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

This test was conducted as part of the U.S. Department of Energy’s (DOE) Independent Testing project.
This project was established to help reduce the barriers of wind energy expansion by providing
independent testing results for small wind turbines. Five turbines were tested at the National Wind
Technology Center (NWTC) at the National Renewable Energy Laboratory (NREL) as a part of round
one of this project. Duration testing is one of up to five tests that may be performed on the turbines,
including power performance, safety and function, noise, and power quality. Test results will provide
manufacturers with reports that can be used to fulfill part of the requirements for small wind turbine
certification.

The test equipment included a grid-connected Ventera Energy Corporation VT10 wind turbine mounted
on an 18.3-m (60-ft) self-supporting lattice tower manufactured by Rohn.

2. Test Objective and Requirements

The objective of this test was to assess the following aspects of the Ventera VT10 in accordance with
Clause 9.4 of the International Electrotechnical Commission’s (IEC) standard, Wind turbines - Part 2:
Design requirements for small wind turbines, IEC 61400-2 Ed. 2.0:2006-03 (referred to as the “Standard”
throughout this report):

e Structural integrity and material degradation
¢ Quality of environmental protection
e Dynamic behavior.

The wind turbine will pass the duration test when it has achieved reliable operation for:

e  Six months

o Two thousand and five hundred hours of power production in winds of any velocity

o Two hundred and fifty hours of power production in winds of 1.2*V . (10.2 m/s) and above
o Twenty-five hours of power production in winds of 1.8*V,,. (15.3 m/s) and above.

Reliable operation means:

e  Operational time fraction of at least 90%

e No major failure of the turbine or components in the turbine system

e No significant wear, corrosion, or damage to turbine components

e No significant degradation of produced power at comparable wind speeds.

Based on the parameters defined in the Standard for small wind turbine classes, Ventera Energy
Corporation identified the VT10 as a class III turbine. This corresponds to a V. of 7.5 m/s.

In addition, this test was conducted in accordance with NREL quality system procedures, so that this
report meets the full requirements of the NREL accreditation by A2LA. NREL’s quality system requires
that this report meet all applicable requirements specified by A2LA and ISO/IEC 17025 and to note any
exceptions in the test report.

Thisreportis availableat no cost fromthe
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3. Description of Test Turbine

The test turbine was a Ventera VT10 wind turbine. Manufactured by Ventera Energy Corporation, the
VTI10 is a downwind, three-blade, passive yaw, permanent magnet, horizontal-axis wind turbine and has
an advertised rated power of 10 kW. The test turbine used a Diversified Technology, Inc. GALE-12
inverter to deliver electrical energy to the 60-Hz grid. To control rotor speed, besides the inverter loading
the generator, each blade has a tip that begins to pitch at rated rotor speed.

Table 1 lists the configuration of the VT10 that was tested at the NWTC. Figure 1 is a picture of the VT10
at the NWTC.
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Figure 1. Ventera VT10 test turbine at the NWTC

Source: NREL 22251

The system was installed in March 2010 and had several months of commissioning/shake-down, during
which the original inverter was replaced. Additional delays in testing were from NREL personnel
incorrectly wiring a filter for the inverter and birds nesting in the lattice tower. Testing began on 19 July
2010.
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The following components were considered part of the test turbine system:

Generator and blades
Wind brake'

Inverter
Kilowatt-hour meter.

Tower and foundation designed for installation at the NWTC test site 3.3¢

All wiring between the generator and the utility disconnect (in the data shed)

Table 1. VT10 Test Turbine Configuration and Operational Data

Turbine Manufacturer and Address

Ventera Energy Corporation
1302 W. 5th St
Duluth, MN 55806

Model name VT10
Production date October 2009
Generator serial number 100993
Design nominal voltage at terminals (Vac) 240 Vac
Maximum current at terminals (A) 60 A
Design frequency at terminals (Hz) 60
Small wind turbine (SWT) class 11

Vave as defined by SWT class (m/s) 7.5
Design 50-year extreme wind speed, Ve50 (m/s) 55
Rotor diameter (m) 6.7

Hub height (vertical center of rotor) (m) 21.7

Tower type

18.3-m (60-ft) Rohn SSV series, three-legged,
self-supporting tower hinged on two legs; plus
3-m (10-ft) extension tube for a total height of
21.3m (70 ft)

Rated electrical power (kW) 10
Rated wind speed (m/s) (lowest wind speed at which 13
turbine produces rated power)
Rated rotor speed (rpm) (lowest rotor speed at which
. 260
turbine produces rated power)
Rotor speed range (rpm) 100-280 (governing from 260—-280)
Cut-out wind speed None

Fixed or variable pitch

Fixed, but uses mechanically pitching tips to
govern rotor speed

Number of blades

3

Blade tip pitch angle (deg)

4.5 (30° pitching range during governing)

Blade make, type, serial number

Injection-molded glass fiber plastic w/ nonlinear
and optimized taper and twisted airfoil FX63-
137; set numbered 1408

Description of inverter

Diversified Technology, Inc.’s GALE-12
model: AMFA00100000000027AH
Serial Number: 57583

" The “wind brake” is a required component supplied with the turbine. It shorts the generator’s three phases, thereby
creating an electromagnetic force in opposition to the generator’s rotation.
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The VT10 turbine tested at the NWTC was in the standard configuration sold by Ventera Energy
Corporation at that time.

Figure 2 shows the general electrical arrangement of the test. The wire run from the base of the tower to
the meteorological (met) tower junction box was approximately 15 meters of #6 American Wire Gauge
(AWG) wire. The wire run from the met tower junction box and wind brake to the data shed was
approximately 75 meters of #6 AWG wire. The data shed housed the inverter, instrumentation, the
disconnect switch, and a breaker panel. The transformer was located outside and adjacent to the data shed,
which first stepped the voltage up to 480 volts (V) and then to 13.2 kilovolts (kV) for the NREL grid.

