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4.0 Disclaimer

This report was prepared as an account of work sponsored by an agency of 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.

The U.S. Government, nor any agency thereof, nor any of their employees, makes any warranty, express
or implied, or assumes any legal liability or responsibility for the usefulness of any information,
apparatus, product, or process disclosed, or represents that its use would not infringe privately owned
rights. Nor do they assume legal liability or responsibility for the performance of the test article or any
similarly named article when tested under other conditions or using different test procedures.

Neither Midwest Research Institute 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 U.S. Government or any agency thereof. The views and opinions of
the authors expressed herein do not necessarily state or reflect those of the U.S. Government or any
agency thereof.

The National Renewable Energy Laboratory (NREL) is a National Laboratory of the U. S. Department of
Energy (DOE), and as an adjunct of the U.S. government, cannot certify wind turbines. The information
in this report is limited to NREL’s knowledge and understanding as of this date.

This report may only be reproduced in full with written permission from NREL.

5.0 Background

This test is being conducted as part of the U.S. DOE’s Small Wind Turbine Field Verification Program.
The primary purpose of this program is to provide consumers, manufacturers, and host site organizations
with an independent assessment of the performance, reliability, safety, and acoustics of small U.S. wind
turbines.

The test equipment, which is located at the National Wind Technology Center (NWTC), included a
Bergey Excel wind turbine mounted on a 36.6-ft lattice tower and a Trace Gridtek-10 inverter. Bergey
WindPower Company in Oklahoma manufactured the turbine. AWS Scientific installed the system with
support from Bergey WindPower.

6.0 Test Objective

The objective of the test is to characterize the noise emissions of the Bergey Excel wind turbine using two
sets of blades: BW3 and SH3052. To meet this objective, the measurements were collected and analyzed
in accordance with the International Electrotechnical Commission standard for acoustic noise
measurement techniques, IEC 61400-11 (Ref. 1). This report documents the measurement techniques,
test equipment, analysis procedures, results, and uncertainty for the following quantities:
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e Apparent sound power level
e Dependence on wind speed
e Directivity.

7.0 Results Using Measured Wind Speed

7.1 Bergey Excel-S with BW3 Blades

Turbine and background data were collected on the Bergey Excel with the first set of blades (identified as
BW3) on 19 April 2001, 08 February 2002, and 14 February 2002. The following sections show the
results of the analysis. The results used the measured, standardized wind speed. The measured wind
speed was obtained from an anemometer located 292° from the turbine at hub height (37 meters) then
standardized to the reference height of 10 m and roughness length 0.05 m. Noise measurements were
averaged over 10 seconds, instead of 1 minute as the Standard specifies, to better characterize the noise at
higher wind speed (specifically, when the turbine employs overspeed control).

Figure 1 through Figure 4 show the data used for analysis for microphone positions 1 through 4,
respectively. For the sound power, directivity, wind speed dependence, and tonality analysis and figures,
the inverter is 100% online and connected to the grid. Section 7.1.5 includes data from when the inverter
is partially or fully offline.

7.1.1 A-Weighted Sound Power Level

The apparent sound power level for all microphone positions was determined using turbine and
background data between the measured standardized wind speeds of 6 to 10 m/s. Table 1 gives the
calculated apparent sound power level for four microphone positions around the turbine using the
measured reference wind speed. As shown in Figure 19, reference microphone position 1 is downwind,
microphone position 3 is upwind, and microphone positions 2 and 4 are on each side of the turbine.

Table 1. BW3 Configuration: Apparent Sound Power Levels Using the Measured Reference

Wind Speed
Microphone Position Unit 1 2 3 4
Apparent sound power level | dBA 98 4 959 97 1 949
at 8 m/s
Uncertainty * dBA 2.8 2.8 2.8 2.8
Turbine sound pressure level IBA 539 565 5738 56
at 8 m/s
Background sound pressure dBA 46.0 451 474 49 4
level at 8 m/s
Difference between
background and turbine dBA 12.9 11.3 10.4 6.8
Number of turbine points -- 399 399 399 399
Number of background points | -- 320 320 320 320
¥ - The uncertainty reported is the worst case.
7
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7.1.2 Wind Speed Dependence

All standardized wind speeds above 4 m/s from reference microphone position 1 were used in this
analysis. Higher wind speeds were included to characterize the noise when the turbine employs
overspeed control; in this case, furling. However, for the lower wind speed bins, the difference between
the turbine and background noise was less than 3 dBA, and the Standard requires it be reported the
turbine noise was less than the background noise. For bins in which the difference between turbine and
background noise is between 3 and 6 dBA, a standard background correction of 1.3 dBA was applied and
noted. The results are shown in Table 2 and Figure 5 for all bins with at least 3 data points.

Table 2. BW3 Configuration: Wind Speed Dependence for Measured

Wind Speed
Bin Wind Speed Position 1 Uncertainty*
Average Corrected Sound
Pressure Level
m/s m/s dBA dBA
4 4.2 -- ok --
5 5.0 47.5 * 3.0
6 6.0 51.3 3.7
7 7.0 56.4 3.2
8 8.0 59.7 3.0
9 8.9 62.5 2.9
10 10.0 65.6 2.1
11 11.0 67.8 2.6
12 11.9 70.1 1.8
13 13.0 72.5 1.9

The uncertainty reported is the worst case.

*  The difference between the turbine and background noise was greater than 3 dB and
less than 6 dB, so a standard background correction of 1.3 dB was applied.

** The difference between the turbine and background noise was less than 3 dB, so the

turbine noise was less than the background noise.

7.1.3 Directivity

In calculating the directivity, the measurements from the four microphone positions were measured
simultaneously. The directivity was calculated for positions 2, 3, and 4 in reference to position 1 at a

wind speed of 8 m/s. The results are shown in Table 3.
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Table 3. BW3 Configuration: Directivity at 8 m/s

Position Units 2 3 4
Directivity dB -2.5 -1.3 -3.4
Uncertainty" dB 3.7 3.8 3.8

¥ The uncertainty reported is the worst case.

7.1.4 Tonal Analysis

A tone inspection was completed for frequencies from 20 to 5000 Hz for the reference microphone
position 1 at a wind speed of approximately 8 m/s. The sets of unweighted spectra were obtained using
the settings shown in Table 4.

Table 4. Data Created for Tone Inspection

Microphone | Bandwidth | Frequency | Number of
Position Resolution Spectra

1 0-3200 6 480

1 3000 - 6200 6 480

An inspection for tones was completed for the frequency range 20 to 5000 Hz with an effective
bandwidth of 6 Hz using a Hanning window. Figure 6 shows an averaged 2-minute unweighted spectrum
for turbine noise for reference microphone position 1 at an averaged wind speed of 8 m/s. Table 5 shows

the results of the tonality analysis.

Table 5. BW3 Configuration: Tonality Results

Frequency Critical L,, Masking | L, Overall ALy, Uc
of Tone Band Noise Level | Tone Level Combined
Tonality Uncertainty
[Hz] [Hz] [dB] [dB] [dB] [dB]
78 - 82 30-130 44.6 64.6 20.0 7.0

7.1.5 Other Results

The data used in the analysis for sound power level, wind speed dependence, and tonality were collected
when the inverter was 100% online during the 10-second average. Data were also collected when the
inverter was partially or fully offline during the average (shown in Figure 7). No analysis was performed

on this data.
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7.2 Bergey Excel-S with SH3052 Blades

Turbine and background data were collected on the Bergey Excel with the second set of blades (identified
as SH3052) on 27 March 2002. The following sections show the results of the analysis using the
measured, standardized wind speed. The measured wind speed was obtained from an anemometer located
292° from the turbine at hub height (37 meters) then standardized to the reference height of 10 m and
roughness length of 0.05 m. Noise measurements were averaged over 10 seconds, instead of 1 minute as
the Standard specifies, to better characterize the noise at higher wind speeds (specifically when the
turbine employs overspeed control).

Figure 8 through Figure 11 show the data used for analysis for microphone positions 1 through 4,
respectively. For these figures, the inverter is 100% online and connected to the grid. Section 7.2.5
includes data from when the inverter is partially or fully offline.

7.2.1 A-Weighted Sound Power Level

The apparent sound power level for all microphone positions was determined using turbine and
background data between the standardized wind speeds of 6 to 10 m/s. Table 1 gives the calculated
apparent sound power level for four microphone positions around the turbine. As shown in Figure 19,
reference microphone position 1 is downwind, microphone position 3 is upwind, and microphone
positions 2 and 4 are on each side of the turbine. The Standard states that if the difference between the
turbine and background noise is between 3 and 6 dBA, turbine noise can be corrected for background
noise but cannot be used to determine the sound power level or directivity. Therefore, the apparent sound
power level is not reported for any microphone positions.

Table 6. SH3052 Configuration: Apparent Sound Power Levels for the Acoustic Reference

Wind Speed
Microphone Position Unit 1 2 3 4
Apparent sound power level | dBA " " " "
at 8 m/s
Uncertainty * dBA - -- -- --
Turbine sound pressure level IBA 579 50.9 579 532
at 8 m/s
Background sound pressure dBA 47.9 473 481 490
level at 8 m/s
Difference between
background and turbine dBA 4.3 36 4.1 4.2
Number of turbine points -- 292 292 292 292
Number of background points | -- 126 126 126 119

¥ - The uncertainty reported is the worst case.
* - The difference between the turbine and background noise was less than 6 dBA, so the apparent sound
power level cannot be determined.

7.2.2 Wind Speed Dependence
All standardized wind speeds above 4 m/s from reference microphone position 1 were used in this

analysis. Higher wind speeds were included to characterize the noise when the turbine employs

10
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overspeed control (in this case, furling). For bins in which the difference between turbine and
background noise is between 3 and 6 dBA, a standard background correction of 1.3 dBA was applied and
noted. The results are shown in Table 2 and Figure 12 for all bins with at least 3 data points.

Table 7. SH3052 Configuration: Wind Speed Dependence for Measured

Wind Speed
Bin Wind Speed Position 1 Uncertainty®
Average Corrected Sound
Pressure Level
m/s m/s dBA dBA
7 7.1 51.0 * 2.2
8 8.0 51.0 * 2.3
9 9.1 52.6 * 2.0
10 10.0 53.7 * 1.9
11 11.0 55.3 * 2.2
12 12.0 57.2 * 2.2
13 12.9 59.2 * 2.9
14 14.0 60.6 * 2.5
15 15.0 61.8 * 2.1

¥ The uncertainty reported is the worst case.

*  The difference between the turbine and background noise was greater than 3 dB and
less than 6 dB, so a standard background correction of 1.3 dB was applied.

7.2.3 Directivity

Directivity is determined from sound power levels for each microphone position. Because the sound
power level could not be calculated for microphones 1, 2, 3, and 4, the directivity could not be
determined.

7.2.4 Tonal Analysis

A tone inspection was completed for frequencies from 20 to 5000 Hz for the reference microphone
position 1. The sets of unweighted spectra were obtained using the settings shown in Table 4.

Table 8. Data Created for Tone Inspection

Microphone | Bandwidth | Frequency | Number of
Position Resolution Spectra
1 0-3200 6 480
1 3000 - 6200 6 480
11
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An inspection for tones was completed for the frequency range 20 to 5000 Hz with an effective
bandwidth of 6 Hz using a Hanning window. Figure 13 shows an averaged 2-minute unweighted
spectrum for turbine noise for reference microphone position 1 at an averaged wind speed of 8 m/s.
Although there are tones in the turbine and background spectra, no tones originate from the turbine at a
wind speed of 8 m/s.

7.2.5 Other Results

The data used in the analysis for sound power level, wind speed dependence, and tonality were collected
when the inverter was 100% online during the 10-second average. Data were also collected when the
inverter was partially or fully offline during the average (shown in Figure 14). No analysis was
performed on this data.

12
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8.0 Results Using Wind Speed Derived from Power

The Standard states that the preferred method of determining the wind speed is through measured power.
Section 13.2 explains how wind speed is derived from measured power.

Figure 15 and Figure 16 show the results obtained when this method was applied to the acoustic noise
data. Although Figure 15 shows a good correlation between sound pressure level and derived wind
speed, Figure 16 shows that there is a large scatter of data and poor correlation of noise level to wind
speed derived from power measurements.

8.1 Apparent Sound Power Level for the Bergey Excel-S with BW3 Blades

The apparent sound power level for all microphone positions was determined using turbine and
background data between the derived standardized wind speeds of 6 to 10 m/s. Table 9 gives the
calculated apparent sound power level for four microphone positions around the turbine using wind
speed.

Table 9. BW3 Configuration: Apparent Sound Power Levels for the Acoustic Reference Wind
Speed from Power

Microphone Position Unit 1 2 3 4
Apparent sound power level | dBA 93.0 955 96.6 94 4
at 8 m/s

Uncertainty * dBA 3.0 3.0 3.0 3.3
Turbine sound pressure level dBA 535 562 574 558
at 8 m/s

Background sound pressure dBA 46.0 451 474 49 4
level at 8 m/s

Difference between

background and turbine dBA 126 1.0 100 64
Number of turbine points -- 373 373 373 373
Number of background points -- 320 320 320 320

¥ - The uncertainty reported is the worst case.

