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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 APPARATTUS,
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.

Approval By: NAQ}M(Q‘/\/CH’\AOQ/’ ‘Ll' NDV 201]

Arlinda Huskey, NREL Test gmeer Date
Review By: W‘N \L‘ “QD 01
Jeroen van Dam, NREL Test Engineer Date
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1.0 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. Acoustic noise testing is one of up to five tests that may be
performed on the turbines; other tests may include duration, safety and function, power
performance, and power quality tests.

2.0 Test Summary

The Gaia-Wind 11-kW wind turbine was installed at the National Wind Technology
Center located south of Boulder, Colorado. The test turbine is a two-bladed, downwind
wind turbine with a rated power of 11 kW. The test turbine was tested in accordance
with the International Electrotechnical Commission standard, IEC 61400-11 Ed 2.1 2006-
11 Wind Turbine Generator Systems — Part 11Acoustic Noise Measurement Techniques,
hereafter referred to as the Standard. Noise and meteorological data were collected on
two days, 28 February 2009 and 11 March 2010. Standardized wind speed (at 10 meters)
was determined from wind speed measured at hub height (at 18.2 meters).

3.0 Test Turbine

Figure 1 shows a picture of the test turbine and Table 1 lists the turbine configuration.
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Figure 1. Gaia-Wind 11-kW test turbine at the NWTC. PIX #15705.
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Table 1. Test turbine Configuration and Operational Data

Test Turbine

Wind turbine details:

Manufacturer

Gaia-Wind

Model number

Gaia-Wind 11-k/w

Serial number 10711114
Configuration:

Vertical or horizontal axis Horizontal
Upwind or downwind rotor Downwind
Hub height 182 m
Horizontal distance from rotor center to tower 21m
axis

Diameter of rotor 13m
Operating details:

Passive/active stall or pitch-controlled turbine Passive stall
Constant or variable speed Constant
Rotational speed at standardized integer wind 60-61 rpm
speed from 6 to 10 m/s

Pitch angle at standardized integer wind 0 degrees
speeds from 6 to 10 m/s

Rated power output 11 kW

Control software version

Gaia-Wind IC-1000, Rev. 1:P00515\031020

Geometric Configuration:

Tower type (lattice or tube) Tubular
Rotor details:
Rotor control devices Tip brakes

Blade type Gaia-Wind T202, glass fiber, centrifugally
activated tip brake

Number of blades 2

Presence of vortex generators, stall strips, None

serrated trailing edges, etc.
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4.0 Test Site

The test turbine is located at site 3.1 at the National Wind Technology Center, south of Boulder,
Colorado. The topography surrounding the test site is flat with some small bushes. Figure 2
shows the turbine and meterorological tower locations. This figure also shows nearby turbines
and topographical features of the site.

=)
W
A
shiFs
‘.SkyStleam-N
A  DRE442
@
#ip A
Gaia
®
Met  Mariah
F Y
TEhy
A
F Y
7 A NW100-b
% &
® WiGs
A Mettowers
[ ] Buildings 0 50 100 150 200
|IIII|IIII|IIII|IIII|
Contour 1 Vieters

Figure 2. Test turbine location
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Table 2. Structures close to test turbine

Source Location | Shutdown for noise test
NW100b 34 Yes

ARE 442 3.3a Yes

Southwest 3.2 Yes

Windpower

Skystream (2%*)

Endurance 3.1 Yes

CART 4.2 No

EWS50 1E1 Yes

Bergey Excel 1.4 No

5.0 Test Equipment

5.1 Equipment Descriptions

Table 3 shows the list of equipment used for the test. All instruments meet the
requirements defined by the Standard.
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Table 3. Equipment list for acoustic test

Instrument Manufacturer Model Number | Serial Number Calibration Due Date
Digital Recorder and Delta Acoustics NoiseLab 1258E43 November 24, 2010
Signal Analyzer
Microphone Bruel & Kjaer 4189-A-021 2395206 November 21, 2010
Preamplifier Bruel & Kjaer 4012 2373719 November 21, 2010
Calibrator Bruel & Kjaer 4231 2326144 November 11, 2009
January 14, 2011
Anemometer Thies First Class 0707890 April 7,2009
(replaced during test) February 4, 2010
0707892 Anemometer post-Test
calibrated and was in
compliance
Wind Vane Met One 020C X4357 April 7,2009
March 18, 2010
Pressure Sensor Vaisala PTB101B T5030003 August 26, 2009
(replacing during test) Pressure sensor
Post-test calibrated
and was in compliance
Temperature Sensor Met One T-200 RTD 0789021 October 10, 2009
(replaced during test) Temperature sensor
post-test calibrated
and was in compliance
Data acquisition National Compact
Instruments DAQ
(replaced during test) w/LabView
cDAQ
backplane 12E4DA3
NI 9229 12CBC7A August 14, 2008
NI 9217 12BFEE2 July 20, 2008
NI 9205 12E9C99 October 8, 2008
Modules post-test
Calibrated and were
In compliance
NI 9229 140A596 February 10, 2010
NI 9217 140DCB9 February 12, 2010
NI 9205 140E2BD February 10,2010
Modules post-test
calibrated and were in
compliance
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5.2 Instrumentation Locations

The anemometer and wind vane were on a meteorological tower located 32.7 meters from
the test turbine at a bearing of 290° true. The anemometer was at hub height 18.3 m.

The meteorological tower distance is 2.5 rotor diameters from the test turbine and within
the range of between 2 and 4 rotor diameters specified in the IEC standard.

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

Table 4. Microphone positions for turbine and background measurements

Microphone Distance Slant Position
to Turbine Distance relative to
turbine
[m] [m] [degrees]
Reference 24.7 30.7 295

6.0 Results
6.1 Test Conditions

The analysis was done using the measured wind speed and 10-second averages of the
data. NREL has found that noise from small wind turbines correlates better with
measured wind speed than it does with derived wind speed. For the 24 February 2009
data, the range of standardized wind speeds and wind directions used for the analysis
were 1.4 to 16.3 m/s and 118 to 355 degrees, respectively. The range of temperature and
pressure were 14.6 to 16.3 C and 80.4 to 80.7 kPa, respectively. For the 11 March 2010
data, the range of standardized wind speeds and wind directions used for the analysis
were 3.1 to 12.2 m/s and 256 to 309 degrees, respectively. The range of temperature and
pressure were 3.9 to 6.2 C and 80.3 to 80.4 kPa, respectively.

6.2 Apparent Sound Power Level

The apparent sound power level at standardized wind speeds if 6, 7, 8,9, 10, 11, and 12
m/s are shown in Table 5 and Figure 3. In this test, wind speed was measured at a hub
height of 18.2 m and then standardized to a 10 m height, assuming an idealized wind
profile based on a terrain roughness of 0.05 m.
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Figure 3 shows sound power levels at the standard integer wind speeds. The sound
pressure levels were binned by wind speed. The integer wind speed values were

Table 5. Sound power levels for integer wind speeds 6 m/s through 12 m/s

Wind Sound Combined
Speed Bin Power Uncertainty
Level
[m/s] [dB (A)] [dB (A)]
6 &4.2 1.4
7 85.5 1.3
8 86.5 1.4
9 88.0 1.4
10 88.9 1.3
11 90.0 1.3

calculated by interpolation between bins.
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Figure 3. Sound power levels as a function of the standardized wind speed
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Figure 4 shows the scatter plot of the sound pressure levels of the turbine and background
noise.
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Figure 4. Measured sound pressure levels as a function of the standardized wind speed.