Wind Brake Detail
from Ventera
When Brake is “ON" VT10 is
shorted & there is resistance to
rotor rotation

Site 3.3 Data Shed

Wind Brake
Jumper wire

i :. ] Ventera Inverter Disconnect Breaker Panel
3.3c met tower; | oo switch 240 VAC
Disconnect 't__son sk 2pole 2pole, B0AMp
: switch | | req
M || @ || 45 PR — , o to NREL grid
< tower’, H—o ot ) T | B —
J-box i |"Wind Brake” | THHN —~ Breaker #27 & 20

Wiring between panels is #6 THHN

#6 THHN

Turbine
J-box

ot || #8 SOW

Figure 2. Electrical single-line drawing of Ventera VT10 installation

Source: NREL, 2012

4. Description of Test Site

The test turbine was located at site 3.3c at the NWTC, which is approximately 8 km south of Boulder,
Colorado. The terrain consists of mostly flat terrain with short vegetation. The site has prevailing winds
bearing approximately 290° relative to true north. Figure 3 shows the turbine and met tower locations as
well as nearby obstructions and topographical features of the site.
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Figure 3. Map of the test site

Source: NREL, 2012

5. Description of Instrumentation

Test instrumentation was installed in accordance with IEC 61400-12-1 for measuring wind speed, wind
direction, turbine power, air temperature, and air pressure. Figure 4 provides the location of the met tower
instruments and provides an equipment list and the specifications for each of the instruments used. For
duration testing, there were additional signals to monitor the rotor speed and the inverter’s connection to
the electrical grid.
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Table 2. Equipment List for Duration Test

Instrument Make and Model Serial Number Calibration Due Date
Power transducer Second Wind Phaser-5-4A 20 02061 28 September 2011
. . . 001293046 Calibrated with power
Current transformers Ohio Semitronics, 12974 001078333 transducer
21 January 2011, with
Primary anemometer Thies, First Class 0609009 post-test calibration on 17
July 2011

Reference Met One 020 T2351 na
anemometer
Wind vane Met One, 020C with Aluminum G4707 18 January _201 1; with in

Vane situ comparisons
Pressure sensor Vaisala, PTB101B C1040014 10 August 2011
(replaced during test)
Temperature sensor Met One, T200 0603-1 13 August 2011
Precipitation sensor Campbell Scientific, 237 None In situ

Compact DAQ w/LabView
Data acquisition cDAQ backplane (9172) 12B5EBE n/a
system (DAS) NI 9229 13DEC38 22 February 2011

NI 9217 13FAE1C 22 February 2011

NI 9205 13E3D05 22 February 2011

The power transducers were not compliant with class 0.5 (or better) specifications of the IEC 60688, but
they exceeded the minimum accuracy required by the Standard. This should have no effect on results or
uncertainty. The power transducer that was used matches the performance required by the IEC Standard,
but it is not IEC certified. Therefore, the power transducer was an exception to the Standard.

The current transformers were not compliant with class 0.5 (or better) specifications of the IEC 60044-1,
but they exceeded the minimum accuracy required by the Standard. This should have no effect on results
or uncertainty. The current transformers that were used match the performance required by the IEC
Standard, but are not IEC certified. Therefore, the current transformers were an exception to the Standard.

The wind vane was slightly damaged during high winds during the final days of October 2010, but it was
repaired on 1 November 2010. Comparisons with other wind vanes at the NWTC showed that the vane’s
performance was consistent before and after these events. Additional comparisons showed that the
repaired vane was consistent with a neighboring test site’s measurements until the end of the test.
However, wind direction does not factor into the duration test results; hence, detailed analysis was
omitted from this report.

The vane calibration due date passed during the testing phase. In lieu of a recalibration or a post-test
calibration on the vane, the aforementioned in situ comparisons were used to show that the vane’s
performance was consistent throughout the test.

In addition, the data acquisition modules were used beyond their calibration dates. A post-test calibration
confirmed that the modules were still operating within their design tolerances. The post-test calibrations
can be found in Appendix A.

Thisreportis availableat no cost fromthe
National Renewable Energy Laboratory (NREL) 12
at www.nrel.gov/publications.



6. Results

6.1 Period of Testing
The testing phase for the VT10 was from 19 July 2010 to 24 May 2011.

6.2 Months of Operation

The duration test was conducted over a period of approximately 10 months. This exceeded the 6-month
minimum required by the Standard.

6.3 Hours of Power Production
Hours of power production are divided into three categories. They include:

e Any wind speeds: 3,206.4 hours (2,500 hours required)
e Above 1.2*%V . (9 m/s): 808.8 hours (250 hours required)
e Above 1.8%V,. (13.5 m/s): 262.4 hours (25 hours required).

Thus, the turbine met the requirements for hours of power production during the test. Table 3 shows the
overall and month-by-month results of the duration test.

Table 3. Monthly and Overall Results of the VT10 Duration Test

Hours of power production Environmental conditions Operational time fraction
Month 0m/s 1.2*Vawg 1.8*Vawg|max gust|TI @ 15 m/s # points| Ty Te Ty Te Ty O[%]
Totals 3206.4 808.8  262.4 41.9 18.7 269 |7539.0 6422.6 855.8 193.3 67.3 99.0
Minimum Met?| Yes Yes Yes Yes Yes
Jul 2010 92 4.8 0 18.3 0 422 291.5 9.4 120.7 0 100
Aug 2727 235 2.8 27.6 171 4 744 676.7 57.3 10 0 100
Sep 157.3 17 25 27.7 14.5 2 720 321.2 390.5 83 0 100
Oct 292.5 77.3 31.2 38.2 20.6 31 744 645.5 842 143 0 100
Nov 283 62.3 19.8 41.9 19.1 19 720 715.5 2.6 2 0 100
Dec 298.8  66.2 29.3 35.3 17.7 25 744 7157 187 9.5 0 100
Jan 2011 424.8 187.2 67.3 40.9 19.3 75 744 676.8 64.1 3.2 0 100
Feb 258.8 85.2 30 324 17.4 41 672 4785 1869 6.7 0 100
Mar 398.5 101 39 40.9 19.7 34 744 637.3 38 1.3 67.3 90.4
Apr 448.5 155 375 40.5 17.3 34 720 699.7 39 16.3 0 100
May 279.5 293 8 30.5 20.8 4 565 564.2 0.2 1 0 100

6.4 Operational Time Fraction
The operational time fraction is defined as follows:

O = TT _TN _TU _TE
TT _TU _TE

x100%

where:
Tr = total time period under consideration
Ty = time during which the turbine is known to be non-operational
Ty = time during which the turbine status is unknown
Ty = time that is excluded in the analysis.

Thisreportis availableat no cost fromthe
National Renewable Energy Laboratory (NREL) 13
at www.nrel.gov/publications.