8.2 Apparent Sound Power Level for the Bergey Excel-S with SH3052 Blades

For most wind turbines, the output power correlates well to wind speed up to the point of maximum
power. This was true for the Bergey Excel using the BW3 blades but not true for the Bergey Excel using
the SH3052 blades. There was a large scatter of data and poor correlation of noise level to wind speed
derived from power measurements. Therefore, the results obtained through this method were not
reported. Section 13.2 describes the correlation between the power and sound pressure levels. NREL has
not determined why this method did not show a better correlation than the method that uses the measured
wind speed.
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9.0 Test Turbine

Figure 17 shows the Bergey Excel-S wind turbine. The Bergey Excel-S is a three-bladed upwind wind
turbine rated at 10 kW output at 13.0 m/s. It is connected to a Bergey Gridtek inverter, which provides
power to the NWTC public service electrical grid.

The Excel uses a permanent magnet alternator to produce three-phase variable frequency output at a
nominal 240 volts. The three-phase output is rectified to DC power and then converted to single-phase
240-volt 60-Hz AC power in the Gridtek inverter.

In high wind speeds (greater than about 15.6 m/s), the turbine will turn out of the wind (known as furling)
to protect the turbine from overspeeding. Table 10 lists basic turbine configuration and operational data.

The Bergey Excel was tested with two blade configurations: BW3 blades and SH3052 blades. The BW3
turbine blades are made from pultruded fiberglass. The SH3052 turbine blades have no pitch weights and
are shorter. Further, using SH3052 blades changes the rotational direction of the rotor.

Table 10 lists configuration and operational data for the Bergey Excel-S for both configurations.

Figure 17. Test turbine.
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Table 10. Test Turbine Configuration and Operational Data

General Configuration:

Make, Model, Serial Number

Bergey Wind Power Company, Bergey Excel

Rotation Axis Horizontal
Orientation Upwind
Number of Blades 3

Rotor Hub Type Rigid

Rotor Diameter (m)

BW?3 configuration: 7
SH3052 configuration: 6.2

Hub Height (m) 37.0
Performance:

Rated Electrical Power (kW) 10
Rated Wind Speed (m/s) 13.0
Cut-In Wind Speed (m/s) 3.1
Cut-Out Wind Speed (m/s) None
Rotor:

Swept Area (m?) 38.4
Rotational Speed (rpm) 0to 350
Tilt Angle (deg)

Blade Pitch Angle (deg)

Direction of Rotation

BW3 configuration: clockwise
SH3052 configuration: counterclockwise

Overspeed Control/Protection

AutoFurl

Power Regulation (active/passive) Passive

Yaw System:

Wind Direction Sensor Tail vane

Yaw Control Method Free yaw

Tower:

Type Bergey guyed lattice
Height (m) 36.5

Control / Electrical System:

Controller: Make, Type

Bergey Gridtek inverter

Phases

Electrical Output Voltage, Number of

Nominal 240-volt single phase

10.0 Test Site

The Bergey Excel wind turbine was located at Site 1.4 of the NWTC (hereafter referred to as the test site),
approximately 8 km south of Boulder, Colorado. The test site is located in somewhat complex terrain at
an approximate elevation of 1850 m above sea level. Figure 18 shows a plot plan of the test site with
topography lines listed in feet above sea level. During the acoustic noise test, there was little vegetation,
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and neighboring turbines were shut off during testing. However, a concrete plant was located
approximately 900 meters west of the test turbine.

L , :
ﬂ-— \l\ﬁ\‘ / --N— Srte 14
= a . Bergey Excel

163053

Figure 18. Test turbine location.
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11.0 Test Equipment

11.1 Equipment Description

Table 11 shows the list of equipment used for the test.
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Table 11. Equipment List for Acoustic Test

Wind Turbine Generator System Acoustic Noise Test Report for the Bergey Excel Wind Turbine

Date Used Instrument Manufacturer Model Serial Calibration
Number Number Due Date
19 Apr 2001 Signal Analyzer | Hewlett Packard | 35670A 3431A01613 | 8/14/2001
Microphone ACO Japan 7012 17508 5/10/2002
Microphone ACO Japan 7012 17509 5/10/2002
Microphone ACO Japan 7012 17510 5/10/2002
Microphone ACO Japan 7012 19037 5/10/2002
Preamplifier ACO Pacific 4012 9903 5/17/2002
Preamplifier ACO Pacific 4012 960032 5/17/2002
Preamplifier ACO Pacific 4012 96050 5/17/2002
Preamplifier ACO Pacific 4012 9900503 5/17/2002
Calibrator Bruel & Kjaer 4230 830235 5/15/2001
Digital Recorder | Sony PC208AX | U3538 8/25/2000
Post-test
calibrated on
2/22/2002
Anemometer Met One 010C Y4397 2/20/2002
Wind Vane Met One 020C u1477 2/20/2002
Pressure Sensor | Omega HHP-102F | T3330002 12/19/2001
Temperature Omega 869 0653393 12/12/2001
Sensor
Data Logger Campbell 23X 1214 1/31/2002
Scientific
8-14 Feb 2002 | Signal Analyzer | Hewlett Packard | 35670A 3431A01613 | 8/8/2004
Microphone ACO Japan 7012 17561 6/17/2003
Microphone ACO Japan 7012 17509 6/16/2003
Microphone ACO Japan 7012 17508 5/10/2002
Microphone ACO Japan 7012 19037 6/16/2003
Preamplifier ACO Pacific 4012 6009 6/18/2003
Preamplifier ACO Pacific 4012 960032 6/18/2003
Preamplifier ACO Pacific 4012 9900504 6/18/2003
Preamplifier ACO Pacific 4012 9900503 5/17/2002
Calibrator Bruel & Kjaer 4230 861619 10/22/2002
Digital Recorder | Sony PC208AX | U3538 8/25/2000
Post-test
calibrated on
2/22/2002
Anemometer Met One 010C Y4397 2/20/2002
Wind Vane Met One 020C u1477 2/20/2002
Pressure Sensor | Omega HHP-102F | S2830007 11/19/2002
27
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Temperature Omega 869 0464507 11/19/2002
Sensor

Data Logger Campbell 23X 3101 10/30/2002

Scientific
27 Mar 2002 Signal Analyzer | Hewlett Packard | 35670A 3431A01613 | 8/8/2004

Microphone ACO Japan 7012 17561 6/17/2003
Microphone ACO Japan 7012 17510 5/10/2002
Microphone ACO Japan 7012 17509 6/16/2003
Microphone ACO Japan 7012 17508 5/10/2002
Preamplifier ACO Pacific 4012 9900503 5/17/2002
Preamplifier ACO Pacific 4012 960032 6/18/2003
Preamplifier ACO Pacific 4012 9900504 6/18/2003
Preamplifier ACO Pacific 4012 6009 6/18/2003
Calibrator Bruel & Kjaer 4230 861619 10/22/2002
Digital Recorder | Sony PC208AX | U3538 2/22/2004
Anemometer Met One 010C T2345 2/21/2003
Wind Vane Met One 020C T1010 2/21/2003
Pressure Sensor | Omega HHP-102F | S2830007 11/19/2002
Temperature Omega 869 0464507 11/19/2002
Sensor

Data Logger Campbell 23X 3101 10/30/2002

Scientific

The power and meteorological measurements (wind speed, wind direction, pressure, and temperature)
were averaged and recorded by the Campbell data logger. The digital audio tape recorder recorded the

acoustic measurements. Acoustic measurements were synchronized with power and meteorological
measurements in the post-processing stage.

11.2 Meteorological Tower Location

The meteorological tower was located 22.7 meters from the test turbine at a bearing of 292° true. This

distance is more than 3.0 rotor diameters from the test turbine and within the range specified in the
Standard (between 2 and 4 rotor diameters).

11.3 Instrumentation Locations

Figure 19 shows the layout of the microphones. The radius, R, is determined by Equation 1.
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Table 12. Variables for Determining the Distance between the Turbine Base and Microphones

R =H =
= + —
7 2

Equation 1

Parameter | Description Value | Units
R, Reference distance 40.5 m
H Vertical distance from the ground to the rotor center 37.0 m
D Diameter of the rotor (BW3 blades) 7.0 m

Wind direction

Tower vertical 3
centerline

QO  Measuring positions

<> Reference position 1

Figure 19. Microphone positions.
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For both turbine configurations, microphones were located 40.0 m from the center of the tower with
relative positions, as shown in Figure 19. Small adjustments from the nominal microphone positions may
be required to avoid reflecting surfaces or to obtain allowable grazing angles. This distance meets the
requirements of the Standard for both turbine configurations.

The anemometer will be located on a permanent meteorological tower at 37.0 m height at a bearing of
292° true. The meteorological tower will be located upwind from reference microphone position 1 during
testing.

12.0 Measurement Procedures

12.1 Test Conduct

The acoustic noise test consists of two types of noise measurements: turbine and background. Turbine
noise measurements are taken when the turbine is operating, and background noise measurements are
taken when the turbine is stopped.

The operator begins a measurement session by starting the digital tape recording to record noise from the
four microphones. Simultaneously, the data logger acquires wind speed, wind direction, and turbine
power. The data logger averages each of these readings over 10-second periods. Noise data is processed
into 10-second averages and synchronized with the data logger averages in post-processing.

Because the Bergey Excel uses furling for overspeed control, 10-second averages were used instead of 1-
minute averages (as the Standard recommends) so that the noise from turbine response to changes in wind
speed could be better characterized.

12.2 Test Completion

The test is complete when all requirements listed in Table 13 are fulfilled for turbine and background
measurements.

Table 13. Data Requirements

Measurement Type Requirements

A-weighted sound pressure level: At least 10 measurements taken during a wind speed not

(turbine and background measurements) differing more than 2 m/s from the acoustic reference
wind speed (8 m/s)

At least 25% of the measurements below the acoustic
reference wind speed

At least 25% of the measurements above the acoustic
reference wind speed

Data at or above the point at which the turbine employs
overspeed control

Narrowband measurements Twelve 10-second measurements close to the acoustic
reference wind speed (8 m/s)
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13.0 Analysis Methods

13.1 Data Selection

All data were collected in three measurement series. Conditions are listed in Table 14.

Table 14. Measurement Conditions

Date Measurement | Reference Wind Direction | Pressure Temperature

Time Microphone | Range

Position

HH:MM degrees degrees kPa K
BW3 Configuration
19 April 2001 08:42 to 15:13 110° 286°to 316° 80.0-80.1 | 292.3 -293.6
08 February 2002 | 17:49 to 20:23 112° 277°t0 307° 79.8—-80.5 | 270.3 -271.6
14 February 2002 | 10:30 to 13:55 112° 277°t0 307° 80.3 -80.8 | 271.2-278.6
SH3052 Configuration
27 March 2002 09:25 to 17:27 92° 257°to 287° 79.9-80.4 | 282.1 —288.8

The first step in the data analysis procedure is to reject all data obtained during the following
circumstances:

Interruption from noise sources such as a passing vehicle or airplane
Failure of test equipment

Wind direction outside of allowable range

Wind speed below cut-in

Turbine failure

Adverse weather conditions.

13.2 Determination of Wind Speed

The Standard’s preferred method of determining the wind speed is to use the measured power output and
derive the wind speed through the power curve. The power curve relates the power to the wind speed
averaged over the rotor swept area. The turbine is used as a large anemometer and usually gives a better
determination of wind speed at the rotor than using a cup anemometer located on a meteorological tower
a distance from the turbine.

For most wind turbines, the output power correlates well with turbine sound pressure level up to the point
of maximum power. This was true for the Bergey Excel using the BW3 blades but not true using the
SH3052 blades. Figure 20 displays less scatter in the power-versus-wind speed relationship for the
Bergey using BW3 blades. Figure 21 displays the large scatter in the power-versus-wind speed
relationship for the Bergey using SH3052 blades. Ten-second averaged power measurements collected
during the noise test were used to derive the wind speed from the 1-minute averaged power curve. The
results shown in Section 8.0 use the wind speed derived from power.

The Standard’s optional method of determining the wind speed is to directly measure the wind speed and
standardize this wind speed to acoustic reference conditions (roughness length of 0.5 meters and height of
10 m). The results shown in Section 7.0 use this method for determining the wind speed.
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Figure 20. Bergey with BW3 blades: measured power curve using 1-minute averages.
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Figure 21. Bergey with SH3052 blades: measured power curve using 1-minute averages.
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13.3 Wind Speed Correction

Wind speed, derived or measured, is corrected to the reference condition of an anemometer height of 10
meters using Equation 2.

Zref H
In In—
Zoref Zo

Vi=V-: Equation 2

Table 15. Variables for Standardizing Wind Speed

Parameter | Description Value | Units
Vi Corrected wind speed m/s
V, Wind speed measured at anemometer height z m/s
Zoref Reference roughness length 005 |m

Zo Roughness length 0.05 | m

H Rotor center height 37.0 | m
Zref Reference height 10,0 | m

z Anemometer height 370 | m

13.4 A-Weighted Sound Power Level

A linear regression analysis is done with at least 10 pairs of equivalent continuous sound pressure levels
from the microphone at the reference position and the corrected wind speed. These pairs are selected to
cover wind speeds between 6 and 10 m/s. The reference position sound pressure level, L, is the value
of the regression line at the acoustic reference wind speed. A similar analysis yields the background
noise level at the acoustic reference wind speed. If the difference between the turbine and background
noise is greater than 6 dB, Equation 3 is used to correct the turbine noise level for background noise and
provides the corrected sound pressure level at the reference position, Laeq. If the difference is less than 6
dB and greater than 3 dB, then the turbine noise level is corrected by subtracting 1.3 dB from the turbine
noise. However, these corrected sound pressure levels may not be used in any other calculations,
including sound power level. If the difference is less than 3 dB, then it must be reported that the turbine
noise was less than the background noise, and it cannot be used in any calculations.