6.3 One-Third Octave Analysis

One-third octave levels were analyzed at standardized wind speed of 6, 7, 8, 9, 10, and 11
m/s. The results are given in Table 6 and Figure 5.
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Table 6. One-third octave analysis for wind speed bins 6 through 9 m/s

Center 6 m/s one- 7 m/s one- 8 m/s one- 9 m/s one-
Frequency third octave third octave | third octave | third octave
levels levels levels levels
[Hz] [dB A] [dB A] [dB A] [dB A]
20 NR NR NR NR
25 NR NR NR NR
315 NR NR NR NR
40 NR NR NR NR
50 NR NR NR NR
63 NR NR NR NR
80 NR NR NR NR
100 NR 32.2* * 241328* * 22 |NR
125 NR NR NR NR
160 33.8* + 23|35.0* + 23]36.6* * 23 |NR
200 NR NR NR NR
250 39.2* + 23|40.1* + 23]41.0* +* 22 |NR
315 38.6* + 23|39.2* + 23]40.6* * 23]414* = 23
400 37.9* +£ 23|386* + 22/[40.0* * 23]409* = 23
500 38.7* + 2.2|39.7 + 2.0(40.6* + 23414 = 23
630 40.2 + 211|414 £ 20424 £ 22434 = 23
800 39.5 + 2.0|404 £ 19414 £ 22 423* = 23
1000 39.3 + 19394 + 19(40.2* + 23|415* = 24
1250 37.8 + 1.9 |38.6 + 19(39.7 + 23(409* = 24
1600 39.4 + 1.9 |40.6 + 19420 + 20425 =+ 22
2000 37.0 + 2.0|38.6 + 20(403 + 21,415 =+ 23
2500 36.1 + 2.1/38.1 £ 21403 £ 21419 == 22
3150 34.6 + 2.1|36.7 £ 211391 + 22,408 * 23
4000 321 + 2.0/33.9 £ 20(361 + 22376 *= 24
5000 31.3 + 2.1|33.0 + 20344 + 20(352 =+ 22
6300 30.8 + 2.0|321 + 20(329 + 20330 =*= 21
8000 25.2* * 22|259* + 22]26.8% + 23|NR
10000 NR NR NR NR

* The difference between total and background noise was less than 6 dB but greater than 3 dB. A standard

background correction of 1.3 dB was applied.

NR The difference between total and background noise was less than 3 dB so no results are reported.
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Table 6 (continued). One-third octave analysis for wind speed bins 10 and 11 m/s

Center 10 m/s one-third 11 m/s one-third
Frequency octave levels octave levels
[Hz] [dB A] [dB A]
20 NR 16.8* + 2.6
25 NR 19.2* + 2.5
315 NR 22.0* + 2.6
40 NR NR
50 NR 25.6 + 2.3
63 NR 28.3* + 24
80 33.8 + 2.5]31.8 + 2.4
100 33.5* + 2.4 358 + 2.2
125 NR 39.1* + 2.2
160 38.9* * 2.3 | 38.8* + 2.3
200 NR NR
250 40.9* =+ 2.3 | 41.7* + 2.3
315 41.9* =+ 2.3|43.2 + 2.2
400 41.6* =+ 2.3143.0 + 2.1
500 42.4 + 2.1|43.6 + 1.9
630 44.7 + 19| 45.7 + 1.9
800 43.9 + 19 |44.8 + 1.9
1000 43.4 + 19 |44.4 + 1.9
1250 42.8 + 2.0 43.9 + 1.9
1600 43.8 + 19 | 44.7 + 1.9
2000 42.9 + 1.9 | 43.8 + 1.9
2500 42.8 + 1.9 | 43.7 + 1.9
3150 42.0 + 19429 + 1.9
4000 39.1 + 1.9 39.9 + 1.9
5000 36.1 + 19| 36.7 + 1.9
6300 33.5 + 19| 33.9 + 1.9
8000 27.4* =+ 2.3 | 28.3* + 2.3
10000 NR NR

* The difference between total and background noise was less than 6 dB but greater than 3 dB. A standard
background correction of 1.3 dB was applied.

NR The difference between total and background noise was less than 3 dB so no results are reported.
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Figure 5. One-third octave levels

6.4 Tonality

The tonality analysis resulted in reportable tones for 6, 7, 8, and 9 m/s. The tonality
analysis was not conducted for the 10 m/s wind speed bin because the data available was
not suitable for assessing tonality. Table 7 shows the results for the tonality analysis.
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Table 7. Tonality results

k (m/s) 6 7 8 9

Freq (Hz) | 807 | 1569 | 1614 | 810 | 1569 | 1620 | 648 | 810 | 1575 1623 | 651 | 813 | 1578 1623
A\ 6.1 -8.8|-17.3| -0.7| -17.2| -4.3| -14.5| -1.9| -17.2| -17.3| -46| 1.2| -17.2| -17.3
A\ 52| -8.3|-17.3| -0.7| -17.2| -4.7| -3.3| 18| -17.2| -5.8 -2.8] 15| -17.2| -17.3
ALy i 6.7| -0.1| -17.3| -3.9| -8.8| -17.3| 0.0 0.6| -17.2| -3.4| -7.8] -2.0| -17.2| -17.3
ALy i 5.8 -1.1| -17.3| -3.7| -8.5| -17.3| -4.4| -4.7| 17| -17.3| -2.8] 2.8 -17.2| -10.4
Alyps i 2.8 18| 22| -3.7| 03| -17.3| -59| -3.1| -0.5| -17.3| -3.6] 3.3| -17.2| -85
ALypg i 42| 04| 02| -5.7| -04 o00| -53| -39 02| 05| -32[ 3.1|-17.2| -86
ALy i 61 13| 17| -2.2| -0.2| -17.3| -5.8| -5.0 -0.4| -17.3| -14.5| -6.0] -2.3] -1.6
Alipg i 79| 23| -1.8| -59| -3.7| -3.3| -5.7| -5.6| -1.0| -17.3| -14.5| -7.1| -4.0| -2.7
Alipg i 42| 13| -05| -43| 00 02 -7.3| -5.0| -1.6| -1.0l -25| -2.0 06| 0.7
ALipgo 43| 12| 19| -51| -05 03| -59| -6.2| 1.8 22| -3.2| -49| -1.0] -0.9
ALy i -14.9| -55| -17.3| -7.5| -10[ -0.7| -5.1| -42| 11| 15| -2.4] -42| -2.5| -25
AL i 41| 27| -1.8| -59| -1.7| -1.2| -145| -4.7| -1.3| -17.3| -5.2| -5.3| -1.4] -1.3
AL dB(A) | -53| -1.1| -1.7| 36| -2.3] -3.0| 51| 27| -1.1] -3.2| 43| -02| -45| -3.8
AL, dB(A)| -27| 22| 15| -10[ 09| 03] -26 01 22| 01| -1.8 25| -12| 05
U, dB(A) 6.3 21| 34| 45| 34| 44| 61| 36| 24| 51 53] 15 63| 50
Ug dB(A) 20 19| 19| 20 19 19| 21| 21| 19/ 19| 19/ 20 19 19
Uc dB(A) 6.6 2.8 39| 49 39 47 64| 41| 30| 54 56/ 25 66| 53

6.5 Uncertainty

The Type A uncertainties for sound power levels, one-third octave levels, and tonality

were calculated using the methods prescribed in the Standard.

The type B uncertainty components are shown in Table 8.
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Table 8. Type B uncertainty components for sound power levels and tonality

Type B Type B Type B
uncertainty for | uncertainty for | uncertainty for
sound power one-third tonality
Variable | Description level octave levels Comment
dB (A) dB (A) dB (A)
Ugi Calibration 0.2 0.2 0.1 Assumption, used
typical value
Ug2 Instrument 0.2 0.2 0.2 Assumption, used
typical value
Ugs Board 0.3 1.7 1.7 The board was
placed well and used
typical value.
Ugs Distance 0.1 0.1 0.1 Assumption, used
typical value.
Uss Impedance 0.1 0.1 0.1 Assumption, used
typical value.
Ugs Turbulence 04 04 0.2 Assumption, used
typical value.
Ugpy Wind speed, 0.5 x slope 0.5 x slope 0.6 Calculated using an
measured estimated 0.5 m/s
uncertainty on the
wind speed
Usgs Direction 0.3 0.3 0.3 Assumption, used
typical value.
Ugy Background | Varies by bin | Varies by bin Varies by Difference between
and one-third tone. the regression for

octave center
frequency bin

turbine and
background for
sound power level.

7.0 Exceptions

7.1 Exceptions to the Standard

1.

The tonality analysis for the 10m/s bin was not performed because the available
data was not suitable. There were other turbines operating in the background and
this would have caused unreliable tonality results.

2. Ten-second averages were used in the analysis instead of one-minute averages to

better characterize the dynamic nature of this small wind turbine.

