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1 Background

An acoustic noise 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 wind turbines. Several
turbines were selected for testing at the National Wind Technology Center (NWTC), as a part of
the Small Wind Turbine Independent Testing project. Acoustic noise testing is one of up to five
tests that may be performed on turbines. Other tests include duration, safety and function, power
performance, and power quality. Located in Grand Rapids, Michigan, Cascade Engineering is the
North American distributor of the SWIFT turbine (manufactured by Renewable Devices).
Cascade Engineering was the recipient of the DOE grant and provided the turbine for testing.

The primary goal of this test was to characterize the acoustic emissions of the SWIFT wind
turbine in accordance with the International Electrotechnical Commission’s (IEC) standard,
Wind Turbine Generator Systems - Part 11: Acoustic Noise Measurement Techniques, IEC
61400-11, Edition 2.1, 2006-11; hereafter referred to as the “Standard.” This test report
documents the measurement techniques, turbine configuration, test site, test equipment, and
results for the following quantities at integer wind speeds from 6 to 11 m/s:

e Apparent sound power level
e Third octave band levels
e Tonality.

Engineers at the NWTC conducted the acoustic noise test in accordance with the National
Renewable Energy Laboratory’s (NREL’s) quality system procedures to ensure that this final test
report meets the full requirements accreditation by A2LA. NREL’s quality system procedures
require that the test meet all applicable requirements specified by A2LA and ISO/IEC 17025 (or
to note any exceptions in the test report).

2 Test Summary

The turbine was tested in accordance with the Standard. Turbine acoustic emissions and
meteorological data were collected on 6 April 2012, 24 May 2012, and 28 May 2012.
Standardized wind speed (at 10 m) was derived from wind speed measured at hub height (14.28
m). Table 1 gives a summary of the test results.
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Table 1. Test Results Summary

Standardized wind speed at 10 m height, V [m/s] 6 7 8 9 10 11
Electrical power output calculated from power curve [kilowatts (kW)] 0.05 0.13 0.25 0.43 0.65 0.90
Measured pitch angle [°] 6 6 6 6 6 6
Measured rotor speed [1/min] - - - - - -
Apparent sound power level [dBA] NR * 82.6 84.4 85.0 85.6
Combined uncertainty in the sound power level, Uc [dBA] - 2.9 2.6 1.8 1.7 1.5
Frequency of the most prevalent tone [hertz (Hz)] - - - - 3849 3921
Tonality, ALy [dBA] - - - - -145 | -2.53
Tonal audibility, AL, x [dBA] - - - - 2.77 1.71

*  The difference between total and background noise was less than 6 dB, but greater than 3 dB. Per Section 8.2 of the Standard, these data points were not used in the
determination of the apparent sound power level, but were used for one-third octave and tonality. A standard background correction of 1.3 dB was applied.
NR The difference between total and background noise was less than 3 dB. According to Section 8.2 of the Standard, the wind turbine noise was less than the background

noise.

3 Test Turbine Configuration

Table 2 lists the configuration of the SWIFT turbine that was tested at the NWTC.

Table 2. SWIFT Wind Turbine General 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
Rated power (kW) 1
Rated wind speed (m/s) 11
Serial number NO000780-N

Blade make, type, serial number

Injection-molded nano-fiber reinforced polymer, FO00648

Generator make, type, serial number

Ginlong, Permanent Magnet, NO00780-N

Gearbox make, type, serial number

N/A, direct drive

Control software

Kaco Blueplanet 1502x, Software V2.05

from 6 to 10 m/s (rpm)

Wind turbine type Horizontal-axis, upwind
Tower type Trunk — conical tubular
Number of blades 5
Hub height (m) 14.28%*
Rotor diameter (m) 2.134 with outer ring*
Horizontal distance from rotor center to tower axis (m) 0.27
Speed control Passive stall with furling
Constant or variable speed Variable
Rotational speed at standardized integer wind speed 210-364

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

Fixed at 6° at the tip

Rotor control devices Diffuser ring
*Measurements verified the rotor diameter and hub height.
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Figure 1. SWIFT test turbine at the NWTC
(Photo by Ismael Mendoza, NREL 22083)
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4 Test Site Description

The SWIFT wind turbine was located at test site 3.1 of the NWTC, approximately 8 km south of
Boulder, Colorado. The site consists of mostly flat terrain with short vegetation (see Appendix A
for photos) and has prevailing winds bearing 292° relative to true north. Figure 2 shows the
turbine and meteorological tower locations, as well as nearby obstructions. NREL limited
assessments of power and energy production to data obtained when winds were within the 178°
to 311° measurement sector. In this measurement sector, the influence of terrain and obstructions
on the anemometer is small and meets the requirements of [IEC 61400-12-1(without conducting a
site calibration test). Table 3 lists the nearby turbines and whether or not they were operating
during data collection.

. SWIFT Wind Turbine

. jm:l Mfwwnloolcl! Tower

W oata shed N

SWIFT Wind Turbine Sound Boards
[} 6 12 g T24
(IO I O T SN S W |
Meters
Figure 2. Map of the test site
(Source: NREL 2011)
Table 3. Sources of Noise Near the Turbine

Source Location Shutdown for noise test
E15 4.0 Yes
Alstom ECO100 3.0 MW 4.1 Yes
Controls Advanced Research Turbine (CART)-3 4.3 Yes
CART-2 4.3 Yes
Siemens 2.3 MW 4.4 No
Southwest Windpower Skystream (Two turbines) 3.2 Yes
Viryd CS8 3.3 Yes
NW100 1.2 No
Test shed heating, ventilating, and air conditioning (HVACs) 3.1,3.2,33 Yes

Swift IEC Acoustic Noise Report 130215 Page 8 of 39



5 Test Equipment

5.1 Equipment Descriptions

Table 4 shows the equipment used for the test. All instruments meet the requirements defined by

the Standard.

Table 4. Equipment Used for Acoustic Test

Instrument Manufacturer Model il Sl
Number Number Due Date
Digital recorder Delta Acoustics | NoiseLab 1258E43 9 Nov 2012
and signal
analyzer
Microphone Bruel & Kjaer | 4189-A-021 2395209 8 Nov 2012
2395206 8 Nov 2012
Preamplifier Bruel & Kjaer | 4012 2373721 8 Nov 2012
2373719 8 Nov 2012
Calibrator Bruel & Kjaer | 4231 2388951 19 Dec
2012
Anemometer Thies First Class 0609006 7 Apr 2012
Wind vane Met One SS 201 WS5515 25 Oct 2012
Nacelle NA NA NA NA
anemometer
Pressure sensor Vaisala PTB101B C1040008 25 Oct 2012
Temperature Met One T-200 0603-1 20 Oct 2012
sensor
Power transducer | Secondwind Phaser 04607 8 Nov 2012
SFM-4A20
Data acquisition National CompactDAQ
Instruments w/ LabView
cDAQ-9172 13AB4F9 NA
NI 9229 14A34EE 22 Mar
NI19217 1494F69 2012
NI 9205 1496266 22 Mar
2012
22 Mar
2012

The calibration on the primary anemometer and the data acquisition modules expired during the
test. Post-test calibration sheets are included in Appendix C. The anemometer and modules were

found to be within tolerance.
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5.2 Instrument Locations

The primary anemometer on the meteorological tower was used to derive the standardized wind
speed. This tower was located 5.20 m from the test turbine, at a bearing of 302° true north, with
the anemometer at a height of 14.33 m. The wind vane was mounted at a height of 11.35 m on
the meteorological tower. The turbine was 2.4 rotor diameters from the meteorological tower,
within the range of 2 and 4 rotor diameters specified in the Standard.

