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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, L1.C (Alliance), as an
account of wotk 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, ALI JANCE,
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 (A21.A) 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.

Approval By: U’\LM(Q{N Mﬁ . b Nov 2012,

Arlinda A. Huskey, NREL Te(@engi.neer Date
Review By: mu\\\ & I\)"JL‘tmbh. %012
Jeroen van Dam, NREL Test engineer Date
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1. Background

This SWIFT power performance test was conducted as part of the U.S. Department of Energy’s (DOE’s)
Independent Testing project. This project was established to help reduce the barriers of wind energy
expansion by providing independent testing results for small turbines. Three turbines were tested at the
National Renewable Energy Laboratory (NREL) National Wind Technology Center (NWTC) as a part of
round two of the Small Wind Turbine Independent Testing project. Power performance testing was one of
up to five tests that were performed on the turbines. Other tests include duration, safety and function,
noise, and power quality. Cascade Engineering, of Grand Rapids, Michigan, distributor of the Renewable
Devices’” SWIFT turbine in North America, was the recipient of the DOE grant and provided the turbine
for testing.

2. Test Summary

Figure 1 is a summary of the results of the power performance test that NREL conducted on the SWIFT
small wind turbine (shown in Figure 2). In this test, the SWIFT turbine was installed at the NWTC near
Boulder, Colorado. This test was conducted in accordance with the International Electrotechnical
Commission (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. Because the
SWIFT is a small turbine according to the IEC definition, NREL also followed Annex H, which applies to
small wind turbines. This test report refers to these procedures as the “Standard.”

In these summary results, power was normalized to sea-level air density. This test began on 7 April 2011
and ended on 30 June 2011. During that period, NREL collected 812 hours of valid data. The highest bin
filled was the 24 meters per second (m/s) bin. The amount of test data is sufficient to meet the
requirements of the Standard.
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Figure 1. Power curve summary
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Figure 2. SWIFT test turbine at the NWTC
Source: NREL PIX 22083
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3. Test Turbine Configuration

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

Table 1. Test Turbine Configuration and Operational Data

Turbine manufacturer and address

Renewable Devices Ltd.

AeroMarine House, Turnhouse Aerodrome
Turnhouse Road, Edinburgh

EH12 9DN

Scotland, UK

Turbine distributor and address

Cascade Engineering
4855 Thirty-Seven St. SE
Grand Rapids, MI 49512

Model SWIFT

Serial number NO000780-N

Rotor diameter (m) 2.1 with outer ring*
Hub height (m) 14.2%

Tower type 13.7 m (45 feet) freestanding monopole
Rated electrical power (kW) 1

Rated wind speed (m/s) 11

Rotor speed range (rpm) 0-450

Fixed or variable pitch Fixed

Number of blades 5

Blade pitch angle (deg) 6° at the tip

Blade make, type, serial number

Injection molded nano-fiber
reinforced polymer, F000648

Description of control system (device and software
version)

Kaco Blueplanet 1502x, Software V2.05

*Measurements verified the rotor diameter and hub height.
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4.

test.

Test Site Description

The SWIFT wind turbine was located at test site 3.1 of the NWTC, approximately 8 kilometers (km)
south of Boulder, Colorado. The site consisted of mostly flat terrain with short vegetation (see Appendix
A for photos) and had prevailing winds bearing 292 degrees relative to true north. Figure 3 shows the
turbine and meteorological (met) tower locations. This figure also shows nearby obstructions. NREL
limited assessments of power and energy production to data obtained when winds were within a 178° to
311° measurement sector. In this measurement sector, the influence of terrain and obstructions on the
anemometer was small and met the requirements in the Standard without conducting a site calibration

. SWIFT Wind Turbine
. SWIFT Meteorological Tower

Containers

B oate shed

Table 2 shows obstructions that affected the wind at the location of the SWIFT wind turbine or its met
tower according to the Standard’s obstacles assessment criteria in Annex A. The azimuth and distance
data were relative to the SWIFT wind turbine. Several of these obstructions do not appear on the map in

Figure 3.

SWIFT Wind Turbine

0 6 12 18 24

‘IIIIIIIIIIIIIIIIIII'
Meters g IrNs oh

Figure 3. Map of the test site
Source: NREL 2011
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Table 2. Structures Close to Test Turbine

Ter o Azimuth Distance Height Diam/width
[deg true] [m] [m] [m]
Main building 45 385 15 50
Shipping containers (x2) @ 3-1 49 46 3 15
GE/DOE 77 531 80 77
CART-3 129 365 37 43
CART-2 147 431 37 40
Siemens 153 624 80 101
IUF 330 279 15 50
Quonset hut 335 198 7 20
DTF 352 246 15 20
Data shed 360 26 3.5 7

NREL completed a site assessment to determine if the site fails the requirements of Annex A and B of the
Standard and would therefore require a site calibration. Table 3 shows the results from the site
assessment, which confirms that a site calibration was not required.

Table 3. Site Assessment Results

Description Distance Sector | Test ‘S'lte Pass/Fail
(deg) | Condition
Maximum slope of best fit plane < 3% <2L 360 1.70% Pass
Maximum variation from best fit plane < 0.04 (H + D) <2L 360 0 Pass
Maximum slope of best fit plane < 5% 2 to 4L In 1.80% Pass
Maximum variation from best fit plane < 0.08 (H + D) 2 to 4L In 0 Pass
Steepest slope maximum < 10% 2 to 4L Out 2.10% Pass
Maximum slope of best fit plane < 10% 4 to 8L In 1.70% Pass
Maximum variation from best fit plane < 0.13 (H + D) 4 to 8L In 0.1 Pass
No neighboring and operating turbines <2Dn 360 0 Pass
No obstacles <2De 360 0 Pass

In = Inside preliminary measurement sector
Out = Outside preliminary measurement sector

The SWIFT turbine was connected to the electrical grid at a nominal voltage of 240 volts alternating
current (VAC) at a frequency of 60 hertz (Hz). The grid tolerances were 5% for voltage amplitude and
1% for frequency.
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5. Description of Test Equipment

All test equipment was calibrated; Appendix B contains the calibration sheets. Table 4 shows the
equipment used and calibration due dates. Figure 4 depicts the placement of the meteorological
instruments on the tower. Note that the primary anemometer was within the allowable 2.5% of hub
height. The primary anemometer was sent out for recalibration after the test period. The difference
between the pre-test and post-test calibrations was less than 0.05 m/s for the range of 6 to 12 m/s and
within the tolerances allowed by the Standard (0.1 m/s). The post-test calibration sheets are also included

in Appendix B.
Table 4. Equipment Used in the Power Performance Test
Instrument Make, Model Serial Number | Calibration Due Date