Page 17 of 44




3. Pictures were not taken of the soundboard, turbine, and meteorological tower
during the test. A picture of a soundboard is included that is representative of

conditions during the test.

7.2 Exceptions to the Quality Assurance System

Meteorological instruments were used past the calibration due dates. The instruments
were post-test calibrated to assure the instruments were within their tolerances.

8.0 References

IEC 61400-11 Ed 2.1 2006-11 Wind Turbine Generator Systems — Part 11 Acoustic
Noise Measurement Techniques
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Appendix A. Picture of the soundboard

Figure 6. Picture of sound board during the test. PIX #19420.
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Appendix B. Equipment Calibration Sheets
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CALIBRATION LABORATORY &

[SO 17025: 2005, ANSINCSL Z540:1994 Part 1 and

relevant requirements of IS0 9002:1994 ACCREDITED

by NVLAP (an ILAC and APLAC signatory)
NVLAP Lab Code: 200625-0

Calibration Certificate No0.22815

Instrioment: Sound Level Meter Date Calibrated: 11/9/2010 Cal Due:
Model: noiseLab3-NI1-9233 Status: Received Sent
Manufacturer;  Delta In talerance: X X
Serial munber:  1258E43 Ot of tolerance:
Tested with:  Mic. 4189 s/n 2395206 & 2395209 See commenis:

Preamp, 2671 s/n 2373719 & 2373721 Coniains non-aceredited tests: __Yes X No
Type (elass): 1 Calibration service: __ Basic X Standard
Customer: National Renewable Energy Laboratory  Address: 16253 Denver West Parkway
Tel/Fax: 303-384-T183 / Golden, CO 80401-3393

Tested in accordance with the following proceduras and standards:
Calibration of Sound Level Maters, Scantek Inc., 06/07/2005
ELM & Dosimeters — Acoustical Tests, Scantek Inc., 06/15/2005

Instrumentation used for calibration: Nor-1504 Norsonic Test System:

Instrument - Manufacturer Description SiN Cal. Date Traamabillty svidance Cal. Due
Gal. Lab / Accradifation
483B-Morsonic SME Cal Unit 25747 Dec 24, 2009 |Scantek, Incd NVLAP | Dec 24, 2010
D5-360-5RS Funclion Generalor |61646 Mow 13, 2008 [ACR Env, f AZLA Mo 13, 2011
34401A-Agilent Technoiogles |Digital Mullirmeter MY41022043 | Nov 12, 2008 |ACR Env. / A2LA MNowv 12, 2010
0P| 141-Druck Pressure Indicator | 790/00-04 Mowv 21, 2008 |Transcat/ NVLAP MNewv 21, 2010
HMP233-Vaisala Oy] ?;’:':':}‘I'I:‘r“mp' V3820001 | Mov 25, 2000 |Transcat / NVLAP May 25, 2011
2 i Validated
PC Program 1019 Norsonic | Calibration softwars | v.5.0 July 2009
1253-Morsonic Calibrator 25726 Dec 7, 2009 |Scantek, Inc./ NVLAP | Dec 7, 2010

Instrumentation and test results are traceable to Sl (International System of Units) through
standards maintained by NIST (USA) and NPL (UK).

Environmental conditions:

Temperature (°C) Barometric Pressure (kPa) Relative Humidity (%)
223°C 100.105 kPa 54.1 %RH
Calibrated by Valentin Buzduga Checked by Mariana Buzduga

Signature = Signature g 1 (o
Date N5, Zve Date TTIYERE

Calibration Cenrtificates or Test Reponts shall not be reproduced, except in full, without written approval of the laboratory.

This Calibration Certificate or Test Reports shall not be used to claim product certification, approval or endorsement by NVLAP,
MNIST, or any ageney of the federal government.

Dotunment stored as: Z\Calibration Lab\SLM 2010(DeltaNoiseLab3-9233_1258E43-Chl_M1.dec Page | of 2

R
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relevant requirements of [SO 9002:1994 ACCREDITED
by NVLAP (an ILAC and APLAC signatory)

Scamtek, inc. [L ®
CALIBRATION LABORATORY
ISO 17025: 2005, ANSI/NCSL Z540:1994 Part 1 and Nv [&@

NVLAP Lab Code: 200625-0

Calibration Certificate No.18951

Instrument: noiseLAB Platform Date Calibrated: 11/24/2008
Model: noiseLAB3-NI-9233 Status: Received Sent
Manufacturer:  Delta In tolerance: X X
Serial number:  1258E43_3-0-16 Out of tolerance:
Composed of* Laptop s/n 54018537H w/ noiscLAB v. 3.0.16See comments:
NI-9233 acquisition board s/n 1258E43 Contains non-aceredited tests: __Yes X No
Type (class): 1 Calibration service: __ Basic X _ Standard

Customer: National Renewable Energy Address: 16253 Denver West Parkway
Laboratory, Inc.
Tel/Fax: 303-382-6987 Golden, CO 80401
Tested in accordance with the following procedures and standards:
Calibration of Sound Level Meters, Scantek Inc., 06/07/2005
Calibration of Analyzers, Scantek, Inc., 06/07/2005

Instrumentation used for calibration: Nor-1504 Norsonic Test System:

- . ili vidence
n[lnstrumen! Description SIN Cal. Date | Traceability evidence
anufacturer Cal. Lab / Accreditation

483B-Norsonic SME Cal Unit 31052 Jan 15,2008 |Scantek, Ine. Jan 15, 2009
NS-360-5RS Function Generator 33584 Jan 3,2008  |Davis Calibration / AClass | Jan 3, 2009
34401 A-Agilent Technologies |Digital Voltmet 1US36120731 Aug 19, 2008 |ACR Env. / AZLA Aug 14, 2000
HM30-Thommen Meteo Station 1040170/39633 | Dec 21,2007 |Transcat/A2LA Jun 21, 2009

PC Program 1019 Norsonic (Calibration software v.46 Vallgsg;g Dec | ) -

Cal. Due

Instrumentation and test results are traceable to Sl (International System of Units) through
standards maintained by NIST (USA) and NPL (UK).

Environmental conditions:
Temperature (°C) Barometric pressure (kPa) Relative Humidity (%)
21°C 99.54 kPa 34.8 %RH

Calibrated by | Javier Albarracin Checked by Mariana Buzduga
Signature Y Signature Al
Date 1las /2008 _Date 4[25 200y

Calibration Certificates or Test Reports shall not be reproduced, except in full, without written approval of the laboratory.
This Calibration Certificate or Test Reports shall not be used to claim product certification, approval or endorsement by NVLAP,

NIST, or any agency of the federal government.

Document stored as: C:\Norl 504\5ImCal\2008\DeltaNoisel.ab3-9233_1258E43_3-0-16_M2.doc Page 1 0f 2
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and relevant requirements of ISO 9002: 1994

ACCREDITED by NVLAP
{an ILAC and APLAC signatory) NVLAP Lab Code: 200625-0

Calibration Certificate N0.21065

Instrument: Acoustical Calibrator Date Calibrated: 1/14/2010
Model: 4231 Status: Received Sent
Manufacturer: Briiel and Kjeer In tolerance: X X
Serial number: 1326144 Out of tolerance:
Class (IEC 60942): 1 See ¢ §: o
Barometer type: Contains non-aceredited tests: __Yes _X_No
Barometer sin:

A, ®
CALIBRATION LABORATORY
1SO 17025: 2005, ANSI/NCSL Z540: 1994 Part 1

'Customer: National Renewable Energy Laboratory  Address: 16253 Denver West Parkway
Tel/Fax: 303-384-6388/ -6391 . Golden, CO 80401
beverly.kay@nrel.gov

Tested in accordance with the following procedures and standards:
Calibration of Acoustical Calibrators, Scantek Inc., 06/06/2005

~ Instrumentation used for calibration: Nor-1504 Norsonic Test System: .

