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Notice 
This report was prepared by the National Renewable Energy Laboratory (NREL), operated for 
the United States Department of Energy (DOE) by the Alliance for Sustainable Energy, LLC 
(Alliance), as an account of work sponsored by the United States government. The test results 
documented in this report define the characteristics of the test article as configured and under 
the conditions tested. 

THIS REPORT IS PROVIDED "AS IS" AND NEITHER THE GOVERNMENT, ALLIANCE, NREL 
NOR ANY OF THEIR EMPLOYEES, MAKES ANY WARRANTY, EXPRESS OR IMPLIED, 
INCLUDING THE WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR 
PURPOSE, OR ASSUMES ANY LEGAL LIABILITY OR RESPONSIBILITY FOR THE 
ACCURACY, COMPLETENESS, OR USEFULNESS OF ANY SUCH INFORMATION DISCLOSED 
IN THE REPORT, OR OF ANY APPARATUS, PRODUCT, OR PROCESS DISCLOSED, OR 
REPRESENTS THAT ITS USE WOULD NOT INFRINGE PRIVATELY OWNED RIGHTS.  

Neither Alliance nor the U. S. Government shall be liable for special, consequential or incidental 
damages. Reference herein to any specific commercial product, process, or service by trade 
name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its 
endorsement, recommendation, or favoring by the United States government or any agency 
thereof. The views and opinions of the authors expressed herein do not necessarily state or 
reflect those of the United States government or any agency thereof or Alliance.  

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

NREL is accredited by the American Association for Laboratory Accreditation (A2LA) and the 
results shown in this test report have been determined in accordance with the NREL’s terms of 
accreditation unless stated otherwise in the report. 

This report shall not be reproduced, except in full, without the written approval of Alliance or 
successor operator of NREL. 

 

Approval By:  __________________________________________________________  
 Arlinda Huskey, NREL Test Engineer Date 

Review By:   ___________________________________________________________  
 Jeroen van Dam, NREL Test Engineer 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 to wind energy expansion by 
providing independent testing results for small turbines. Five turbines are being tested at the 
National Wind Technology Center (NWTC) as a part of round 1 of this project. Safety and 
function testing is one of up to five tests that may be performed on the turbines, including 
duration, power performance, noise, and power quality tests. Test results provide manufacturers 
with reports that can be used for small-wind-turbine certification. 

The test equipment includes a Ventera VT10 wind turbine mounted on a 60-ft free-standing 
lattice tower manufactured by Rohn. The inverter is a GALE-12, manufactured by Diversified 
Technology. The concrete pier foundation was installed by a third party, under contract with 
Ventera Energy. The system was installed by the NWTC Site Operations group with guidance 
and assistance from Ventera Energy. 

2. Test Objective 

The objective of this test was to: 
• Verify whether the test turbine displays the behavior predicted in the design 
• Determine whether provisions relating to personnel safety are properly implemented 
• Characterize the dynamic behavior of the wind turbine at rated and higher wind speeds. 

The National Renewable Energy Laboratory (NREL) does not limit safety and function tests to 
features described in the wind turbine documentation. NREL also inspects—possibly tests—and 
reports on features that are required by IEC 61400-2 and that might not be described in the 
wind turbine documentation. NREL conducted this test in accordance with Section 9.6 of the 
IEC standard, “Wind Turbines—Part 2: Design Requirements for Small Wind Turbines,” 
IEC 61400-2, second edition, 2006-03. 

3. Description of Test Turbine and Setup 

The test turbine was a Ventera VT10 wind turbine. The VT10 is a downwind, 3-blade, passive 
yaw, permanent magnet, horizontal-axis wind turbine. It is manufactured by Ventera Energy 
Corporation. It uses a Diversified Technology, Inc. GALE-12 inverter to deliver electrical energy 
to the a 60-Hz grid. To control rotor speed, each blade has a tip that begins to pitch at its rated 
rotor speed. It was mounted on a 60-ft Rohn SSV self-supporting lattice tower. 

Table 1 lists the configuration of the Ventera VT10 that was tested at the NWTC.  



 Page 6 of 34 

Table 1. Test turbine configuration 

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  240 Vac 
Maximum current at terminals 60 A 
Design frequency at terminals  60 Hz 
SWT class III 
Vave as defined by SWT class  7.5 m/s 
Design 50-year extreme wind speed, Ve50  55 m/s 
Rotor Diameter  6.7 m 
Hub Height (vertical center of rotor)  21.7 m 

Tower Type 
60-ft Rohn SSV series, 3-legged, self-
supporting tower hinged on two legs; plus 10-ft 
extension tube for total height of 70 ft. 