The overall operational time fraction of the combined wind turbine system during the total testing period
was 99.0%. The final column of Table 3 shows the operational time fraction per month.

The total test time (T7) was 3,206.4 hours. The total environmental exposure from the beginning of the
test to completion was over 7,539 hours.

The VT10 turbine system experienced one period of non-operational time, or downtime (Ty ), in March
2011, which was due to a bad electrical connection in the up-tower slip-ring housing. On 21 March 2011,
it was discovered that the turbine was not working properly. On 24 March 2011, inspections found that a
wire nut had burned. See Figure 5 for details.

Figure 5. Burned wire nut in generator slip-ring assembly

Source: NREL 22250
The main reasons for excluding time (T%) in the duration test included:

e Time during power outages that prevented the turbine from running
e Noise or safety and function testing that required the turbine to be shut down
e NWTC-initiated inspections of the VT10.

If no reliable measurements were available, the time was classified as unknown time (Ty;) because the
turbine’s status was unknown. These downtimes occurred primarily when the data acquisition system
(DAS) was off (during maintenance or a power outage), or if both of the anemometers were iced.
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6.5 Environmental Conditions
During the test period, the highest instantaneous wind speed was 42 m/s during November 2010. The
average turbulence intensity at 15 m/s during the test was 18.8%.
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Figure 6. Power in each wind speed bin (m/s) versus time

For the power degradation analysis, the average power level for each wind speed bin was plotted as a
function of time over the whole test period. This plot was analyzed for any noticeable trends in power
production (shown in Figure 6). There is a slight increase in several bins during the winter months, which
corresponds to increased air density. After accounting for seasonal density changes, there did not appear
to be a trend of decreased power at any given wind speeds over time.

6.6 Dynamic Behavior
The turbine operation was observed by NWTC personnel for at least 5 minutes at wind speeds of
approximately 5 m/s, 10 m/s, 15 m/s, and 20 m/s, for a total observation time of at least 1 hour.

The VT10 requires winds between 5 and 6 m/s to get the rotor spinning, but winds as low as 3 m/s can
keep a spinning rotor moving. The turbine at NWTC, when not spinning, could exhibit significant yaw
error in winds below 4 m/s, but in winds above 4 m/s, it would orient itself properly in the downwind
orientation. It was never observed to operate in the upwind position.
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In winds around 10 m/s, the turbine tracked the wind well when compared to the wind vane on the nearby
met tower. Some tower vibration was observed, but it was not excessive (accelerations on the VT10 were
not measured).

In winds above 13 m/s, the rotor tips would start to pitch. This would dramatically increase the noise, but
the turbine continued to track the wind well. There were noticeable vibrations in the tower, especially at
the joint between the lattice tower and the 3-m extension tube, where the generator was mounted. These
were not deemed excessive.

6.7 Post-Test Inspection

The test was completed on 24 May 2011. The turbine was decommissioned on 13 June 2011. Post-test
inspections took place at decommissioning and a more thorough inspection was performed on 16 June
2011. The following post-test inspection observations were made:

e There was no significant accumulation of wear during the test. However, neither the generator nor
the blades were disassembled, as their disassembly could be dangerous (strong magnets in the
generator and springs with potential energy in the blades), and without proper reassembly, the
VT10 would be unusable for a future installation.

e During installation very minor cracks were noticed in the generator’s housing, which was a resin
cast around the stator coils. These cracks did not appear to expand at all during the test.

o The exterior of the yaw bearings were rusting, but this would not affect performance in any way.

e The nut and bolt positions were marked before the test, and all were still in the same positions at
the end of the test.

Figure 7. Rust on the outside of the yaw bearing (circled)

Source: NREL 22254
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7. Uncertainty

The uncertainty was estimated for the following parameters:

e Hours of power production
e Operational time fraction
e Environmental conditions.

No uncertainty analysis was done for the power degradation results. These results were used only to find
relative trends that might indicate deterioration of the turbine’s performance.

7.1  Hours of Power Production

It is assumed that the turbine is producing power for the entire 10-minute period whenever the average
power for that period is positive. This method overestimates time for power production in low average
wind speed, when the VT10 might only produce for a fraction of the 10-minute period. At higher wind
speeds, this method would produce less of an overestimate. If the VT10 was only producing power 25%
of the time in average wind speeds below 5 m/s, the total time of power production would be 2,550 hours,
which is still in excess of the minimum required by the Standard.

For the hours of power production above 9 m/s and 13.5 m/s, the uncertainty in the wind speed is
assumed to be the dominant factor. Assuming an uncertainty in wind speed of 0.3 m/s, the hours of power
production reduced to 804.3 (above 9.3 m/s) and 260.8 (above 13.8 m/s), which is still well in excess of
the 250 and 25 hours, respectively, that are required.

The analysis tool used at the NWTC does not accurately account for switching from standard to daylight
savings time, even though the time stamp on the data does reflect this switch. It is assumed that the net
effect on results is negligible, even though its influence can be seen in the values of Ty; for November and
March.

7.2 Operational Time Fraction
If there was a failure at any time during a 10-minute period, the entire 10-minute period was classified as
downtime (Ty). This means that the 99.0% is the lower bound of the operational time fraction.

7.3 Environmental Conditions

The maximum deviation in wind speed measurements for the calibration range was 0.028 m/s, which
resulted in a standard uncertainty of 0.02 m/s. The calibration range was only to 16 m/s, and thus an
extrapolation to 44 m/s could be unreliable. However, it was assumed that the standard uncertainty of
calibration was consistent at 0.02 m/s. Combining the calibration uncertainty with operational
characteristics (0.052 m/s + 0.52%), mounting effects (1%), and terrain effects (2%), while assuming that
the DAS uncertainty was negligible (for the maximum instantaneous gust of 42 m/s) the uncertainty was
1 m/s.

Standard deviation of wind speed was used for the turbulence intensity (TI) calculation. Average wind
speed at 15 m/s has an uncertainty of 0.4 m/s, resulting in a TI estimate of between 18.3% and 19.3%.
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8. Deviations and Exceptions

8.1 Deviations from the Standard
As explained in Section 5, Description of Instrumentation:

o The power transducer was not compliant with [EC 60688, but exceeded the minimum accuracy
required by the Standard. This should have no effect on results or uncertainty.

e The current transformers were not IEC 60044-1, but exceeded the minimum accuracy required by
the Standard. This should have no effect on results or uncertainty.