- Traceability evidence
Cal. Lab/ A
483B-Norsonic SME Cal Unit 25747 Dec 24, 2009 |Scantek, Inc./ NVLAP | Dec 24, 2010
DS-360-SRS Function G: o |61646 Nov 13, 2009 |ACR Env. / AZ2LA MNov 13, 2011
34401A-Agilent Technologies | Digital Multimeter  |MY41022043 |Mov 12, 2009 |ACR Env. 1 AZLA Nov 12, 2010
DPI 141-Druck . |Pressure Indicator  |790/00-04 Nowv 21, 2008 | Transcat / NVLAP Nov 21, 2010
B903A-HP Audio Analyzer 2514A05691 |Jan 2, 2008 |Transcalt/ NVLAP Jan 2, 2011

HMP233-Vaisala Oyj Humidity & Temp. /3820001 |Nov 25,2000 [ACR Env. / AZLA May 25, 2011

Cal. Due

Instrument - Manufacturer Description SIN Cal. Date

. . Validated
PC Program 1018 Norsonic | Calibration software |v.44 May 2006

1253-Norsonic Calibrator 28326 Dec 7,2009 | Scantek, Inc. / NVLAP Dec 7, 2010
1203-Morsonic Preamplifier 14051 Jan 4, 2010 k, Inc./ NVLAP Jan 4, 2011
4180-Bruel&Kjaer Microphone 2246115 Mar 7, 2008 [NPL (UK)/ UKAS Mar 7, 2010 |

Instrumentation and test results are traceable to SI (International System of Units) through
standards maintained by NIST (USA) and NPL (UK)

Calibrated by Valentis Buzduga Checked by " Mariana Buzdugé

Signature Signature A

= -
Date / //‘ff/ 272 Date L s/tf 2000

Calibration Certificates or Test Reports shall not be reproduced, except in full, without writien approval of the laboratory,

“This Calibration Certificate or Test Reports shall not be used to claim product certification, approval or endorsement by NVLAP,
MIST, or any agency of the federal government,

Document slored as: Z:\Calibration Lab\Cal 2009\BNK4231_2326144_M1.doc Page 1 of 2
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DEUTSCHER KALIBRIERDIENST DKD

Kalibrierlaboratorium fur Strémungsgeschwindigkeit von Luft
Calibration faboratory for velocily of air flow

Akkreditiert durch die / accredited by the
Akkreditierungsstelle des Deutschen Kalibrierdienstes %

DEWI GmbH Doutscior

Deutsches Windenergie-Institut Rat

DEWI
DKD-K-28901

1499_09
DKD-K-

28901
Kalibrierzeichen
Calibration label 16.07.09

Kalibrierschein
Calibration certificate

Gegenstand Cup Anemometer Dieser Kalibrierschein dokumentiert die
Object Rickfohrung auf nationale Normale zur
Darstellung der Einheiten in  Uber-
ginslimmung mit dem Internationalen

Hersteller Thies Clima Einheitensystem (S1)
Manufacturer D-37083 Gottingen . . .
9 Der DKD ist Unterzeichner der mulli-
lateralen Obereinkommen der European co-
4.3350.00. operallqn for Accreditation (EA) und der
';yp 000 International  Laboratory  Accreditation
ype Cooperation {ILAC) zur gegenseitigen
. i . Anerkennung der Kalibrierscheine.
FapnkaUSerten—Nn body: 0707830 Fur die Einhallung einer angemessenen
Serial number cup: - Frist zur Wiederholung der Kalibrierung ist
Auftraae Thies Clima der Benulizer_\.rerant\m_)nllch.
Cu:lmmgrg ber D-37083 Goettingen This calibration certificate documents the
gen, fraceability fo national standards, which
Auftragsnummer ABO0S01617 realize the units of measurement according
Order No. to the Intemational System of Units (SI).

The DKD is signafory fo the multilateral

Anzahl der Seiten des Kalibrierscheines ~ 3+3 agreemenis of the European co-operalion

Number of f the cerlificate for Accreditation (EA) and of the

umber of pages of fe certica Intemational  Laboratory  Accreditation

Datum der Kalibrierung 15.07.09 Cooperation = (LAC) for the muiual
recognition of calibration certificates.

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

Date of calibration

Dieser Kalibrierschein darf nur vollstdndig und unversndert weiterverbreitet werden. Ausziige oder Anderungen bedUrfen
der Genehmigung sowohl der Akkreditierungssielle des DKD als auch des ausstellenden Kalibrierlaboratoriums.
Kalibrierscheine ohne Unterschrift und Stempel haben keine Giitigkeit.

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 certificates without signature and seal are not valid.
tsc Datum Stellv. Leiter des Kalibrierlab riums Bearbeiter
é‘& Date Depuly head of the calibration laboratory Person in charge
gy Bee e R -
28901 . . /J
S 15.07.08 Dipl.-Ing. (FH} P. Busche R.Kluin

DEWI GmbH DEUTSCHES WINDENERGIE - INSTITUT C%}
Ebertstr. 86, D-26382 Wilhelmshaven DEWI

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

Page 24 of 44




DEUTSCHER KALIBRIERDIENST DKD

Kalibrierlaboratorium fir Strémungsgeschwindigkeit von Luft
Calibration laboratory for velocily of air flow

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

Loutschar

Deutsche WindGuard Aiaadiarungs
Desere LA, Wind Tunnel Services GmbH _
Wind Tuninel &2 Varel DKD-K- 36801
DKD-K-
Kalibrierschein Kalibrierzeichen | 36801
Calibration Certificate Calibrafion label 07 2411
Gegenstand Gup Anemometer Dieser Kalibrierschein  dokumentiert die
Object Riickfihrung auf nationale Normale zur

Darstellung der Einheiten in Ubereinstimmung
f { i inhei Sl).
Hersteller Thies Clima mit dem Intemai;onal}zn Einheitensystem (
Manufacturer _ : Der DKD ist Unterzeichner der multi- lateralen
D-37083 Gottingen Ubereinkommen der European co-operation for
Accreditation (EA} und der International

Typ 4.3350.00.000 Laboratory Accreditation Cooperation (ILAC)
Type zur  gegenseitigen  Anerkennung  der
. . Kalibrierscheine.
gg%?hggi?"e"'m- Body: 0707892 Fir die Einhaltung einer angemessenen Frist
Cup: 0707892 zur Wiederholung der Kalibrierung ist der
Benutzer verantwortlich.
é:;lsftlgigrg eber Thies Clima This calibration certificate ﬂﬂcuman!s the
D-37083 Géttingen traceability to national standards, which realize
the units of measurement according fo the
Auftragsnummer Internalional System of Units (Sl).
M The DKD is signalory to the multilateral
Order -\%, VT07255 agreements of the European co-operation for
. . : Accreditation (EA) and of the Intemational
ﬁnzghl {:}er Sesl?ﬂ?desd[';allbnerschelnes 3 Laboratory Accreditation Cooperation (ILAC)
umber of pages of the certificate for the mutual recognition of calibration
Lo certificates.
Datum der Kalibrierung 24.07.2007 The user is obfiged fo have the object

Date of calibralion " . .
recalibrated at appropriate intervals.

Dieser Kalibrierschein darf nur vollsténdig und unversndert weiterverbreitet werden. Ausziige oder Anderungen bedUrfen
der Genehmigung sowohl der Akkreditierungsstelle des DKD als auch des ausstellenden Kalibrierlaboratoriums.
Kalibrierscheine ohne Unterschrift und Stempel haben keine Gilltigkeit.

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 laboralory. Calibration cerfificates without signature and seal are not valid.