Power transducer Secondwind Phaser SFM-4A20 04607 21 October 2011
Primary anemometer Thies, First Class 0609006 7 April 2012
Reference anemometer | Met One, 010 W2390 In situ
Wind vane Met One, 020C with aluminum vane U1478 13 October 2011
Pressure sensor Vaisala, PTB101B C1020014 10 August 2011
Temperature sensor Met One, T-200 0673553 13 October 2011
Precipitation sensor Campbell Scientific, 237 None In situ
Data acquisition system | Compact DAQ w/LabView-based

data acquisition

cDAQ-9172 13AB4F9

NI 9229 14A34EE 22 March 2012

NI 9217 1494F69 22 March 2012

NI 9205 1496266 22 March 2012
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Primary Anemometer > T

|

Reference Anemometer ——» T

Wind Vane
f
Temperature - ]
] £
©
3
Pressure 2

11.354 m

10.668 m

9.14m

Figure 4. Meteorological tower and instruments (not to scale)
Source: NREL 2011
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To ensure that only data obtained during normal operation of the turbine were used in the analysis, and to
ensure that data were not corrupted, NREL excluded data sets from the database under the following
circumstances:

e External conditions other than wind speed were out of the normal range for turbine
operation
The turbine could not operate because of a turbine fault condition

e The turbine was manually shut down or in a test or maintenance operating mode

¢ Failure or maintenance of the institute’s data acquisition system.

Two methods were used to track when any of these conditions occurred during the test. In the first
method, the logbook was checked for such events. For the second, the turbine controller provided a status
signal that indicated when the turbine was available or braked. In the second method, the status signal was
checked in the data file during analysis. No maintenance was performed during the test period.

6. Description of Test Procedure

NREL conducted the test 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. NREL also collected standard
deviation, minimum, and maximum values for each averaging period.

The turbine status signal for the SWIFT was obtained by checking the release of the up-tower brake relay
by monitoring its voltage supply. The status signal indicated if the turbine was available or braked.

Only database A is reported because the SWIFT turbine does not have a cut-out wind speed.

Table 5 gives the uncertainty sources and values used in the analysis.
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Table S. Uncertainty Values Used in the Analysis

Component Uncertainty Source
Power (Inverter)
Power transducer 0.00231 kW IEC
Data acquisition .01803 kW +0.075% Specs
Resistor 0.006% Specs
Wind Speed
Calibration 0.0179 m/s Calibration sheet
Operational characteristics 0.052m/s +0.52% IEC eq. (1.2)
Mounting effects 1% Assumptions
Terrain effects 2.00% IEC
Data acquisition 0.002 m/s Calcul'atlons based on

sampling frequency

Temperature
Temperature sensor 0.015°C Calibration sheet
Radiation shielding 0.2°C Assumptions
Mounting effects 0.069°C IEC method
Data acquisition 0.2°C Specs
Air Pressure
Pressure sensor 0.1 kPa Calibration sheet
Mounting effects 0.005 kPa IEC method
Data acquisition 0.032 kPa Specs

7. Test Results

7.1 Tabular Results of Power Performance Test
Table 6 through Table 9 provide the power performance test results in tabular format.
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Table 6. Performance at Sea-Level Air Density; 1.225 kg/m®

Measured Power Curve (Database A)

Reference air density: 1.225 | kg/m’ | | |
. Normalized Power Number of Category A | Category B | Combined
Bin . output . standard standard standard
wind speed Cp 1-minute . . q
number (i) (kW) data sets uncertainty | uncertainty | uncertainty

(kW) (kW) (kW)

1 0.54 -0.01 -21.65 1121 0.00 0.02 0.02
2 1.02 -0.01 -3.19 1923 0.00 0.02 0.02
3 1.52 -0.01 -0.96 2851 0.00 0.02 0.02
4 2.00 -0.01 -0.42 3823 0.00 0.02 0.02
5 2.50 -0.01 -0.22 3866 0.00 0.02 0.02
6 3.00 -0.01 -0.13 3807 0.00 0.02 0.02
7 3.50 -0.01 -0.08 3471 0.00 0.02 0.02
8 4.00 -0.01 -0.05 3203 0.00 0.02 0.02
9 4.49 -0.01 -0.03 2850 0.00 0.02 0.02
10 4.99 0.00 0.01 2422 0.00 0.02 0.02
11 5.50 0.02 0.07 2182 0.00 0.02 0.02
12 5.99 0.05 0.11 1950 0.00 0.02 0.02
13 6.50 0.08 0.14 1604 0.00 0.02 0.02
14 6.99 0.13 0.17 1430 0.00 0.02 0.02
15 7.50 0.18 0.20 1269 0.00 0.03 0.03
16 8.00 0.25 0.22 1146 0.00 0.03 0.03
17 8.51 0.33 0.25 1095 0.00 0.04 0.04
18 9.00 0.43 0.27 1042 0.00 0.04 0.04
19 9.50 0.53 0.28 932 0.00 0.05 0.05
20 10.00 0.65 0.30 930 0.00 0.06 0.06
21 10.49 0.77 0.31 782 0.00 0.06 0.06
22 10.99 0.90 0.31 685 0.00 0.07 0.07
23 11.50 1.02 0.31 644 0.00 0.07 0.07
24 11.99 1.14 0.30 584 0.00 0.07 0.07
25 12.50 1.25 0.29 507 0.00 0.07 0.07
26 12.99 1.33 0.28 425 0.01 0.05 0.05
27 13.49 1.39 0.26 339 0.01 0.04 0.04
28 14.00 1.43 0.24 265 0.01 0.03 0.04
29 14.50 1.41 0.21 235 0.02 0.02 0.03
30 14.98 1.34 0.18 230 0.02 0.05 0.06
31 15.50 1.21 0.15 187 0.02 0.09 0.09
32 16.00 1.09 0.12 150 0.02 0.10 0.10
33 16.48 0.97 0.10 122 0.02 0.09 0.09
34 16.99 0.76 0.07 131 0.02 0.17 0.17
35 17.49 0.65 0.06 99 0.02 0.09 0.09
36 17.97 0.54 0.04 70 0.02 0.09 0.10
37 18.48 0.47 0.03 77 0.02 0.07 0.07
38 18.97 0.40 0.03 48 0.02 0.06 0.06
39 19.49 0.40 0.02 38 0.02 0.02 0.03
40 19.99 0.35 0.02 38 0.01 0.05 0.05
41 20.50 0.37 0.02 35 0.02 0.03 0.04
42 20.95 0.32 0.02 19 0.01 0.06 0.06
43 21.44 0.37 0.02 14 0.02 0.05 0.06
44 21.99 0.36 0.02 22 0.01 0.02 0.02
45 22.48 0.38 0.02 14 0.01 0.03 0.03
46 23.02 0.37 0.01 17 0.01 0.02 0.02
47 23.51 0.40 0.01 17 0.01 0.04 0.04
48 23.99 0.40 0.01 12 0.01 0.02 0.02
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Table 7. Performance at Site Average Density; 0.99 kg/m’