8.2 Deviations from Quality Assurance

The primary anemometer was used beyond its calibration due date. The anemometer was post-test
calibrated and found to have held its calibrations for the test period. Appendix A includes the post-test
calibration sheets.

The wind vane was damaged and repaired during the test. It was also used beyond its calibration due date.
In situ comparisons with other NWTC test sites showed that the vane held its performance throughout the
test.

The DAS modules were used beyond the calibration due date. They were post-test calibrated and found to
be in compliance with the specifications. Appendix A includes the post-test calibration sheets.

Thisreportis availableat no cost fromthe
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A. Appendix - Equipment Calibration Sheets

A1,

A2

A3.

A4

A5.

A.6.

AT

A.8.

A9.

A.10.

A11.

A12.

A13.

Primary anemometer pre-test calibration sheet; installed on 21 January 2010,
and used until the end of the test

Primary anemometer post-test calibration sheet

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

Power transducer calibration sheet; installed 28 September 2010, and used until
the end of the test

Wind vane calibration sheet; installed 18 February 2010 and used for the entire
test

RTD probe calibration sheet; installed 17 August 2010 and used until the end of
the test

Pressure transducer calibration sheet; installed 17 August 2010 and used until
the end of the test

NI 9229 data acquisition module calibration; installed 26 July 2010 and used until
the end of the test

NI 9229 data acquisition module post-test calibration; in tolerance

NI 9217 data acquisition module calibration; installed 26 July 2010 and used until
the end of the test

NI 9217 data acquisition module post-test calibration; in tolerance

NI 9205 data acquisition module calibration; installed 26 July 2010 and used until
the end of the test

NI 9205 data acquisition module post-test calibration; in tolerance
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Svend Ole Hansen ApS e’ ENGINEERING

SCT. JORGENS ALLE 7 - DK-1615 KOBENHAVN V - DENMARK - FLUID
TEL: (+45) 33 26 38 38 « FAX: (+45) 33 25 38 39 - WWW.SOHANSEN.DK DYNAMICS

CERTIFICATE FOR CALIBRATION OF CUP ANEMOMETER

Certificate number: 09.02.3147 Date of issue: June 15, 2009

Type: Thies 4.3351.10.000 Serial number: 0609009
Manufacturer: ADOLF THIES GmbH & Co.KG, Hauptstrasse 76, 37083 Gattingen, Germany
Client: Sky Power Int'l LLC, 250 Sawdust Road, 29657-8521 Liberty SC, USA

Anemometer received: June 11, 2009 Anemometer calibrated: June 12, 2009
Calibrated by: mh Calibration procedure: IEC 61400-12-1, MEASNET
Certificate prepared and approved by: Calibration engineer, soh & o A o Al

Calibration equation obtained: v [m/s] = 0.04636 - f [Hz] + 0.22372
Standard uncertainty, slope: 0.00127 Standard uncertainty, offset: 0.05862
Covariance: -0.0000007 (m/s)*Hz Coefficient of correlation: p=0.99999]

Absolute maximum deviation: -0.028 m/s at 10.883 m/s

Barometric pressure: 1004.2 hPa Relative humidity: 24.1%
Ecces.\ion Velocity Temperature in Wind Frequency, Deviation, Uncertainty
pressure, q.  wind tunnel control room velocity, v. f. d. u, (k=2)
[Pa) [°C] [°C] [m/s] [H7] [m/s] [m/s]
2 9.07 32,0 23.8 3.986 81.6316 -0.022 0.029
4 13.93 31.9 237 4.939 101.6035 0.004 0.033
6 20.26 31.8 23.7 5.955 123.2072 0.020 0.038
8 27.48 31.7 23.7 6.935 144.5096 0.012 0.044
10 35.79 31.6 23.7 7.914 165.9949 -0.006 0.049
12 45.23 31.5 23.7 8.895 187.0034 0.002 0.055
13-last 56.18 315 23.7 9913 208.8310 0.007 0.061
11 67.70 3L3 23.7 10.883 230.5182 -0.028 0.067
9 80.29 31.6 3.7 11.853 250.5970 0.011 0.073
7 94.49 31.7 23.7 12.860 272.1574 0.019 0.080
5 109.40 31.8 23.7 13.840 294.2530 -0.026 0.086
3 125.69 31.9 23.8 14.838 315.2489 -0.001 0.092
1-first 143.07 32.2 23.8 15.838 336.5955 0.009 0.099
20 = 0.1
ERE =] &
B il 2] al b *xlox x x
= 10 g g 00 -
.—g :- M § % = x
Z / g
G T T T T T T T T T T T T 0 1 T T T T T T T LI} Ll T T
0 90 180 270 360 0 90 180 270 36C

Frequency, f. [Hz]

Page 1 of2

Y MANIA ’ﬂ_.'-
LMAINMA [

CAL Reg.nr. 452 Gieasisy
Acereditation to [SO 17025

Figure A.1. Primary anemometer pre-test calibration sheet; installed on 21 January 2010
and used until the end of the test
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Svend Ole Hansen ApS D, rezne

SCT. JORGENS ALLE 7 - DK-1615 K@BENHAVN V - DENMARK -q ~ = ORELUID
TEL: (+45) 33 25 38 38 - FAX: (+45) 33 25 38 29 - WWW.SOHANSEN.DK ﬁ-&‘? DYNAMICS

CERTIFICATE FOR CALIBRATION OF CUP ANEMOMETER

Certificate number: 11.02. 4877 Date of issue: July 18, 2011

Type: Thies 4.3351.10.000 Serial number: 0600009

Manufacturer: ADOLF THIES GmbH & Co.KG, Hauptstrasse 76, 37083 Géttingen, Germany
Client: National Renewable Energy Lab, 1617 Cole Boulevard. Golden, Colorado 80401-3393, USA

Anemometer received: June 30, 2011 Anemometer calibrated: July 17, 2011

Calibrated by: ¢cn Calibration procedure: IEC 61400-12-1. MEASNET
Certificate prepared by: jsa Approved by: Calibration engineer, soh

Calibration equation obtained: v [m/s] = 0.04670 - £ [Hz] + 0.15965 S (K Konen
Standard uncertainty, slope: 0.00081 Standard uncertainty, offset: 0.05257