Table 5 provides the location of the microphone for the measurement sessions.

Table 5. Reference Microphone Positions for Turbine and Background Measurements

Distance Slant Position Relative
Microphone Turbine Distance to Turbine
[m] [m] [deg true]
6 Apr 2012 16.54 22.05 80
24 May 2012 16.34 21.90 110
28 May 2012 16.34 21.90 110

6 Results
6.1 Test Conditions

The analysis was done using the measured wind speed and 10-second averages of the data.
NREL engineers have found that using 10-second averages instead of 1-minute averages better
characterizes the dynamic nature of small turbines. The range of standardized wind speeds and
wind directions used for the analysis were 2.1 to 18.1 m/s and 245.8 to 304.8 degrees,
respectively. The range of temperature and pressure were 9.7°C to 18.1°C and 80.4 kPa to 81.3
kPa, respectively.

6.2 Standardized Wind Speed Calculation

Standardized wind speed, V;, was calculated using Equation 1 and the values in Table 6, where
V, is the measured wind speed.

ln(%] ln[H]
Z0ref Zy
In H ln(zj
i Zoref Zy

(1)
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Table 6. Test Parameters Used in Wind Speed Calculations

Parameter Name Value
Hub Height, (m) H 14.28
Roughness length, (m) Z, 0.05
Anemometer height, (m) Z 14.33
Reference roughness length, (m) Zoref 0.05
Reference height, (m) Z et 10.00

6.3 Apparent Sound Power Level

Sound pressure levels were binned by wind speed. Integer wind speeds values were calculated
using interpolation between bins and extrapolation at the ends. The sound pressure levels were
then background corrected according to the Standard. Figure 3 shows the scatter plot of the
sound pressure levels of the validated total (operating plus background) and background noise,

along with the binned sound pressure levels. At low wind speeds, background levels were close

to turbine levels, resulting in the 6 and 7 m/s bins being unreportable. The measured and
background corrected apparent sound pressure level at standardized wind speeds of 6 through 11

m/s are shown in Table 7, along with the calculated sound power levels. Figure 4 shows the
sound power levels graphed against the standardized wind speed.

Measured Sound Pressure Level vs. Wind Speed
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Figure 3. Measured and binned sound pressure levels as a function of the standardized
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Table 7. Sound Pressure and Power Levels for Standardized Integer Wind Speeds

(6 m/s Through 11 m/s)

Background
Wind Total Background | Corrected
Speed Sound Sound Sound Sound Type A Type B Combined
Bin Pressure Pressure Pressure Power Uncert. | Uncert. Uncert.
Level Level Level Level
[m/s] [dBA)] [dBA] [dBA] [dBA] [dBA] [dBA] [dBA]
6 47.7 44.8 NR NR NR NR NR
7 49.6 45.4 48.3 * 2.7 1.1 2.9
8 52.0 45.9 50.8 82.6 2.4 1.1 2.6
9 53.6 46.5 52.6 84.4 1.5 0.9 1.8
10 54.1 47.2 53.2 85.0 1.5 0.9 1.7
11 54.8 47.8 53.8 85.6 1.2 0.9 1.5

*  The difference between total and background noise was less than 6 dB but greater than 3 dB. According to Section 8.2 of the Standard,
these data points were not used to determine the apparent sound power level.
NR The difference between total and background noise was less than 3 dB. According to Section 8.2 of the Standard, the wind turbine noise
was less than the background noise.

88

86

84

82

Sound Power Level, Ly, [dBA]

80

78

Figure 4. Sound power levels as a function of the standardized wind speed

7 8
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10
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6.4 One-Third Octave Analysis

One-third octave levels were analyzed at standardized wind speeds of 6, 7, 8, 9, 10, and 11 m/s.
The results (with uncertainty) are provided in Table 8, Table 9, and Figure 5.

Table 8. One-Third Octave Analysis for Wind Speed Bins 6 Through 8 m/s

Center 6 .m/s One- 7 'm/s One- 8 .m/s One-
HE e Third Octave | Third Octave | Third Octave
Levels Levels Levels

[Hz] [dBA] [dBA] [dBA]

50 NR NR NR

63 NR NR NR

80 29.6* £2.3 NR NR
100 NR NR NR
125 NR NR NR
160 NR NR NR
200 38.8*+2.1 NR NR
250 NR 30.8+2.2 423+19
315 NR NR 38.7*+2.1
400 NR NR NR
500 354%4+2.1 402 +2.1 404+19
630 349*+2.0 37.7*+£2.1 40.6 £2.0
800 NR 37.6%+2.2 41.5+2.0
1000 34.6*+2.1 38.7+2.1 425+20
1250 36.3+2.0 38.9+2.1 426+2.0
1600 32.0+2.1 36.3+2.2 404+2.0
2000 295+2.1 32.6 2.1 36.4+2.0
2500 NR 274*%+£22 31.9+2.1
3150 NR NR 27.7%+£2.1
4000 284+24 NR 253*%+2.0
5000 NR NR NR
6300 NR NR NR
8000 NR NR NR
10000 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 according to Section 8.2 of the Standard.
NR The difference between total and background noise was less than 3 dB. According to Section 8.2 of the Standard, the wind

turbine noise was less than the background noise.
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Table 9. One-Third Octave Analysis for Wind Speed Bins 9 Through 11 m/s

Center 9 .m/s One- 10'm/s One- 11. m/s One-
Frequency Third Octave | Third Octave | Third Octave
Levels Levels Levels
[Hz] [dBA] [dBA] [dBA]
50 NR NR NR
63 NR NR NR
80 NR NR NR
100 NR NR NR
125 NR NR NR
160 NR NR NR
200 NR NR 39.3*+ 2.1
250 41.8+2.0 38.8%¥+2.0 38.3*+2.0
315 41.7*+2.1 45.8+2.0 478+19
400 NR NR 38.6%*+2.0
500 39.9%+2.0 38.9*%+2.0 39.1%*+2.0
630 42119 414+19 40.8*+2.0
800 432+ 1.8 429+19 420+19
1000 448 £1.8 450+ 1.8 448 +1.8
1250 451+19 457+ 1.8 455+ 1.8
1600 435+19 444+ 1.8 446+ 1.8
2000 397+1.9 41.1+£19 429+19
2500 359+1.9 373+1.9 38.7+1.9
3150 31.3+2.0 329+2.0 347+1.9
4000 274%+£2.0 30.6+2.2 353+23
5000 NR NR NR
6300 NR NR NR
8000 NR NR NR
10000 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 according to Section 8.2 of the Standard.

NR The difference between total and background noise was less than 3 dB. According to Section 8.2 of the Standard, the wind
turbine noise was less than the background noise.
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Figure 5. One-third octave levels

6.5 Tonality

The tonality analysis resulted in reportable tones for 10 and 11 m/s, as shown in Table 10. NREL
engineers believe that these tones originated from the furling mechanism. The furling mechanism
activated at V5 ~ 10 m/s and generated enough noise that it was impossible to collect valid
background data above 10 m/s. On 6 Apr 2012, the mechanism was lubricated and the audible
squeak was no longer noticeable. As a result, no audible tones existed for the 24 May 2012 or 28
May 2012 measurement sessions.