Leiter des Kalibrierlaboratoriums Bearbeiter
Headpf the calibration laboratory rson m cf}ar 8
e
Dipt. Phys. D. Westerfann ch Ass Inf H. Westermann
Deutsche WindGuard Wind Tunnel Services GmbH

Oldenburger Str. 65 Deutsche:
26316 Varel ; Tel. ++49 (0)4451 95150 W,nd

Wind Tunnei S
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WIND

Svend Ole Hansen ApS

ENGINEERING
SCT. JORGENS ALLE 7 - DK-1615 KOBENHAVN V - DENMARK FLUID
TEL: (+45) 33 25 38 38 - TAX: (+45) 33 25 38 29 . WWW SOHANSEN.DK DYNAMICS

CERTIFICATE FOR CALIBRATION OF CUP ANEMOMETER

Certificate number; 10.02.6375 Date of issue: October 25, 2010

Type: Thies 4.3350.00.000 Serial number: 0707892

Manufacturer: ADOLF THIES GmbH & Co.KG. Hauptstrasse 76, 37083 Géttingen, Germany
Client: NREL Mecterology and Calibration Laboratory, 1617 Cole Blvd, Golden, CO 80401 USA

Anemometer received: October 21, 2010 Anemometer calibrated: October 24, 2010
Calibrated by: as Calibration procedure: IEC 61400-12-1, MEASNET
Certificate prepared by: jsa Approved by: Calibration engineer, soh

"‘}\-,[ l.,(.-_ "(A-;(.-._
Calibratien equation obtained: v [m/s] = 0.04848 - [Hz] + 0.23944 -

Standard uncertainty, slope: 0.00128 Standard uncertainty, offset; 0.05695
Covariance: -0.0000008 (m/s)/Hz Coefficient of correlation: p = (0.999991
Absolute maximum deviation: 0.038 m/sat 12.231 m/s

Barometric pressure: 993.5 hPa Relative humidity: 24.0%
Suceession Velocily Temperature in Wind Frequency, Deviation, Uncertainty
pressure, g wind tunnel control room  velocity, v. E d. u, (k=2)
[Pa} [°C] [“C] [m/s] [Hz] [m/s] [m/s]
2 9.53 31.2 22.8 4.102 79.7246 -0.003 0.028
4 14.90 K1 22.7 5129 101.2622 -0.020 0.032
6 21.28 ito0 22.7 6.128 121.2465 0.010 0.037
2 28.9% 309 22.7 7.150 142 8488 -0.015 0.043
10 37.92 08 22.7 R.178 163.5524 0.009 0.048
12 48.05 30.7 22.6 9.205 184.7626 0.007 0.054
13-last 58.92 30.7 226 10.193 205.2637 0.001 0.060
1 71.07 30.8 22.6 11.195 2258104 0.008 0.066
9 R4.82 0.8 227 12.231 246 5580 0.038 0.072
7 99.16 30.9 227 13.227 268.0057 -0.006 0.078
5 115.36 311 223 14.269 289 3657 0.001 0.084
3 132.33 312 22.8 15.285 310.9733 -0.031 0.090
1-first 15050 314 22.8 16.307 3314110 0.000 0.096
2 - 0.1
é 15 f‘(f’/ E‘ 7 x
; 10 ,.,—""x‘ g 0.0 S v s
2 el 5 * &
F 7] ) g
o — T T ™TT =T =01 T LA T T
0 L. 180 27 360 0 90 180 270 360
Frequency, f. [Hz] Frequency, f. [Hz)
S DANAK €=y
: TN CAl. Regor. 452 L‘.mf-" -"""
AR Accreditation (o 150 17025 k
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Calibration Laboratory:

Wind Vane Calibration Report

Mational Wind Technology Center - Cert. Team
Mational Renewable Energy Laboratory

1617 Cole Boulevard
Golden, Coloradeo 80401

Calibration Location:
National Wind Technology Center
Reom 101, Buliding 256

Report Number:  X4357-070913

Page: 10of1
Item Calibratec:
Manufacturer Met One Instruments, Inc
Model 020C
Serial Number X4357
Vane Material Aluminum
Condition Refurbished
Estimated Uncertainly:
Inclinometer Total
Uncertainty Uncertainty
(deg) (deg)}

0.10 0.33
Calibration by: //
ark Meadors

Customer:
National Wind Technology Center - Certification Team
Malional Renewable Energy Laboratory
1617 Cole Boulevard
Golden, Colorado 80401

Calibration Date: 13-Sep-07

Procedure:

NWTC-CT: G124-000613, Wind Vane Calibration
Deviaticns from procedure: Calibrated on 5V range
Calibrated in Velts (not mV)

Results:
Slope: 7112 degiVv

Offset to boom: 91.02  deg

Max error: 0.78 deg
Traceability: Mig & Model Serial Cal
Number Date
Inclinometer: Spi-Tronic  31-038-3 22-Mar-Q7
Voltmeter: Fluke743B 6965608  10-May-07

léL 13-Sep-07

/ Dale

B0 o . 10
* alo08
5 300 - -— . — |
% . A. 08 _
o 240 - — e - - 1os P
g & . s
+ 0.2
T 18044 . . =
a . A a0 _E
Z 901 e - ‘| : i oo 8
2 . . & +3
o @+ -04
> 50 - — | P
- 06
0 I T 08
0 2 3 4 5
Vane Output Voltage (V)
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e
P NTEL e e e oy NWTC Testing Group

Wind Vane Calibration Report

Calibration Laboratory Customer:
Mational Wind Technalogy Center - Cert. Team National Wind Technology Center - Certification Team
National Renewable Energy Laboratory National Renewable Energy Laboratory
1617 Cole Boulevard 1617 Cole Boulevard
Golden, Colorado B0401 Golden, Colorado 80401
Calibration Location: Calibration Date 13-Apr-10

National Wind Technology Center
Room 101. NWTC Bidg 256

Report Number X4357-100413 Procedure:
NWTC-CT: Cl04 Calibrate Wind Vane_091209 pdf
Page 1of1
Deviations from procedure Calibrated on 5V Range
Itern Calibrated Calibrated in Volts (not mV)
Manufacturer Met One Instruments. Inc Post Calibration (Gaia)
Model az0C Results:
Serial Number X4357 Slope:  71.0530 deg/V
Vane Material Aluminum Offset to boom: 90.7 deg
Condition Refurbished Max errar 1.1 deg
Estimated Uncertainty. Traceability: Mfg & Made Serial Cal
Inclinometer Total Number Date
Uncertainty Uncertainty Inclinometer SPI-Tronic 31-038-3 19-May-09
(deg) (deg) Valtmeter HP 3458A 2823A05145 5-May-09
0.10 0,67~
1 : /
II /
, 3APR (L
Calibration by X'/) //"’“\._.-—--"'_ [ At R
Jerry Har | Date
360 D . 1%
L]
A
300 a L 1
o » -
@ . 5 e
S 240 | R . ; i 05
o . & =
=2 a -
c 180 . s 0 =
<< ]
- . . %
= -
a 120 | L] a -0.5¢
£ . &
@ - 14
£ 60 e
= | .
> " ™
0 -1.5
0 1 2 3 4 5
Vane Output Voltage (V)
Vane Cal X435T 100413 aixn It prirvbed, this goCument may be out of date F.ﬁ. 1011
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Branch #: 5000 sheet: 1 of: 1

NREL METROLOGY LABORATORY

Test Report

Test Instrument: Pressure Transmitter DOE #: 02725¢C
Model # : PTB1O1B 8/N : T5030003
Calibration Date: 08/26/2008 Due Date: 08/26/2009
Measured Output Voltage ( JMfr. Specs.
No Function Nominal (vDC) OR
Tested Value (X)Data only
(kPa) As Found As Left (mb)
* Absolute Pressure
65 0.282
70 0.555
75 0.827 |
80 1.099
85 1.371
50 1.644
95 1.5915
100 2.188
105 2.462

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: 02625C, 02727C, and 02301C.

Reda Q.A. By: Bev

Calibrated By :
: 08/26/2008 Date : 08/26/2008

Date
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Branch #: 5000

sheet: 1 of: 1

NREL METROLOGY LABORATORY

Test Report
Test Instrument: Pressure Transmitter DOE # 02729C
Model # PTB101B S/N : T5030003
Calibration Date: 04/14/2010 Due Date: 04/14/2011
Function Nominal Measured Output Voltage [ JMfr. Specs.
N Tested Value (VOC) OR
o (kPa) P i (X)Data only  (mb)
. Absolute Pressure
65 0.272
70 0.544
[is) 0815
80 1.087
BS 1.358
90 1.629
85 1.900
100 2173

Notes:

1. Expanded Uncertainty of the nominal value is £ 0.2 kPa, with k = 2.
2. Calibration was performed at 23°C and 40% RH.
3. Calibration was performed using standards thal are traceable to NIST. DOE numbers: 02301C and 128120.

Calibrated By : Reda
Date 1 04/14/2010

Q.A. By: Bev
Date  :04/14/2010
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Branch #: 5000 sheet: 1 of: 1

NREL METROLOGY LABORATORY
Test Report
DOE #: 02883C

Test Instrument: RTD-Probe

Model # : 78NOINOON 8/N : 0789021

Calibration Date: 10/10/2008

Due Date: 10/10/2009

Measured Values ( JMfr. Specs.
No Function Nominal () OR
Tested Value (X)Data only
(°c) as as
Found Left
* Temparature: ] 99.96 Same
25 109.41 w
50 118.85 i
Notes:

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

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

- Uncertainty of Nominal values = + 0.03 °C, k = 2.