Covariance: -0.0000003 (m/s)*Hz Coefficient of correlation: £ =10.999996

Absolute maximum deviation: -0.026 mv/s at 11.811 mv/s

Barometric pressure: 998.7 hPa Relative humidity: 32.0%
Succession Velocity Temperature in Wind Frequency, Deviation, Uncertainty
pressure, . wind tunnel control room velocity, v. f. d. u, (k=2)
- [Pa] [°C] [*C] [m/s] [Hz] [m/s] [m/s]
2 "9.49 34.2 26.7 4.108 84.7680 -0.011 0.028
4 14.54 34.1 26.6 5.086 105.4851 -0.001 0.032
6 20.53 34.0 26.6 6.041 125.8334 0.005 0.037
8 27.57 33.9 26.6 6.999 146.1792 0.012 0.042
10 35.85 33.8 26.6 7.981 167.2917 0.008 0.047
12 45.14 338 26.6 8.054 188.4300 -0.006 0.053
13-last 55.37 33.7 26.6 9.917 208.8464 0.003 0.058
11 67.02 33.8 26.6 10.911 230.0220 0.008 0.064
78.51 339 26.6 11.811 250.0281 -0.026 0.069
92.42 34.0 26.6 12.816 271.0172 -0.001 0.075
5 106.62 34.0 26.6 13.768 291.2600 0.005 0.080
3 122.30 34.1 26.7 14.748 312.3682 -0.001 0.086
__I—flr»:l 138.51 34.3 26.7 15.698 332.5736 0.006 0.092
20 ol
- ] o
=] o S
£ 10 £ 0.0 S S 2o
S A '/’XA = A i x
= 7 _/ g
0 I T T AR | =T 0.1 =TT | e T
0 a0 180 270 360 0 90 180 270 360
Frequency, f. [Hz] Frequency, f. [Hz]
Page | of 2

oL
_ N Nk M

i 2 DANAK

7 CAL Regnr. 452

% Y &
Lo Accreditation to 180 17025

belpth ™

Figure A.2. Primary anemometer post-test calibration sheet
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Primary Anemometer Pre- & Post-Test Calibrations
13 0.03
— pre-test
12 7p0$t-test
difference - 0.02
11
—_ - 0.01
£ 10
E
T
3 9 0
&
]
£ 3
= - -0.01
7
- -0.02
6
5 T T T T T T '0.03
110 130 150 170 190 210 230 250
Anemometer Pulses [Hz]

Difference [m/s]

Figure A.3. Primary anemometer pre- and post-test calibration comparison; the
difference was less than 0.1 m/s for the range of 6 m/s to 12 m/s
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Branch #: 5000

NREL METROLOGY LABORATORY

Test Report

Test Instrument: Phaser Power Transducer & 2-CTs DOE #: 02825C
Model # : Phaser-5-4A 20 8/N : 02061
Calibration Date: 09/22/2010 Due Date: 08/22/2012

A. Set-Up for Total Real Power Calibration:

A.1. Voltage is applied between phases A&B and N = 120 V @ 60 H=z.

A.2. Current is applied to n = 2 TURNS through the two current transformer
that are connected to phases A&B. Please note that the number of turns are
not included in calculating the input power.

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

A.4. Phaser Full Scale setting = -18 KW to 18 KW.

Input Power

Input Current Analog Output-1

(AAC) (KW) (vbcC)
75 18 4.991
50 12 4.325
25 6 3,658
0 0 2,996
25 - 2.331
-50 -12 1.667
~75 -18 1.002

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

Power Analog Output-2
(KW) Power Factor (vDC)
18 1.0 4.988
w 0.8 4.172 |
W 0.6 3.370
» 0.4 2.567

Page 1 of 2

Figure A.4. Power transducer calibration sheet; installed 28 September 2010 and used
until the end of the test
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DL, i it s it NWTC Testing Group
Wind Vane Calibration Report
Calibration Laboratory Customer
National Wind Technology Center - Cert Team National Wind Technology Center - Certification Team
National Renewable Energy Laboratory National Rensewable Energy Laboratory
1617 Cole Boulevard 1617 Cole Boulevard
Golden, Colorado 80401 Golden, Colorada 80401
Calibration Location Calibration Date 30-Dec09
National Wind Technology Center
Room 101, NWTC Bldg 256
Report Number G4707-091230 Procedure
NWTC-CT: Ciod Caliprate Wind Vane_091209 paf
Page: 1of 1
Dewiations from procedura Calibrated on 5V Range
ltem Calibrated Calibrated in Voits {not mW)
Manufacturer Met One Instruments, Inc
Maodel pz2o0C Results:
Senal Number G4707 Slopa: 727001  degV
‘Vane Material Aluminurm Offset to boom: 946 deg
Condition Refurbished Max error 04 deg
Estimated Uncertainty Traceability Mg & Model Senal Cal
Inelinometer Total MNumber Date
Uncertainty Uncerdainty Inchnometer SPI Tronic Pro360 31-038-3 19-May-03
{deg) (deq} Valtmeter HP 34584 2823405145 5-May-09
0.10 0.25
|
L.
Calibration by “ J.m /o
Dawid J{_;péir/ Date
i
0 — . 05
L]
300 2 L 04
- Ly
g * .
_—
T 240 | . . 2 o
o . + -
=] a " a )
2 180 |a A . i a - 0o
1]
5 ¢ 8
e 120 | 1 4 n 03 2
c |- " . {g
e & a
] a ° o
5 60 1 Y [ | 04
= .
0 L - — -08
0 1 2 3 B 5
Vane Output Voltage (V)
Viang Cal 4707 091230 < 1f peimiod, this document may tie oot of date Page 1 0f1

Figure A.5. Wind vane calibration sheet; installed 18 February 2010 and used for the
entire test
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Branch #: 5000 sheet: 1 of: 1
NREL METROLOGY LABORATORY

Test Report

Test Instrument: RTD DOE #: 03465C
Model # : T200A S/N : 0603-1
Calibration Date: 08/13/2010 Due Date: 08/13/2011
Measured Values { JMfr. Specs.
No Funecticn Nominal () OR
Tested Value (X)Data only
(ec) AS AS
Found Left
- Temperature: =10 96.113 Same
0 100.035 "
10 103.938 L
20 107.840 "
30 2I3. 72T "
Notes:
- Calibration was performed using instruments that are traceable to
NIST. DOE#s 124272, 108603, and 108604.
- Calibration was performed at temperature = 24 °C, and relative
humidity = 40%.
- Uncertainty of nominal values = + 0.03 °C with k = 2.

