Kalibrierzeichen | 36801
Calibration Certificate Calibration label 07 2407
Gegenstand Cup Anemometer Dieser Kalibrierschein  dokumentiert  die
Object Riickfihrung auf nationale MNormale zur

Darstellung der Einheiten in Ubereinstimmung
Thie . mit dem Internationalen Einheitensystem (Sl).
ﬂ?ﬁ}fclfl?ér 9_3750% n(;?btlin en Der DKD ist Unterzeichner der multi- lateralen
g Ubereinkommen der European co-operation for
Accreditation (EA) und der International

}'YP 4.3350.00.000 Laboratory Accreditation Cooperation (ILAG)
ype zur  gegenseitigen  Anerkennung der
. ] Kalibrierscheine.
Eﬁ‘,?;'ﬁ?,ﬁ,"fs?"e“"““‘ Body: 0707894 Fiir die Einhallung einer angemessenen Frist
Cup: 0707894 zur Wiederholung der Kalibrierung ist der
Benutzer verantwortlich.
)é;ls!};g%geber Thies Clima This calibration cettificate documents the
D-37083 Gottingen traceabilily to national standards, which realize

the units of measurement according to the
Intemational System of Units (S1).

AUﬁfﬁsnummEf The DKD is signatory to the mullilateral

Order V107266 agreements of the European co-operation for

; oo ) Accreditation (EA) and of the Intemalional

ﬁs;gyo?,eg Sg]ﬁ?ﬂﬁ?jﬁ%g&gnerﬁchemes 8 Laboratory Accreditation Cooperation (ILAC)

page for the mulual recognition of calibration
certificates.

Datum der Kalibrierung 54 07 2007

Date of calibration The user is obliged to have the object

recalibrated at appropiiate infervals.

Dieser Kalibrierschein darf nur vollsténdig und unveréndert weiterverbreitet werden. Ausziige oder Anderungen bedirfen
der Genehmigung sowohl der Akkreditierungssielle des DKD als auch des ausstellenden Kalibrierlaboratoriums.
Kalibrierscheine ohne Unterschrift und Stempel haben keine Giltigkeit.

This calibration certificate may not be reproduced other than in full except with the permission of both the Accreditation
Body of the DKD and the issuing laboratory. Calibration cerlificates without signature and seal are not valid.

Datum Leiter des Kalibrierlaboratoriums Bearbeiter
Date Headpf the calibration laboratory Parson in charge
24.07.2007 {Z/
Dipl. Phys. D. Westermann ch, Ass, Inf, H. Westermann

Deutsche WindGuard Wind Tunnel Services GmbH
Oldenburger Str. 65

. e L B
26316 Varel ; Tel, ++49 (0)4451 9516 0 W,ndq i

Wind Tunnel Sel

Figure B.4. Primary anemometer calibration sheet |

42



DEUTSCHER KALIBRIERDIENST DKD

Kalibrierlaboratorium fir Strémungsgeschwindigkeit von Luft

Calibration laboratory for velocity of air flow

Akkreditiert durch die / accredited by the

Akkreditierungsstelle des Deutschen Kalibrierdienstes

DEWI

Kalibrierschein
Calibration cettificate

DEWI GmbH
Deutsches Windenergie-Institut Rat

@

Deutecher

Akkraditisrungs

DKD-K-28901

1293 09

DKD-K-
28901

16.06.08

Kalibrierzeichen
Calibration label

Gegenstand
Object

Hersteller
Manufacturer

Typ
Type

Fabrikat/Serien-Nr.
Senal number

Auftraggeber

Customer

Auftragsnummer
Order No,

- Cup Anemometer

Thies Clima
D-37083 Géttingen

4.3350.00.000

body: 0707894
cup: -

Thies Clima
D-37083 Goettingen,

AB0S01617

Anzahl der Seiten des Kalibrierscheines ~ 3+3

Number of pages of the certificate

Datum der Kalibrierung
Date of calibration

16.06.09

Dieser Kalibrierschein dokumentiert die
Riickfiihrung auf nationale Normale zur
Darstellung der Einheiten in  Uber-
einstimmung mit dem Intemationalen
Einheitensystem (Sl).

Der DKD ist Unterzeichner der muilti-
lateralen Ubereinkommen der European co-
operation for Accreditation (EA) und der
International  Laboratory  Accreditation
Cooperalion (ILAC) zur gegenseitigen
Anerkennung der Kalibrierscheine.

Fir die Einhaltung einer angemessenen
Frist zur Wiederholung der Kalibrierung ist
der Benufzer verantwortlich.