L. =10%1og[l0®1E) —1001%) | Equation 3
Table 16. Variables for Determining Equivalent Sound Pressure Level
Parameter | Description Units
Lacq.c Sound pressure level of the turbine operating alone dB
L¢in Sound pressure level of the turbine dB
L, Sound pressure level of the background dB
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Finally, we calculate the apparent sound power level, Lw,, from the corrected sound pressure level using
Equation 4.

L, =L

Aeq,c
4

4nR}
—6+10*10g[ 7; ! j Equation 4

Table 17. Variables in Calculating the Apparent Sound Power Level

Parameter | Description Value | Units

Lacqe Background-corrected, A-weighted, sound pressure level at the dB
acoustic reference wind speed under reference conditions

R, Slant distance from the rotor center to the microphone 13.6 | m

S Reference area 1.0 m’

13.5 Wind Speed Dependence

The Standard requires that wind speed dependence be defined by binning the reference microphone data
into integer values of standardized wind speed. For each bin, the sound pressure level at the reference
microphone position is corrected for that bin’s background noise.

13.6 Directivity

Directivity, A,, is the difference in A-weighted sound pressure levels at Positions 2, 3, and 4 compared to
the A-weighted sound pressure levels at the reference position. In addition, corrections are made for
differences in slant distances. (Slant distance is the distance from the microphone to the center of the
turbine’s rotor.) The directivity at each position is calculated by Equation 5.

R,
Ay =Ly, —Lyy,, +20% log(?} . Equation 5

i
1

Table 18. Variables in Determining the Directivity

Parameter | Description Units

Lacq,i A-weighted sound pressure level at positions 2, 3, or 4, dB
corrected for background noise in the same position

Lacg A-weighted sound pressure level at the reference position, dB
measured simultaneously with Lq; and also corrected for
background noise

R; Slant distance between the rotor center and positions 2, 3, or 4 m
R; Slant distance between the rotor center and the reference m
position
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14.0 Uncertainty

The uncertainty is reported for the BW3 configuration only because the analysis from the SH3052
configuration did not yield reportable sound power levels.

The combined uncertainty is reported for the apparent sound power level and wind speed dependence.
The combined standard uncertainty is the combination of Type A and Type B uncertainties. Type A
uncertainty components are evaluated by using statistical methods to a series of repeated measurements.
Type B uncertainty components are evaluated through estimations or calibrations. The methods used to
evaluate the uncertainty components for the apparent sound power level and wind speed dependence will
be explained in this section.

14.1 Apparent Sound Pressure Level

The Type A uncertainty for the apparent sound pressure level is the standard error of the estimated Lq at
the acoustic reference wind speed. This is found from the linear regression analysis.

Z _ 2
U, =W,M Equation 6
N-=-2

Table 19 lists the Type A uncertainty for the apparent sound power levels using the measured wind speed.

Table 19. Type A Apparent Sound Power Level Uncertainty Components BW3

Parameter | Description Microphone Unit
1 2 3 4

Ua Type A uncertainty for apparent sound 26 26 26 26 | dB
pressure level

y Measured sound pressure level - - - - dB

Vest Estlmated soqnd pressure level using 39| 565! 578! 562 |dB
linear regression

N Number of measurements used in the 399 399 399 399 | -
linear regression
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The Type B uncertainty components include:

Uy =UL +U% +UL +U2, + U2 + UL +UZ +UZ + UL, Equation 7
Table 20. Type B Apparent Sound Power Level Uncertainty Components
Parameter | Description Microphone Unit | Source
1 2 3 4
U Type B uncertainty for 09(10] 10| 1.1|dB Equation 7
apparent sound pressure level
Usg; Uncertainty for calibrationof | 0.1 | 0.2 | 0.1 | 0.2 | dB Calibrator
the instruments specifications
calibration and the
standard error from
field calibrating
Usg» Uncertainty for toleranceson | 0.2 | 0.2 | 0.2 | 0.2 | dB Signal analyzer,
the chain of acoustic microphone,
measurement instruments microphone adapter,
and preamplifier
specifications
Us; Uncertainty for acoustic 03] 03] 03] 03]|dB Estimate
conditions for microphone
mounting board
Usg4 Uncertainty on the distance 011 0.1] 011 0.1|dB Estimate
from microphone to hub
Usgs Uncertainty on the acoustic 011 0.1] 011 0.1|dB Estimate
impedance of air
Usgs Uncertainty on the acoustic 06| 06| 06| 06 |dB Estimate
emission of the turbine
because of changing weather
conditions
Usgs Uncertainty on the measured | 0.5 05| 05| 0.5 | dB Anemometer
wind speed calibration and
estimate of the site
effects
Uss Uncertainty on the wind 03] 03] 03] 03]|dB Wind vane
direction measurement alignment
Usgyg Uncertainty for the 0.1102] 02| 0.6]|dB Applied background
background correction correction
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These uncertainties are combined into one standard uncertainty by Equation 8.

U.=4U’+U; Equation 8
Table 21. Overall Uncertainty Components
Parameter | Description Microphone Units
1 2 3 4

Uc Overall standard uncertainty for apparent 2.8 2.8 2.8 2.8 | dB
sound power level

Ua Type A uncertainty for apparent sound 2.6 2.6 2.6 2.6 | dB
pressure level

Up Type B uncertainty for apparent sound 0.9 1.0 1.0 1.1 | dB
pressure level

14.2 Wind Speed Sensitivity

Type A uncertainty for wind speed dependence is found from a linear regression analysis. The
uncertainty, Uy, is calculated for integer wind speeds as the root sum of the squared standard error of the

estimated value at the actual wind speed. The squared standard error is given in Equation 9.

¢ = Z(LAeq_LAeq,j)z
" (N-1)°

Equation 9
Table 22. Type A Wind Dependence Uncertainty Components
Parameter | Description Units
Si Type A standard uncertainty for wind speed bin i dB
Lacq Average of the sound pressure levels in wind speed bin i dB
LAcq;i Sound pressure level in wind speed bin dB
N Number of measurement results in wind speed bin

The Type B uncertainty for each bin is found using Equation 7.
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Table 23. Type B Wind Dependence Uncertainty Components

Parameter | Description Value [ Unit [ Source
Us Type B uncertainty for bin i Varies | dB Equation 7
by bin
Ug Uncertainty for calibration of 0.1 | dB Calibrator calibration and the standard
the instruments error from field calibrating microphones
Usg» Uncertainty for tolerances on 0.2 | dB Signal analyzer, microphone,
the chain of acoustic microphone adapter, and preamplifier
measurement instruments
Us; Uncertainty for acoustic 0.3|dB Estimate
conditions for microphone
mounting board
Ugs Uncertainty on the distance 0.1 | dB Estimate
from microphone to hub
Usgs Uncertainty on the acoustic 0.1 | dB Estimate
impedance of air
Usgs Uncertainty on the acoustic 0.6 | dB Estimate
emission of the turbine
because of changing weather
conditions
Usy Uncertainty on the wind 04 | dB Estimated uncertainty from the power
speed derived from measured curve and estimate of the site effects
power
Usg Uncertainty on the wind 0.3 |dB Wind vane alignment
direction measurement
Usgg Uncertainty for the Varies | dB Applied background correction
background correction by bin

15.0 Exceptions

1. Measurement averaging period was reduced to 10 seconds to better characterize noise when the
turbine responds to changes in the wind speed.
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Appendix A: Pictures of Test Site

A-1
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Figure 22. Picture taken from the reference microphone position.

(Picture not taken during test)
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Figure 23. Picture taken from the meteorological tower.

(Picture not taken during test.)
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Appendix B: Calibration Sheets
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CERTIFICATE OF CALIBRATION
FOR ACO MICROPHONE

The calibration is performed by comparison with Microphone Cartridge Type 7012
Calibration Service Standard Microphone Cartridge Type Id No. 56484 Serial No. 17509
4160 Scrial No. 991820 Open Circuit Sensitivity
Calibrated by TS eriEL& kier) Date 18 AUG 1999 at 1013 mbar, 23°C, 65% R.H.: -36.21dBre. | V/Pa
Re-calibration due 18 AUG 2000 or 15.47 mV/Pa
a) Estimated uncertainty of comparison: This calibration is traceable to:
+0.09 dB at 99% confidence level. NIST Test #822/259792-98.
b) Estimated uncertainty of Calibration Service
Standard Microphone Cartridge: Open Circuit Correction Factor K, = +10.2 dB
+0.06 dB at 99% confidence level. Correction Factor K dB
¢) Absolute uncertainty: Preamplifier Type:
Sq. Root (a®+b?) = 0.11 dB at 99% confidence level. Serial No.:

| ) S Lt +5dB
| B S I e
= \ +0dB
o a1 - 1 ‘
5 B
e 5dB
I~ N
AN
AN
-10dB
The top curve is the Free Field Response for the
microphone with grid and for a Zero Degree Incidence.
The lower curve is the microphones Actuator Response.
I — -15dB
s I — 1 20dB
30 50 100 200 500 1000 2000 5000 10 kHz 20
The lower curve is the pressure response recorded Condition of Test:
with Electrostatic Actuator Type : UA 0033 Ambient Pressure: 985.90 hPa
The Free-Field Frequency Response Curve (0°) (if Temperature: 23 oC
shown) is obtained by applying the corrections, found Relative Humidity: 41 %
on the supplied chart, to the measured actuator Polarization voltage: 200 \%
Tesponse curve. Frequency: 250 Hz
The Random Incidence Frequency Response Curve Date of calibration: 10 MAY 2000
Re-calibration due on: 10 MAY 2002
(if shown) is obtained by applying the corrections, Note: The calibration data is both “*AS FOUND” and “AS FINAL"
found on the supplied chart to the measured actuator
response curve. Certificate # 8635-8 PO# 017135

ODIN METROLOGY, lNC. For: Instrument Repair Labs, Broomfield, CO 80020

Note: At the time of calibration this microphone was

CALIBRATION OF BRUEL & KJ/ZER INSTRUMENTS performing within Mfg. specification ///7/ gav

3533 Old Conejo Road Suite 125 Calibration performed by:

Thousand Oaks, CA 91320 Torben Ehlert , Quality Assurance Manager

Tel. (805) 375-0830  Fax (805) 375-0405

Note: This calibration report shall not be reproduced, except in full, without written consent by Odin Metrology, Inc Page 1 of 2
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INSTRUMENTATION USED FOR CALIBRATION OF MICROPHONES

ODIN METROLOGY, INC.

INSTRUMENTATION USED FOR CALIBRATION PAGE 1 OF THIS DOCUMENT

CALIBRATION SYSTEM  TYPE NO. SERIAL NO. CAL. DATE DUE CAL. BY:
Precision Barometer Druck 141 299/95-10 18 NOV 99 18 NOV 00 Schwien
Preamplifier 2645 1146929 09 AUG 99 09 AUG 00 HL
Preamplifier 2639 1374086 09 AUG 99 09 AUG00 HL
Actuator Voltage Supply WB0689 4 17 AUG 99 17AUG 00 TS
Sine/Random Generator 1027 1050281 27 JUL 99 27 JUL 00 HL
Graphic Level Recorder 2307 1029255 27 JUL 99 27 JUL 00 HL
Precision Attenuator WB 0566 04 17 AUG 99 17AUG00 TS
Polarization Voltmeter WB0781 04 17 AUG 99 17AUG00 TS
Pistonphone 4220/40cc 1048747 18 AUG 99 1I8AUGO00 TS
Multimeter HP 34401 3146A48348 12 AUG 99 12AUG00 HP
Expanded Meter 111283 4 23 AUG 99 23AUG00 TE
Measuring Amplifier 2636 1423390 09 AUG 99 09AUG00 HL
REMARKS:

Calibration of reference microphones 4160 serial numbers 991820,991821,1054926, and
standard pistonphones 4220 serial numbers 1048473, 1048795, 1510240 and 4228 #
1793011 and 4220 with 40 ccm volume serial # 1048747 are calibrated traceable to NIST
with NIST Test number 822/259792-98.

NOTE: The verification/calibration listed on page 1 of this document was performed on a test
system which conforms to and operates under the requirements of ANSI/NCSL Z540-1 which
also covers the requirements for MIL STD 45662A.

Revised: 18 NOV 1999

Page 2 of 2
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The calibration is performed by comparison with
Calibration Service Standard Microphone Cartridge Type
4160 Scrial No. 991820
Calibrated by TS (8RUEL & ki&R)
Re-calibration due
a) Estimated uncertainty of comparison:
+0.09 dB at 99% confidence level.
b) Estimated uncertainty of Calibration Service
Standard Microphone Cartridge:

Date 18 AUG 1999
18 AUG 2000

Microphone Cartridge Type

Id No. 56482

Open Circuit Sensitivity
at 1013 mbar, 23°C, 65% R.H.: -35.74 dBre. 1 V/Pa
16.33 mV/Pa

CERTIFICATE OF CALIBRATION
FOR ACO MICROPHONE

This calibration is traceable to:

NIST Test #822/259792-98.

Open Circuit Correction Factor K,= +9.7 dB

" L] I S S IR B ‘ﬂrT}'
A R A R S N R

+0.06 dB at 99% confidence level. Correction Factor K dB
¢) Absolute uncertainty: Preamplifier Type:
Sq. Root (a®+b?) = 0.11 dB at 99% confidence level. Serial No.:
] L} ¥

shown) is obtained by applying the corrections, found
on the supplied chart, to the measured actuator
response curve.