Tested By: P. Morse Q.A by: Bev
Date : 08/13/2010 Date : 08/13/2011

Figure A.6. RTD probe calibration sheet; installed 17 August 2010 and used until the end
of the test
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Branch #: 5000

Test Instrument: Pressure Transmitter
Model # PTB101B

Calibration Date: 08/10/2010

sheet: 1 of: 1

SIN : C1040014

Due Date: 08/10/2011

NREL METROLOGY LABORATORY
Test Report

DOE #: 03510C

Function Nominal Measured Output Voltage { \Mfr. Specs.

N Tested Value (VDC) OR
0 (kPa) As Found As Left (X)Data only (mb)
¥ Absolute Pressure

65 0.270

70 0.543

75 0.815

80 1.087

85 1,358

90 1.629

95 1.901

100 2173

MNotes:

02301C.

1. Expanded Uncertainty of the nominal value is £ 0.2 kPa, with k = 2,
2. Calibration was performed at 23°C and 40% RH.
3. Calibration was performed using standards that are traceable to NIST. DOE Numbers: 128120, 108685, and

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

QA By: Bev
Date: 08/10/2010

Figure A.7. Pressure transducer calibration sheet; installed 17 August 2010 and used
until the end of the test
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ACCREDITE

: 'Davis Calibration

Instrament Identification
Company ID: 120205

NREL

BEV KAY

16253 DENVER WEST PARKWAY
GOLDEN, CO, 80401

Instrument ID: 04037C
Manufacturer; NATIONAL INSTRUMENTS

Accuracy: Mfr Specifications

Certificate Information
Reason For Service: CALIBRATION
Type of Cal: ACCREDITED 17025 WITH UNCERTAINTIES
As Found Condition: IN TOLERANCE
As Left Condition: LEFT AS FOUND

Procedure: NATIONAL INSTRUMENTS3.4 CAL EXECUTIVE REV 3.4

Remarks: Reference attached Calibration Data w/uncertainties

The instrumen: o ithiy certificition has been calibrated againss siondards receable 1o

natipnal metrology instimtes, devived from ratio tpe me
A test wncertainty raco (TUR ) of 4:7 [K=2, appree 93% (

ANSIINCSE. 25400,

. IS0 TN

5 NWIT , ATTASS o

wt's calibeation interval has expi

Approved By: WAYNE GETCHELL
Service Representative

Calibration Standards
NIST Traceable# Inst. |ID# Description
3768091 15-0048 MULTIFUNGCTION CALIBRATOR

Certificate of Calibration

3913562

Certificate Page 1 of |

PO Number: CC- TBA

Model Number: NI 9229
Serial Number; 13DEC38
Description: 4-CHANNEL, £60 V, 24-BIT SIMULTANEQUS ANALOG INPUT

Technician: WAYNE GETCHELL
Cal Date 22Feb2010
Cal Due Date: 22Feb2011
Interval: 12 MONTHS
Temperature: 23.0 C
Humidity: 39.0 %

the National frstitude of Standards and Technology (NINT) or other recogmized

urements, or conpired i natfonally v irternationally recognized consensus standards.
onfidence Level] wos matntained wnless otherwise staled,

avis Calibragion Laboraiery is certiffed wo 150 9000 2008 by Eagle Regivirations {certificare # 3040). Lab Operations meet the requirements of

it owit of calibration before the

be reproduced except in full, without writien consent of Dievis Calibraion Laboretton

Model Cal Date Date Due

ST00A 28Dec2009 29Mar2010

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

Figure A.8. NI 9229 data acquisition module calibration; installed 26 July 2010 and used

until the end of the test
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Certificate of Calibration

Tektronix ACLASS RN

Service Solutions 3258254

Cenmificate Page | of 1

Instrument Identification
Company ID: 120205 PO Number: CC-BEVERLY KAY
MNATIONAL REMEWABLE ENERGY LAB
BEV KAY/SRRL
162563 DENVER WEST PARKWAY
GOLDEN, CO 80401

Instrument ID: 04037C Model Number: NI 8229
Manufacturer: NATIONAL INSTRUMENTS Serial Number: 13DEC38
Description: 4-CHANNEL, +60 V, 24-BIT SIMULTANEQUS ANALOG INPUT

Accuracy: Mir Specifications

T . b mmar < A et i st =t e

( 1.rt|l'|1.dtL Enfnrmatmn

Reason For Service: CALIBRATION Technician: COREY CLAXTOMN
Type of Cal: ACCREDITED 17025 WITH UNCERTAINTIES Cal Date 24Jun2011
As Found Condition: IN TOLERANCE Cal Due Date: 24Jun2012
As Left Condition: LEFT AS FOUND Interval: 12 MONTHS
Procedure: MATIONAL INSTRUMENTS CAL EXECUTIVE 3.4.1 Temperature: 23.0 C

Humidity: 359.0 %
Remarks: CALIBRATED WITH DATA, REFER TO ATTACHED DATA FOR BEFORE AND AFTER READINGS.

Thr fnstruesl o bhis certificaron kas bewn cufihrated spaimst standards raceable fo the Nationa! funimue of Srasderds and Tecknologye (NIRT) ar arfer recognized
nuitonal merodagy gasrinees, derived from rotio Dy mearmremenis, or compared i natisaa iy or inernaiiesally recogaired contenmes shimdardy,
A Fesi smewriaindy reite (TR ol 4:0 (K=2. spproz. 05% Confidence Leved] wax mainneimed smlest arbernise itdned
Tetrronie Service Soluniond (s regbared to B350 D007, 2008, §ah Cpsrations meel e reqairements of
ANSNNCSE ZSA0] -1 90 (RAF2E, I50F D00 2: 2003, JOCFRS0 Appxlt, ard JICFR2I.
TRONIED 70252008 accredied colitvarlsas wre pier ACTANS cortificas @ AC-T1RT widhin the toape far winch fhe b s accredided

Wihen uncernaingy seeasieemenl coloalitions kave been colowlited per cuiomer request, reporied congision slarsmeas 4o mod Lok LRI Acoolsl oecesimEay of medcremend