Measured Power Curve (Database A)

Reference air density: 0.99 kg/m3
Bin Normalized Power Number of Category A | Category B Combined
wind speed output (kW) Cp l-minute standa.rd standa.rd standa.rd
number (m/s) data sets uncertainty | uncertainty | uncertainty
(kW) (kW) (kW)
1 0.54 -0.01 -21.65 1121 0.00 0.02 0.02
2 1.02 -0.01 -3.19 1923 0.00 0.02 0.02
3 1.52 -0.01 -0.96 2851 0.00 0.02 0.02
4 2.00 -0.01 -0.42 3823 0.00 0.02 0.02
5 2.50 -0.01 -0.22 3866 0.00 0.02 0.02
6 3.00 -0.01 -0.13 3807 0.00 0.02 0.02
7 3.50 -0.01 -0.08 3471 0.00 0.02 0.02
8 4.00 -0.01 -0.05 3203 0.00 0.02 0.02
9 4.49 0.00 -0.03 2850 0.00 0.02 0.02
10 4.99 0.00 0.01 2422 0.00 0.02 0.02
11 5.50 0.02 0.07 2182 0.00 0.02 0.02
12 5.99 0.04 0.11 1950 0.00 0.02 0.02
13 6.50 0.07 0.14 1604 0.00 0.02 0.02
14 6.99 0.10 0.17 1430 0.00 0.02 0.02
15 7.50 0.15 0.20 1269 0.00 0.02 0.02
16 8.00 0.21 0.22 1146 0.00 0.03 0.03
17 8.51 0.27 0.25 1095 0.00 0.03 0.03
18 9.00 0.35 0.27 1042 0.00 0.04 0.04
19 9.50 0.43 0.28 932 0.00 0.04 0.04
20 10.00 0.53 0.30 930 0.00 0.05 0.05
21 10.49 0.63 0.31 782 0.00 0.05 0.05
22 10.99 0.73 0.31 685 0.00 0.06 0.06
23 11.50 0.83 0.31 644 0.00 0.05 0.05
24 11.99 0.93 0.30 584 0.00 0.06 0.06
25 12.50 1.02 0.29 507 0.00 0.06 0.06
26 12.99 1.09 0.28 425 0.01 0.04 0.05
27 13.49 1.13 0.26 339 0.01 0.03 0.04
28 14.00 1.17 0.24 265 0.01 0.03 0.03
29 14.50 1.15 0.21 235 0.01 0.02 0.03
30 14.98 1.09 0.18 230 0.01 0.04 0.05
31 15.50 0.99 0.15 187 0.01 0.07 0.07
32 16.00 0.89 0.12 150 0.02 0.08 0.08
33 16.48 0.79 0.10 122 0.02 0.08 0.08
34 16.99 0.62 0.07 131 0.01 0.14 0.14
35 17.49 0.53 0.06 99 0.02 0.07 0.08
36 17.97 0.44 0.04 70 0.02 0.08 0.08
37 18.48 0.38 0.03 77 0.01 0.06 0.06
38 18.97 0.33 0.03 48 0.01 0.05 0.05
39 19.49 0.32 0.02 38 0.01 0.02 0.02
40 19.99 0.28 0.02 38 0.01 0.04 0.04
41 20.50 0.30 0.02 35 0.02 0.03 0.03
42 20.95 0.26 0.02 19 0.01 0.05 0.05
43 21.44 0.30 0.02 14 0.02 0.05 0.05
44 21.99 0.29 0.02 22 0.01 0.02 0.02
45 22.48 0.31 0.02 14 0.01 0.03 0.03
46 23.02 0.31 0.01 17 0.01 0.02 0.02
47 23.51 0.33 0.01 17 0.01 0.03 0.03
48 23.99 0.33 0.01 12 0.01 0.02 0.02
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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’
Cut-out wind speed: - m/s
Hub height annual Standard Complete if AEP
average wind speed AEP-measured uncertainty in AEP-extrapolated measured is at least 95%
(Rayleigh) AEP-measured of AEP extrapolated
m/s kWh kWh % kWh
4 301 178 62% 301 Complete
5 900 210 24% 900 Complete
6 1,745 251 15% 1,745 Complete
7 2,665 292 11% 2,666 Complete
8 3,495 331 10% 3,496 Complete
9 4,144 362 9% 4,149 Complete
10 4,592 385 8% 4,604 Complete
11 4,857 398 8% 4,880 Complete
AEP measured assumes zero power between highest bin and cut-out.
AEP extrapolated assumes power in last bin between last bin and cut-out.
Table 9. AEP at Site Average Density; 0.99 kg/m®
Estimated Annual Energy Production, Database A (All Valid Data)
Reference air density: | 0.99 [ kg/m’
Cut-out wind speed: - m/s
anl;ll::ll;?eg:l;ge Stand.ard q m(iz;:llll)'::?‘;; g?ll;:::st
o e AEP-measured :E;el;rtlzlanstzfrg:i AEP-extrapolated 95% of AEP
(Rayleigh) extrapolated
m/s KWh kWh % KWh
4 246 173 73% 246 Complete
5 734 197 27% 734 Complete
6 1,425 228 16% 1,425 Complete
7 2,176 260 12% 2,176 Complete
8 2,853 289 10% 2,854 Complete
9 3,383 314 9% 3,387 Complete
10 3,749 331 9% 3,759 Complete
11 3,965 341 9% 3,984 Complete

AEP measured assumes zero power between highest bin and cut-out.

AEP extrapolated assumes power in last bin between last bin and cut-out.
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7.2 Graphical Results Power Performance Test

Figure 5 through Figure 11 show the results of the power performance test. Figure 5 shows a plot of the
binned power curve normalized to sea-level air density.

Power (kW), Normalized to Sea Level Air Density

1.60

1.40

1.20

0.40

r

- - - T - T T - — &

FYyr¥yr¥yyy¥yy¥y I oo

10

Wind Speed (mis)

15

20

Figure 5. Power curve at sea-level density, 1.225 kg/m3

Page

18 of 48

25



Figure 6 shows a plot of the binned power curve at the site average air density during the test period.
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Figure 6. Power curve at site average density, 0.99 kg/m’
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Figure 7 shows a scatter plot of statistics for power for the turbine.
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Figure 7. Scatter plot of mean and standard deviation power data as measured
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Figure 8 shows a plot of the binned coefficient of performance as a function of wind speed at sea-level

normalized air density.
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Figure 8. Coefficient of performance at sea-level average density, 1.225 kg/m’
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Figure 9 shows a scatter plot of wind speed and turbulence intensity as a function of wind direction.