This calibration cerfificate documenis the
traceability fo national standards, which
realfze the units of measurement according
to the Intemational Systern of Units (Sl).

The DKD is signatory fo the mullilateral
agreements of the Euwropean co-operalion
for Accreditation (EA) and of the
Intemational  Laboratory  Accreditation
Cooperation  {ILAC) for the mutual
recognition of galibration certificates.

The user is obliged fo have the object
recalibrated at appropriate intervals.

Dieser Kalibrierschein darf nur vollstindig und unverndert weiterverbreitet werden. Ausziige oder Anderungen bediirfen
der Genehmigung sowohl der Akkreditierungsstelle des DKD als auch des ausstellenden Kalibrierlaboratoriums.

Kalibrierscheine ohne Unterschrift und Stempel haben keine Gliltigkeit.

This calibration cerfificate may not be reproduced other than in full except with the permission of both the Accreditation
Body of the DKD and the issuing laboratory. Calibration certificates without signature and seal are not valid,

wuts Ch Datum Steliv. Leiter des Kalibrierlaboratoriume Bearbeiter
@, Date Depuly head of the calibration laboratory Person in charge
DKD-k. [/
2001 [ oo, (e (%11-
74 16.06.09 ipl-Ing. {FH) P. Busche R.Kluin

DEWI GmbH DEUTSCHES WINDENERGIE - INSTITUT
Ebertstr. 96, D-26382 Wilhelmshaven
Tel. +49 (0)4421 4808-0, Fax. +49 (0)4421 4808-43

e

Figure B.5. Primary anemometer calibration sheet Il
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Wind Vane Calibration Report

Calibration Laboratory:
National Wind Technology Center - Cert. Team
Mational Renewable Energy Laboratory
1617 Cole Boulevard
Galden, Colorado 80401

Calibration Location:

Mational Wind Technology Center
Room 101, Building 256
Report Number: W5515-060928
Page: 1 of 1

Item Calibrated:

Customer:
National Wind Technology Center - Cerlification Team
Nalional R ble Energy Laboratory
1617 Cole Boulevard
Golden, Colorado 80401
Calibration Date: 28-Sep-06
Procedure:

NWTC-CT: GI124-000613, Wind Vane Calibration

Deviations from procedure: None

Manufacturer Met One Instruments, inc
Model 020C Results:
Serial Mumber  W5515 Slope: 0.14242 deg/mv
Vane Material Aluminum Offset to boom: 89.563 deg
Condition Refurbished Max error: 0.77 deg
Eslimated Uncertainty: Traceability: Mfg & Mode! Serial Cal
Inclinometer Total Number Date
Uncertainty Uncertainty Inclinometer: Spi-Tronic  31-038-3 9-Nov-05
(deg) (deg) Valtmeter: Fluke743B 6965608  5-May-06
010 0.44
Calibration by: W‘AL‘J@‘W e 28-5ep-06
Mark Meadors U Date
360 —— e 10
* 4t 0B
5 300 RE
% . A L] 04 =
~= 240 x * x| g
. 4 Loz ©
E‘] -
[}
< 180 |- e b——1 00 T
- & =1
g- e A 02 '%
£ 120 +——o A - —
@ ¢ 04 o
E A A a
> 80— - A — ° 08
i ® 0.8
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0 500 1000 1500 2000 2500
Vane Output Voltage (mV)

Figure B.6. Wind vane calibration sheet
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Branch #: 5000 sheet: 1 of: 1

NREL METROLOGY LABORATORY

Test Report

Test Instrument: Pressure Transmitter DOE #: 03511C
Model # : PTB1OI1B 8/N : €1040008
Calibration Date: 09/09/2008 Due Date: 09/0%/2008
Measured Output Voltage ( )Mfr. Spees.
No Function Nominal (vDc) OR
Tested Value (X)Data only
(kPa) As Found As Left (mb)
* Absolute Pressure
65 0.284
70 0.558
75 0.829
80 1.102
85 1.376
90 1.647
95 ©1.819
100 2.182
105 2.465

Notes:

1. Expanded Uncertainty of the nominal value is + 0.2 kPa, with k = 2.

2, Calibration was performed at 23°C and 37% RH.