Additionally, engineers heard a rattle emanating from the nose cone in low wind speeds. As the
turbine speed increased, the rattle disappeared. However, no quantitative comments can be made
concerning this rattle, as the background levels at these wind speeds were within 3 dBA of the
turbine levels.

Cascade Engineering was made aware of both of these noises.
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Table 10. Tonality Results (In dBA)

Wind Speed: 10 m/s 11m/s
f [Hz| 3,849 3,921
ALtn,1 21.5 21.5
ALtn,2 3.7 215
ALtn,3 21.5 21.5
ALtn,4 21.5 21.5
ALtn,5 215 215
ALtn,6 21.5 21.5
ALtn,7 21.5 21.5
ALtn,8 215 215
ALtn,9 21.5 21.5

ALtn,10 21.5 21.5
ALtn,11 21.5 215
ALtn,12 9.1 8.1
ALk -1.5 2.5
ALak 2.77 1.7
Ua N/A' N/A'
Us 2.1 2.1
Uc N/A' N/A'

Figure 6 and Figure 7 show a 10-second energy averaged spectrum indicating the classification
of spectral lines for each of the identified tones.

' Tone was intermittent. Type A uncertainty was not calculated for the bipolar sample distribution.
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Figure 6. Classification of spectral lines for the 3,849 Hz tone (typical in the 10 m/s bin)
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6.6 Uncertainty

The type A uncertainties for sound power levels, one-third octave levels, and tonality were
calculated using the methods prescribed in the Standard. The type B uncertainty components are

shown in Table 11.

Table 11. Type B Uncertainty Components for Sound Power Levels and Tonality

Type B Type B Type B
Uncertainty for Uncertainty for Uncertainty
Var Description Sound Power 1/3 Octave for Tonality Comment
Level (SPL) Levels (TOB)
dBA dBA dBA
Us, Calibration 0.2 0.2 0.1 Assumption, used typical value
Usg: Instrument 0.2 0.2 0.2 Assumption, used typical value
Uns Board 0.3 17 17 The board Was placed well and
used the typical value

Uy Distance 0.1 0.1 0.05 Assumption, used typical value
Uss Impedance 0.1 0.1 0.1 Assumption, used typical value
Uss Turbulence 0.4 0.4 0.2 Assumption, used typical value
Varies with wind Calculated per IEC 61400-12-1
Usy Wind speed, | Varies with wind speed and one- 0.6 Ed. 1.0, 205-12, and converted

measured speed third octave center ' to dBA for SPL and TOB.

frequency bin Typical value for tonality
Ups Direction 0.3 0.3 0.3 Assumption, used typical value

Varies with wind
Uss | Background Varies with wind speed and one- Varies by tone Stan'dard deViaFion of the
speed third octave center applied correction
frequency bin

7 Exceptions
7.1 Exceptions to the Standard

The analysis prescribed in the standard was altered for the small wind turbine by using 10-
second averages instead of 1-minute averages to better characterize the dynamic nature of this
turbine. In addition, binning by wind speed was used instead of regression analysis, and the
integer values were calculated by interpolating between bins and extrapolating at the ends.

7.2 Exceptions to the Quality Assurance System

The primary anemometer and data acquisition modules were used past the calibration due dates.
The instruments and modules were post-test calibrated. The anemometer and modules were
found to be within tolerances.

Swift IEC Acoustic Noise Report 130215
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Appendix A. American Wind Energy Association

Standard Acoustic Analysis

The American Wind Energy Association (AWEA) standard requires that the wind turbine sound
levels be measured and reported in accordance with the IEC 61400-11 standard, and includes the
following modifications:

e Using a 10-second averaging period

e Using the measured wind speed

e Using the method of bins

e (Covering a wide wind speed range as possible

e Describing any obvious changes in sound at high wind speeds
e Reporting the AWEA Rated Sound Level.

During the test, NREL engineers analyzed the data to calculate the 10-second averages. To
ensure that the acoustic data was downwind from the turbine, the wind direction was filtered to
assure that the measurement board was within 15 degrees of the downwind position. The data
were also filtered by the provided status to determine the total (operating plus background),
background, and interrupted/excluded data. The data were binned by the standardized wind
speed into 1m/s wind speed bins centered on the integer wind speed. The bin centers were
calculated by interpolation (and extrapolation at the ends).

The AWEA Rated Sound Level is defined as: the sound level that will not be exceeded 95% of
the time (assuming an average wind speed of 5 m/s); a Rayleigh wind speed distribution; 100%
availability; and an observer location that is 60 m from the rotor center. This requirement defines
the AWEA wind speed to be 9.8 m/s at hub height. The total and background noise for 9.8 m/s
were obtained by interpolation between the 9 and 10 m/s binned values. The two values are used
to obtain the background corrected sound pressure level. Next, the sound power level is
calculated. The AWEA Rated Sound Level is then calculated using this value.

Table 12. AWEA Rated Sound Level

AWEA Rated Sound Level Combined
Uncertainty
dBA dBA
38.3 1.9
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Appendix B. Pictures

Figure B1. Picture of the sound board during the test
(Photo by Jason Roadman, NREL)
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Figure B2. The test turbine as viewed from the reference microphone position