Average Wind Speed (m/s)
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Figure 9. Wind speed and turbulence intensity as a function of wind direction
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Figure 10. Wind turbulence at the test site
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Figure 11 shows a scatter plot and binned values of rotor speed as a function of wind speed.

Table 10. Binned Rotor Speed from 0.5 up to 30 m/s

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 7.5
Rotor Speed | (pm) | 0 1 4 s s [ 17 [ a3 [ 75 [ 130 [ 152 [ 170 | 194 | 215 | 231 | 257
Wind Speed | (m/s) 8 8.5 9 9.5 10 10.5 11 11.5 12 12.5 13 13.5 14 14.5 15
Rotor Speed | (rpm) 274 | 296 | 316 [ 331 | 347 [ 360 | 368 | 377 | 382 | 393 | 395 | 398 | 397 | 390 [ 384
Wind Speed | (m/s) 15.5 16 16.5 17 17.5 18 18.5 19 19.5 | 20 [ 205 ] 21 215 | 22 | 225
Rotor Speed | (rpm) 367 | 350 | 335 [ 316 | 300 [ 285 | 280 | 268 | 261 | 261 | 258 | 257 | 261 | 263 [ 254
Wind Speed | (m/s) 23 | 235 | 24 245 [ 25 1255 | 26 | 265 | 27 [275 ] 28 [285 ] 29 [295] 30
Rotor Speed | (rpm) 257 | 262 | 270 | 267 | 276 [ 279 | 277 | 277 | 289 | 284 | 301 | 286 - 319 | 307

500

+ Rotor Speed
@ Binned

450

400
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[ ]

ASDD . J

=
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;%250

g

200
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Figure 11. Rotor speed as a function of wind speed (1-minute average) and binned values
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8. Deviations and Exceptions

8.1Deviations from the Standard

The reference anemometer was mounted 2.97 m below the primary. This exceeded the Standard’s
allowable maximum of 2.5 m below the primary as shown in Annex G.5. This should have no effect on
results or uncertainty because the primary anemometer was post-test calibrated and the reference
anemometer was not used for an in situ calibration.

8.2Exceptions to NREL Quality Assurance System

The reference anemometer was mounted 2.97 m below the primary. This exceeded the Standard’s
allowable maximum of 2.5 m below the primary as shown in Annex G.5.

0. Reference

Wind Turbines, Part 12-1: Power performance measurements of electricity producing wind turbines, IEC
61400-12-1, Edition 1, 2005-12, International Electrotechnical Commission, Geneva, Switzerland, 2005.
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Appendix A: Photographs of the Test Site from the Turbine Base

Direction pictures are facing:
Al. North

A2. Northeast

A3. East

A4. Southeast

AS5. South

A6. Southwest

A7. West

AR. Northwest
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Figure Al. Facing north
Source: NREL 2011

Figure A2. Facing northeast
Source: NREL 2011
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Figure A3. Facing east
Source: NREL 2011

Figure A4. Facing southeast
Source: NREL 2011
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Figure AS. Facing south
Source: NREL 2011

Figure A6. Facing southwest
Source: NREL 2011
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Figure A7. Facing west
Source: NREL 2011

Figure A8. Facing northwest
Source: NREL 2011
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Appendix B: Equipment Calibration Sheets

Figure B1. Power transducer calibration sheet |

Figure B2. Power transducer calibration sheet 11

Figure B3. Power transducer calibration sheet II1

Figure B4. Primary anemometer calibration sheet I

Figure BS. Primary anemometer calibration sheet I1

Figure B6. Primary anemometer post-test calibration sheet I
Figure B7. Primary anemometer post-test calibration sheet II

Figure BS. Primary anemometer pre- and post-test calibration comparison; the
difference is less than 0.1m/s for the range of 6 to 12m/s

Figure B9. Wind vane calibration sheet

Figure B10. Pressure transducer calibration sheet

Figure B11. RTD-Probe calibration sheet

Figure B12. NI 9229 data acquisition module calibration sheet |
Figure B13. NI 9217 data acquisition module calibration sheet I
Figure B14. NI 9205 data acquisition module calibration sheet |
Figure B15. NI 9229 data acquisition module calibration sheet II
Figure B16. NI 9217 data acquisition module calibration sheet II

Figure B17. NI 9205 data acquisition module calibration sheet II
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Power

Branch #: 5000

NREL METROLOGY LABORATORY

Test Report
Test Instrument: Phaser Power Transducer DOE #: 03503C
S/N : 04607

Due Date: 10/20/2012

Model # . Phaser-5-485-4A 20

Calibration Date: 10/20/2010

A. Set-Up for Power Calibration:

A.1. Voltage is applied to phases A&B =120 V @ 60 Hz.

A.2. Current is applied to phases A&B.

A.3. Analog Output-1 is measured across precision resistor = 250 ().

Calibrator Output Transducer Input/Output
Current ch’::\\l}rﬁr Cllr:l!::::t Inpztil;lf'\?}rer Analog1{3utput-
(AAC) (W) (AAC) (W) (vDC)
-9 -2160 N/A N/A 997
-8 -1920 . . 1.078
6 -1440 : : 1.557
-4 -960 - - 2.037
L) -480 » ’ 2516
4 -240 . . 2,754
0 0 : 2.994
1 240 . - 3.234
2 480 " . 3.473
4 960 " . 3.953
6 1440 g I 4.432
8 1920 . i 4.911
9 2160 ‘ 4.991

Page 1 of 3

Figure B1. Power transducer calibration sheet I, installed 20 October 2010 to 24 October 2011
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B. Set-Up for Power Factor Calibration:
B.1. Voltage @120VAC and Current @ 4A @ 60Hz

B.2. Analog Output-2 is measured across precision resistor = 250 (.

Calibrator Output
Analog Output-2
%ﬂg’;t Power Factor (vVoc)
4 1 4.994
I 4 0.75 3.890 I
4 2.990
4 1.990
1.010

. Set-Up for Total Harmonic Distortion (THD) Calibration:

Cc

C.1. Voltage & Current are applied as A.1 & A.2.
8.2. Analog Output-3 is set for Current THD
3.

Analog Output-3 is measured across precision resistor = 250 (.

Current THD (%)

Analog Qutput-3 (VDC)

0

989

10

1.395

20

1.796

30

Set-Up for A to B Voltage Measurement:
Voltage is applied as listed below @ 60Hz

D.
D.
D

2.191

1.
3. Analog Output-4 is measured across precision resistor = 250 (.