3. Calibration was performed using standards that are traceable to NIST. DOE
numbers: 02727C, and 02301C.

Calibrated By: Reda QA By: Bev

Date:

08/09/2008 Date: 08/09/2008

Figure B.7. Pressure transmitter calibration sheet
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Branch #: 5000 sheet: 1 of: 1

NREL METROLOGY LABORATORY

Test Report

Test Instrument: Pressure Transmitter DOE #: 03681C
Model # : PTB101B S/N : Y3350027
Calibration Date: 08/26/2008 Due Date: 08/26/2009
. Measured QOutput Veltage ( )Mfr. Specs.
No Function Nominal (vbc) OR
Tested Value (X)Data only
(kPa) As Found As Left (mb)
* Absolute Pressure
65 0.285 Same
70 0.558 "
75 0.831 "
80 1.103 "
85 1.375 w
90 1.647 "
95 1.919 »
100 2.193 »
105 2.466 b

Notes:

1. Uncertainty of the nominal value is * 0.2 kPa, k = 2.

2. Calibration was performed at 23°C and 37% RH.

3. Calibration was performed using standards that are traceable to NIST. DOE
numbers: 02625C, 02727C, and 02301C.

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

Figure B.8. Pressure transmitter calibration sheet Il
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NATIONAL

INSTRUMENTS’ Certificate of Calibration
Board Information: Certificate Information:

Serial Number: 12B6DD2 Certificate Number: 756395
NI Part Number: 192580D-02 Date Printed: 02-JUN-09

Description: NI 9229

Calibration Date: 28-JUN-07
Recommended Calibration Due Date: 28-JUN-08%

Ambient Temperature: 24 °C
Relative Humidity: 39 %

National Instruments cerltifies that al the time of manyfacture, the above product was calibrated
in accordance with applicable National Instruments procedures. These procedures are in
compliance with relevant clauses of ISO 9001 and are designed to assure that the product listed
above meels or exceeds National Instruments specifications.

National Instruments further certifies that the measurements stundards and instruments used
during the calibration of this product are traceable to National and/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 instrument and the standards.

The information shown on this certificate applies only to the instrument identified above and the
certificate may not be reproduced, except in full, without prior wrilten consent by National
Instruments.

For questions or comments, please contact National Instruments Technical Support.

NI Hungary Software és Signed,

Hardware Gydrtd Kjft.

4031 Debrecen, Hatdr 1t O\Q/\é.\m/‘)
1/4.

HUNGARY Andrew Krupp

Vice President, Quality and
Continuous Improvement

* 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 9229 data acquisition module calibration sheet |
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NATIONAL

INSTRUMENTS" \ ' Cerifificafe of Calibration
Bm.lrd Information: Certificate Information;
Serial Number: 12BD192 Certlificate Number: 762337
NI Part Number: 192547D-01 Date Printed: 02-JUN-09

Description: NI 9217

Calibration Date: 06-JUL-07
Recommended Calibration Due Date: 06-JUL-08*

Ambient Temperature: 23 °C
Relative Humidity: 43 %

National Instruments certifies that at the time of manufacture, the above product was calibrated
in accordance with applicable National Instruments procedures. These procedures are in
compliance with relevant clauses of 1SO 9001 and are designed to assure that the product listed
above meels or exceeds National 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
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 instrumen! and the standards.

The information shown on this certificate applies only to the instrument identified above and the
cerfificate may not be reproduced, except in full, without prior written consent by National
Instruments.

For questions or comments, please contact National Instruments Technical Support.

NI Hungary Software és Signed,

Hardware Gydrié Kjft,

4031 Debrecen, Hatdr it OxQ_\L*\pG
I/A4.

GARY Andrew Krupp

Vice President, Quality and
Continuous Improvement

* 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.10. NI 9217 data acquisition module calibration sheet |
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NATIONAL

INSTRUMENTS’ Certificate of Calibration
Board Information: ' Certificate Information:

Serial Number: 12E9C3E Certificate Number: 834976
NI Part Number: 193299F-01 Date Printed: 02-JUN-09

Description: NI-9205

Calibration Date: 08-OCT-07
Recommended Calibration Due Date: 08-OCT-08*

Ambient Temperature: 22 °C
Relative Humidity: 39 %

National Instruments certifies that at the time of manufacture, the above product was calibrated
in accordance with applicable National Instruments procedures. These procedures are in
compliance with relevant clauses of 1SO 9001 and are designed io assure that the product listed
above meets or exceeds National Instruments specifications.

National Instruments further certifies that the measurements standards and instruments used
during the calibration of this product are iraceable to National and/or International Standards
administered by NIST or Euromet members or are derived from accepled values of natural
physical constants.

The environmment in which this product was calibrated is maintained within the operating
specifications of the instrument and the standards.

The information shown on this certificate applies only 1o the instrument identified above and the
certificate may not be reproduced, except in full, without prior written consent by National
Instruments. '

For questions or comments, please contact National Instruments Technical Support,

NI Hungary Software és Signed,
Hardware Gydrio Kfi.

4031 Debrecen, Hatdr 1t O\Q’H{\)

1/4.