(Photo by Jason Roadman, NREL)
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Figure B3. The test turbine as viewed from the meteorological mast
(Photo by Ismael Mendoza, NREL 22083)
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Appendix C. Calibration Sheets
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i Scanteh, lnc. o
RS CALIBRATION LABORATORY N w L)
:‘J;.% ISO 17025: 2005, ANSI/NCSL 2540:_1994 Part | b\-é‘j;:;
i and relevant requirements of ISO 9002:1994 &)
5_ ACCREDITED by NVLAP (an ILAC and APLAC _—é
% signatory) NVLAP Lab Code: 200625-0 §
.‘e‘;‘:\ /f. ‘."“
& i ion Certifi S
g Calibration Certificate N0.22817 B
»l,\g fé’"‘
i% N
s
"flg Instrument: Microphone Unit Date Calibrated: 11/8/2010 Cal Due: %ﬁ"
75 Model: 4189-A-021 Status: Received Sent %
}'?/{1 Manufacturer:  Briiel & Kjr In tolerance: X X EE}\I\
\*‘}g Serial number: 2406811 Out of tolerance: /’/4 !
7 Composed of:  Microphone 4189 s/n 2395209 See comments: *%\‘
j:'}?é Preamplifier 2671 s/n 2373721 Contains non-accredited tests: __Yes _X No ?‘;‘?J;
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§: Customer: National Renewable Energy Laboratory Address: 16253 Denver West Parkway ,/'f
:J;:‘Z') Tel/Fax: 303-384-7183/ Golden, CO 80401-3393 b}‘)m
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= g ; . Z
_;‘ Tested in accordance with the following procedures and standards: {\
,:-:.@ Procedure for Calibration of Measurement Microphones, Scantek Inc., 06/15/2005 Eé\!‘.\»
WS Procedure for Microphone calibration using acoustical calibrator, Scantek, Inc., June 2005 ,,,%7““
z i ibration: N- i : =3
:|j-,% Instrumentation used for calibration: N-1504 Norsonic Test System: ‘@\\-ﬁ{;
(e m - iy
%‘ Instrument - Manufacturer Description SIN Cal. Date Traceabillty svldence Cal. Due 'é
P Cal. Lab / Accreditation '%‘
;iij.%’ 483B-Norsonic SME Cal Unit 25747 Dec 24, 2009 | Scantek, Inc./ NVLAP | Dec 24, 2010 B\_a‘lj"
WS DS-360-SRS Function G 61646 Nov 13, 2009 [ACR Env./A2LA Nov 13, 2011 /Jjﬂ»w
;. 34401A-Agilent Technologies | Digital Multimeter [ MY41022043|Nov 12, 2009 |ACR Env. / A2LA Nov 12, 2010 =
.,g.l’/gj DPI 141-Druck Pressure Indicator | 790/00-04 Nov 21, 2008 | Transcat/ NVLAP Nov 21, 2010 E“}‘,\;‘“
Y = . Humidity & Temp. )
% HMP233-Vaisala Oyj Tiaraiter V3820001 |Nov 25,2009 |ACR Env./ A2LA May 25, 2011 :g’
iz i S
fé] PC Program 1017 Norsonic | Calibration software | v.5.0 m"g&%‘; . . EE.;“.‘.‘
\‘1‘% 1253-Norsonic Calibrator 28326 Dec 7, 2009 | Scantek, Inc./ NVLAP_| Dec 7, 2010 f
.‘,‘.:’/4 1203-Norsonic Preamplifier 14059 Jan 4, 2010 | Scantek, Inc./ NVLAP |Jan 4, 2011 '\‘\\5.;,-“
i'::-ﬂ 4180-Briiel&Kjzer Microphone 2246115 Dec 14, 2009 |NPL (UK)/ UKAS Dec 14, 2011 pt‘ f}'
.t‘=§\~ é‘y Iy
57/: Instrumentation and test results are traceable to Sl - BIPM through standards maintained -.%
[ )
"5&:‘§ by NPL (UK) and NIST (USA) [2}
B 4
2 = : : =
'Jif’? Call.brated by Valentl;y(@. zduga Chgcked by Malrie{na Buzduga =
e Signature A = Signature - e
Date /0 Ef2ele Date liflaf/Zero

NN\

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: Z:\Calibration Lab\Mic 2010\B&K4189_A_021_2406811_M1.doc Page 1 of 2

Figure C1. Calibration sheet for the microphone 2406811
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Scaniek, lirc.

CALIBRATION LABORATORY

ISO 17025: 2005, ANSINCSL Z540:1994 Part |
and relevant requirements of IS0 9002:1994
ACCREDITED by NVLAP (an ILAC and APLAC
signatory)

ANy 4@\.\ ) @ i

-ﬂﬁ‘a "mlfﬂ__\\

NViAG

NVLAP Lab Code: 200625-0

r
'

IS

Instriment: Mierophone Unit

Model: 4189-A-021

Manufacturer:  Briiel & Kjer

Serial number: 2406809

Composed of:  Microphone 4189 s/n 2395206
Preamplifier 2671 s/n 2373719

Customer:  National Renewable Energy Laboratory

Tel/Fax:  303-384-7183/

Calibration Certificate N0.22816

T

Date Calibrated: 11/8/2010 Cal Due: it
Status: Received | Sent
In tolerance: X | X
Ot of tolerance:
See comments:
Contains non-accredited tests: __Yes _X No

Address: 16253 Denver West Parkway
Golden, CO 80401-3393

-'[d@_r U

Tested in accordance with the following procedures and standards:
Procedure for Calibration of Measurement Microphones, Scantek Inc., 06/15/2005
Procedure for Microphone calibration using acoustical calibrator, Scantek, Inc., June 2005 L

il

._':.. -"
f § Instrumentation used for calibration: N-1504 Norsonic Test System: =
L iy
L Traceability evidence il
s Instrument - Manufacturer |  Description SIN Cal. Date = ereditation Cal. Due =4
483B-Morsonic SME Cal Unit 25747 Dec 24, 2009 | Scantek, Inc./ NVLAP | Dec 24, 2010 i
(" DS-360-5RS Function Generator | 61646 MNov 13, 2008 |ACR Env. / AZLA Mov 13, 2011 il
o 34401A-Agilent Technologies | Digital Multimeter | MY41022043 | Nov 12, 2009 | AGR Env. [ AZLA MNov 12, 2010 -
,_.;.% DPI 141-Druck Pressure Indicator | 790/00-04  |Nov 21, 2008 | Transcal | NVLAP MNov 21, 2010 %ﬁ}f’.,-,
S : Humidity & Temp. o
_ f HMP233-Vaisala Oyj Transmiler V3820001  |Nov 25, 2009 | ACR Env. AZLA May 25, 2011 =
4 l' PC Pragram 1017 Norsanic | Calibration software | v.5.0 Yﬁ;d;at%; g;lq
% 1253-Morsonle Calibrator 28326 Dec 7, 2009 | Scantek, Inc/ NVLAP | Dec 7, 2010 ,..' /
_’.;fﬁv 1203-Morsonic Preamplifier 14059 Jan 4, 2010 | Scantek, Inct NVLAP | Jan 4, 2011 i
:":":'g 4180-Briel&Kjzer Microphone 2246115 | Dec 14, 2009 |NPL (UK)/ UKAS Dec 14, 2011 )
[ A Instrumentation and test results are traceable to SI - BIPM through standards maintained =
I by NPL (UK) and NIST (USA) ‘
f > Calibrated by Valentin Buzduga Checked by Mariana Buzduga > i
i Signature e Signature s 3
‘s Date WoE/ 2060 Date I/ fof2ats '

=

Calibration Certificates or Test Reports shall not be reproduced, except in full, without written approval of the lahoratory.
This Calibration Certificate or Test Reports shall not be used to claim product certification, approval or endorsement by NVLAF,
MNIST, or any agency of the federal government.

Document stored as; Z:\Calibration Lab\Mic 2010MB&K4189_A_021_2406809_M1.doc
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Figure C2. Calibration sheet for the microphone 2406809
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1S Model: noiseLab3-NI1-9233 Status: Received Sent 7
= Manufacturer:  Delta In tolerance: X X
.,{%’} Serial number:  1258E43 Qut of tolerance: 2
WS Tested with:  Mic. 4189 s/n 2395206 & 2395209 See comments: 9‘//’1&"
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h:.‘é 9“;%}
“_ Tested in accordance with the following procedures and standards: Z
& Calibration of Sound Level Meters, Scantek Inc., 06/07/2005 ;:;‘.‘
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:'@ DS-360-SRS Function Generator |61646 Nov 13, 2009 |ACR Env. / A2LA Nov 13, 2011 @;‘-EJ
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Instrumentation and test results are traceable to Sl (International System of Units) through
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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: Z:\Calibration Lab\SLM 2010\DeltaNoiseLab3-9233_1258E43-Chl_M1.doc Page 1 of 2

Figure C3. Calibration sheet for the sound level meter
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1SO 17025: 2005, ANSI/NCSL Z540;1994 Part 1 ACCREDITED
by NVLAP (an ILAC and APLAC signatory)