The Random Incidence Frequency Response Curve

(if shown) is obtained by applying the corrections,

Relative Humidity:
Polarization voltage:
Frequency:

Date of calibration:
Re-calibration due on:

Note: The calibration data is both “AS FOUND” and “AS FINAL™

Certificate # 8635-10
For: Instrument Repair Labs, Broomfield, CO 80020

found on the supplied chart to the measured actuator

résponse curve.

ODIN METROLOGY, INC.

CALIBRATION OF BRUEL & KJZR INSTRUMENTS Y
3533 Old Conejo Road Suite 125 4
Thousand Oaks, CA 91320 J
Tel, (805) 375-0830  Fax (805) 375-0405

Note: This calibration report shall not be reproduced, except in full, without written consent by Odin Metrology, Inc )
B T TR T Tk DT 8 00T S T T TS T A TR TR

Note: At the time of calibration this microphone was
performing within Mfg. specification

Calibration performed by

Torben Ehlert, Quality Assurance Manager
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The lower curve is the pressure response recorded Condition of Test:
with Electrostatic Actuator Type : UA 0033 Ambient Pressure: 985.90 hPa
The Free-Field Frequency Response Curve (0°) (if Temperature: 23 ocC

41 %
200 \Y
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10 MAY 2000
10 MAY 2002
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INSTRUMENTATION USED FOR CALIBRATION OF MICROPHONES

ODIN METROLOGY, INC.

INSTRUMENTATION USED FOR CALIBRATION PAGE 1 OF THIS DOCUMENT

CALIBRATION SYSTEM TYPE NO. SERIAL NO. CAL. DATE DUE CAL. BY:
Precision Barometer Druck 141 299/95-10 18NOV 99 18 NOV 00 Schwien
Preamplifier 2645 1146929 09 AUG 99 09AUGO00 HL
Preamplifier 2639 1374086 09 AUG 99 09 AUG 00 HL
Actuator Voltage Supply WB0689 4 17 AUG 99 17AUG 00 TS
Sine/Random Generator 1027 1050281 27 JUL 99 27JUL 00 HL
Graphic Level Recorder 2307 1029255 27 JUL 99 27 JUL 00 HL
Precision Attenuator WB 0566 04 17 AUG 99 17AUG 00 TS
Polarization Voltmeter WB0781 04 17 AUG 99 17AUG 00 TS
Pistonphone 4220/40cc 1048747 18 AUG 99 18AUG00 TS
Multimeter HP 34401 3146A48348 12AUG 99 12 AUG 00 HP
Expanded Meter 111283 4 23 AUG 99 23AUGO00 TE
Measuring Amplifier 2636 1423390 09 AUG 99 09 AUG 00 HL
REMARKS:

Calibration of reference microphones 4160 serial numbers 991820,991821,1054926, and
standard pistonphones 4220 serial numbers 1048473, 1048795, 1510240 and 4228 #
1793011 and 4220 with 40 ccm volume serial # 1048747 are calibrated traceable to NIST
with NIST Test number 822/259792-98.

NOTE: The verification/calibration listed on page 1 of this document was performed on a test
system which conforms to and operates under the requirements of ANSI/NCSL Z540-1 which
also covers the requirements for MIL STD 45662A.

Revised: 18 NOV 1999

Page 2 of 2
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CERTIFICATE OF CALIBRATION
FOR ACO MICROPHONE

The calibration is performed by comparison with Microphone Cartridge Type 7012
Calibration Service Standard Microphone Cartridge Type Id No. 19033 Serial No. 19037
4160 Serial No. 991820 Open Circuit Sensitivity
Calibrated by TS (BRUEL & KER) Date 18 AUG 1999 at 1013 mbar, 23°C, 65% R.H.: -34.44dBrec. 1 V/Pa
Re-calibration due 18 AUG 2000 or 18.97 mV/Pa
a) Estimated uncertainty of comparison: This calibration is traceable to:
+0.09 dB at 99% confidence level. NIST Test #822/259792-98.
b) Estimated uncertainty of Calibration Service
Standard Microphone Cartridge: Open Circuit Correction Factor K, = +8.4 dB
+0.06 dB at 99% confidence level. Correction Factor K dB
c) Absolute uncertainty: Preamplifier Type:
Sq. Root (a>+b?) = 0.11 dB at 99% confidence level. Serial No.:
-] T8
[ T -1 +5dB
. - -
: +
ine - N 0dB
T
FA1-4— - At A N - -5dB
— I r T S T I S B A \;\ T
- -10dB
= The top curve is the Free Field Response for the i
— microphone with grid and for a Zero Degree Incidence. !
- The lower curve is the microphones Actuator Response. - !
- = i :
. T T -15dB
i
1
= —L -20dB
30 50 100 200 500 1000 2000 5000 10 kHz 20
The lower curve is the pressure response recorded Condition of Test:
with Electrostatic Actuator Type : UA 0033 Ambient Pressure: 985.90 hPa
The Free-Field Frequency Response Curve (0°) (if Temperature: 23 oc
shown) is obtained by applying the corrections, found Relative Humidity: 41 %
on the supplied chart, to the measured actuator Polarization voltage: 200 v

response curve. Frequency: 250 Hz
The Random Incid Frequency Resp Curve Date of calibration: 10 MAY 2000
Re-calibration due on: 10 MAY 2002

g (if shown) is obtained by applying the corrections, Note: The calibration data is both “AS FOUND” and “AS FINAL”
found on the supplied chart to the measured actuator
response curve. Certificate # 8635-7 PO# 017135
ODIN METROLOGY, INC. For: Instrument Repair Labs, Broomfield, CO 80020
Note: At the time of calibration this microphone was

3533 Old Conejo Road Suite 125 Calibration performed by

Thousand Oaks, CA 91320 Torben Ehlert, Quality Assurance Manager

Tel. (805) 375-0830  Fax (805) 375-0405

Note: This calibration report shall not be reproduced, except in full, without written consent by Odin Metrology, Inc Page 1 of 2

CALIBRATION OF BRUEL & KJ/ZAER INSTRUMENTS performing within Mfg. specification ///é"//\/
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INSTRUMENTATION USED FOR CALIBRATION OF MICROPHONES

ODIN METROLOGY, INC.

INSTRUMENTATION USED FOR CALIBRATION PAGE 1 OF THIS DOCUMENT

CALIBRATION SYSTEM TYPE NO. SERIAL NO. CAL. DATE DUE CAL. BY:
Precision Barometer Druck 141 299/95-10 18NOV 99 18 NOV 00 Schwien
Preamplifier 2645 1146929 09 AUG 99 09AUG00 HL
Preamplifier 2639 1374086 09 AUG 99 09AUG00 HL
Actuator Voltage Supply WB0689 4 17 AUG 99 I7AUGO00 TS
Sine/Random Generator 1027 1050281 27 JUL 99 27 JUL 00 HL
Graphic Level Recorder 2307 1029255 27 JUL 99 27 JUL 00 HL
Precision Attenuator WB 0566 04 17 AUG 99 17AUG 00 TS
Polarization Voltmeter WB0781 04 17 AUG 99 17AUG 00 TS
Pistonphone 4220/40cc 1048747 18 AUG 99 18AUG 00 TS
Multimeter HP 34401 3146A48348 12 AUG 99 12AUG 00  HP
Expanded Meter 111283 4 23 AUG 99 23 AUG 00 TE
Measuring Amplifier 2636 1423390 09 AUG 99 09 AUG00 HL
REMARKS:

Calibration of reference microphones 4160 serial numbers 991820,991821,1054926, and
standard pistonphones 4220 serial numbers 1048473, 1048795, 1510240 and 4228 #
1793011 and 4220 with 40 ccm volume serial # 1048747 are calibrated traceable to NIST
with NIST Test number 822/259792-98.

NOTE: The verification/calibration listed on page 1 of this document was performed on a test
system which conforms to and operates under the requirements of ANSI/NCSL Z540-1 which
also covers the requirements for MIL STD 45662A.

Revised: 18 NOV 1999

Page 2 of 2
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The calibration is performed by comparison with
Calibration Service Standard Microphone Cartridge Type
4160 Serial No. 991820
Calibrated by TS ®roet & kier) Date 18 AUG 1999
Re-calibration due 18 AUG 2000
a) Estimated uncertainty of comparison:

+0.09 dB at 99% confidence level.
b) Estimated uncertainty of Calibration Service

Standard Microphone Cartridge:

+0.06 dB at 99% confidence level.
c) Absolute uncertainty:

Sq. Root (a>+b%) = 0.11 dB at 99% confidence level.

CERTIFICATE OF CALIBRATION
FOR ACO MICROPHONE

Microphone Cartridge Type 7012

1d No. 19037 Serial No. 17508

Open Circuit Sensitivity

at 1013 mbar, 23°C, 65% R.H.: -36.14 dBre. 1 V/Pa
or 15.60 mV/Pa

This calibration is traceable to:

NIST Test #822/259792-98.

Open Circuit Correction Factor K, = +10.1 dB
Correction Factor K dB

Preamplifier Type:

Serial No.:

-10dB
The top curve is the Free Field Response for the
microphone with grid and for a Zero Degree Incidence.
The lower curve is the microphones Actuator Response. I .
-15dB
-20dB
30 50 100 200 500 1000 2000 5000 10 kHz 20
The lower curve is the pressure response recorded Condition of Test:
with Electrostatic Actuator Type : UA 0033 Ambient Pressure: 985.90 hPa
The Free-Field Frequency Response Curve (0°) (if Temperature: 23 oc
shown) is obtained by applying the corrections, found Relative Humidity: 41 %
on the supplied chart, to the measured actuator Polarization voltage: 200 v
response curve. Frequency: 250 Hz
The Random Incidence Frequency Response Curve Date of calibration: 10 MAY 2000
Re-calibration duc on: 10 MAY 2002

(if shown) is obtained by applying the corrections,
found on the supplied chart to the measured actuator
response curve.

ODIN METROLOGY, INC.

CALIBRATION OF BRUEL & KJ/ER INSTRUMENTS
3533 Old Conejo Road Suite 125

Thousand Oaks, CA 91320

Tel. (805) 3750830 Fax (805) 375-0405

Note: This calibration report shall not be reproduced, except in full, without written consent by Odin Metrology, Inc

FTE R TE TER TE TR TE LR 0TE TR OTE SR TR T TR TR0 O
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Note: The calibration data is both “AS FOUND” and “AS FINAL™

Certificate # 8635-6 PO# 017135

For: Instrument Repair Labs, Broomfield, CO 80020

Note: At the time of calibration this microphone was /
performing within Mfg. specification ///‘/4/\,
Calibration performed by: / /

Torben Ehlert , Quality Assurance Manager

Page 1 of 2
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INSTRUMENTATION USED FOR CALIBRATION OF MICROPHONES

ODIN METROLOGY, INC.

INSTRUMENTATION USED FOR CALIBRATION PAGE 1 OF THIS DOCUMENT

CALIBRATION SYSTEM TYPE NO. SERIAL NO. CAL.DATE DUE CAL. BY:
Precision Barometer Druck 141 299/95-10 18 NOV 99 18 NOV 00 Schwien
Preamplifier 2645 1146929 09 AUG 99 09 AUG00 HL
Preamplifier 2639 1374086 09 AUG 99 09AUG 00 HL
Actuator Voltage Supply WB0689 4 17 AUG 99 17AUG00 TS
Sine/Random Generator 1027 1050281 27 JUL 99 27 JUL 00 HL
Graphic Level Recorder 2307 1029255 27JUL 99 27 JUL 00 HL
Precision Attenuator WB 0566 04 17 AUG 99 17AUG 00 TS
Polarization Voltmeter WB0781 04 17 AUG 99 17AUG 00 TS
Pistonphone 4220/40ce 1048747 18 AUG 99 18AUGO00 TS
Maultimeter HP 34401 3146A48348 12 AUG 99 12 AUG 00 HP
Expanded Meter 111283 4 23 AUG 99 23AUGO00 TE
Measuring Amplifier 2636 1423390 09 AUG 99 09AUG00 HL
REMARKS:

Calibration of reference microphones 4160 serial numbers 991820,991821,1054926, and
standard pistonphones 4220 serial numbers 1048473, 1048795, 1510240 and 4228 #
1793011 and 4220 with 40 ccm volume serial # 1048747 are calibrated traceable to NIST
with NIST Test number 822/259792-98.

NOTE: The verification/calibration listed on page | of this document was performed on a test
system which conforms to and operates under the requirements of ANSI/NCSL Z540-1 which
also covers the requirements for MIL STD 45662A.