AN retaells vomtaived williin thiv cerlificansan relmis andy s Semis) celibrated. Ay namher af facters meay conse i calibration fee io drift ool of caliration bafore e
ras el oralihrnion imierviel foes eyt

Thiz cornificare shall so be raprodesed exsoepal ia full, without writes comseni of Tebirenin Service Solmioas,

Approved By, GOREY CLAXTOMN
Service Reprasentative

Calibration Standards

MIST Traceable# inst. ID# Description Manufaciurer Model Cal Date Date Due
s W E-COA MULTIFUNCTION CALBRATOR FLUKE STODA, Onbiay2011 ORAugRoT1
R R PP T AL e A e A s PR P 0 b e b T i i e T R S Wl ot L ARETE T

2324 thgepmnt Drive, Suite D = Austin, TX 78754 « F*hnns EBU-EE:S—G14? Fax: 512-926-8450

Figure A.9. NI 9229 data acquisition module post-test calibration; in tolerance
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—
ACLASS Certificate of Calibration
ez 3929569

Certificate. Page | of |

DavisjCalibration

Instramient Identification
Company ID: 120205 PO Number: CC- TBA
NREL
BEY KAY
16253 DENVER WEST PARKWAY
GOLDEN, CQ, 80401

Instrument ID: 04036C Model Number: NI 9217
Manufacturer: NATIONAL INSTRUMENTS Serial Number: 13FAE1C
Description: 4-CH 100 OHM 24-BIT RTD ANALOG INPUT

Accuracy: Mfr. Specifications

Certilicate Information

Technician: WAYNE GETCHELL
Cal Date 22Feb2010
Cal Due Date: 22Feb2011
Interval: 12 MONTHS
Temperature: 23.0 C
Humidity: 39.0 %

Reason For Service: CALIBRATION
Type of Cal: ACCREDITED 17025 WITH UNCERTAINTIES
As Found Condition: |N TOLERANCE
As Left Condition: LEFT AS FOUND
Procedure: NATIONAL INSTRUMENTS3 4 CAL EXECUTIVE REV 3.4

Remarks: Reference aftached Calibration Data w/uncertainties

{ ngainsi stenderds fraceable fo the Nattoual Institute of Standards and Technology (NIST) or allier recoghized

The insirument on this certification has been cal
maticena! metrofogy insiitetes. der ont rafio fupe menswrenatentis. or comrpared o ratiorally or inieraationally receenized consensis siamndards

A4 desd uncertaing raio (T.UR af 4:1 [K =2, apprax, $5% Confidence Level] war maintained wndess otherwise stated.

1o TSE DXL 200N by Eagle Registrations (certificar 048, Lab Operations mest e reqiirements of

Duevis Calibeatton Laboratory is certified

ANSENCSE Z8d0-1- 0094, J50 [0 e, aind IOVCFRIT

within the seope for which the dab i aceredited.

ISQUIEC [ TH25-2005 accrediied tigns are per ACLASS ceriifi i
w af firctors may conse the calibration item fo deiffl ot of calibration before ithe

! resulis contalned within this certification rel

emfs) calibrated Any num!

wiumen’s calihretion fnterval fias exgpired

This certificate shall not be reproduced except in full, withowt written consent of Devis Calibration Labaoratory

Approved By: GALEN WASHBURN

Service Representative
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NIST Traceable# Inst. 1D# Description Model Cal Date Date Due
3144725 15-0063 6 1/2 DIGIT DIGITAL MULTIMETER 34401A 1TApr2009 17Apr2010
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Figure A.10. NI 9217 data acquisition module calibration; installed 26 July 2010 and used
until the end of the test
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Instrument Identilication
Company ID: 120205 PO Mumber: CC-BEVERLY KAY
MATIONAL RENEWABLE ENERGY LAB
BEV KAY/SRRL
16253 DENVER WEST PARKWAY
GOLDEN. CO 80401

Instrument 1D: 04036C Maodeal Mumber: NI 8217
Manufacturer: NATIONAL INSTRLIMENTS Serial Number: 13FAEIC
Description: 4-CH 100 OHM 24-BIT RTD ANALOG INPUT

Accuracy: Mfr. Specifications

{ el‘[lf-l.llu' lninrmalmn

Reason For Service: CALIBRATION Technician: COREY CLAXTON
Type of Cal: ACCREDITED 17025 WITH UNCERTAINTIES Cal Date 24Jun2011
As Found Condition: IN TOLERAMNCE Cal Due Date: 24Jun2012
As Left Condition: LEFT AS FOUND Interval: 12 MONTHS
Procedure: NATIONAL INSTRUMENTS CAL EXECUTIVE 3.4.1 Temperature: 23.0 C

Humidity; 39.0 %
Remarks: CALIBRATED WITH DATA, REFER TO ATTACHED DATA FOR BEFORE AND AFTER READINGS,

T frstrament an this cersificutivn bey been calibrated agains siandords ireceabic i the Natiomed Tnsitture of Siandards and Fechmslogy iNIST) oF atber recapnized
mattvnal iy instimine, derived fram raife fipe measarementy, ar compared & sarionslly or alernaianally recogrilzed conseresut saadards.
A teet marertatngy rade (CLUAE af 400 (K= 2, appeor. §5% Confidescr Lovel] war mainsined unlexs sthersdse sined.
Yakrromin Sarvier Solebicony iy regrstered 1o IS0 000 - 3000, Lol (peraions medt Iy beguiremendy of
ANSINCEL 28000 - Je0g [R2NZE ISP MV 22007, TaTFRS) Appel, wnd NCFRIE
IRERRRT FRO25. 503 wecredined calbratmer sre per ACTARY ceriificaie @ AC-FIAT walihim vhe n'a'ngfar whelch ahe fab is aceredined,
Witert ancericlnty srasirromeal codralaifony bave bean colouloied per cussomer request, reportad comdiion @iadpmenis do nod feke info seoownr MHCRrTEIREY o) st

AN reoults cortaimed withte reis conijficarion refase oaly 1 teris) calihrmied. Any asmbyr of ficiors seay cowee ke coliBromon dem o deif o f catibrarion befire the
intramaenls rafibranion iaiemval bar expired,

This cerrificoe shaall aof be reprodeced excapd dn fall withoot wrirden comsens off Tedrromds Senioe Yo b,