Rated Electrical Power  10 kW 
Rated Wind Speed (lowest wind speed at which 
turbine produces rated power) 13 m/s 

Rated rotor speed (lowest rotor speed at which 
turbine produces rated power) 260 rpm 

Rotor speed range 100-280 rpm (governing 260-280 rpm) 

Fixed or variable pitch Fixed, but uses mechanically pitching tips to 
govern rotor speed 

Number of Blades 3 
Blade Tip Pitch Angle  4.5° (3° 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 test turbine is located at site 3.3c at the NWTC, which is approximately 8 km south of 
Boulder, Colorado. The terrain is mostly flat with short vegetation. The site has prevailing winds 
bearing approximately 290 degrees relative to true north. For measurements requiring accurate 
wind-speed data, the NWTC used data obtained when the wind direction was between 160 and 
353 degrees true. In this measurement sector, which was established in accordance with IEC 
61400-12-1, terrain and obstructions do not significantly differ between wind measured with the 
anemometer and the wind experienced by the turbine. 

Figure 2 shows the general electrical arrangement. The wire run from the base of the tower to 
the met tower junction box is approximately 15 m of #6 American Wire Gauge (AWG) wire. The 
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wire run from the met tower junction box and wind brake1 to the data shed is approximately 75 
m of #6 AWG wire. The data shed houses the inverter, instrumentation, disconnect switch, and 
a breaker panel. Outside and adjacent to the data shed is a transformer that steps up the 
voltage to 13.2 kV for the NREL grid.  

                                                 

1 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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Figure 1. Ventera VT10 test turbine at the NWTC (PIX# 22251) 
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Figure 2. Electrical single-line drawing of VT10 installation 
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4. Instrumentation 

The following parameters were measured in this test: wind speed, electrical power, rotor speed, 
and grid voltage. The rotor speed was calculated by measuring the frequency of the wild-AC 
output of the turbine and knowledge of the number of generator poles. An indication of turbine 
status was obtained by measuring the voltage of the grid and turbine contactor circuits in the 
inverter. The instruments used for these measurements are listed in Table 2. The calibration 
sheets for the instruments used for this safety and function test are included in Appendix A. 

Table 2. Equipment used in the power performance test 

Instrument Make and Model Serial Number Calibration Due Date 

Power transducer Second Wind Phaser-5-4A 20 02061 9- Sep-10 
28-Sep-11 

Current transformers Ohio Semitronics, 12974 001293046 
001078333 

Calibrated with power 
transducer 

Primary anemometer Thies, First Class 0609009 21-Jan-11 
Reference 
anemometer Met One 020 T2351 n/a 

Wind vane Met One, 020C with Aluminum 
Vane G4707 18-Jan-11; with in situ 

comparisons 
Rotor speed; voltage 
transducer on turbine 
output 

Ohio Semitronics, VT7-010E-11 08010700 n/a 

Inverter Status; 
voltage of a power 
supply attached to 
contactors (optically 
isolated from DAS) 

Omron S83K-00312 Power 
Supply (grid & turbine 
contactors) 
Weidmuller WOS 1 (p/n 827539) 
Optocoupler 

n/a n/a 

Data acquisition 
system 

Compact DAQ w/LabView      
cDAQ backplane (9172) 12B5EBE n/a 
NI 9229 13DEC38 22-Feb-11 
NI 9205 13E3D05 22-Feb-11 

Note: The signal for inverter status indicates if the inverter is connected to the grid and the 
measured value is itself not used; therefore this instrument was not calibrated. The rotor speed 
measurement was not calibrated either, but verified that it was working as expected. 

5. Procedure 

Safety and function testing can involve some risk to personnel and to equipment. By incorpor-
ating appropriate controls into testing procedures, NREL endeavors to accomplish its tasks with 
minimal risk. This test report documents these controls in areas where they might have 
influenced the results obtained. 

5.1. Control and Protection System Functions 
In the list below, turbine response was observed for each major response category (startup, 
normal shutdown, emergency shutdown). If faults or other actions caused one of these major 
responses, NREL simulates the appropriate input and verifies that the control and protection 
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system appropriately a) sensed the condition, and b) provided indication of an appropriate 
response. This procedure enables, for example, all the E-stop functions to be checked without 
exposing the turbine to multiple, potentially damaging stops. These checks are designated by 
the term “behavior” in the list below. 