HUNGARY Andrew Krupp
Vice President, Quality and
Continuous Improvement

* 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.11. NI 9205 data acquisition module calibration sheet |
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Certificate of Calibration
3214335

Cartificats Page [ of [

Davis|Calibration

Instrument Identification
Company ID: 228037 PO Mumber: 337983
MNATIONAL INSTRUMEMNTS

11500 M. MOPAC EXPWY
ATTH. RMA DEPT.
AUSTIM, TX 7875

Instrument ID: 12B6DD2 Madel Mumber: NI 2228
Manufacturer MATIOMAL INSTRUMENTS Serial Mumber: 12BED0O2
Description: 4-CHAMMEL, £80 W, 24-BIT SIMULTANECUS AMALOG INPUT

Agcuracy: Mfr Specifications

Certificate Information

Reason For Service: CALIBRATION Technician: WAYMNE GETCHELL
Type of Cal: ACCREDITED 17025 Cal Date D&May2002
Az Found Condition: |M TOLERAMCE Cal Due Date: 086May2010
As Left Condition: LEFT AS FOUND Interval: 12 MOMTHS
Procedurs: MATIOMAL INSTRUMEMNTS CAL EXECUTIVE REV 2.2.1 Temperawre: 230 C

Humidity: 44.0 %
Remarks: Reference attached Dals

Thet drstrsment on this cxefication has bein cafibraied qpain stamdards traceable o the M ! Trivitucte ayf Srandarss amd Technalogy (NTST) or ather sicognized
scstiavead matrology instistas, dirived from rati (s medEurmnts, or sompared o Iy or dnitir Uy recogmised consinses amdard

A Tiert andcertaiaty ratie (TR, ) af d:8 JE=1 appras. 258 Conifidemcs Livel) wer matmianvd unliss adhsrwiss statid
Diavis Calibration Laberatary i certifed i 150 8001 22000 by Faghe Ragistrations (oertificats 8 3046). Lab Dperations maat the reguinements of
ANELNCEL ZE0-0-1004, 150 1007 2: 3003, JOTFRI0 AppsiB, amd JOCFRIL

ABRARC I TAFE-2I00F sveredined oalibranons are per ACTASE cerdficate 8 A0-T187 watkan the soope for whioh the Tab & geenidined.
Al ricialts comtarmed within this cirtiffcanon refate only b0 ienas) calibratid Aay mumdes of foctors may couse the calibration fim b deifl our of calibration bifore the
ertramint s cafibranion el her expirid

This ceriffcat shall nod b reprodisond coongd e fall, sitboul wrilfien comsied gff Davis Calibraiion Laboratory.

Approved By: WICTOR PEMA
Service QEFITEGIEHIH'JI.'E

Calibration Standards

MIST Traceables Inst. 10# Description Model Cal Date Date Due
314303E 15-0271 MULTIFUNCTION CALIBRATOR ST00A 15Apr2009 14Juizom

Diavis Calibration » 2324 Ridgepoint Drive, Suite D - Austin, TX 78754 » Phone: 800-385-0147 - Fax: 512-025-8450

Figure B.12. NI 9229 data acquisition module calibration sheet I
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Certificate of Calibration
3214168

Cartificate Page | of 1

Davis|Calibration

Instrument Identification
Company ID: 226037 PO Number: 337823
MATIOHAL INMESTRUMEMTS

11500 M. MOFAC EXPWY
ATTH. RMA DEPT.
AUSTIM, TH 78758

Instrurment ID: 12B01%2 Modal Mumber: NI 2217
Manufacturer: MATIOMAL INSTRUMENTS Serial Mumber: 1ZB0182
Description: 4-CH 100 OHM 24-BIT RTD ANALOG IMPUT

Accuracy: Mfr. Specifications

Certificate Information

Reason For Service: CALIBRATION Technician: WAYMNE GETCHELL
Type of Cal: ACCREDITED 17025 Cal Date 0&Mayw2002
As Found Condition: |M TOLERAMNCE Cal Due Date: 08May2010
As Left Condition: LEFT &% FQUND Interval: 12 MOMNTHS
Procedurs: CAL EXEC 3.3.1 CAL EXEC 2.3.1 Temperatre: 230 C

Humidity: 45.0 3%
Remarks: Reference atfached Dafs

The dnrtrimiint an this crvification fas been calbrannd apaien ftadards & B e e I, I Tritéduta off Standards awd Techaology (NTST) or other secagnisid
iaiaval matrology inaiiaies, derived from nalio s mnduriminy, o soemgannd I iy or dnler My Frcopaifed consanees stamdards,
A st anvertainty ratie (T.ULR.) af 427 JE=2, apgros. 95% Confidence Lovel] war ma ! i otherwise stasid