Calibrator Output Analog Output-4 (VDC)
| oV 2.996
80V 3.611 |
160V 4.226 J
240V 4.680

Page 2 of

Figure B2. Power transducer calibration sheet II installed 20 October 2010 to 24 October 2011

3
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Notes:
- Calibration was performed using instruments that are traceable to NIST, DOE# 126410

and 01886C.
; gga:lbratlon was performed at temperature = 24 °C, + 1 °C, and relative humidity =45%, +
- Unéertainty of nominal values is + 0.15% of reading.
Calibrated By: P. Morse Approved By : Reda
Date: 10/20/2010 Date: 10/20/2010

NWTC Instrument Calibrations, Phaser-5-485-4A 20 Power Transducer
s/n 04607, Output #1: Real Power 10 Oct 10 JTH

[ [y=100186278580x - 3000.03257312
1800 ¢ _ R®=0.099999982

s

Input Power {\)

1700 |

-2200
05 1 15 2 25 3 3.5 4 45 5 55

Analog Output 1 (VDC)

Figure B3. Power transducer calibration sheet I1I installed 20 October 2010 to 24 October 2011
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Wind Speed

Svend Ole Hansen ApS

BT, JORGENS ALLE 7 D 16158 KOBENHAYVN ¥ - DENMARK
TEL: |+ 33 26 30 38 FAX: (=8} 520 3839  WWW .SOHANSEN.DK

CERTIFICATE FOR CALIBRATION OF CUP ANEMOMETER

Certifieste number: (9023131 Dhte of Hsue: June | 3, 2009
Type: Thies 4,3351 16000 Serial number: Ga0R006
Manufacturer: ADOLF THIES GmbH & Co KG, Hauptsrasse Ti, 37083 Cétingon, Germany

Client: Sky Power Int7] LLC, 250 Sawdust Road, 2965 7-8521 Liberty SC, LISA
Anemameter received: June 11, 3000 Aneaometer eallbrated: June 13, 2009
Calibyrated by: ) Calibration procedure: IEC &1400-12-1, MEASNET
Certificate prepared and approved by: Calibration engineer, soh e 1 . AL
oty S 1
Calibration equation obiaineds v [m/s] = 004630 ¢ [[He] + 022992
nelard ancertainty, shope: 000126 Standard uncertminty. offset: 005660
Covarianes: 00000807 (mi=)"Hz Coefflicient of correlation: oo [ 99999
Ahbsalute maximum deviation: U037 ms st TS0 m/s
Barometric pressure: 10054 hifa Relative hamidity: 24.7%
Ssc cEREON Welacity lemiperature in Wind Frequency,  Deviation, .I-lnncrlnully
pressure, g, wind tunnel  control room  velociy, v r. d u, (k=2}
[P*a] =] [°C] [mis] [Hz] |mis] [mfs]
a 9.0 3z3 23.3 1478 BL.5163 «0.027 024
4 14.04 3.2 44958 102,157 -0.002 ERIRRS
-] 0.3 232 5550 1232218 (LR [ERTRS]
2 27,39 319 13,2 B.423 1448197 0,013 0044
0 579 3.8 1.2 74951 165, 2051 0.032 0.050
12 4541 3.8 3.2 R.210 1573624 0,005 0,056
13-lam 6018 31.7 1. 2911 2001977 -0 006 .06
1 6773 31K 3.2 10,884 229 RE9S 0.0 0.6
@ &0.53 g 132 11,865 2511199 [LEH IR 0.o74
7 04,07 120 1Y 1’ 2.R30 172 3R20 AR RN
5 10 &5 izl 232 13,853 9319411 0014 LORG
125449 32.2 213 14,825 F5A078 0019 n.ae2
143.0% 24 233 15 K18 337.2206 .00 T n.neq
20 X!
g 15 ] K_;e""x_ %
= = =
T A_..—“’x' — £ = .
g 3 *
E e 5 i
= ] &
L T L T T Lo AT T T T L | o |
1] Lot 180 et il 0 o [1] 2Tl 6L
Frequency., £ [Hz] Fregquency. I [Hz]
1 Fage | ol 2
-
= i DANAK
%, "\"._:‘F: CIAL Regnr 451
St g Aot 0 18017028

Figure B4. Primary anemometer calibration sheet I
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EQUIPMENT USED

Serial auimber Des

1255

1
wd

Ea ]
A0420014
L.
LBl
Dorss

AT

Irageable exlibrations of the equipment are carried out b

iption

Boundary layer wind tun

Control cup anemamet
Plounting iube, D = 35 mm
PTLO0

FT100 temygser,

Ui sensor, contial oo,

ure- sensar, wind

T e

PRS0 Fumess pressune manam sier
HMWTIL! Humidaty transmitter
FIBIORAViisali analogue barome

Fited jube
8 puter Board, 16 bit A data négulsition board

P dedicated 1o datn sequ

= [PPCS00)

T

al secredied [mstitutions: Fu

and Saab Metech, A real-time mnalygiz module within the dota acquisition sofl ware detects pulse frequency

Photo of 2 cup mnemameter in the wing wnnel, The shown aeemometer (s of the same type as the cali Baed cne.

UNCERTAINTIES

The decumented uneeriainty 5 the towl combined unceraingy w 95%

with EA-4/02. The wncertain

derice level (£=2) in aceprdunce

o
erts in the MEASNET procedure that

iyl 10 my's comply with the requir

preseribes. an absalute uncerutingy less than @1 més &t & mean wind velocity of 10 mis. that is 1%, Sew

Document 97.00.008 “MEASNET-Test report on ¢

This cowmi fute misa ool bee o

e calibrabon campaiun™ for furthies detasls

Tilkeate mumber: 09073173

nced, eniepl in Bl sithiul the approval of § 103, Hensen 4p%

Figure BS. Primary anemometer calibration sheet 11
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Tof s odifec

WIND
Svend Ole Hansen ApS ENGINEEFING
SOT JEAGENES ALLE 7 - DK-1515 KOBENHAYN V- DENMARE FLUID
TEL: {+45) 35 25 36 38 - FAX. (+45) 33 25 38 20 - WWW.SOHANSEN.DK DY MNAMICS

CERTIFICATE FOR CALIBRATION OF CUP ANEMOMETER

Cerftificate sumlber: [2.02.6717 Drate of issue: August 24, 2012

Twpre: Thics £.3351 1 .000 Serial number: (609006

Manufacturer: ADOLD THILS Gmbl & Co. kG, Hauptstrasse 76, 37083 Gottingen, Germany
Client: Mational Renewable Energy Lab, 1617 Cole Boulevard, Gulden, Colorade 80431-3393, TS A

Anemaometer received: Angust 13, 2(H2 Ancmometer calibrated: Augest 23, 2012
Calibrvated by: s Calibration procedure: TRC 61400- 12|, MEASNET
Certifiente proparved by: cu Approved by: Calibration engincer, ml