Scamtek, fnc. mv&@%ﬁ

NVLAP Lab Code: 200625-0

Calibration Certificate N0.25175

Instrument: Acoustical Calibrator Date Calibrated: 12/19/2011 Cal Due:
Model: 4231 Status: Received Sent
Manufacturer: Briiel and Kjaer In tolerance: X X
Serial number: 2388951 Out of tolerance:

Class (IEC 60942): 1 See comments:

Barometer type: Contains non-accredited tests: __Yes _X_No
Barometer s/n:

Customer:  National Renewable Energy Laboratory  Address: 1617 Cole Blvd.
Tel/Fax: 303-384-6385 / -6391 Golden, CO 80401-3305

Tested in accordance with the following procedures and standards:
Calibration of Acoustical Calibrators, Scantek Inc., Rev. 10/1/2010

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

Instrument - Manufacturer Description s/n Cal. Date c::af:::] l:::::::te:::n Cal. Due
483B-Norsonic SME Cal Unit 25747 Jul 1, 2011 Scantek, Inc./ NVLAP Jull, 2012
D5-360-5RS Function Generator 61646 Nov 16, 2011 ACR Env./ AZLA Nov 16, 2013
34401A-Agilent Technologi Digital Voltmeter MY41022043 Dec 9, 2011 ACR Env. / AZLA Dec 9, 2012
DPI 141-Druck Pressure Indicator 790/00-04 Dec 13, 2010 ACR Env./ AZLA Dec 13, 2012
HMP233-Vaisala Oyj Humidity & Temp. V3820001 | Jul 29, 2011 Vaisala / A2LA Jul 29, 2012

Transmitter
8903A-HP Audio Analyzer 2514A05691 Dec 1, 2010 ACR Env.f A2LA Dec 1, 2013
PC Program 1018 Norsonic Calibration software w52 l'::llc[:azt;: 1 Scantek, Inc. -
4134-Briiel&Kjzer Microphone 173368 Dec 13, 2011 Scantek, Inc. / NVLAP Dec 13, 2012
1203-Norsonic Preamplifier 14059 Jan5, 2011 Scantek, Inc./ NVLAP Jan's, 2012

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

Calibrated by Va[enﬁqjﬁ}dg&a Checked by Mar_iana Buzduga
Signature / Signature . AL
Date /Z//«j/ 20/ Date 12)2| ]| e

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:  Z:\Calibration Lab\Cal 2011\BNK4231_2388951_M1.doc Pagelof2

Figure C4. Calibration sheet for the acoustic calibrator
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Svend Ole Hansen ApS ENGINEEFING

SCT. JORGENS ALLE 7 - DK-1815 KOBEMHAVN V - DENMARK FLUID
TEL: (+45] 33 25 38 28 - FAX: (+45) 33 25 38 20 - WWW.SOHANSEN. DK DYMNAMICS

CERTIFICATE FOR CALIBRATION OF CUP ANEMOMETER

Certificate number: 09.02.3131 Date of issue: June 15, 2009

Type: Thies 4.3351.10.000 Serial number: 0609006
Manufacturer: ADOLF THIES GmbH & Co KG, Hauptstrasse 76, 37083 Géttingen, Germany
Clieni: Sky Power Int’l LLC, 250 Sawdust Road, 20657-8521 Liberty SC, USA

Anemometer received: June 11, 2009 Anemometer calibrated: June 13, 2009
Calibrated by: jj Calibration procedure: [EC 61400-12-1, MEASNET
Certificate prepared and approved by: Calibration engineer, soh & 1 s M is

L AN S 2 e

Calibration equation obtained: v [m/s] = 0.04630 - f [Hz] - (,22992
Standard uncertainty, slope: 0.00126 Standard uncertainty, offset: 0.05660
Covariance: -0.0000007 (m/s)y*Hz Coefficient of correlation: o= 0999991

Absolute maximum deviation: 0.032 m/sat 7.911 m/s

Barometric pressure: 1005.4 hPa Relative humidity: 24.1%
Succession Velocity Temperature in Wind Frequency, Deviation, Uncertainty
pressure, .  wind tunnel control room  velocity, v. E. d. u: (k=2)
[Pa] [°C] ["C] [m/s] [Hz] [m/s] [m/s]
2 9.03 32.3 233 3.978 81.5163  -0.027 0.029
4 14.04 321 23.2 4.958 102.1571 -0.002 0.033
6 20.23 ERRH 23.2 5.950 123.2216 0.014 0.038
8 27.39 3l.e 23.2 6.923 144 8197 -0.013 0.044
10 35.79 318 23.2 7.911 165.2051 0.032 0.050
12 45.41 3B 232 8910 187.3624 0.005 .056
13-last 56.18 31.7 23.1 9911 209.1977 -0.006 0.062
i1 67.73 31.8 23.2 10.884 229 8895 0.009 0.068
9 80.53 3L.9 23.2 11.869 251.1191 0.011 0.074
r 94.07 320 23.2 12,830 272.3620 -0.011 0.080
5 109.65 321 23.2 13.855 293.9411 0.014 0.086
3 12549 322 23.3 14.825 3156078 -0.019 0.092
1-first 143.09 324 233 15838  337.2206  -0.007 0099
2 . 0.1
= ] =
E 1% (.ac’“x E "
o e = 4 -
=1 . g 00 o 3 %
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Figure C5. Calibration sheet for the primary anemometer
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Svend Ole Hansen ApS

SOT FINGENS ALLE 7 - NDK-1615 KEBENHAYN Y - DENMARK
TEL: {+40) 33 25 36 55 - FAX. (+45) 33 25 38 29 - WWW.SDHANSEN, DK

CERTIFICATE FOR CALIERATION OF CUP ANEMOMETER

Certificate mumber: 12.02.6727 Date of issue: August 24, 2012

Type: Thies 43351, 10,000 Serial number: Q600006

Manufacturer: ADOLF THILS Gkl 1 & Co KO, Hauptstasse 76, 37083 Gétlingen, Geonmany
Cliene: Mational Renevwable Enerpy Laby, 1617 Cuole Boulevand, Gulden, Celorads 80401-3303, TI8A

Anemometer received: August 13,2012 Ancmometer calibrated: Auzust 23, 2012
Calibrated by nsj Calibvration procedure: TRC 814400-12- 1, MEASNET
Certificaie prepared by: ca Approved by: Calibration engineer. ml

Pl ey
Calibration equation obtained: v [nvs] — 004654 - 1 [Hz] + 015404 ' ;
Standard uncertainty, slope: 000114 Standard uncertainty, offset: 0.07713
Covariance: -0.0000006 (m/sy/Hz Cocfficient of corrclation: o= (L999903

Absolwie maximum deviation: 0036 mSs at 13844 mis

Baromefric pressure: [U0% 5 ha Relative humidity: 27.6%
Succesgion Veloomy Temperature in Wind Frequency, Deviation. Uncerluinly
pressure, . wind tunnel  control room wvelosity, v £ d. v [k=2)
o [Fal [*¢| 1*C | [u/s] [Hx] [rm] [mis]
2 9.63 334 155 4.112 R3. 1908 =07 0011
1495 333 155 5114 1066731 {002 01
5] 2107 331 154 /073 L7 4800 -2 LRS-
b 28,26 EEH | 154 TO38 1475747 0.012 0.033
10 36,34 3.0 154 1977 168, 14935 ~LA03 0037
12 4588 330 154 H.962 TEE. 1365 0,005 0.042
1 3-Jast a6 3249 154 9943 2105526 (.00 0.6
I BRAB 330 254 10948 2317626 1.007 0.051
i RUL56 331 154 11878 2316408 {.m2 0055
7 e 56 33.1 154 12.870 273.2038 {.000 059
5 109,38 332 154 13.844 294 9135 L0346 0064
3 125,53 334 255 14833 J15.59%) =({019 0068
1-first 141.94 336 155 15.780 3153141 (1.020 04073
»n 0l
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Figure C6. Post-test calibration sheet for the primary anemometer
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Branch #: 5000