1. Power control 
2. Rotor speed control 
3. Yaw orientation 
4. Startup 

a. Normal operation – winds rising above cut-in 
b. After maintenance or fault clearance at design wind speed or above 
c. Maintenance of fault conditions at design wind speed or above 

5. Normal shutdown 
6. Emergency shutdown during operation 
7. Behavior upon excessive vibration 
8. Behavior upon loss of load 
9. Turbine specific checks 

5.2. Personnel Safety Provisions 
The second part of the test procedure is to evaluate provisions for personnel safety. For this 
turbine, the following list of NWTC-standardized safety and function issues were reviewed: 

1. Safety instructions  
2. Climbing  
3. Standing place, platforms, and floors 
4. Electrical and grounding system 
5. Fire resistance and control 
6. Fire extinguisher 
7. Emergency stop buttons 
8. Lock-out / tag-out provisions 
9. Interlock on electrical cabinets 
10. Safety signs 
11. Unauthorized changing of control settings 
12. Lightning protection 
13. Presence and functioning of rotor and yaw lock 

5.3. Dynamic Behavior 
NREL staff observed the turbine at all operating wind speeds to note the dynamic behavior of 
the turbine, including (but not limited to) vibration, yaw behavior, and noise. 
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6. Results 

The results reported here are based on the test conducted from July 2010 through March 2011. 
The majority of braking, grid, and inverter functions were tested in late November and early 
December 2010. 

6.1. Control and Protection System Functions 
NREL limited testing to investigation of single-fault failures and has not investigated failures of 
“safe life” components, e.g., NREL did not investigate the tower, and considered it a “safe life” 
component. NREL does not make judgments on whether such failures are likely, or whether 
additional features in the control and protection system are needed to protect against such 
consequences. 

Power control 
Figure 3 shows that the power output of the turbine system is regulated, however it does not 
reach a maximum peak, above which power would decrease in higher winds. Two methods of 
control are used. The inverter is programmed with a look-up table for loading the rotor and 
extracting more power when it is available, i.e. higher winds. If the wind contains too much 
power for the inverter, the rotor speed increases, and this causes each blade independently to 
pitch at the tip toward stall. With the blades in a stall condition, less power is extracted from the 
wind. 

Rotor speed control 
The Ventera VT10 control systems performed as designed, with the minor exception that rotor 
speed governing occurred at a lower speed than expected. The tests showed that in high winds 
the rotor speed was held between 240 and 260 rpm, whereas it was designed to hold at 260 to 
280 rpm. Figure 5 shows that rotor speed was controlled in normal operation. When the turbine 
was loaded (inverter active, i.e., normal operation), governing occurred in wind speeds greater 
than approximately 13 m/s. When the turbine was unloaded (inverter stopped or off), governing 
occurred in wind speeds greater than 7 m/s. During unloaded conditions rotor speed was 
controlled entirely by mechanical blade-tip pitching. Figure 6 shows the rotor speed for loaded 
and unloaded conditions. 

As with the power, the rotor speed is controlled; however, the data does not show a peak. 

Yaw orientation 
The VT10 is a down-wind, passive yaw turbine. NREL observed yaw behavior frequently during 
the test period and compared yaw position with the nearby wind vane’s indication of wind 
direction. In light winds, which are not strong enough to start the rotor turning, significant yaw 
error was observed. As winds increased, the turbine yawed into the down-wind position, before 
the blades started turning (approximately 5 m/s winds are required to start turning the rotor). 
The VT10 was never seen to operate in the upwind position, and there is no data to indicate that 
upwind operation ever happened. 

Also, this turbine uses slip rings to transmit power to and from the nacelle to the tower cable. 
Thus, droop cable over-twist is not an issue. 
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Startup 
NREL observed that the turbine rotor starts spinning when winds increase to about 5.5 m/s. The 
inverter is always on, and when the rotor reaches approximately 60 rpm, it begins loading the 
generator and putting out electrical power. Figure 4 shows normal operation, including two 
normal startups over a period of 20 minutes. NREL has observed the turbine starting up over a 
wide range of wind speeds and has not observed any abnormal behavior during any of the 
startups. NREL observed similar smooth cut-ins when the turbine was returned to service after 
using the “wind brake” to stop the rotor. 

Normal Shutdown 
When winds drop below cut-in, the rotor gradually slows and stops producing power with no 
significant change in sound or behavior. The rotor will stop spinning in winds below 2 m/s. The 
turbine shows significant hysteresis in low wind startup and shutdown. Figure 4 shows normal 
operation including one normal shutdown in a period of 20 minutes. 

This turbine does not have a cut-out wind speed; it does not shut down in high winds. 

Emergency shutdown during operation from any operating condition 
In wind speeds greater than 13 m/s the rotor cannot be stopped. In winds below 13 m/s the wind 
brake can be applied to bring the rotor to a stop. The wind brake shorts the 3-phase terminals of 
the generator, and this generates enough torque to bring the moving rotor to a stop and 
prevents a stopped rotor from spinning. Shorting the generator output terminals causes 
electrical energy to dissipate as heat inside the generator. Therefore it should not be applied for 
more than a few seconds at a time. NREL procedure was to apply the wind brake for no more 
than 10 seconds at a time, which was less than Ventera’s recommended maximum time of 1 
minute. In winds below 13 m/s, application of the wind brake brings the rotor to a stop in a few 
seconds. Figure 10 shows the application of the wind brake in an unloaded condition (e.g., grid 
outage) for 15 seconds, which brought the rotor to a stop in winds around 10 m/s. (Note: The 
rotor speed signal in Figure 10 can be misleading. Because the rotor speed signal is measured 
from the wild-AC generator output, when the generator is shorted there is no signal, and the 
rotor appears to come to a stop in 1 second, but it was observed to take between 5 and 10 
seconds to come to a stop.) 