Revised: 18 NOV 1999

Page2of 2
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Certificate #: 33666006 R

A Dynamic Technology, inc. &l

Certificate of Calibration

ACCREDITED CALIBRATION. '

CERT #: 1022.01
Acct #: 025390 Manufacturer: ACO Pacific
Customer: - National Renewable Energy Laboratory Model: 7012
Shipper #:  No Shipper Serial Number: 17561
Contact: Arlinda Huskey Deseription: Microphone
PO #: - ID Number: ~ 00017561
AsReceived  As Returned Action Taken CalDate:  ~ 06/16/2001
In Tolerance X In Tolerance X Full Calibration X -Due Date: 06/16/2003
Out of Tolerance Out of Tolerance Special Calibration Temperature ~70.00 deg. F -
Malfunctioning Malfunctioning Oper. Verification Humidity: 52.00- %
Opetational Operational Adjusted Baro, Press.: 29,00 in. HgA
Damaged N/A Repaired DCN# 50262
NA Charted Procedure:  manufacturer's manual
Returned As Is Barcode:
Incoming Remarks: .
wicase.
Technical Remarks:
Calibration Standards Utilized .
Cert. # Manufacturer  Model # Description Due Date
28655021 Bruel& Kjaer 1051 Sine Generator ,'09/05/01
29958019 Bruel & Kjaer 5936 Precision Attenuator 12/04/01
29958020 Bruel & Kjaer 5908 Expanded Meter 12/04/01
31263021 Bruel & Kjaer 4160 Standard Reference Microp 03/01/02
31263027 Bruel & Kjaer WB0736 Actuator Voltage Supply 03/21/02
32086013 Bruel & Kjaer 2673 Microphone Preamplifier 04/26/02
The above identified unit was calibrated in our laboratory at the address shown below.
-This unit has been calibrated utilizing standards with a Test Uncertainty Ratio (TUR) of greater than 4:1 at 95% confldence level lmhls otherwise stated above. .
This report shall not be repmduml exupt in full, ‘without the written %pmvnl of Dynamic Technology, Inc, This instrument has been calibrated using references traceable (o national or
am e T with ANSI/NCSL. Z-540-1, MILSTD45662A, ISOAEC -Guide 25and + Dynami¢

Technician Name/Date:: Robert Deckman, 6/19/01

Signatory:

Technology warrants all nnlerhl and labor performed for ninety (90) days unless covered under a ygparate pﬂlcy This report mplhl only to the kem(s) ﬁenllﬂed above.
i : i @__ QA Approved:_aa)

1200 N. Old US 23, PO Box 559, Hartland, MI 48353-0559 (810)225-4601 FAX (810)225-4602
Page 1 of 2
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Certificate #: 33666005 R

O\ Dynamic Technology, Ine.  &m

Certificate of Calibration ACCREDITED CALIBRATION
CERT #: 1022.01
Acct #: 025390 Manufacturer: ACO Pacific
Customer:  National Renewable Energy Laboratory Model: 7012
Shipper #:  No Shipper Serial Number: 19037
Contact: Arlinda Huskey Description: Microphone
PO #: ID Number: 00019037
As Received As Returned Action Taken Cal Date: 06/16/2001
In Tolerance X In Tolerance X Full Calibration X Due Date: 06/16/2003
Out of Tolerance Out of Tolerance Special Calibration Temperature 70.00 deg. F
Malfunctioning Malfunctioning Oper. Verification Humidity: 52.00 %
Operational Operational Adjusted Baro. Press.: 2900 in. HgA
Damaged N/A Repaired DCN #: 50262
N/A Charted Procedure:  manufacturer's manual
Returned As Is Barcode:
Incoming Remarks:
wicase.
Technical Remarks:
Calibration Standards Utilized
Cert. # Manufacturer  Model # Description Due Date
28655021 Bruel & Kjaer 1051 Sine Generator 09/05/01
20958019 Bruel & Kjaer 5936 Precision Attenuator 12/04/01
29958020 Bruel & Kjaer 5908 Expanded Meter 12/04/01
31263021 Bruel & Kjaer 4160 Standard Reference Microp 03/01/02
31263027 Bruel & Kjaer ‘WB0736 Actuator Voltage Supply 03/21/02
32086013 Bruel & Kjaer 2673 Microphone Preamplifier 04/26/02

The above identified unit was calibrated in our laboratery at the address shown below.

This wnit has been calibrated utdizing nandzrds with a Test Uncertainty R atio (TUR) of greater than 4:1 at 95% confidence level unless otherwise stated above.

Thh repurtslnl not be nprodm:cd except in full, without the written approval of Dynamic Technology, Inc. This instruiment has been calibrated using references traeeabk to national or

Technician Name/Date: Robert Deckman, 6/19/01

1200 N. OId US 23, PO Box 559, Hartland, MI 48353-0559 (810) 225-4601 FAX (810) 225-4602
Page | of 2

s calibration pregramis in compliance with ANSI/N CSL Z-540-1, MILSTD 456624, ISOAEC Guide 25and,

Dynamic T
Technology warrants all material and labor performed for ninety (90) days unless covered under a mggiu_rfn mplleu anly to the iem(s) ilentified above.
ici : 3 Signatory Aé QA Approved: .
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Cerrificate #: IT666000 R

&N\ Dynamic Technology, Inc.

Certificare of Calibrarion

MTCRETATED (s

| A as 125350 Mannfacimrer:  ACCE Pacilic
Cwstemiers Msrtiemal Rerwable Erprgy Laboraiony Sl T}
Shipper #: el S P Seraal Mumber: 175
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| HID M uipsiler:
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Salfaminremg sl i Flinmililary ; LR, (]
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Famrresd A |2 Harreike
Incoming Bemuarks:
'
Techiical Kemarks:
Calibsravion Sandards Ulilized
Cerea Manaleciuner M A eweriptian Dbuw [Dade
M Brael & K Rind Crepadrplid AR
Sracl & K per Prec Find Ameriss pa A1
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CERTIFICATE OF CONFORMANCE
# 8635-4
FOR ACO PACIFIC MICROPHONE
PREAMPLIFIER

Model 4012 Serial No. XX9903

ID No. N/A

Customer: Instrument Repair Labs, Inc. PO # 017135
Broomfield, CO 80020

was tested and met factory specifications
according to the Referenced Test Procedure

17 May, 2000 BY HAROLD LYNCH

Service Manager
As received condition: Within Specification.

Re-calibration due on: 17 May, 2002

Certified References*

Mfg. Type Serial No. Date Due

HP 3458A 2823A07179 13 JUL 2000
B&K 111284 4 17 APR 2001
B&K 4134 1456123 10 SEP 2000

Performed in Compliance with ANSI, NCSL Z-540-1 (which also covers MIL STD 45662A)
*References are traceable to NIST (National Institute of Standards and Technology).

Odin Metrology, Inc. Reference Test Procedure: ACO Pacific Microphone
Preamplifier 4012

Temperature Relative Humidity Barometric Pressure
23°C 49 %

989.69 hPa

Note: This calibratign report shal not be reproduced, except in full, without written consent by Odin Metrology, Inc..
Signed: %: Lo

ODIN METROLOGY, INC.
CALIBRATION OF BRUEL & KJAR INSTRUMENTS
3533 OLD CONEJO ROAD; SUITE 125 THOUSAND OAKS CA 91320
PHONE: (805) 375-0830 FAX: (805) 375-0405

B-13
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CERTIFICATE OF CONFORMANCE
# 8635-2
FOR ACO PACIFIC MICROPHONE
PREAMPLIFIER

Model 4012 Serial No. L79900503

ID No. N/A

Customer: Instrument Repair Labs, Inc. PO # 017135
Broomfield, CO 80020

was tested and met factory specifications
according to the Referenced Test Procedure

17 May, 2000 BY HAROLD LYNCH

Service Manager
As received condition: Within Specification.

Re-calibration due on: 17 May, 2002

Certified References*

Mfg. Type Serial No. Date Due

HP 3458A 2823A07179 13 JUL 2000
B&K 111284 4 17 APR 2001
B&K 4134 1456123 10 SEP 2000

Performed in Compliance with ANSI, NCSL Z-540-1 (which also covers MIL STD 45662A)
*References are traceable to NIST (National Institute of Standards and Technology).

Odin Metrology, Inc. Reference Test Procedure: ACO Pacific Microphone
Preamplifier 4012

Temperature Relative Humidity Barometric Pressure
23°C 49 %

989.69 hPa

Note: This calibrgtion report shgll not be reproduced, except in full, without written consent by Odin Metrology, Inc..
Signed: M

ODIN METROLOGY, INC.

CALIBRATION OF BRUEL & KJAER INSTRUMENTS
3533 OLD CONEJO ROAD; SUITE 125 THOUSAND OAKS CA 91320
PHONE: (805) 375-0830 FAX: (805) 375-0405
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CERTIFICATE OF CONFORMANCE
# 8635-3
FOR ACO PACIFIC MICROPHONE
PREAMPLIFIER

Model 4012 Serial No. 960032
ID No. N/A

Customer: Instrument Repair Labs, Inc. PO # 017135
Broomfield, CO 80020

was tested and met factory specifications
according to the Referenced Test Procedure

17 May, 2000 BY HAROLD LYNCH
Service Manager
As received condition: Within Specification.

Re-calibration due on: 17 May, 2002

Certified References*
Mfg. Type Serial No. Date Due
HP 3458A 2823A07179 13 JUL 2000
B&K 111284 4 17 APR 2001
B&K 4134 1456123 10 SEP 2000

Performed in Compliance with ANSI, NCSL Z-540-1 (which also covers MIL STD 45662A)
*References are traceable to NIST (National Institute of Standards and Technology).

Odin Metrology, Inc. Reference Test Procedure: ACO Pacific Microphone
Preamplifier 4012

Temperature Relative Humidity Barometric Pressure
23°C 49 % 989.69 hPa

Note: This calibration report shal not be reproduced, except in full, without written consent by Odin Metrology, Inc..
Signed:

ODIN METROLOGY, INC.

CALIBRATION OF BRUEL & KJAR INSTRUMENTS
3533 OLD CONEJO ROAD; SUITE 125 THOUSAND OAKS CA 91320
PHONE: (805) 375-0830 FAX: (805) 375-0405
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CERTIFICATE OF CONFORMANCE
# 8635-1
FOR ACO PACIFIC MICROPHONE
PREAMPLIFIER

Model 4012 Serial No. 96050
ID No. N/A

Customer: Instrument Repair Labs, Inc. PO # 017135
Broomfield, CO 80020

was tested and met factory specifications
according to the Referenced Test Procedure

17 May, 2000 BY HAROLD LYNCH
Service Manager
As received condition: Within Specification.

Re-calibration due on: 17 May, 2002

Certified References*
Mfg. Type Serial No. Date Due
HP 3458A 2823A07179 13 JUL 2000
B&K 111284 4 17 APR 2001
B&K 4134 1456123 10 SEP 2000

Performed in Compliance with ANSI, NCSL Z-540-1 (which also covers MIL STD 45662A)
*References are traceable to NIST (National Institute of Standards and Technology).

Odin Metrology, Inc. Reference Test Procedure: ACO Pacific Microphone
Preamplifier 4012

Temperature Relative Humidity Barometric Pressure
23°C 49 % 989.69 hPa

Note: This calibrgtion report shgl not be reproduced, except in full, without written consent by Odin Metrology, Inc..

Signed:

ODIN METROLOGY, INC.

CALIBRATION OF BRUEL & KJAR INSTRUMENTS
3533 OLD CONEJO ROAD; SUITE 125 THOUSAND OAKS CA 91320
PHONE: (805) 375-0830 FAX: (805) 375-0405

B-16
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CERTIFICATE OF CONFORMANCE
# 8635-2
FOR ACO PACIFIC MICROPHONE
PREAMPLIFIER

Model 4012 . Serial No. L79900503
ID No. N/A

Customer: Instrument Repair Labs, Ine, PO # 017135
Broomfield, CO 80020

was tested and met factory specifications
according to the Referenced Test Procedure

17 May, 2000 BY HAROLD LYNCH

Service Manager
As received condition: Within Specification.

Re-calibration due on: 17 May, 2002

Certified References*
Mifp. Type Serial No. Date Due
HP 3458A 2823A07179 13 JUL 2000
B&K 111284 4 17 APR 2001
B&K 4134 1456123 10 SEP 2000

Performed in Compliance with ANSI, NCSL Z-540-1 {which slso cavers MIL STD 45662A)
*References are traceable to NIST (National Institute of Standards and Techinology).

Qdin Metrology, Inc. Reference Test Procedure: ACO Pacific Microphone
Preamplifier 4012

Temperature Relative Humidity Barometric Pressure
23°C 49 % 989.69 hPa

Note: This calibrgtion report shighl not be reproduced, except in full, without written consent by Odin Metrology, Inc..
Signed: M #v{/\

ODIN METROLOGY, INC.

CALIBRATION OF BRUEL & KJ/ER INSTRUMENTS
3333 OLD CONEJO ROAD; SUITE 125 THOUSAND OAKS CA 91320
PHONE: (805) 375-0830 FAX: (805) 375-0405
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Certificate #: 33666011 R

Dynamic Technology, ne. i

C@]’l‘l:ﬁ cate Of Callb ra in]l ACCREDITED CALIBRATION

CERT #: 102208

~

Acct #: 025390 Manufacturer: ACO Pacific
Customer:  National Renewable Energy Laboratory Model: 4012
Shipper #:  No Shipper Serial Number: L79900504
Contact: Arlinda Huskey Deseription: Microphone Preamplifier
PO #: ID Number: 79900504
As Received As Returned Action Taken Cal Date; 06/18/2001
In Tolerance X In Tolerance X Full Calibration X Pue Date: 06/18/2003
Out of Tolerance Out of Tolerance Special Calibration Temperature 70.00 deg. F
Malfunctioning Malfunctioning Oper. Verifieation Humidity: 50.00 %
Operational Operational Adjusted Bare. Press.:  20.00 in. HgA
Damaged N/A Repaired DCN #: 03633
N/A Charted Procedure:  loca! procedure
Returned As Is Barcede:

Incoming Remarks:

Technical Remarks:

Calibration Standards Utilized

Cert. # Manufacturer  Model # Description Due Date
28655021 Bruel & Kjaer 1051 Sine Generator 09/05/01
33297017 Bruel & Kjaer 2636 Measuring Amplifier 06/15/02

The above identified unit was calibrated in our laboratory at the address shown below.