NREL METROLOGY LABORATORY

Test Report
Test Instrument: Phaser Power Transducer DOE #: 03503C
Model # : Phaser-5-485-44 20 S/N . 04607
Calibration Date: 10/20/2010 Due Date: 10/20/2012

A, Set-Up for Power Calibration:

A1, 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
st | S | lme, | Ve | dmlmiest
s (w) (AAC) (W) (vDC)
2160 N/A N/A 997
-1920 § i 1.078
-1440 | : 1557
-4 -960 ‘ . 2.037
i -480 . i 2,516
-1 -240 ) i 2.754
g 0 : § 2.994
1 240 : ¢ 3.234
2 480 X ¥ 3.473
; 960 : " 3.953
6 1440 ; b 4.432
8 1920 : : 4011
2 2160 ' : 4.991

Page 1 of 3

Figure C7. Page 1 of the power transducer calibration sheet
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Branch #: 5000

sheet: 1 of: 1

NREL METROLOGY LABORATORY

Test Instrument: Pressura Transmitter

Model #: PTB101B

Calibration Date: 09/27/2011

Test Report

DOE#: 03511C

S/N : C1040008

Due Date: 09/27/2012

Function Nominal Measured Output Voltage { )Mfr. Specs.

M Tested Value (VDC) OR
© Ll As Found As Left sl
T Absolute Pressure

65 0.270

70 0.543

75 0.814

80 1.086

as 1.357

g0 1.629

as 1.901

100 2173

103 2.337

Notes:

1. Expanded Uncertainty of the nominal value is £ 0.2 kPa, with k = 2.
2. Calibration was performed at 23°C and 43% RH.
3. Calibration was performed using standards that are traceable to NIST. DOE numbers: 02301C and 128120.

Calibrated By: P. Morse

Date: 09/27/2011

Figure C8. Calibration sheet for the pressure transducer

Swift IEC Acoustic Noise Report 130215

Approved By: Reda
Date: 09/27/2011

Page 31 of 39



Branch #:

Test Instrument:

Model #

Calibration Date:

5000

RTD

TZ200A

NREL METROLOGY LABORATORY

i0/,20/2011

Tegt Report

DOE #:

570

Due Dater

sheet: 1 of: 1

03465C

06d3-1

i0/20/2012

Measured Values

{ JMEfr. Specas.
No Function Nominal (5} OR
Tested Value {X)Data only
rec) AS AS
Found Laft
" Temperature: =15 94 . 475 Same
o 100.3%2 b
15 106.238 m
30 112,060 .

Naotes:

NIST. DOE#s 124272, 108602, and 108B&604.

= Calibraticn was performed at temperature = 22 °C
humidity = 44%.

- Uncertainty of nominal wvalues = + 0.03 =*C with k = 2.

Calibration was performed using instruments that are traceable to

C, and relative

Figure C9. Calibration sheet for the temperature sensor
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Wind Vane Calibration Report

Calibration Laboratory: Customer:
National Wind Technology Center - Cert. Team National Wind Technology Center - Centification Team
Mational Renewable Energy Laboratory National Renewable Enargy Laboratory
1617 Cole Boulevard 1617 Cole Boulevard
Golden, Colorade 80401 Goiden, Colorado 80401
Calibration Location: Calibration Date: 11-0ct-11
Mationa! Wind Technology Center
Ceri Lab
Report Number: WS515-111011 Procedure:
NWTC-CT; C104 Calibrate Wind Vane_091209.docx
Page: 1 of 1
Deviations from procedure:;
ltem Calibrated: Output of Wind vane was set for S Votls inclinometer out of calibration by 11
Manufacturer Me! One Instruments. Inc days Inclinometer was sen out for & post cal
Mode 020C Results:
Serial Number WS5515 Slope: 71.96 deglV
Vane Material Alurminum Offset to boom: 90.55 deg
Condition Refurbished Max emar 0.80 deg
Estimated Uncertainty: Traceability: Mfg & Model Serial Cal
Inclinometer Total Number Dale
Uncertainty Uneertainty Inclinometer: Spi-Tronic  31-038-3 5-Oct-11
{deg) (deg) Voltmeter: HP 34584 2B23A05145 15-Sep-11
010 0.51
Calibration by: A 11-Oct-11
Mark Murphy / Date
360 - 18
L ]
- - - 1.0
_ 300 - - .
g ) ¥
= 240 ¥ -— i i 05 &
= a o
o " L z
c i = " i 0
< 180 . e L
‘5 @ & N =5
a 4 " . " " =
£ 120 - a a5 3
@ ™ o
c Y
) L ]
= B0 | = ™ A0
]
0 = 18
0 1 2 3 4 5
Vane Output Voltage (V)
Figure C10. Calibration sheet for the wind vane
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Calibration Report

Page 1 of |

Calibration Performance Test Data

DUT Information

Type NI 9205
Tracking Mumber: 041700
Serial Number 1456266
Noles: Verificalion only was parformed

Environmental Conditions

2a.0c
470 %

Temperature:
Humidity

Version Information

Calipration Execulive Version: 54
Procedure Version 3001
MNi-DAOMx as

Standards used for Calibration

Customer Information

Mame NATIONAL RENEWABLE EMERGY LAB.

Address: 16253 DENVER WEST PKWY. GOLDEN, CO 80401
Work Order: 490588

Moles

Operator Information

COiperator Name: Wayna Getchall
Calibration Date: Tuesday, March 22, 2011 12:51:36
Moles