Tested By: Reda

Date : 10/10/2008
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Branch #: 5000

sheet: 1 of: 1

NREL METROLOGY LABORATORY

Test Report
Test Instrument: RTD-Prohe DOE # 0288B3C
Maodel # : TENOAMNOON S/N : 0789021
Calibration Date: 04/14/2010 Due Date: 04/14/2011
Measured Values { IMfr. Specs. OR
No Function Mominal {2} (X)Data only
Tested Value
Found Left
* | Temperature: 0 99.96 Same
30 111.63
60 123.19 "

Motes:

- Calibration was performed using instruments that are traceable to NIST. DOE#s 124272,

108603, and 108604

- Calibration was performed at temperature = 23 “C and relative humidity = 40%
- Uncertainty of Nominal Values =+ 0.03 “C, k= 2.

Page 32 of 44
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NATIONAL Certificate of

INSTRUMENTS" Calibration
Buz_ard Information: Certificate Information:

Serial Number; 12CBC7A Cettificate Number: 793243
NI Part Number: 192580D-02 Date Printed: 20-NOV-08

Description: NI 9229

Calibration Date: 14-AUG-07
Recommended Calibration Due Date: 14-AUG-08*

Ambient Temperature: 23 °C
Relative Humidity: 60 %

National Instruments certifies that at the time of manufacture, the above product was calibrated
in accovdance with applicable National Instruments procedures. These procedures are in
compliance with relevant elauses of ISO 9001 and are designed to 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 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 mainiained within the operating
specifications of the instrument and the siandards.

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

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

NI Hungary Software és Signed,

Hardware Gyarto Kfi.

4031 Debrecen, Haldr 1t O\Q,_W
1/A.

HUNGARY Andrew Krupp

Quality Director

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

an_nrd Information: - Certificate Information:
Serial Number: 12BFEE2 Certificate Number: 775348
NI Part Number: 192547D-01 Date Printed: 20-NOV-08

Description: NI 9217

Calibration Date: 20-JUL-07
Recommended Calibration Due Date: 20-JUL-08*

Ambient Temperature: 26 °C
Relative Humidity: 45 %

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 ISO 9001 and are designed to 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 traceable to National and/or International Standards
administered by NIST or Euromet members or ave devived from accepled 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 lo the instrument identified above and the
certificate may not be reproduced, except in full, without prior wrilien consent by National
Instruments.

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

NI Hungary Software és Signed,

Hardware Gyarto Kft.

4031 Debrecen, Hatdr it ()‘Q\.L'Yﬂ
LA

HUNGARY Andrew Krupp

Quality Director

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

INSTRUMENTS’ Calibration
Bm_trd Information: Certificate Information:

Serial Number: 12E9C99 Certificatc Number: 835019
NI Part Number: 193299F-01 Date Printed: 20-NOV-08

Description: NI-9205

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

Ambient Temperature: 23 °C
Relative Humidity: 38 %

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 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 standards and instruments used
during the calibration of this preduct are traceable to National and/or International Standards
administered by NIST or Euromet members or are derived from accepled 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 o the instrument identified above and the
certificate may not be reproduced, excepl 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 Gyarto Kft.

4031 Debrecen, Hatar it OO V—0

1/4.

HUNGARY Andrew Krupp
Quality Director

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

Da“s Qllbratlon \CCFEDITED 32 143 3‘?

Certificate Page | of 1

Instrument Identification
Corngpany I0: 220037 PO Murnber: 337683
MNATIOMAL INSTRUMENTS

11500 M. MOPAC EXPWY
ATTH. RMA DEPT.
AUSTIM, TA 78750

Instrument 1D- 12CBCTA Model Number: NI 5225
Manufacturer: MATIOMAL INSTRUMENTS Serial Mumber: 12CBCTA
Descrigtion: 4-CHAMMEL, £80 W, 24-BIT SIMULTANEDUS ANALOG INPUT

Accuracy. Mt Specifications

Certificate Information

Reason For Senvice: CALIBRATION Technician: WAYNE GETCHELL
Type of Cal: ACCREDITED 17025 Cal Date DEMay2009
Az Found Condition: [N TOLERANCE Cal Due Date: 08May2010
43 Le®t Condition: LEFT AS FOUND Interval: 12 MONTHS
Procedure: NATIOMAL INSTRUMENTS CAL EXECUTIVE REV 3.3.1 Temperature: 230 C

Humidity: 44.0 %
Remarks: Reference aftached Dafa.

The dustrumesl o fhts sermjiostion bas been colibratid qpainsr standards fraveablie o th Natiosal Tnstitse of Siandards aud Techsolage (NIST) or ather secopnised
matdanal metrofogy fertines, divtend from Fatio by sceiandments, or compared i satloarally oF imeraarionally rieogiised comiensisd afandands.

A hit wevartaingy ratio (TR D of 4.0 [X=2, approx. 95% Confidiecs Leved] war maintainid unficcs othersise stoted
Ihavis Calfibeation Labaratory i verfifhed to LE0 FO01 1000 by Eaple Rigietrations fcertificate 8 J046), Lab Gperation: midl the rguiremeats af
ANSIPCEL ER40-1-1994, 190 1007 2:3001, FOCFRI0 Appsl, and JOCFRIL.

IEOMEC JT025-2005 aceredited cofivrations ane per ACLATS cernffeati 8 201187 within the seops for which the b i soonadited
AR pepuln comtcinad witkis s certfeation relate oaly 1o idmya) calideated sy semibes of factors mdy cascd the calibratios it 1o Zrf oul of calibration bt the

inarramiint i calibratios intereal has epinid

This enbrtifrcaatic shall mod e raprodedd excapr i i, withoid wriitin comie! of Dawis Calibranion Laboraton.

Approved By: VICTOR PEMNA
Service Representative

Calibration Standards
MIST Traceable# Inst. |0 Description Model Cal Date Diate Due
3143038 150271 MULTIFUMCTION CALIBRATOR BT00& 152pr2008 14Jul2008

Davis Calibration * 2324 Ridgepoint Drive, Suite D + Austin, TX 78754 * Phone: 800-365-0147 = Fax: 512-526-3450
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Certificate of Calibration
3214181

Certificate Page L of 1

Davis|Calibration

CALBDIRATION

Instrument Identification
Company 1D 220037 PO Murnber: 337683
HATIOMAL INSTRUMENTS

11500 M. MOPAC EXPWY
ATTH. EMA DEPT.

ALUSTIM, TX 73759
Instrument 1ID: 12BFEE2 Model Mumber: MI 5217
Manufacturer: MATIOMAL INSTRUMENTS Serial Mumber: 12BFEE2

Description: 4-CH 100 OHM 24-BIT RTD AMALOG INPUT
Accuracy: Mir. Specifications

Certificate Information

Reason For Service: CALIBRATION Technician: WAYNE GETCHELL
Type of Cal: ACCREDITED 17025 Cal Date DBMay2009
Az Found Condition: N TOLERANCE Cal Due Date: 06May2010
4s Left Congition: LEFT AS FOUND interval: 12 MONTHS
Procadure: CAL EXEC 3.3.1 CAL EXEC 3.3.1 Temperaturs: 230 C
Humidity: 46.0 %

Remarks: Reference attached Data.

The imstrweent on thiv certifioation o bean colibrasd qeainer stondurds fraveabis to the Natioma! Inuiite of Seondands and Techaoloagy (NITT) or athier recogaized
wathoncel metradogy fetitutes, dirdeed fromi Fafio hpe mcarsemants, or compared o satiosally oF meraaiionally recogaised comrensus siandards.

Al swcartainty ratio (TLLR) of 400 JX=3, approx, 95% Confidvmce Livel] was muintained unfis olbereise stated
Dvis Calibration Laboratary i varnfied o 150 90012000 by Eagle Reginrations foertificate 8 30460, Lab Cpirations medt the reguivernats of
ANSUNCEL ES40-1- 190, 150 1007 2:3003, TOCFR0 Appall, and 10CFREL.