Doz Caliranion Laborafory o carnijfed fo IS0 A0 2000 by Bagle Regisirations (oot oo 8 306) Lab Ogerations ot thee regudne ot of
ANELWCSL ZE40-1-1 004, T80 1907 23003, JOCFRIP AgpxB, and 10CFRIL

LE0AEC JTO025-200F averidined colibranions are par ACTASE certificate 8 A0-T 187 within the svope for which the Tab & averddined,
AIT ity comtarmed within thiy cirtiffcanon rafare only 00 ey ] calibratid sy mumder of fctors miay couse the calibration e o drif? cul o calibeation bifore the
frrtramianit s calibralion nhiveal has expired,

This cerlficets shall nof b rieprodicond cooegd i (G, wrthoul wrillen comest of Dl Cabibration Laboratony.

Approves By VICTOR PENA
Service Q.EFITEGIEHH'J\'E

Calibration Standards

MIST Traceahle® Inst. ID# Description Moael Cal Date Date Due
3J0vasEz 150011 CECADE RESISTOR DBs2 24Mar2009 Z&Mar2010
3004176 15-0060 CHGITAL MULTIMETER (GCOLDEM CAL) 24584 OPT 002 17Feb2009 17Mayz0oe

Diavis Calibration = 2324 Ridgepoint Drive, Suite D » Austin, TX 78754 « Phone: 800-385-0147 - Fax: 512-925-8450

Figure B.13. NI 9217 data acquisition module calibration sheet I
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Certificate of Calibration
3214141

Cartificate Page 1 of 1

Davis|Calibration

Instrument Identification
Company ID: 228037 P Mumber; 327823
MATIOMAL INSTRUMENTS

11500 N. MOPAC EXPWY
ATTH. RMA DEPT.
AUSTIN, TX 78758
Instrument ID: 1ZE9C3IE Model Murmber: NI 2205
Manufacturer: MNATIOMAL INSTRUMENTS Serial Number: 12ZER3C3E
Description: 32-CH £200 MW TO 210 W, 18-BIT, 250 K5/5 ANALOG INPUT MODULE

Acgcuracy: Mfr Specifications

Certificate Information

Reason For Service: CALIBRATION Technician: WAYME GETCHELL
Type of Cal: ACCREDITED 17025 Cal Date DEMay2002
As Found Condition: [N TOLERANCE Cal Due Date: DE6May2010
As Left Condition: LEFT AS EQUND Interval: 12 MOMTHS
Procedure: MNATIOMAL INSTRUMENTS CAL EXECUTIVE REV 3.3.1 Temperature: 22.0 C

Humidity: 47.0 %
Remarks: Reference attached Dats

Thet dmntramiint on this crrsfication has bain calibrannd agaten slasdands o Bl b v N I Frititute of Standards aad Techinology (WIST) or other revagnl snd
iaioveal matrology insiitates, divived from ralie D odEunmen, oF domgarnind o iy o dnatir My recugusirad consensis slamdards,
A Tt anvertainty ratée (T.ULR, ) af de] [0=2 apgros. #5% Confidencs Livel] e mish ismbins axthriing atalid

Dinsis Cafidrarion Laberatory & ceriffad o I50 9001 2000 by Baple Begistration: (neetifica ¥ 3086) Lab Opeations maat the reguindmnts of
ANELNCEL ZEA0-1-1994, I5D 1001 2:3004, FCFRI0 Agps®, and 1OCFRIL

IE0AEC [T025-200F averidined calibranons are ger ACTASE cortificate 8 AC-1 187 within e svape for which he ok i socridined.
AlT riraits comtaimed withén thiy cirtiffoanion rifare oniy b0 fany) calibratid ey sueder of Getors e couse the calibration fie & drf? oul of coldeaiion bafee the
Errtraaidnt s calibration infieeal has expined

This carnficats shall ot Be reprodiond dxongt ie (G, withoul wrilfen comet off Darels Calibration Laboratory.

Approved By: VICTOR PEMA
Service QEFITEGIEFI[E'.WE

Calibration Standards

MIST Traceable# Inst. [D# Description Model Cal Date Date Due
3143038 150271 MULTIFUNCTION CALIBRATOR STO0A 15Apr2o0e 1&Juizors

DCiavis Calibration » 2224 Ridgepoint Drive, Suite D » Austin, TX 78754 » Phone: 800-365-0147 - Fax: 512-025-8450

Figure B.14. NI 9205 data acquisition module calibration sheet Il
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