Mot Loy |

Calibration equation obtained; v [m's] Q04054 - I'[Hz] + 115404
Standard wncertainty, slope: 1,001 14 Standard mcertainty, offsetz 007713
Clovariance: -0.0000006 (mis):Hz Coefficicnt of corrclation: p= 0092993
Absolwte maxinum deviation: -0.036 mis ot 13.844 m's

Baremetric pressure; 10093 hPa Relntive umidity: 27.6%
Suceession Velociry ‘lemperature in Wind Frequency, Dewiation, Uncerlanly
pressure. . wind tunnel control room velocity, v i d. ue (h-2)
o |Pal IFE] | [mfs] [Hx] [mis) [mis]
z 9.65 i34 255 4.112 31908 0L .02l
4 14.0% 133 255 5119 106.6531 0002 0,025
] 21 131 254 &07% 127 AR0G .02 0029
i 2826 5 4 | 254 7033 147.5747 0412 0,033
0 1634 10 254 7977 TeH 1495 0003 0.037
12 4588 130 254 962 189.1365 LRTER 0,042
13-last 5670 e 254 9,963 210.5526 0.009 0.046
il G 46 30 254 10.948 231.7626 0.007 0.051
o 4050 31 254 11878 2515408 0012 0.055
! G S 331 254 12.870 273.3038 .00 0.05¢
5 109,38 32 254 13.544 2949135 IR Bl 0064
3 125,53 34 255 14.833 315.59%) BRI 0.068
1-first 141.94 336 255 15.780 3353141 0.020 00073
0 0.1
gy ot Il -
= 1% = E
= & 1 o = xR A
i_:.- e Kx ; g £ E
2 A Pl E i
g - T ‘-"‘a" E
i
L
L T T T T T -1 T T T T d—=F
u 4 (E.5) T i 180 L all
Frequency, 1 [1T] Frenuensy, 1 [He]

aule,, B L ol2
b i it 2

s
BE — A DAL
oy Dﬁ.s‘&{"-.k{‘
CAL Regnr, 452
Accrediestion g 850 17025

Figure B6. Primary anemometer post-test calibration sheet I
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EQUIPMENT USED

Seriul number Duscription

. Boundary laver wind twnel, -
1256 Control eop anem ametar,

- Mownting tutse, D = 353 mm

tl FLLO0 temperature sensor, wind wunmel.

2 PTIO0 tamperature satioce, sontrol room,

004031 PPCS0O0 Fumess pressure manometer

K4GI003E HMW 71U Humidity transmitrer

KARS002 FIB100AVaisalo analegue barameter,

Pl Pitot ke

HB2835172 Computer Board. 16 hit AT daia acquisition board,

PC dedicated w data acquisition.

Iraceable calibrations of the equipmen! arc carmied out by exiernal aceradited institutions: Fumess (PPCSE)
and Saab Metech, A realktime analysis module within the data acquisition sottware detects pulse freguency,

{

Phoi af the wied swrnpel wesup (el = Q8500 75 m). The shows cnenometer (5 of the same fipe os e
ralibrated me,

UMCERTAINTIES

The documented uncertainty is the total combined wneenunly al 93% eonfidence lovel (=21 in aceordance
with EA-402, The wncertinty el 140 mdf comply with the requirements in the MUASNET procedure that
preserihes an ahsalite uncertainly lese than 0.1 mvs at a mean wind velodty of 10 mf, that i 1%, See
Daocument 9700004 “MEASNET - Test report on the calibalion campaign”™ for further details,

Certificate number: 12,02 6727

Thais sefifeite anusl ool be reproduced. cacopt UL ssithout e apgproval ol s, G, 1ansn Api FapeZal2

Figure B7. Primary anemometer post-test calibration sheet I1
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Wind Speed [m/s]

Primary Anemometer Pre- & Post-Test Calibrations

13

— pre-test

12 — post-test
difference

11

[y
=

%
%

o
.

5 T T T T T T
110 130 150 170 190 210 230

Anemometer Pulses [Hz]

0.06

0.05

0.04

0.03

0.02

0.01

Difference [m/s]

Figure B8. Primary anemometer pre- and post-test calibration comparison; the

difference is less than 0.1 m/s for the range of 6 to 12 m/s
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Wind Direction

2 FHEEL, e st ey st

Calibraton Labaratony:

Mallonal Wind Techralogy Center - Cen. Team
Nalional Renewable Ensry Leborabory

1617 Code Boulevard
Golden, Caolorada 80401

Calibraticn Locatian
Malicnal Wind Technology Center
Room 101, NWTC Blag 258

Wind Vane Calibration Report

Customer
Mabonal Renewsbie Enery Labaraiory
1617 Cole HBoulevand
Godden. Coforado B0401

Calitration Date 6-0at-10

Proceduns
NWTC-CT: Cid Calbrate Wind Vane_0%1 204, pdf

Matoral Wind Technology Centar - Cartification Team

Davialions from procedurs Caliirated an 5V Range
Catraied i Yolks inol ml

Reparl Murmber. UH473-101008

Page: 1 of 1

Hem Calibraled

Manufaciuer Met Cine Inatrumends, InG
Madel 0200

Serial Mumbsr U478

Ware Matenal Alumirum

Condktan Reluiished

Esfimaied Uncemanty
nclinameler
Uncertainty

R LTI 1 DO

Vane Input Angle (deg)

neg)
1o

Calibration by, __

360

300 |

240

180

120

60

Tatal
Uincertaingy
(oeg)

0,38

Jemy Hur

Results:
Slope: 71,3248  deghV
Offset to boom: 7.8 deg
Mas e 048 deg
Traceabilty. Win & Made Seral Gl
Mumiper Diase:
InclEometer EPI-Tronlc 31-034-3 2-Gap-11
valimeler HF 34588 ZHZZADS148  3-May-11
/
{ - -~ g
e W X o A s
Diate
-
a -
i L] "
& o ] &
&
- &
. 3 i
&
-
N
-
a
i L]
-
2 3 4

Vane Output Voltage (V)

1 prrass. fus Corunam nury s o & g

Figure B9. Wind vane calibration sheet
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Pressure

Branch #: 5000 sheet: 1 of: 1

NREL METROLOGY LABORATORY

Test Report

Test Instrument: Pressure Transmitter DOE #: 03508C
Model # : PTB101B S/N : C1020014
Calibration Date: 08/10/2010/ Due Date: 08/10/2011
Measured Output Voltage ( )Mfr. Specs.
No Function Nominal (vbc) OR
Tested Value (X)Data only
(kPa) As Found As Left (mb)

* Absolute Pressure

65 0.274
70 0.546
75 0.818
80 1.089
85 1.361
90 1.633
95 1.904
100 2.176

Notes:

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

2. Calibration was performed at 23°C and 40% RH.

3. Calibration was performed using standards that are traceable to NIST. DOE
numbers: 108685, 128120, and 02301C.

Calibrated By: P. Morse QA By: Bev
Date: 08/10/2010 Date: 08/10/2010

Figure B10. Pressure transducer calibration sheet
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Temperature

Branch #: 5000 sheet: 1 of: 1
NREL METROLOGY LABORATORY
Test Report
Test Instrument: RTD Probe DOE #: 03506C
Model # : 7ENOINOONO4 8/N : 0673553
Calibration Date: 10/31/2008 Due Date: 10/31/2009
Nominal Values Measured Values
Ho Nominal Eguivalent Measured Equivalent Temperature
Resistance Temperature Resistance Temperature Error
1 56.09 (1 -10 °C 36.080 O -10.03 °C 0.03 °C
2 100.00 (1 0 °C .99.99 Q -0.03 *C 0.03 °C
3 103.90 0 10 °c 103.859 0 9.87 °C 0.03 °C
4 107.79 Q 20 °C 107.78 Q 19.97 =*C 0.03 °cC
5 111.67 O 30 *C 111.67 2 30.00 *C 0.00 °C
& 115.54 0 40 *C 115.53 2 39,87 °C 0.03 °C
Notes:

1. Total Uncertalnty of Nominal Values = #0.02 °C
2. Calibration was performed at 23 °C and 38% RH
3. Resistance is measured using 4-wire technigue

Calibrated by: Reda @4 by: Bev

Date : 10/31/2008 Date : 10/31/2008

Figure B11. RTD-Probe calibration sheet
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Data Acquisition System

Certificate of Calibration

Certificate Number: 1593423 Date: 01-JUN-2012
Serial Number: 14A34EE Part Number: 198858A-01L
MODULE ASSY NI 9229 PRECISION
Description: +- GO0V ISOLATION AMPLIFIER WITH
ANTI-ALIAS FILTER
Calibration Date: 29-JAN-2010 Recommended Calibration Due*: 29-JAN-2011
Temperature: 2412°C Humidity: 38% RH

Standards Used

Manufacturer Model Tracking Number Calibration Date Calibration Due
MNATIOMAL INSTRUMENTS PXI 4461 1739 29-0CT-09 29-0CT-10
VAISALA HMP35E 5014 25-FEB-09 25-FEB-10
MATIOMAL INSTRUMENTS PXI-6653 6228 30-0CT-09 30-0CT-10
MNATIOMAL INSTRUMENTS PXI-4070 6625 26-JUN-08 26-JUN-10
NATIOMAL INSTRUMENTS PXI-6120 6815 20-MAR-09 20-MAR-10
NATIOMAL INSTRUMENTS PXI-4110 6995 18-JAN-10 18-JAN-11

The standards used in this calibration are traceable to NIST andfor other Mational Measurement Institutes (NMI's) that are signatories of the International
Committee of Weights and Measures (CIPM) mutual recagnition agreement (MRA).

Mational Instruments certifies that atthe time oftest, the above product was calibrated in accordance with applicable Mational Instrument procedures. These
procedures are designed to assure thatthe product listed above meets or exceeds MNational Instruments specifications.

We further certify that the environment in which this product was calibrated is maintained within the operating specifications of the instrument and standards.
The measurement standards and instruments used during the calibration of this product are traceable to NIST andlor other International Measurement
Institutes (MMI's) that are signatories of the International Committee of Weights and Measure (CIPM) Mutual Recognition Agreement (MRA).

The information shown on this cerificate applies only to the instrument identified above and this certificate may not be reproduced, except in full, without the
priorwritten consent of Mational Instruments.

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

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

0Q Y0

Andrew Krupp
Vice President, Quality and Continuous Improvement

Mational Instruments Corporation

11500 M. Mopac Expressway MTWL
Austin, TX TE759-3504 INSTRUMENTS

Ush
Tel: (800) 531-5066

Figure B12. NI 9229 data acquisition module calibration sheet I
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Certificate of Calibration

Certificate Number: 1570587 Date: 01-JUN-2012
Serial Number: 1494F69 Part Number: 192547E-01L
oA 17 L o

Calibration Date: 29-DEC-2009 Recommended Calibration Due™ 29-DEC-2010
Temperature: 242°C Humidity: 39.61% RH

Standards Used

Manufacturer Model Tracking Number Calibration Date Calibration Due
VAISALA HMP35E 5014 25-FEB-09 25-FEB-10
NATIONAL INSTRUMENTS PX1-4110 6803 08-JUN-09 08-JUN-10
NATIONAL INSTRUMENTS PxI-4461 6835 09-JUN-09 09-JUN-10
NATIONAL INSTRUMENTS Px1-5122 7184 28-0CT-09 28-0CT-11
NATIONAL INSTRUMENTS PXI-4070 7221 13-MAY-09 13-MAY-11

The standards used in this calibration are traceable to MIST andfor other Mational Measurement Institutes (NMI's) that are signatories of the International
Committee of Weights and Measures (CIPM) mutual recognition agreement (MRA).

Mational Instruments certifies that atthe time oftest, the above product was calibrated in accordance with applicable MNational Instrument procedures. These
procedures are designed to assure thatthe product listed above meets or exceeds Mational Instruments specifications.

We further cerify that the environment in which this product was calibrated is maintained within the operating specifications of the instrument and standards.
The measurement standards and instruments used during the calibration of this product are traceable to MIST andf/or other International Measurement
Institutes (MMI's) that are signatories of the International Committee of Weights and Measure (CIPM) Mutual Recognition Agreement (MRA).

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

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

* 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.

0Q Vo

Andrew Krupp
Vice President, Quality and Continuous Improvement

Matiznal Instruments Corporation

11500 M. Mopac Expressway N.“Tml.
Austin, TX 78753-3504 INSTRUMENTS
USA

Tel: (800) $31-5066

Figure B13. NI 9217 data acquisition module calibration sheet I
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Certificate of Calibration

Certificate Number: 1566735 Date: 01-JUN-2012
Serial Number: 1496266 Part Number: 193299F-01
CCA,9205,16 BIT 32 CH VOLTAGE
Description: ANALOG INPUT MODULE (MIO
CLASS)
Calibration Date: 22-DEC-2008 Recommended Calibration Due*: 22-DEC-2011
Temperature: 247 °C Humidity: 3977% RH

Standards Used

Manufacturer Model Tracking Number Calibration Date Calibration Due
VAISALA HMP35E 5014 25-FEB-09 25-FEB-10
NATIONAL INSTRUMENTS PXI-4070 6625 26-JUN-08 26-JUN-10
NATIONAL INSTRUMENTS PXI-5122 6692 15-JAN-08 15-JAN-10
NATIONAL INSTRUMENTS PXI-4110 6793 19-JAN-09 19-JAN-10
NATIONAL INSTRUMENTS PXI-6120 6815 20-MAR-09 20-MAR-10
NATIONAL INSTRUMENTS PXI-5422 6851 14-JAN-08 14-JAN-10

The standards used in this calibration are traceable to NIST and/or other National Measurement Institutes (NMI's) that are signatories of the International
Committee of Weights and Measures (CIPM) mutual recognition agreement (MRA).