Approved By: COREY CLAXTON
Senvice Reprosentative

Calibration Standards
MIST Traceabla# Ingt. ID# Description Manufacturer Model Cal Date Date Due

4547338 160064 CHGITAL MULTIMETER HEWLETT PACKARL 34588 OBFan2011 OBFeba012

A R A S s T WA A ST O ek b i e S N o il AP T R L T I P R G M B B ey

2324 Hldgepnmt Drive, Suite D « Austin, TX ?3?54 Phone: 800-365-0147 = Fax: 512-926-8450

Figure A.11. NI 9217 data acquisition module post-test calibration; in tolerance
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Davis|Calibration

CALIBRATION

Instrament Tdentification
Company ID: 120205 PO Number: CC- TBA

NREL
BEV KAY
16253 DENVER WEST PARKWAY

GOLDEN, CO, 80401

Instrument |D: 04035C Model Number: NI 9205
Manufacturer: NATIONAL INSTRUMENTS Serial Number: 13E3D05
Description: 32-CH 200 MV TO £10 V, 16-BIT, 250 KS/S ANALOG INPUT MODULE

Accuracy: Mfr Specifications

Technician: WAYMNE GETCHELL
Cal Date 22Feb2010
Cal Due Date: 22Feb2011
Interval: 12 MONTHS
Temperature: 23.0 C
Humidity: 39.0 %

Reason For Service: CALIBRATION
Type of Cal: ACCREDITED 17025 WITH UNCERTAINTIES
As Found Condition: IN TOLERANCE
As Left Condition: LEFT AS FOUND
Procedure: NATIONAL INSTRUMENTS3.4 CAL EXECUTIVE REV 3.4

Remarks: HReference attached Calibration Data w/uncertainties.

b wtitute of Stamdards and Technology (NIST) or ather recognized

The instrument on this certifiention has been calibrated aguinst siandardy traceal

e to the Nodia

national merrofogy institutes, derived from ratio ripe meanrements, or compared o nofionally or internationally recognized convensus standardy

| test uncertainty ratio (T.UR) of 4:1 [K=2, approx. $5% Confidence Level] was metnmnined unfless otherwise staved,

ot foertificate 4 30460, Lab Operations meet the requirenents of

Davis Calibration Laborarory is cervified 1o IS0 9012008 by Eagle Registrati

INSINCEL Z540-1- 1994, [SO [0 ] i, [CFRIO AppxB, and IMCERL

# AC-1TRT within ike scope for which the lab is accredited.
mse the caltbration item to drifl owt of calibrasion before the

Thiis certificase shall not be vepradiiesd except in fill withant written consent of Davis Calibration Laborators

Approved By: GALEN WASHBURN
Service Representative

{ alibration Standards
NIST Traceable# Inst. 1D# Description Model Cal Date Date Due
3768091 15-0048 MULTIFUNCTION CALIBRATOR 5700A 280Dec2009 29Mar2010

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

Figure A.12. NI 9205 data acquisition module calibration; installed 26 July 2010 and used
until the end of the test
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Instrument Identification
Company ID: 120208 PO Number: CC-BEVERLY KAY
MATIONAL RENEWABLE ENERGY LAB
BEWV KAY/SRRL
16253 DENVER WEST PARKWAY
GOLDEN, CO 80401

Instrument ID: 04035C Model Number: NI 9205
Manufacturer: NATIONAL INSTRUMENTS Serial Mumber; 13E3D0S
Description: 32-CH =200 MV TO =10 V, 16-BIT, 250 KS/S ANALOG INPUT MODLULE

Accuracy: Mir Specifications

Lur’li'ftaie ln f'urm.nmn

Reason For Service: CALIBRATION Technician: COREY CLAXTOM
Type of Cal: ACCREDITED 17025 WITH UNCERTAINTIES Cal Date 24.Jun2011
As Found Condition: IN TOLERANCE Cal Due Date: 24Jun2012
As Leflt Condition: LEFT AS FOUND Interval: 12 MONTHS
Procedure: NATIONAL INSTRUMENTS CAL EXECUTIVE 3.4.1 Temperatura: 23.0 C

Humidity: 38.0 %
Remarks: CALIBRATED WITH DATA, REFER TD ATTACHED DATA FOR BEFORE AND AFTER READINGS.

T fresretamidf cah ikl coriffication huy been cofibraned apatan sandards traceakle i the Narfanal s tele of Standards aed Technology (NIST) or aker recogmized
il metreligy intiatey, dertved from ratlo frpe meaaeesi e, oF sompaned o naticnally or isteramioaaly recognized corsensas dando e
A sew wwertatany ranto (T UUEL) of 408 [K =2, dppeor. 95% Confidencr Levl] wis mainained unless orkeridse sntsd
Tekrranis Service Sofwtinny iv repetered io L8091 M. Fab (peradom meet e requiremenis of
ANSTINCSE, S0 F - PR (R2002), FS0R FOOT 2203, TOTFRSO Appaf, ond FOCFR2E,
SSEHIEG 025 200F accredited calibrarbns are per ACTASK certificaie # AC-FIH T within the sape for whick Hee foh G acerediled
Witem Mnce ATy Secashremses! Cmles inlines hawe Been calrelmted per cusiomer reguest, reporred cangliion saieweenls dis wor Lake iio uooomel sRCErhTinny of MeasEeeal

Al revwlts cantaimpd withie this ceralfivution ralae oaly o diemia) colibraied. Asy sl of facrors may camne the caltbration item o driff o of calieatios Befane the
Enstrmards alihration faierel has exired,

Thix cernificnie shal! sor be reprodaeced excepd in full, withan weinen cosseni off Tekiromds Service Salwions.

Approved By: COREY CLAXTOIN
Sanvice Representativa

Calibration Standards

MIST Traceable# Inst. ID# Description Wamufacturar Maodal Cal Date Date Dus
5113an7 150048 MULTIFUNCTION CALIBRATOR FLUKE STO0A oF Maryenn 1 D3ALGA0T1
e T Sl = e I g W g i . el T T DA, Tt b e o L Ll DT g D e 1 T ek L a1 1

23’24 Rldgepulnt Drive, Suite D + Austin, TX 78754 + Phone: 800-365-0147 « Fax: 512-926-8450

Figure A.13. NI 9205 data acquisition module post-test calibration; in tolerance
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