This untt has been ca

librated udtizing standards with o Test Uncertainty Ratfo (TUR) of greater than 4:1 a1 95% confidence level unkss otherwise stated ahove,

This report shall not be reproduced except in fall, withont the written spproval of Dynamic Technology, Inc. This irstrument has been calibrated ysing references traceable to natonal or

international standards. Dynamic Teehnology's calibration programis in eompBance with ANSIN CSL Z-540-1, MILSTDA5662A, ISOAEC Guide 23 and
Technology warrants all materkdand iabor performed For ninety (%) days unkss covered under a separate poficy. This report applies only to the ilem(s) idemiiTied ahove,

Technician Name/Date:

- Dynamic

Robert Deckiman, 6/19%/01 Signatorys QA Approved:

1200 N. O1d US 23, PO Box 539, Hartland, M1 48353-0559 (810} 225-4601 FAX (810) 2254602
Page | of 2
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Certificate #: 33666009 R

@N Dynamic Technology, Inc. &

Certificate of Calibration . . ACCREDITED CALIBRATION
) CERT#: 1023.01
Acct #: 025390 ‘ Manufacturer: ACO Pacific
Customer:  National Renewable Energy Laboratory Model: 4012
Shipper #:  No Shipper Serial Number: 960032
Contact: Arlinda Huskey Description: Microphone Preamplifier
PO #: ID Number: 00960032
As Received As Returned Action Taken CalDate: 06/18/2001
Int Tolerance X In Tolerance X Full Calibration X DueDate: . 06/18/2003
Out of Tolerance Out of Tolerance Special Calibration Temperature 70.00 deg. F
Malfunctioning Malfunctioning Oper. Verification Humidity: 50.00 %
Operational Operational Adjusted Baro. Press.: 29,00 in. HgA
Damaged NA Repaired DCN# 03633
N/A Charted Procedure: . 'local procedure
Returned As Is Barcode:

Incoming Remarks:

Technical Remarks:

Calibration Standards Utilized .
Cert. # Manufacturer  Model # Description Due Date
28655021 Bruel & Kjaer 1051 Sine Generator 09/05/01

33297017 Bruel & Kjaer 2636 Measuring Amplifier 06/15/02

The above identified unit was calibrated in our laboratory at the address shown below.

This unit has been calibrated utdzing standards with a Test Uncertainty Ratlo (TUR) of nfim" than4:1 # 95% confidence level unhmtherwiu stated above,
Thi report shall not be rcproducul except in full, without the written approval of l)yn- e Tochnnlngy, Inec. This instrument has been calibrated nsing references traceable tonational or
mamis T isin ANSINCSL Z-540-1, MI 1D45662A lSOflEC GnldeZS and - Dynamic

Technology warrants dl?-yllerhl and ld)orperfurmed for ninety (90) days unless wvered under a separate policy. This report q)plhl onw 1o the hm(l) ﬂenlﬂ‘n—d shove..
Technician Name/Date: Robert Deckman, 6/19/01 Signatory:& QA Appmved
1200 N. Old US 23, PO Box 559, Haitland, M1 48353-0559 (810)225-4601 FAX (810) 225-4602 s
Page 1 of 2 .
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Certificate #: 33666007 R

ON Bynamic Technology, inc. ®a

Certificate of Calibration * ACCREDITED CALIBRATION.

CERT#: 1022.01

Acct #: 025390 Manufacturer: ACO Pacific
Cystomer:  National Renewable Energy Laboratory Model: 4012
Shipper #:  No Shipper Serial Number: 6009 . :
Contact: Arlinda Huskey Description: Microphone Preamplifier
PO#: ID Number: 00006009
As Received  As Returned Action Taken CalDate:  06/18/2001
In Tolerance X In Tolerance X Full Calibration X Due Date: 06/18/2003
Out of Tolerance Out of Tolerance Special Calibration Temperature 70.00 deg.F
Malfunctioning Malfunctioning Oper. Verification Humidity: 50.00 %
Operational Operational Adjusted Baro. Press.: 29,00 in. HgA
Damaged N/A Repaired DCN #: 03633
N/A Charted Procedure: - local procedure
Returned As Is R Barcode:
Incoming Remarks:
Technical Remarks:

Calibration Standards Utilized

Cert. # Manufacturer  Model # Description Due Date
28655021 Bruel & Kjaer 1051 Sine Generator 09/05/01
33297017 Bruel & Kjaer 2636

Measuring Amplifier 06/15/02

The above identified unit was calibrated in our laboratory at the address shown below.

This unit has been calibrated utlizing standards with a Test Uncertalnty Ratio (TUR) of greater than 4:1 at 95% confidence level unless otherwise stated above.

Thh report :lnl not be repmduicced except in fnll, withwl the written approval of Dynamic Technology, Inc. This isstrument has

been calibrated using referenm traceable to nalhnﬂ or
program is in compRance with ANSINCSL Z-540-1, MILSTD45662A, ISOAEC Guide 25 and, namic

Technology warrants

nlllzymerhlnnd labor performed for ninzty (9(!) days unless covered under -abe poicy This report q;pllu only to the kem(s) identified above. i
Technician Name/Date: Robert Deckman, 6/19/01 Slgnator\’m—- QA Approved: ”

1200 N. Old US 23, PO Box 559, Hartland, M1 48353-0559 (810) 225-4601 FAX (810) 225-4602
Page t of 2
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1SO 9002
ﬂ HEWLETT 6
PACKARD

FS 23283
Certificate Of Calibration

. Model No: 35670A
Serial No: 3431A01613
Description: DYNAMIC SIGNAL ANALYZER

Customer Name: NATIONAL RENEWABLE ENERGY LABORATORY
Customer P.O. No: VISA/ARLINDA HUSKEY

Agreement No:

Certificate No: 2452K 947701

Customer ID No: 123502

At the time of calibration, this certifies that the above product was calibrated in accordance with
applicable Hewlett-Packard procedures.

At planned intervals, Hewlett-Packard measurement standards are calibrated by comparison to or
measurement against national standards, natural physical constants, consensus standards, or by
ratio type measurements using self-calibrating techniques.

National Standards are administered by NIST (National Institute of Standards and Technology) or
other recognized national standards laboratories.

Initial testing found your instrument was IN-SPECIFICATION. No adjustment was necessary to
ensure performance to published operating specifications where tested.

Supporting documentation relative to traceability is on file and is available for examination upon

request.

The calibration interval for this unit is 12 months and the calibration due date based on this interval
is 14-Aug-1999.

Temperature: 21.6 °C Relative Humidity: 40 %

Remarks or special requirements:
STE 9000 TEST PROGRAM HP35670A /REV.A.00.03.

Calibration Date: 14-Aug-1998 %
Dave McC % y Manager

U.S. Test & Measurement Service Centers ¢ Englewood Branch
24 Inverness Place East o Englewood, CO 80112 ph. (800 403 0801)

1of2

B-21

Wind Turbine Generator System Acoustic Noise Test Report for the Bergey Excel Wind Turbine

Page 62 of 95



ISO %002

() P \J

FS 23253
Certificate Of Calibration
Model No: 35670A
Serial No: 3431A01613
Description: DYNAMIC SIGNAL ANALYZER
Customer Name: NATIONAL RENEWABLE ENERGY LABORATORY
Customer P.O. No: VISA/ARLINDA HUSKEY
Agreement No:
Certificate No: 2452K947701
Customer ID No: 123502
Calibration Equipment Used:
Model Trace
Number Model Description Number Cal Due Date
FLU5700A AC DC CALIBRATOR 5700A15016 05-Mar-1999

3325A SYNTHESIZER/FUNCTION GENERATOR 3325A01121 01-Apr-1999
3325B SYNTHESIZER/FUNCTION GENERATOR 3325B01972 27-Sep-1998
3458A SYSTEM MULTIMETER 3458A01113 25-Sep-1998

U.S. Test & Measurement Service Centers ¢ Englewood Branch
24 Inverness Place East o Englewood, CO 80112 ph. (800 403 0801)

20of 2
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U.S. Test & Measurement Service Centers
R AGILENT TECHNOLOGIES
AgilontTocknalogiss | -+ view Branch INTERNAL ASSESSMENT
301 East Evelyn Avenue PROGRAM : TMO-Q-07/95
Mountain View CA 94041  (800) 403-0801
Certificate of Calibration
ANSI/NCSL Z.540-1-1994
Certificate No.: 2452N063501
Manufacturer: Agilent Technologies / HP Description: DYNAMIC SIGNAL ANALYZER
Model No: 35670A Options installed: '
Serial No: 3431A01613 Customer asset No.:
Customer: Location of calibration:

NATIONAL RENEWABLE ENERGY LABORATORY U.S. Test & Measurement Service Centers
Mountain View Branch
301 East Evelyn Avenue
Mountain View CA 94041  (800) 403-0801

Customer PO No.:  VISA/ ARLINDA HUSKEY Agreement No.:

Date of calibration: 8 Aug 2001 Received date: 6 Aug 2001 .
Temperature: 18-28 °C Humidity: 20-80 %RH
Procedure: STE-5011-1014-A.00.06

This certifies that the above product was calibrated in compliance with ANSI/NCSL Z540-1-1994 and a quality system
registered to ISO9002:1994 using applicable Agilent Technologies procedures.

As received conditions: Initial testing found the equipment to be IN-SPECIFICATION at the points tested.

As shipped conditions: At the completion of the calibration, measured values were IN-SPECIFICATION at the points
tested.

Remarks or special requirements:

Our calibration procedures are designed to provide measurement uncertainty of less than or equal to one quarter of the
specification of the unit under test, where possible, with a coverage factor of 2,

The test limits stated in the report correspond to the published specifications of the equipment, at the points tested.

This certificate is composed of 2 pages containing a summary of calibration information.

Based on the recommended calibration interval, the next calibration is due on 8 Aug 2002.

U
7 nore A5 eancbesde
Issue date: 9 Aug 2001 Terron Beaulicu Americas Delivery Mgr.

Page 1 of 2

version 06-22-01

B-23

Wind Turbine Generator System Acoustic Noise Test Report for the Bergey Excel Wind Turbine Page 64 of 95



Modinmis Yiew Branch

-
[

£ Agilemi Tecknalegies

Hil Fam Evelya Avenioe

Certificate of Calibration
ANSINCSL 284011994
Cerdilcaie Mo, 24528053500

Truceahility imformuotion:

Teakivadadi [E0 i imi b LRt}

L5, Test & Memunmem Servien Ceniers

AGILENT TECHNOLOGIES
INTERMAL ANSESSMEN]
PROGRAK : TRO-Q-0T%5

Slmin Ve CA GHEEL  (ROG 40130800

Traocabiiny i o mstionsl dandads sdiminsaemd by i LS NIST, NRC Casls. Euoecd ek i8PL TTE. BN,

e | i iy recrgmuey e lends Smheiaimnck
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| aldiration vopal sl il

Slmdel pender: sl descrgitien: Trawe mimter: 4l dae idate: Certillcaiv rambwr:
[ITROH CALINRATUIR SRR | 11 Peh XHIE HELETTRH

LERLT ] EVNTHESIER UM TEN (3 SERATLIE 1T ] T ]| 24F | HE 2
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CERTIFICATE OF CALIBRATION
FOR BRUEL & KJER
Sound Level Calibrator Type 4230

The Soaind Pregsure Level lins been The ealibrsar wvpe 4230
measured by comparison with Standard Serlsl Ma, Ranzas
Reference Pisbonphone. 10 Ho A

Type 42200 serinl nunsher 1476021 hie bezn Bound e be witkin the specilieniions
ot listed below,
Type: A0 agrial nucsher 13102400
Sountl Preasure Level predeced in the coaples
Caolibroted by: TS ol b sy terminmied by 5 lasding volume af 1.333 em3:
DCiate of Calibratios: 18 ALIG 1999 948+ 0.3 dB
Re-calibenlion Due: 15 AUG 2000 Frenuescy: D + |5 Hz
Dispaemion: < 1%
UNCERTAINTY OF MEASUREMENT: Enquivalent Ceapler Wolmse: W = 140 cmY
A Estmaind Uneortainty af somparisoc LR
" ¥ Cenfidenee Level ENYIRONMENTAL CONDITIONS:
B: Esfima ted Ulcertatary of Hel, 4231 +10.08 dB

il 195 Cenfldence Level Ambang Pressen TEE.68 kP
1 Tomarl U prermabary 013 B (enbes bated m (e Tempemture 00 C
siware reol of e smmmed squares of A sl 0 Refative Humidity EL
il 9% Confldmmce Lavel Dk af Calibmiion 15 MAY Z00@
Re-calirmiion dee on 15 MAY 2001

Caliaraiien proondese Drid & Kjer D00, e 01 KO PR

CowilMonie Mo S635-11 FOs3 D735
For: Insirmmeni Repabr Lobs, Brosssfeld, ©0 $0000

FERFEEANCE AR BECEIVED:
Foequingy LU

EL LTI ]
Voluma Ok =M &
TenanEm [
[Baitery ‘Vlings EE  WOLT

Wi gty didl SPL st e iinpearrom e Nel
W borsory ks i el e ik npet Vst

FIMAL FERFORNARCE:

ey 10864 Pl
&H. LI T ]
Wabuia (i skl M
IHucsian [F] [P

Hate Thin calbraer was witie kI

OIS METROLOGY, Inc.