Mational Instruments cerifies that atthe time oftest, the above product was calibrated in accordance with applicable Mational Instrument procedures. These
procedures are designed to assure thatthe product listed above meets or exceeds National Instruments specifications.

We further cerify that the environment in which this product was calibrated is maintained within the operating specifications of the instrument and standards.
The measurement standards and instruments used during the calibration of this product are traceable to MIST and/or other International Measurement
Institutes (MMI's) that are signatories of the International Committee of Weights and Measure (CIPM) Mutual Recognition Agreement (MRA).

The information shown on this cerificate applies only to the instrument identified above and this cerificate may not be reproduced, except in full, without the
prior written consent of Mational Instruments.

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

* 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.

0Q o

Andrew Krupp
Vice President, Quality and Continuous Improvement

MNatiznal Instruments Corporation

115300 M. Mopac Expressway MTIONAL
Rustin, TX 78758-3504 INSTRUMENTS
Usa

Tel: (800) 531-5066

Figure B14. NI 9205 data acquisition module calibration sheet I
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Certificate of Calibration

T RO
4976433

Certifese Fage D ol ]

Tekironix

Sarvce Solutions

Instrunsent bdentification
Company ID: G0D168 PO Mumber: GC-BRAY
MATIONAL RENEWABLE ENERGY LABORATORY

16263 DEMVER WEST PARKWAY
GOLDEN , GO 80401

Instrurment 1D: 04169C Madel Mumber: NI 9229
Manufacturer; NATIONAL INSTRUMENTS Saerial Number: 14A34EE
Description: 4-CHANMEL, 60 V, 24-BIT SIMULTANEQUS ANALOG INPUT

Acauracy: Mir Specificalions

Certilicare Inlormation

Reason For Service. CALIBRATION Technician: YWAYNE GETCHELL
Type of Cal: ACCREDITED 17025 Cal Date 22Mar2011
Ag Found Condition, IN TOLERANCE Cal Due Date! 22Mar2012
As Left Condition, LEFT AS FOUND Inlerval: 12 MONTHS
Procedure: NATIONAL INSTRUMENTS CAL EXECUTIVE 3.4 Temperature: 230 C

Humidity: 47.0 3%
Bemarks: Merence attached Calibvarfian Dafa
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Sarvice Rapresentato's

Calibration Standards

HIST Traceabled st D8 Drzscription Tl Cal Date Dale Due
ABITETS 15-0048 MULTIFUNCTION GALIBRATOR SFO0A DaFen2011 Odhy207

2324 Ridgepoint Drive, Suite D - Austin, TX 78754 = Phone: BO0-365-0147 = Fax: 512-926-8450

Figure B15. NI 9229 data acquisition module calibration sheet 11
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Certificate of Calibration

Tekironix W

Samvice Soiutions CALIBSATION 4‘:} 7641 Q

Ceilicate  Page | of |

Instromient ldenuficaimen
Company 1D: 600168 PO Mumber: CC-BEAY
MNATIONAL RENEWABLE ENERGY LABORATORY

16253 DENVER WEST PARKWAY
GOLDEN , CO 80401

Instrument ID:; 04171C BModel Mumber: NI 9217
Marufacturer: NATIOMAL INSTRUMENTS Serial Mumber: 1494F60
Description: 4-CH 100 OHM 24-BIT RTD AMALOG INP uT

Accuracy: Mir. Specifications

Cectilicare Information
Reacon For Sarviee: CALIBRATION Technician: WAYNE GETCHELL
Type of Cal: ACCREDITED 1 TO25 Cal Date. 22Mar2011
e Found Condition: |N TOLERANCE Cal Due Date: 22Mar2012
s Left Condition: LEFT AS FOUND Interval: 12 MONTHS
Procedure: MATIOMNAL INSTRUMENTS CAL EXECUTIVE 3.4 Temperature: 23.0 C

Hurmnidity: 4700 %
Remarks: Fotenence sitached Calbrafmn Jata
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Appravad By WAYNE GETCHELL
Saryics Reprosentalive

Cadilermlion =tandaros
HIST Traceablat Inst, 10# Description Medal Cal Data Cate Due
A5RTATE 150020 RECADE RESISTOR 1433-F 2H0c13010 280ck2071
4176293 A124508 DIk ERLTL 2AMay2010 Fallay2071

2324 Ridgepoint Drive, Suite D - Austin, Tx TB754 » Phone; 800-365-0147 « Fax: 512-026-8450

Figure B16. NI 9217 data acquisition module calibration sheet 11
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Certificate of Calibration

LR g
4976401

Cerfificate Page | of

Tektronix

Sarvice Solutions

Tostrorment bdentitication
Company |D: 600168 PO NMumber: CG-BHAY
NATIONAL RENEWABLE EMERGY LABORATORY

16253 DENVER WEST PARKWAY
GOLDEN . CO 80401

Instrument ID: 044170C Model Mumber: M1 92085

Manufacturer: NATIONAL INSTRUMENTS Serial Number: 1496266
Description: 32-0CH £200 MV TO 210V, 168-BIT, 260 KS/S ANALOG INPUT MODULE

Aceouracy:. Mfr Specifications

Ceviilieate Tnformesstian

Tachniciarn: WAYNE GETCHELL

Reason For Service: CALIBRATION
Type of Cal. ACCREDITED 17025 Cal Date 22Mar2011
As Found Conditton: [N TOLERANGCE Cal Due Date: 22Mar2012
Az Left Condition: LEFT AS FOUND Interval: 12 MONTHS
Pracedure: MATIONAL INSTRUMENTS CAL EXECUTIVE 3.4 Temperature: 23.0 C
Huirmidily: 47.0 L
Remarks Fefermace atfached Cavbrahion Do
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aporoved By: WAYKNE GETCHELL
Servce RaprasaniaEliva
¢ alilyration Standsrds

MIST Traceablag Imst. ID# D criplicn Roda| Cal Date Date Dus
ABNTERE 15-0048 MULTIFURGTION GCALIBRATOR ETO0A DaFeb2011 Cethay2i = 1

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

Figure B17. NI 9205 data acquisition module calibration sheet II
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