Twpe Tracking Numbar Calipration Due Data MNotes
Flake 57004 Mullifunclion Calibrator 15-0048 542011
Calibration Resuits
Analog Input
Calibratian As Found Ag Left
LowerRange | UpperRange | Channel] Test Value | Low Limit Reading High Limit |PassFail] Low Limit Reading | High Limit |PassFail
B oV ain] sosoonv] oo7esawv| assozswv| gs8316 V|Passed | 997684 v| o.omoes v| osa3te vlPassea
5 W 5V aio] 49o000v] ssssaov] ss9012v| 499170 v|Passed | 4ssszov| as0i2v| 499170 v|Passed
EL 1y ain| 0.9asoo0 v| 0997617 v| 0.998024 v 0 998383 v[Passed | 0007817 v] 0.008024 v] 0.8898383 v|Passed
0,200 V 0.200 ¥ aio] 0 18s600 v| 0.199488 v| 0 189608 v]| 0198711 v[Passed | 0 199489 v| 0199608 V| 0.199711 V|Passed
0V 0w ain] n.ooooov| -0.00141 v| -0.00010 v| 000141 v[Passed | -0.00141 v] -0.00010 v| D.00141 V{Passed
3 5V aio| 0.000000 v|-0.000718 v| 0009036 n0g718 v | Pesses |-0.00071av| 00%009 | 000718 v|Passad
AN 1y ain| 0.00c000 V| -0.000168 v 'O'DUWU: 0,000168 V| Passed |-0.000168 v -D.Dd}DEICIS 0.000168 V|Passad
Fro—— — o] 0-0oooooa] -0.00008ss] 0.00000z0f o.conossaf . | -0.0000588[ 0.0000028] 0.0000559 (0. o g
Y W W y v v v
0200 W 0200 v ain| “0-1998000 g jog7q4 v| -0199604) 0189480 nasced | 0100711 v OTIREG) O 199488 | passay
AN o~ aio -O.QQBCIOS -0.908383 -6_998033 -U_QQT61: Passed |-0.208383 v -0 9‘38033 -0 99?515 Passad
& 5V ai0] -4.85000 V| -4.89170 V| -4.89012 v| -4.98830 v|Passed | -4 99170 V| -4.99012 V| -4.98830 V|Passed
10 W 10 v ain| -5.98000 v] -9.908316 v| -9.88032 v| -9 97684 V|Passed | -9.98316 v| -9.98002 v| -0.97684 V|Passad
file://C:\C Gage data\1496266.htm 3/22/2011
Figure C11. Calibration sheet for the signal conditioning module 1496266
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MN18235 SBarial Numaa- 1696266

CALIBRATION PERFORMANCE TEST DATA

DUT Information Customer Information
Type NI 9205 Mame: Mationai Renewas e Energy
Trac<ing Mumbor 2261870007 Laagratory
Sorial Numbin 1496266 Aodress 16253 O
Mt As Found Notes:

Verif zation and ao

01320

wore paformed

Males Verifisatior and

adjustment were performod
Environmental Conditions Operator Information
Tumpminiline SFIT30F Oiperalz Namm P )
Hhrseity. ATA%LAT 0% Calibrator Data Fount Dula: Thurs

Notes
Version Information
Calibr w Execulve Version: 3538
Procdurs Veranon 100132001
MDA M q40/car
As Found Dae: Thursda, gust 16, 2012 18°16:°4 - & el T
Datz Thursday, August 12 18:22:24 el o
NI 8205 Berial Mymber: 1496766
Standards used during Calibration
Type Tracking Number Callbratian Due Date Notes
Fluke 57004 Mu tfunction Z#60250103 1E31z Usad tor &g Found and Ag Left
Calibiztur remats

Calibration Results

Analog Input

Cafibration As Found As Lot
LowerRange | UpperRanga Channel Tast Value Low Limit Reading High Limit PassFail Lew Limit Reading High Limit PassFail
-V wy ) BRI EIEY 2097682V 9GBLLEYV 93835y Frosed S9TG8L v 3 98002 vV AGEZIEV Passad
B 'S il A DH000 Fassed 4 84850 V 4 99000 V 48e170y “assed
IR A wil) 0888003V 08075 V 0999012V | 0938383 V Pas 5
0200y 0200w ) O HE v DESsOT v | 2188711V 0133483 v | 0199805V | C."99711IV Passed
v 1w ol [SEHUTIRY Q00141 v 000741 v 0G4V 2 GOocE v Qo v Passed
sV 5V fill QONGTEY | 200026V | 2 00071EY 0O00718Y | 0000025V | COWTIBY Passed
[R'S 1y @il Q000168 Y | COosKKE2 V| 2 ODCIEE V Passed {00 e8Y | 0O00DT V| CoDibE Y
0 200 Y 200y il 0000000 ' [ 0 000 00000559 a 559V | 000000 00onassa v
0200 v 0200V L] 4,7199600 Y 0799711y | 2190586V | 0162468 ¥ Fassec 0799596 V| -0 199489 Y
v v &ia 0.893000 ¥ 0998383 | 0998000V | DEEIENT V Fassec -£.998005 v 1967617 v
AV 5V £l 498000 W 469470V 433007 v 493830 v Fassec R b <3333 %
Aov 15V il 296000 v BEEE Y 498007 £ 4TERL Fassec

ata [hatsday, August 16, 2012 18115113 | As Left
Dater Thursday ALgust 12 1E:22:24

Pagez

Figure C12. Post-test calibration sheet for the signal conditioning module 1496266
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Certificate of Calibration

Tektronix A A

Sarvice Solutions CALIBRATION 4976433

Cenificaie Page | of |

Tnstrument Tdentification
Company ID: 600168 PO Number: CC-BKAY
NATIONAL RENEWABLE ENERGY LABORATORY

16253 DENVER WEST PARKWAY
GOLDEN , CO 80401

Instrument ID: 04169C Maodel Number: NI 9229
Manufacturer: NATIONAL INSTRUMENTS Serial Number: 14A34EE
Description: 4-CHANNEL, 60 V, 24-BIT SIMULTANEOUS ANALOG INPUT

Accuracy: Mfr Specifications

Certiticate Information
Reason For Service: CALIBRATION Technician: WAYNE GETCHELL
Type of Cal: ACCREDITED 17025 Cal Date 22Mar2011
As Found Condition: IN TOLERANCE Cal Due Date: 22Mar2012
As Left Condition: LEFT AS FOUND Interval; 12 MONTHS
Procedure: NATIONAL INSTRUMENTS CAL EXECUTIVE 3.4 Temperature: 23.0 C

Humidity: 47.0 %
Remarks: Reference sttached Calibration Dals

ke fwstranneit ot dhis certificnsfo bas beer vulitwted ngniast stindards traceable to the Notiosal Instiiure of Stwsdards and Technalogy (WIST) or ather recognizod

watfanal meiralogy instinges, ved fiom rtle gy ieasrenienty, or congared o aationally o iaermoliomtl recogrized coREERSTS Stantares.

I gest nrrccetaing retia (TR L ar 8.0 [K - X approy. Y35 Leved) wies minanined wnless adherwise stated.

Fekeranix Service Setutions iy regls regnirements of

ANSINCSE Z500-1- [%94 (R2NIZJ, 150 11 i, and TCFR2]

3 ncevedited calibeations are pee ACLASS certificnts hie scepe o which the Inb i§ acoredited.

soatemients do Het fake [ aceount i dart e weasnrement.

Hhen e s dinve Deen ¢ “f Pel CHSTOMEr requiest. repovier

i relefe anly io e, Any mmiber of fciors may cmse e eaiibration dem to drift ont of calibearion befire the

il ibrvtion interl fas expived

Tiis certiticate shatl not b repraduced svcep i full, vithont writien consent of Tekiranix Service Saitions

Approved By: WAYNE GETCHELL
Service Representative

Calibration Standarvds

NIST Traceable# Inst. ID# Description Model Cal Date Date Due
4837275 150048 MULTIFUNCTION CALIBRATOR 57004 03Febz011  DdMay2017

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

Figure C13. Calibration sheet for the signal conditioning module 14A34EE
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NI 9229

CALIBRATION PERFORMANCE TEST DATA

Customer Information

Nat oral Renewable Enargy
Laboratary
16253 Denver West

DUT Information

Typa NI 9229

Tracking Number 2261070002

Serial Number: TAAZAEE

Notes Verfical on only was
performed

Environmental Conditions

FaAF

0%

Tempornture:

Humr iy

Version Information

Farsway Galdan. &C
8001

Serial humber 14A34ZE

101320

Operator Information

Opwerstar Name

Cohbenlon Date

sery

Thursday, August 16 2012

182

b}

Serigl Number: 14A3<EE

Calilrat o Ereutive Mrsion 15
Praceduns Version 1300
AEOAL TN 240
Tnursday, August 18, 2112 18:23 0% Pags 1ot
NI EZE3
Standards used during Calibration
Type Tracking Number Calibration Due Date Neotes
Fluxe ET004 Multifuncton 2280250102 11072052
Caltraor
Calibration Results
Analog Input
Calibration As Found As Loft
Channel Range Test Value Low Limit Reading High Lirmit PassFail Low Limit Reading Hign Limit PassFail
0 Gov 570000 v 569595 V¢ ST006 Y 5T 0305 v Passes §7 0305 v Passed
il GOV 500000 W 000 '] 0 0D0S0 v 000766 Pasges 000050 v 0 007HB Paster
o) GO W 57 0000 W 57,0305 57 0005 V 56 B6S5 V Pasgad 570005 v SE 9695 V Passeo
atl 60V 57 0000 v 669595 v 570033 57 0305V Passed 570021V ST 0305V
art o 00000 ¥ 000766V | £LO0D3TV J 00766 v Passed 000766V | 000037V C 00766 V
ait 60V A7 0000 V D305 v 70005 V BECS V Passed 570305 ¥ E7 0003 ¥ 55 9605 V' Passed
a2 60V 57 uono v 56 95595 V SE.997 ST0E06 Passed 563595V fe ggra v ST usus vV Pussied
siz 60V Jouooe v 000766 v Co0023 WV 0 OGO7EE W Loo7es v 000023 v TO076B V Passad
a1z 60V SR -HL0305 Y 0305 v SEGUSG Y
213 60N 57 ool v 6495 v SE.9UBL V “nssend 56 9695 V S
ai 6Bo v gopeos Y -L07es v -S.00U70 ¥ “assed -L0uTes v -2 00070 V
23 B0V -be Y -52.0805 V -5 90K3 -7 0306 v -559885 V|

Thursday, August 16 2012 18:28:08

Figure C14. Post-test calibration sheet for the signal conditioning module 14A34EE
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Calibration Report

Calibration Performance Test Data

DUT Information

Typa W H21T

Tracking Mumbers 041715

Sorual Mmber 14 FER

Motes: Werification only was performed.

Environmental Conditions

Customer Information

Mame
Address

Waork
Order

Mobes.

Cperator

Page | of 2

MATIONAL RENEWABLE EMERGY LAB
162535 DENVER WEST PEWY, GOLDEN, CO

0401
430595

Information

Temperaturs; 230C Oparator Name: Wayne Getchall
Hurmnicity: AT.0 % Calioestion Date: Tuasday, March 22, 2011 12:58:18
Mokés
Version Information
Calibration Executive Version: 3.4
Procedurs WVarsion: 33ln
M- AN ga
Standards used for Calibration
Tvpe Tracking Mumber Calibration Due Daie Motes
HP 345384 Digaal Multimeter A1 44508 SI2402011
GENERAL RADIO 1433-F 150020 10/26/2011
GENERAL RADIC 1433-F 15-0020 1262011
GEMERAL RADIC 1433-F 16-0020 TENDEIZ01T
Calibration Results
Verify Resistance
Calipratian Az Found Am Lelt
LowerRange |UpperRanga | Channet J;EL Low Limit| Reading f.ﬁﬂ PassFail| Low Limit | Reading E:_Eln PassFail
450.0080] 249 2482 | 350.0202 | 35006877 343 gakz | 3500202 | 350 0677
o Qhm 400 Crhm i1 e Okari onm ohm Pasued ahm Ohrm Ohm Passed
360.0074 | 245 0a7E| 350 0234 ] A50.0671 340,9476 | 350 0234 | 3500671 | 5.,
oohm| 400 0hm 1 ahnl . Ohm| - Ohm] Ghm | aseed anm|  onm|  Ohm|Pa%55d
360.0074 | 349.9476 | 350,01 78| 350.0671 349 9476 | 350.01 78| 350.0671
0 Okri| -A00Ohm 27 o ohml onm|  Onm|TEssed onm| - Ohm| - onm|"8e0ed
550.0081 | 3409483 350 0266 | 350 0678 349 2463 | 350.0266 | 450.0678
o Chm 400 Ohm 3 Ohm Odwiry Ohm Ghm Passead Ohm Chm Ohm Passad
100.0011 | a9.0851 | 100.0045) 100.01 71 59,8851 | 100.0045] 100.0171
0Ohm| 400 Ohen ol " Ghm| © Ohm|  Ohm|  Ohm|FEEEeC Shm| Chm|  Onm]"HoEed
ot waos] 99 9a36] 100 Doz 100.0168 oo.0836| 100 0062] 100 0156
GOhm| 400 Chm 1 Chm Bhen| | Chm|  Ohm|T e DOhen otm|  Qnm|FEEEE

file:/CAIC Gage data’ 1494F69.htm

3/22/2011

Figure C15. Calibration sheet for the signal conditioning module 1494F69
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N o217

CALIBRATION PERFORMANCE TEST DATA

Customer Information

DUT Information

voe
Tracking Mumber.
Serial Bumba

Moles

1424F68

Varfieation orly was
prerfomied

Environmental Conditions

Sergl Number: 1454768

Matoral Ranswabls Enargy
ay
6253 Derver West

Parkway Gelden, CO US

N
Laharal:
Acidress
8401
101320

admiristratar

Tomparatute 1’5E Nadnesd 8
i G Wadnasday, Amust 15,
Humndity #1.0% 20°2 8513
Notes
Version Information
Calibration Execulivis Varsson 35
Pracetre Vo 3310
NI-DAGm G441
i3
Wednesday, August *5 2012 18:5517 2
Nig217 ¢ 1402F80
. - .
Standards used during Calibration
Type Tracking Numger Calibration Due Date Motes
P 3458A Dicha 212620007 BI202012
Mutimeter
Z0EZ18001T
Z0EZ180013
Calibration Results
Verify Resistance
Calibration #s Found Asn Loft
LowerRange | UgporRange Chananl Tast Valua Low Limit Reading High Limit PassFail Low Limit Reading High Limit PassFall
0 Orm A00 Oheny O 3 SO 340 &9ng 349 0788 350 0134 Passea 340 3359 350 0194 a_'«-u««i i
Onm O Ol Ot iy
0 Ohm A00 Gl 1 144 9596 34S 8999 349 G611 350 0128 348.93° 3500794 Possed
Onm Onor Ohiy Ot Okrm Ghm
0 Chm A00 Oy 2 244 9596 3488999 249 5787 350 0154 3469787 3600794 Passed
Qe Ohur O 5] Shm
400 Ohm 3 348 BG09 319 543 350 0154 3800794
Ohry Ot Ofn Shm
aChm 400 Ohen o BE.0968 Ohm | ££.60808 St 000128 99.9347 Ohm
| Ofm
o Shm 400 Ohrm 1 SE.0968 Ohm | 56,9808 Ofm | “0.01ZE Passay |49 3334 Ohm Fassed
| O
i

resday, August 15 2012 18

5512

Figure C16. Post-test calibration sheet for the signal conditioning module 1494F69
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