Pariorwssll o | W) SFRcH mE opcich in CALTIRATHRS OF ML & KLER INETHUSESRTE
commplinm Wi NN R Pl 2R LD DU PHRAD, SUTTEL P 118
Hckoeeo snekmad: ool TINACEAMD GARS, Cadii

T prar /"}% FRIAE) g JTAERI.  FAN: [y T
Sigmed:
Torben Eklert, Quoality Assurnmee Monsger

a1 e w ey el v B e beial ocra 5y e el et i e i | i B gy
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INETRUMENTATION USED FOR CALIBRATION OF PISTONPHONES AND CALIERATORS

QDM METROLOGY, INC.

INSTRUMENTATION USED FOR THE CALIERATION FPAGE 1OF THIS BOCUMENT

CALINHATION SVETEM  TVIE ML EERLAL Mk CAl ATE DLUE CAL By
Prection Daroscier Iwuck 141 PR ] TH MOV 99 18 ST i Seliwien
Ex panaded Mleter 11282 4 1% Al 2 AiG e TE
Messuring Ampller NG HX31 9 ALG B9 LG L
Mymmriag fmplilior Rl e L PUN 9 [T o] [T
PFreetsim Aticsuainr W B o 17 Al o9 17 AL B ™
Trafaaer Ancmbly 2548 L1 17 ALMG = 17 ALNG TE
Bl 'ass Filier bisl® EL Rl L PR A i
Flspapaeme 1 LEy o 1H ALK 5 18 LG a0 TS
Fislcuphoac 45 151914 18 ALMG 70 13 ALHD aD LL:]
Pl 1] e HIF HE A IETATTIS 10 ALK 7 10 ARG a0 nr
Untversnl Caimer HPF53131A B e D2 B ALY 5 MAY 8 nr
REMARKS!

Calibration of referencs: microphones 4160 serial numbers 991820,991821, 1054936, and
standand pisionphenes 4330 serial numbers 1048473, 048795, 1 510240375837, 1476021,
and 4228 B 79301 | are calibroted tmcenhle to NIST Test number - §220259792-98,

ROTE: The verificathoncalibraiion listed on page | of this docement was performed on 2 sest
system which confomes 1o and operaies under the: regairemenis of ANSINCSL Z540-1
which also coners the requirements for MIL STD 456814,

Hevised: 16 MOV 1

Page Ial
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&N\ Dynamic Technology, Inc.

Cortifican: & §71/0007 A

el

Certificate of Calibrration eI R
Arci i TKERTE Manufactmrer: Brocl & kjaer
LSBT Hatsrnal Renswalile Esergy Labaoratorny Mlaalid: 42N
Shippsr &; Serial Number: 301615
LT P T Arlimda Huskey |IH-EI1|:|:II:IH: Tooiired Level Calibradior
PO ¥ ID Number= 36 lal%
— i
An Reewived Aa Returned Action Taken al b Ym0
In Teleramex X In Tolerance % Fell Cakbrmmn X Mo Piine 2T
Chei o “Tidarancn O of Toderaige Spwiial Cakbeation Temperatone 000 deg. F
LT LTS Bl il furectamimg Oy, Venficaiion Hamid iis: o ]
Ciperaioral Chpermatioreal A chyumiad Bara. Fresa.: el i, Hgh
Demaged Y B paird D [N
Loty Chartad Fruscind ure: rreavd [acraner's masied
. Eetarrend Aa s Harersie: 1040
Incaming Remarks;
o
Techmical Remarks:
Calshration Standards Urilized
Cord. A Manufaciurer Mg ¥ Diescrigliingk Tl M e Tkire
Dl F Moy [RRUE L Pl Lagnal I'ressere Lcnige HITE B 1B
MRS Hined & Kjeed Hig Freviuom A lkmzakor [RE=R 1] B
SHEEAE Hnel & Kjaar LEE]E by i Rleps [ R T Hidn
WEEIHT Bl & Kjeer 111 Handl s Falier [IRIe IS} HT
AMENHE  Hiod & Kjeci L] | Fistorzbione (ST BT
S1IAHT Nnad & Kjasr T 36 limesi g Ao lifey e | S
e Hnel & Ejser LIE]} Froampdifter Kit ATl
50T Kelkley Hil [Fid 1A

Wl vy mbevdilecd e mogealibsrnind e e B ber o o1 o sbd ioes sha s n Bl

Faied Walenarih, 340 2i T} ﬁifr.ﬁ} ;‘f : -

s EAkd 0% 2, BN P 93011 PIST0550 (®180 25 F A,
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Manufscturer: Bl & K e

. Page
.ﬂ Dynamic Technology, Inc. 3 ot 2
Rapan Numbsar; 37310001

Heport ol Calibration

Bpeniant MumBar 025300
Technician: 0. Walwarth

Modal: 4230
Descriplion: Sound Lewel Cabbrator
Sorial Number: BEI1G19
Farameter Range Tolarance  Appled Low Lemit fs Found . High Limit s el
b ko B [ (B R SETaRY EEY .T M 0] il 241 il Bl (] i
Ay

Frod Aneiddy 180 Ha ThHE £ 1,55 A, o Hr 3 A Fir 3205 M Oy 9 g

Toial Hamonic
Do [T <l M [T 1711% 1% 0 A,

1200 W, Ol LS B RIS PhORAD-225 46 w 10225402
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Sony PI‘eCiSiOI'I TeChnOIOQV America, Inc_ 137 West Bristol Lane, Orange, CA 92865

Telephone: (714) 921-0630
Fax: (714) 821-1162

Customer Name: National Renewable Energy Laboratory Date: August 25, 1998

Model No. PC208Ax
Serial No. U3538
Asset No. 124037
Date Cal.  08/24/98
Date Due:  08/24/99
Interval: 12
Description; Data Recorder

Instrument Information

Report No.  145401-1
Cust. P.O.  VISA Card
Date Recvd.  08/18/98
Accuracy:  Mftr. Specs.
Maint. Prco: 1341
Temperature: 23
Humidity: 47

Condition Instrument Received / Returned

Condition Received: In Tolerance

Remarks:

Condition Returned: In Tolerance

Remarks: Calibrated

Standards Used
D# Manufacturer Model No. Accuracy Description Due Date
569 Hewlett Packard 3325A Mfr. Specs  Sweep Generator 11/14/98
533 Keithley 2000 Mfr. Specs 6 1/2 Digit DMM 03/20/99
616 Fluke 5500A/5C Mfr. Specs  Multi Calibrator 10/14/98
643 Bruel & Kjaer 2032 Mfr. Specs  FFT Signal Analyzer 02/11/99
595 Hewlett Packard 8903B Mfr. Specs  Audio Analyzer 06/17/99

Sony Precision Technology America, Inc. certifies that the instrument specified above meets the
manufacture’s specifications and has been calibrated using standards and instruments also listed above
whose accuracy’s are traceable to the National Institute of Standards and Technology (N.I.S.T.), and the
calibration systems and records are in compliance to ISO-10012 and ANSI Z540-1. This document
cannot be reproduced without prior approval.

Approved = Qr,/g ;9/7.7; 2P

SONY
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Excalibur Engineering
11 Musick
Irvine, CA 92618
Phone : (949) 454-6603
Fax : (949) 454-6642

Certificate Of Calibration

Customer SONY PRECISION TECHNOLOGY AMERICA, INC. Dept. NONE
Report # 25221-1 Bar Code #

Date Received THURSDAY, FEBRUARY 21, 2002 P.O.# 2027
Manufacturer  SQONY Serial # 13538
Model # PC208AX Asset # 124037

Description DATA RECORDER

Date Calibrated  2/22/2002 Calibration Due Date  2/22/2003 Calibration Interval 12
Maintenance Procedure 1341
Temperature 22°C Humidity 27 % Calibration Performed By 28

Accuracy =+ 0.02% IV

Received In Tolerance
Remarks

Returne
Remarks

n Tolerance

1D # Manufacturer Model # Description Calibration Expires
941 BRUEL & KIAER 1048 SINE & NOISE GENERATOR 07/06/2002
728 BRUEL & KJAER 2034 FFT ANALYZER 06/29/2002
923 BRUEL & KJAER 2706 POWER AMPLIFIER 03/14/2002
938 HEWLETT PACKARD 89038 AUDIO ANALYZER 06/13/2002
713 FLUKE B920A TRUE RMS VOLTMETER 0512512002
876 FLUKE 5720A-03 CALIBRATOR 06/23/2002
933 HEWLETT PACKARD 3458A/002 8.5 DIGIT DMM 04/30/2002

Traceability Numbers

DC 105036 NAVLAP
AC 105016 NAVLAR
OHIAS 105016, NAVILAP

Excalibur Engineering, Inc. certifies that the instrument specified above meets the manufacturer's specifications and has been calibrated using
standards and instruments also listed above whose accuracies are traceable o the National Institute of Standards and Technolagy (NIST),
and the calibration systems and records are in compliance 1o 1S0-10012 and ANS| Z540-1-1994.

This certificatefreport shall not be reproduced withaut the written approval of Excalibur Engineering, Inc.

' FEB 25 2002
4l

Excalihur Engiuerring is ant Dobile for any damuges, cnustquences or any remedy regardlng Giks certification whls thie exeeption af the calibration within 30 days Page 4
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Dentsches Windenergie - Institat DE%

mhH
Ehertsir, 96
N-26382 Wilhelmshaven
Tl 49 4471 48080
Fax. 49 4421 4508 423

Tiesi laboraiory accondm e DN EM 45001 Member of MEASHNET _
l::r!-;fd 'b:.--lj'u: [REN * internatiomal Meraork for Harnonised and
Deuisches Akkradaticnangssysiem Recogrised Measuremeris in 'Wind Encrgy

Priifaesen Gimbdi

[ e T
Meamrmdrea ey
Hal

= LN E T
[WAP-P-02. 364.00-82-01

Calibration No. 1103_00

ﬂﬁ]lﬂ Cop Ammmamote This calibemtion cedificats Socuments
that the meseured physical salues
Manuflaciurer Mt Oine Instruments froquency, voltage, sr pressure, air
UsA temperatune ard difference preasuee in
the aisflow are rsceshle to naticsal

Type 010C-1 suardards

The delcrmicaton of the  wind
velosity follows bo IS0 3966 1907

%erial number Y4397 Megrrement of ffwid flow in closed

Cup number Yau7 comduits [ 2] and
MEASNET Cup Aremameier
Customer MREL Calibwanon Procedure [
Gelden, Co : The preseniod results are valid only
fior the described ancmometer and the
Date 12/14/00 e Condinns.
Remarks no

This calibration report includes 3 pages (phes appendix). Il is not pesmitted 1o puI:!Iish- this
document parily without permission of DEWL The test result documented in this report
relates only to the item tested. The wser has to recalibraie the anemometer o1 appropriats
imtervals,

Wilhelmshaver, 14, 122000

DEWN Calibration Ma. 1103
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Dentsches Windenergie - Imstitut DE%

Test borawry aczonding s DIN EM 45001

aocredited by the DAP

Demsches Akboredil cningssystem

Prifwesen GanbH

[EE
Abbrmiins i up
Fem

DAT-FL-1304 00

Calibratiocn No.
Oibject

Manufacturer

Type

Serial number
Cup number

Customer

Daie

Hemarks

76 02
Cup Anemometer

GmbH
Ebertstr. 95
[D-26381 Wilhelmehaven
Tel. 49 4471 48080
Fasx 404471 4808 43

Member of MEASHET
Intermabonal Fework for Hammsoeksed sed
Recognised Measursisenis i Wind Energy

Met One Insiruments

U5A

InC=1

T2345
TI345

NREL

UsA-Golden, Colorado

a1/1802

na

This calibration certificale documents
el the messairs] phoasscal wvalies
frequency, vollage, air pressare, air
emperstun: and difference pressure in
the aaflow am taceshle o national
standards,

The delemication of the wind
welocity follows 4o 130 3086 1979
Mearprement of fadd dow e clored

covaivtis 137 pmd
MEASNET Cup Anemomerar
Catibraiion Procedure (i ].

The presented results are walid only
for the described anessometer and the
measuring oodtions.

This calibration report inchudes 3 pages (plus sppendix). 11 s not permitied to publish this
document pantly without permission of DEWI. The test resclt documented in this report
relatzs only o the item tested. The user bhas to recalibrate the anemometsr 8t appropriate

mtervals.