LFOMEC J7025-2005 averidited cofibration ane per ACLASS ceriifoate 8 201 187 within the reopa for which the fob iy seoredifed
AR resuln costained withis this certification relate omly 1o itamys) calibrated sy sumibier of factors aidy cond thee calibration i B0 et out of ealibrarion bifore the

inalFaTAT s calibrarion imlirnal has axpined,

Tl awrificante shall mod bt riprodverd excepr i fall, withoul writtin conset of Dol Calibranion Laboratos.

Approved By: VICTOR PEMNA
Service Reoresentative

Calibration Standards

HIST Traceables Inst. |08 Diescription Model LalDate  DateDue
307B8E2 150011 DECADE RESSETIR DBS2 2M4Mar2008  24Mar2MD
3004178 130060 DIGITAL MULTIMETER, {GOLDEM CAL) 34584 OFT 002 17Feb2008  17May2002

Davis Calibrafion » 2324 Ridgepoint Drive, Suite D « Austin, TX T8754 » Phone: 800-365-0147 « Fax: 512-326-58450

Page 37 of 44



Certificate of Calibration
3214135

Certificate Page [ of 1

Davis|Calibration

Instrument Identification
Comgpany 10 229037 PO Number: 337683
MATIONAL INSTRUMENTS

11300 M. MOPAC EXPWY
ATTH. RMA DEFPT.

ALISTIM, TX 78759
Instrument 1D 12E9C99 Model Murnber: NI 5205
Manufacturer: MATIOMAL INSTRUMENTS Serial Mumber: 12E9C29

Deszcription: 32-CH 200 MY TO 10, 18-BIT, 250 K55 AMALOG INPUT MODULE
Accuracy: Mt Specifications

Certificate Information

Reason For Service: CALIBRATION Technician: WAYME GETCHELL
Type of Cal: ACCREDITED 17025 Cal Date D8May2008
Ag Found Condifion: 1N TOLERANCE Cal Due Date: 08May2010
Az Left Condition: LEFT AS FOUND inferval: 12 MONTHS
Procedure: MATIONAL INSTRUMENTS CAL EXECUTIVE REV 3.3.1 Temperafure: 23.0 C
Humidity: 47.0 %

Remarks: Fefersnce aftzched Data.

T dnarrwment g iy serfilioation bat Bedn solibratid dpainr sendards fraveablic to the Natiowa! Iaarisa of Siandards and Ticheolagy (NIFT) or athier recogrized
watiane] melrology isntitates, diviend fros Falio hpe sicerndeents, or companed io satiorally oF e rmationdly ricopaizid cosneniul standards.

A Rt smcartainty ratio (TR of 420 JE =3, approe. 954 Confidence Level] war maintained ualices otherwise statad
Divis Calibration Laboratony 3 cernifiad o 50 FO0L2000 by Eugphe Rigistranions foertpican & 0460, Lab Cpirations mir the riguirenents 5
ANEINCEL ESA0-1- 1904, 190 1000 2:3003, FOCFRI0 Appxdl, and IOCFRIL

IEOJET F7025- 2005 aeenidited calbrations are pes ACLAET sernffeate 8 800 T within the seopa for which the fab b5 sooradined
AR repslts covtadned withis s cerification relate oly bo itemys) calibrated A numibier of factors s cacne thee calid ration i fo deift oud of calidrarion b the
imsrramiint 'y calibratios il hos aepired

Thels carreifreaate sall mod b niprocicdd excapt i fall, withowr writtin conaea of Dads Calibranion Laboratory,

Approved By: VICTOR PEMA
Service Represantative

Calibration Standards
MIST Traceable# Inst. IO Description Model Cal Date Diate Due
3143032 150271 NMULTIFUMCTION CALIBRATOR 57004 15Apr2008 14Jul2008

Cavis Calibration * 2324 Ridgepoint Drive, Suite D + Austin, TX 78754 = Phone: B00-365-0147 » Fax: 512-526-3450
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P
Certificate of Calibration

Board Information: Certificate Information:
Serial Number: 1404596 Certificate Number: 1309509
NI Part Number: 192580G-021 Date Printed: 03-APR-09

Description: NI 9229

Calibration Date: 10-FEB-09
Recommended Calibration Due Date: 10-FEB-10*

Ambient Temperature: 23 °C
Relative Hunudity: 41 %

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 ISO 9001 and are designed to assure that the product listed
above meets or exceads National Instruments specifications.

National Instruments further certifies that the measurements standards and instruments used
during the calibration af this product are traceable to National and/or International Standards
administered by NIST or Euromet members or are derived fram accepted values of natural
phvsical 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
carftificate may not be reproduced, excepr in full, without prior written consent by National
Insfruments.

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

NI Hungary Software és Signed,

Hardware Gydrid Efft.

4031 Debrecen, Hatar iit Q\L_\o
I (¢ 77
HUNGARY
Andrew Erpp

Vice President, Quality and
Continuous Improvement

* Recommended calibration due date 15 based on a combination of calibration interval and, when
applicable, calibration shelf life. This date may vary depending on your application requirements.
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» " . Certificate of Calibration
Calibration LT
Cortificnie  Pape | of 1

Instrument Identification

Company 1D: 120205 PO Number: CC-BEVERLY KAY
NREL

METROLOGY LAB [ BEV KAY

16253 DENVER WEST PARKWAY

GOLDEN, CO, 80401

Instrument ID: 04074C Model Number: NI 9229
Manufacturer: NATIONAL INSTRUMENTS Sarial Number: 140A596
Description: 4-CHANNEL, +60 V, 24-BIT SIMULTANEOUS ANALOG INPUT

Accuracy: Mir Specifications

Certificate Information

Reason For Service: CALIBRATION Technician; COREY CLAXTON
Type of Cal: ACCAEDITED 17025 WITH UNCERTAINTIES Cal Date 28Apr2010
As Found Condition: |N TOLERANCE Cal Due Date: 29Apr2011
As Left Condition: LEFT AS FOUND Interval; 12 MONTHS
Procedure: NATIOMAL INSTRUMENTS CAL EXECUTIVE REV 3.3.2 Temparature: 23.0 C

Humidity: 58.0 %
Remarks: CALIBRATED WITH DATA, REFER TO ATTACHED DATA FOR BEFORE AND AFTER READINGS.

Fler bnsurument an this coriiflcaron kay been calibvared aprins wandards iraceabie @ die Narkad! faseimae of Sissdovdy and Technokygy INKST) o sdher secognized
it mpiralogy furitvies, devived from rani e meesremen, o compared i miosath; or ineraasonlly recopnized ronsensus sy,
A dext unrertaindy fatle (DR ) af 21 [K=2, wipros. 959% Conflalence Level] nais sarainned iiless oflienise sl
Tavis Califration Laberatory o certified o 50 SO01-2008 by Eagle Repistrationy {rermificute # 3036, Lab Cperations smeet the reguirements af

ANNUNCRS, FEa) § one (RN, X0 NLPI000, JOCERAT Appll, and JCERDE

ISTIIEL TT25-2008 arcrdind cadibrations re per ACLASS cortiffote ® AC-TH87 within she scope fror which i feh b acorediied
Wiken atvernninny mewsurement calcubuions have heen caiculated per custumer requess, eeposied ponditon stxiemenis di por fale ind mcoont scertninng of mewsrement
AT revsalrs comrained sithin shiv corificarion sefaie onfy w0 Bemisp calibraspd Amy number of fecrors may casese the caliboarkon e dvifl os of catibraios befose the
inirsmenr's calibrution intervad Aus expired.

This cornificate shill m be reproduced excepe i foll, sl seien comsent of v Califranion b o

Approved By: COREY GLAXTON
Service Aepresemtative

Calibration Standards
MIST Traceable# Inst. IDH Description Model Cal Date Date Due

404716 15-0048 MULTIFUNCTION CALIBRATOR ST00A OTApr2010 DEJulz00

Davis Calibration + 2324 Ridgepoint Drive, Suite D + Austin, TX 78754 - Phone: 800-365-0147 » Fax: 512-026-8450
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W s
Certificare of Calibration

Board Information: Certificate Information:
Senal Number: 140DCB9 Certificate Number: 1313164
NI Part Number: 192547E-011 Date Printed: 06-APR-09

Description: NI 9217

Calibration Date: 12-FEB-(09
Recommended Calibration Due Date: 12-FEB-10*

Ambient Temperature: 22 °C
Relatrve Hunudity: 42 %

National Instruments certifies that at the time aof mamfacture, 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 meets or exceads National Instruments specifications.