Wilhelmshawven, 20.0] b0

iV, Dipl. Plys. [ Westermann

DEW] Calibration Mo. 76 01X
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Wind vane Calibration Raport

Cadbralion Laooratory:
Wetonal Wing Tachrology Canter - Cart. Taam
Meatonal Renawable Eremy Lakomioy
1617 Cobe Boulevard
Gaolden, Colorado 80401

Calibration Lasation:
Mational Wind Techrology Center
Feaom 123, indusinal Lisars Fackty

Cusioener:

Hational Wind Technology Cerer - Cedification Teamn
Hatonal Renewabis Enengy Laboralory

16T Coda Boidpeand
Gokian. Coloraco G040

Calinratian Dain:

14=Jun-00

Report Humber: LaFr-000614 Procsdura;
MATIC-CT. GI24-000813, Wind Vang Caliraticn
Page; 1 od 1
Dewiabons from proceduna: Moo
|tern Calibraled
fean ufaciures Mgl O Inginumans, Inc
Miods a20c Ry
Sarial Mumhar wiaTT Slope: B3l gl
Vane Malerial AluFninum CHisnl o boom: BT deg
Candition Befurbished Max afrar D2 eg
Estimated Uncansrty: Tracsahiity: Mg & Model Sewial Cal
Inclinomstor Total Humber Daba
LnDamainty Unoedainty Imciinomesten Lucas DP4S 828680038  20-Jan-00
(g e Vodlmester: CR0K EOA0  25-Fahn
0,190 027
Canpratian by M lﬂ@@r& _&,&ﬁ&o_
Blar Maadars Crate
G0 — | ™ ey —— .- I 1.2
_ 300 . — 08
5 .
= 240 +— . : + 0.4 g
I & ™ i -
&
f 180 P - — 4 i 00 3
i & & . " i . & E
£ & i | & | n
120 - ' 04 2
A |
= | L
g0 +— — . = & — 0.8
’ .
' 0 — A2
i} 500 1000 1500 2000 2500
Vane Output Voltags (m)
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Wind Vane Calibration Report

Cabbraticn Laboralary

Sational Wind Technokogy Canter - Car. Taam
Huticnal Ranawatia Enargy Laborasary

1617 Cole Boalevard

Golden, Colkarada B4

Calibraton Locator:
Mational Wind Technology Canlar
Fisam 129, Indiirgl Usars Fagiy
Figpt Buim b
Faga: 1 of 1

g CalEransd

TAD10-28 Jam. 2002

Manutactang
Kggnl

Serisl Mumber
Wane Malaral
Candign

kgt Cing Ingingmenis, Inc
aFle

TAdD

Adurminiem

Rolurtished

Entimated incariainty

Inclnomotor
Unisesrtainty
(dagi

[T

Total
Uncartamny
{dogi

024

e Bk

Customes:
Haboral Wind Tachnakagy Canler - Catilication Tadam
Mational Renawabin Enarngy Laboraiony
TETT Cale Boubersard
Galdsn, Calorada B0

Caleralion Dabs: Z8 Jam, 2002
Procading
HWTC-CT: G24-000813, Wind Vare Calieation
Darviatioes npm procaduns Elans
Resulis:
Elopa! 01428  dog'my
CHts el o boom: A  deg
Max arToe 0.5 dog
Trivcsabiliy Mg & Kbzdal Gl Cal
Mumbar Dale
N i md e Lucas DP45 BIBE0OAT 131302
Vol Hukp 7438 0aea504 1EA0E

FB-lana2
Ciaria
!
H - - S S T
' -

—_ 3:.] ] .! 8
E L ] - 4 —
E 180 _l.—..._ = Ao ——too i

[ ] 4

E 1m -I“ ‘ | & T L o 32 E

o] . o

= G0 | = -—---—- 1L

i I-— . : ]

= 0 S0 1000 1500 2000 2500

Vane Output Voltage [my)
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Branch #: 5000 mhast: I of; 1

NEEL METROLOGY LABORATORY

Test Report

Test Indbrumest; Pressurs Transmittcasr BOE §; Q3TR4C
Mod=l & + PFTRIOIR gSN BIRIGODT
Calibeacion Date: 117162001 Dee Daea: 1151872007
Headured Values { IMfr. Bpaca.
Ra Functdon Momieal R
Tesbed Valus (X)Daee anly
{n ) outpat Eguivaless
Vallage Frossurs iak]
[l Sl ] fak)
" Abgalute Pregauze &51.7 F. 2815 51,8
7ol.7 0. 553r Tol. 7
TEL. P 0. BI85 T52.1
' #01. 7 1.0987 #02.3
FS1.7 1.3712 ¥52.3
F01.7 1, 8424 202.3
51,7 1.FI52 B852. 4
1001.7 2.16875 lgg2. 5
l051.7 2. 4801 198a.7
Note:
Tocertainty of the nomioal value iy + 1 mb
i
—
Testad Hy : Rada
P Baks : I1/1E52001
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2100A West 6" Avenue
Broomfield, CO 80020
PH: 303/469-5375 or 800/345-6140, FX: 303/469-5378

Company Name: National Renewable Energy Lab MFG:
Certification#: 001128059 Model:
Calibration Location: Subcontractor SN:
Customer’s P.0O. Number: Barcode:
Received Status: In Tolerance Cust ID:
Returned Status: In Tolerance Temp :
Procedure Used: MFGR Cal Procedure RH:
Calibration Date: 12/1%/2000 Rec. Cal. Due:
Standards Used: Subcontracted - See attached

Description: BAbsolute Pressure Transducer

CERTIFIED BY: Subcont. -~Cal
QUALITY MANAGER: Bill Hedrick

Date Printed: 12/26/2000
Time Printed: 11:22:04

Form 07, Rev. 06, 10/10/2000

Vaisala
PIBLOLB
T3330002
17816

72 F
35 %
12/19/2001

Calibration Remarks: Calibrated by CEESI, reference certificate

It is Instrument Repair Labs, Inc. opinion that the above listed instrument meets
or exceeds all manufacturer’s or agreed upon local specifications. The instrument
has been calibrated using standards whose accuracies are traceable to N.I.5.T.
within the limitation of their calibration services, or have been derived from
accepted values of natural physical constants, Qur “Calibration System
Requirements” satisty ANSI/NCSL Z-540, MIL-STD 45662A, FDA GMP §820.61
and ISO/TIEC 17025. The calibration environment was 70 Deg F, +/- 5 Deg F and
<70% RH unless otherwise noted. This report is not to be reproduced, except in
full, without the written approval of Instrument Repair Labs’ Quality Manager.

Instrument Repair Labs, is certified
10 150 9002 by TUY Management
Service, Our ANSERAB certificate

registration number is: 950-98-0218,

and is valid snsil Aprik 30, 2001,
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Brameh #: 5000 shest: 1 of: I

NREL METROLOGY LABORATORY

Test Report
Test Tnstrizmeant: RTD FProbe DOE ¥: 2I683C
Hodel # 1 WA S/F ¢ OEEIISD
Calibration Date: 13/12/3000 Due Dake: 12/123/F001
Noninal Veloes Heasured Values
X Nominal Byuivalent Masasursd Egulvalant Temperature
Eeaistance Temparaturs Ragincanoe Tanparaturas Errori{N-N}
i 24,13 @ =15 ¢ #M.131 @ -14.87 T 0.03 T
T 100,00 o 0.8 € 100,017 & .84 T a9.04 T
: | 105.685 O I5.80 ¥ 105. 872 @ 15.06 T 0.0 ¥
L] 111.687 & .a © 111.704 O fo.op T o.a% ¥
L) 117.47 4 5.0 © 11T7.508 O i3.02 T .08 T
J A
Notes;
1. Total Unoertainty of Hominsl Valuss = 0,03 ¢
2, Calikration was parformed at 23 T amd 30% RF
¥. Raslstansa is measured geing F-wires technigus
Checkad By: Rada
date ¢ 131350000
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RTD Calibraficn Cartificate

Calibration Laboradony: I Calibrabed;
Matignal Wind Technology Cerdar - Cai, Team Mtigr: Mt COra Irstnsmants, Inc
ational Renswabies Erengy Laboratary Misdad T2
1817 Cole Bouewand Sarial MNo; [155E Li
Galden, Colorada B4 Conditicn;  good
Caalipration Location Cal Date: Howambar 15, 2001
Masional Wind Technology Canber
Buiding 257 room 104 -04 Rasidts
Siopa: LED3d Cichim
Calibrated for: Ofisal 280,30 C
MWWTLC - Certification Taam Max Lincer® 0Es G
"owar lemperaiune ranga of =20 to 445 G
Proocsduns:;
CI0Z Calibeats RTD 011128 Cerificabe Mumbar | Fike Nams:
Derviationg: HOMWE ATD Cal (484807, 011115 518
Refamrance Slandand: Azaodaied Equipment
Hart Scientific, Model 2102 HORC Dry-Well Calibratoe Campbell Sciandfic, TR, Datalogger, s/n 3020
Last Calibration: Han Sclenfic, 82872007, ATEME2E Vishay, 31020, 10 kohm Precsion Raesistor

Tha staradard uséd in this calbration is irmceable 1o T Matlonsl instilule of Standands ard Technaogy (NIST). Massussmean
uncarainty Inr ihis caliseyion wag debarmined in aooordanos with tha 150 "Guaks 16 thi Expression of Unoerisinty in
Keasummant.” 11 @ basad upon & $5% conhicdencs law (coverags faoior = 2],

ek I‘?‘Tan,-:%&u_ vl 29/0)

Mark Moadors Data

Calibration Results i

s

e ()
] 5 ;

i i

g &
i m i
| B} o5 100 105 110 115 120 [
| Indicated Resistance (ohms)
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E5 CAMPBELL SCIENTIFIC, INC.

B15W. 1800 N. Logan, Utah 84321-1784 ( 435) 753-2342 FAX (435) 750-2540 www.campbellscl.com

Certificate of Calibration

Customer:
Company Name; NATIONAL RENEWABLE ENERGY LAB
City/State/Stri: 18200 STATE HWY 128
ARVADA, CO 80007 US

PO#:

RMA #: 2742
Contract #:

Log Option: 2

Model: CR23X-4M Serial Number: 1214

Test Panel Loc. 1
CSl Calibration Number: 12510
Calibration Procedures: PRC32A RE TST10517B R1 TST10517C R17

Instrument Calibration Condition

Received Disposition:  InTolerance * Out of Tolerance Operational Failure
Returned Disposltion:  InTolerance *

Recommended Calibration Schedule

Based on past experience and assumed normal usage, it Is recommended that this Instrument be callbrated by due
date staled below to insure sustained accuracy and rellable performance,

Calibration Date:  1/31/2001 Manufacturer's suggested recalibration date: 1/31/2002

Report of Calibration Standards Used

Make/ Mode! SN Cal Due Date NIST reference
DP 8200 A014824 9/15/2001 0260A10
CS| Osclliator 186319 5/18/2001 1986319

Campbell Scientific., Inc. certifies the above instrument meets or exceeds published specifications and has been calibrated using
standards and instruments whose accuracies are traceabie to the National Institute of Standards and Technologies, an accepted
value of a natural physical constart, or ratio type of seif-calibration technigues. The collective measurement uncertainty of the
callbration process exceeds a 4:1 accuracy ratio.

Quality Control Manager respansible for content of certificate: Clint Howell

Remarks:

Based on Report option, some fields are intentionally left blank.
This documaent shall not be reproduced axcept in full, without the written approval of Campbell Scientific, Inc.

Page1af2
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CAMPBELL SCIENTIFIC, INC.

MESW. DO N, Logen, Lish B4321- 1784 | 435) TS3-I343 FA (45) TEC-0540 wee campbelingl com

Certificate of Calibration

Customer:
Comparry Nama:  FATIGHNAL REMEWABLE EMERGY LAB
CRyGimahir:  WER M

18T COLE BLYT
GOLDER CO
oMl PO E
HEAS, re)
Lo G z
Model: CR23X-4M Serial Number: 3101
Tl Pasd Lz, 1
{81 Cabbralin Mumnbas, J0TS0
Cabrtion: Prpcaskaes.  TEHTHEGATE R PRCEDA R TET1081TE AT PRGN B
Instrument Calibration Condition
P Dinpoesbon In Toisares " Ol of Towmenoe Cperalonal F e

Aetumeed Diapoalion. I Toewroe  ©

Recommended Calibration Schedule

BRI R R @) ket P g | B RUOIEded e T rratrueer ! Ba cabemled by dun
HEb R e |0 i e BBy 050 (el pertoranon

Calibration Dwie: 100000 Earitachaers sugoeahe] necalbaion daiew 103002
Rﬂp-::rt of Calibration Standards Used
iy e .

C51 cariies P slane inelcor-on moots o ety pubsesfoed BpeecCalaes. §e] T S caody Bled Lsing sasiands asg
IFalruments whoss sooaeces i Teceabi Lo e Helonsl ettute of Blardecs Bl Tectrigy, i aciepied e o § rene

cormbent or & feln celibration lechakgus. The oot e erment unosfanty of e cllbraon S oo Erimnts o 4 1
rafia, The policiess srd procedores o e calbrabon lecility comply wilh EC-0001 . The calibralion of B Sl il wis
periarmrad in sconmisnce sith G50 Cuslfy Sasursnce program

Qusity Tontmd Msnap reporabis for contad of cenficsts Tt Howsl

Remarks:

Basspg on Rspor ophon sormes Pedae. e oniwentionaly b blana
This deccman shal rat be reprosucss sxcept in full, withzul The woi®an spprovel of Cormplbed Boenstifa, ins,

P 10l 2
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Chne=L

Sy

~ National Renewabie Energy L.aboratory Wind Tu{?tﬁne Ceniﬂcatiovn Team Mi ¢
P Comfll W 2907 Mg BF e oo
sl W2 (4 te anad webfower ' :
bo 19020l ws " (4" clect A&Zh, Acous}ics Test Lag M*Z
Wiy CRmp. i ‘ M
Turbine Pevoeu XD
Filename S
Comp time e Mane, but one hour of ©.22.:C0
DAT time DAT i<, q:22..00
Date Time DATID | Range fSegsitivity Action
mm/dd/yy | hh:mm:ss mVpk | mVoruV/EU
4-19-0) | 220 — TUFERINE
02400 126.0q| 22 7099 | (A M| BaLr Yool
A2.78E7 4274
v 290 % 2. U AL ML 2 fa g
4% 7Pl 4372
04 . 44 39. 0l4| CAL MIC 3 Z - '
95790 420
04: 2019 25, 9245 CAL MIC 4 93.80 a3 10
TWEBWNE SPL LEVELS
PROWND &P -TT0 dP
45 -57 ABA
U49:42:00 START MEAS -
: AOC, Whispey & Perceu_turved oft
S 5250 Dirilling_ngay Mic 5 =H

Birds sinding &k chirpina

010340~ (2o 5o
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