National Instruments further certifies that the measurements standards and instruments used
during the calibration of this product are fraceable to National and/or International Standards
administered by NIST ar 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 certificare applies only to the instrument identified above and the
certificate may not be reproduced, except in full, without prior written consent by Narional
Insiruments.

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

NI Hungary Saftware és Signed.
Hardware Gydris Kjfi.
4031 Debrecen, Hatdr iit Q 1@_\0
4 O 77
HUNGARY
Andrew Krupp
Vice President, Quality and

Continuous Improvement

* Recommended calibration due date 1s based on a combination of calibration mterval and. when
applicable, calibration shelf life. This date may vary depending on your application requirements.

Page 41 of 44




causmATION 4111821

. . Certificate of Calibration
Calibration W
Cenificale Page 1 of 1
Instrument ldentification
Company ID: 120205 PO Number: CC-BEVERLY KAY

NREL

METROLOGY LAB / BEV KAY
16253 DENVER WEST PARKWAY
GOLDEN, CO, 80401

Instrument ID: 04072C Model Mumber: NI 9217
Manufacturer: NATIONAL INSTRUMENTS Serial Number: 140DCB9
Description: 4-CH 100 OHM 24-BIT RTD ANALOG INPUT

Accuracy: Mfr. Specifications

Certificate Information

Reason For Service: CALIBRATION Technician: COREY CLAXTON
Type of Cal: ACCREDITED 17025 WITH UNCERTAINTIES Cal Date 29Apr2010
As Found Condition: IN TOLERANCE Cal Due Date: 29Apr2011
As Left Condition: LEFT AS FOUND Interval: 12  MONTHS
Procedure: NATIONAL INSTRUMENTS CAL EXECUTIVE REV 3.3.2 Temperature: 23.0 C

Humidity: 58.0 %
Remarks: CALIBRATED WITH DATA, REFER TO ATTACHED DATA FOR BEFORE AND AFTER READINGS,

e insirmmseni e iivds ceniffomion o been colibroicd g siondods iraceahie o e Neavionud burinee of Swenduedy dnd Technology iNIST] or aier secognizrd
murtiomal metroivgy ineiules, derfved frm roio fype memsurementy, or coenpwored o nmtiowaily or inersasonelly recognized DowkeRsEE standar
A paat snsprnsinty vares (108 of 920 [K=2, uppros. U555 Confidence Level] suz maisained saless onhierndse sured
Phstn Cralibwration Libertory i cerniffesd e IS0 01T 2008 by Eagle Reglstravimes (cerificae § 3046). Lish Cperaions meet e seguiramints of

ANSINECRT PR O (HNEE) PNE DT TN )OS A e aand TR

INCMELE PR 2008 soeradliedd caliboatloni are per ACLASY corilficate 8 AC-TINT witkin the soope for which the fnb v acorediied
Whew uncernaing: mewsurement catcwlunions have been codeslited per cutomer request, reparted coninn wuremwemes & o take I decowil Wicar ity of mesEarsiiear,
Al palin oo widim Shin corificwiom rodwie ondy i gemin) colifvaied. Any manfer of facions sy canse e cadiranion sem w def owof calthrasos beire iie
Masrrumend s cplibranion interval has expiivd,

Thix cerrifice sall aor be reprosfincest excepn n full withoar weities consear of Dy Callbrantion Labsarmory

Approved By: COREY CLAXTON
Service Representative

Calibration Standards

MNIST Traceable# Inst, 1ID# Description Model Cal Date Date Due
4085286 15-0060 DIGITAL MULTIMETER (GOLDEN CAL) 3458A OPT 002 1SAPr2010  14Jul2010

Dawis Calibration » 2324 Ridgepoint Drive, Suite D » Austin, TX 78754 « Phone: 800-365-0147 « Fax: 512-926-8450
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W s
Certificare of Calibration

Board Information: Certificate Information:
Senal Number: 140E2BD Certificate Number: 1308869
NI Part Number: 193299F-01 Date Prnnted: 06-APR-09

Description: NI-9203

Calibration Date: 10-FEB-09
Recommended Calibration Due Date: 10-FEB-10*

Ambient Temperature: 23 °C
Relatrve Hunudity: 40 %

National Instruments certifies that at the time aof mamfacture, 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 meets or exceads National Instruments specifications.

National Instruments further certifies that the measurements standards and instruments used
during the calibration of this product are fraceable to National and/or International Standards
administered by NIST ar 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 certificare applies only to the instrument identified above and the
certificate may not be reproduced, except in full, without prior written consent by Narional
Insiruments.

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

NI Hungary Saftware és Signed.
Hardware Gydris Kjfi.
4031 Debrecen, Hatdr iit Q 1@_\0
4 O 77
HUNGARY
Andrew Krupp
Vice President, Quality and

Continuous Improvement

* Recommended calibration due date 1s based on a combination of calibration mterval and. when
applicable, calibration shelf life. This date may vary depending on your application requirements.
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Certificate of Calibration

- ] ]
libration LT
caLimRATION 4111826
Centificate Page | of |
Instrument Identification
Company 1D: 120205 PO Mumber: CC-BEVERLY KAY
NREL
METROLOGY LAB | BEV KAY
16253 DENVER WEST PARKWAY
GOLDEN, CO, 80401

Instrument 1D: 04071C Model Number: NI 9205
Manutacturer: NATIONAL INSTRUMENTS Serial Number: 140E2BD
Description: 32-CH =200 MV TO =10V, 16-BIT, 250 KS/5 ANALOG INPUT MODULE

Accuracy: Mir Specifications

Certificate Information

Reason For Service: CALIBRATION Technician: COREY CLAXTON
Type of Cal: ACCREDITED 17025 WITH UNCERTAINTIES Cal Date 29Apr2010
As Found Condition: IN TOLERANCE Cal Due Date: 29Apr2011
As Left Condition: LEFT AS FOUND Interval; 12 MONTHS
Procedure: NATIOMAL INSTRUMENTS CAL EXECUTIVE REV 3.3.2 Temperature: 23.0 C
Humidity: 58.0 %

Remarks: CALIBRATED WITH DATA. REFER TO ATTACHED DATA FOR BEFORE AND AFTER READINGS.

Ty insérument an this certifioaion o been catibnocd agmin vandants receshle o e Ntional Irutiure of Sandords and Technology INIST) or achier revingalzed
il metrology inaiuies, derfved from rario e meessuremessr, or cosspared i nardonelly or insernarosally recognized consessr sndurdy
A test ancermmingy o (LU ) af £ (K= 2, appear. W% Canfldence Levef) wi mainteined sufeas oshernise stanisd
Davis Colibration Laborainry v cervifled o BE 0000 X008 by Fagle Reginratioes foerificate 8 50405 Lab (peeanions moet the reguispments af
ANKINCSEL 500 F-FO08 (RM002), IS0 TNT 2003, IOCFRSD Apgoch, andl TOCFRIT

ESENPEL 025~ cerindileel cndifroalions are per ACLASY oorifficate 8 AC-1 P87 wilhia the scope for which the fmb s scoredived.
When sncerumuy meaveremen cabowlarons have been calosilaned per cuveomer reguiest, Peporned condiiom NTalessin do sor sk im decimnl maceriialy of scaiimomen
AN Fevalin comirdaed wdiin this certiffomiing relaie anly kol calibraied Any sember of faciots ey osse the calibmation drem do deifi owd of calibration befare e
Insrwseens’s culibvanion dnrerval ke egyined

Thiv ceraificae whall nof be reproduced cxcepe in full without writen consend of Dave Calitranion Labarasary

Approved By: COREY CLAXTON
Service Represantative

Calibration Standards

NIST Traceable# Inst. IDV Description Model Cal Date Date Due

4D47B16 15-0048 MULTIFUNCTION CALIBRATOR STO0A OFApr210 O6Jul2010

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