The wind brake was observed to hold a stopped rotor in winds of up to 43 m/s. 

The inverter has a stop button on its LCD screen. This commands the inverter to disconnect 
from the turbine and grid contactors. It was observed to function as designed. This stop button 
applies only to the inverter, and does not stop the rotor. Figure 8 shows the effect of the inverter 
stop button when the inverter was operating at peak output. Because the winds were above 13 
m/s the rotor was already mechanically governing, and there was no detectable difference in the 
rotor speed as it went into an unloaded condition. 

Behavior upon excessive vibration 
The turbine has no means to sense excessive vibration or to shut down should excessive 
vibration occur. The IEC turbine design standards require such sensors on large turbines but 
not on small turbines, which are turbines with less than 200 m2 of swept area. 
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Behavior upon loss of load 
When the inverter senses a grid fault or large fluctuation, it disconnects from the grid. NREL 
tested for this by opening the disconnect switch between the VT10 subpanel and NREL grid. 
The results were as expected. In winds between 7 and 13 m/s the rotor speed increases to the 
mechanical governing speed. Figure 7 shows a simulated grid outage, at 1-Hz data resolution, 
around 10 m/s, and the rotor speed was observed to increase. In wind speeds greater than 13 
m/s the rotor is already mechanically governing, so the loss of load does not affect rotor speed, 
as can be seen in Figure 8, again, in 1-Hz resolution. 

Turbine specific checks 
Test of the wind brake showed expected results, which were covered in loss of load and shown 
in Figure 10. 

6.2. Personnel Safety Provisions 

Safety Instructions 
The turbine operator’s manual (First Edition) provides safety instructions for installation, 
operation, and maintenance. The owner’s manual encourages a licensed contractor to review 
plans and participate in the installation. Use of a crane to install the tower is also recommended. 
However, the turbine does not require trained personnel for installation, maintenance, or 
servicing, so no warning of this nature is required on the manual’s cover, per the Standard. 

NREL checked the manual to determine if the safety instructions addressed requirements in the 
IEC small turbine design standard and found one issue, which is that the turbine has no 
provisions for securing the yaw mechanism. 

Climbing 
The user’s manual recommends against climbing the tower. While there are ladder rungs on the 
Rohn SSV tower, they cannot provide access to the generator, which is mounted on an 
extension tube that places the generator 10 ft above the lattice tower.  

Standing places, platforms, and floors 
There are no standing places, platforms, or floors with this turbine. 

Electrical grounding system 
The owner’s manual shows a schematic of the electrical system, including where to locate the 
inverter and disconnect it.  The manual also directs the owner to a separate inverter manual. 
The owner’s manual has details on sizing and wiring the electrical system and properly 
grounding the system.  

Fire resistance and control 
The inverter has a cooling fan and temperature faults; it is rated for normal operating 
temperatures from -20˚C to 45˚C. 

Fire extinguisher 
NREL provided a fire extinguisher in the building that housed the inverters. The manufacturer 
does not provide fire extinguishers or recommend that they be installed. 
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Emergency Stop Button         
The turbine does not have an emergency stop button. It has an inverter stop button, which is 
shown in Figure 11. As noted previously, when the inverter is stopped, the rotor becomes 
unloaded, and its speed will increase to the governing speed of 240 to 260 rpm, in wind speeds 
greater than 7 m/s. 

Lock-out / tag-out provisions 
Ventera provided a lockable disconnect switch between the grid and the inverter. The electrical 
disconnect is shown in Figure 12. 

Interlock on electrical cabinets 
There is no interlock on the inverter enclosure. 

Safety signs 
1. There is a warning not to open the inverter “enclosure unless input and output switches 

are off,” see Figure 11.  

2. NREL added labels indicating the voltage levels on all enclosures, electrical panels, and 
disconnects, see Figure 12. 

Unauthorized changing of control settings 
Although the inverter look-up table for loading the generator can be modified (by a trained 
person using appropriate software), there are no readily accessible ways to alter it or any other 
setting in the inverter. 

Lighting Protection 
The turbine does not have a lightning protection system. The tower was grounded at all three 
legs, as indicated by the owner’s manual, as a precaution against lightning. 

During the test period, no direct or nearby lightning strikes were observed.  

Presence of rotor and yaw lock 
There is no rotor lock or yaw lock present on the turbine. The wind brake will prevent the rotor 
from spinning in winds, but does not lock the rotor completely stationary. The manual is vague 
on where to locate the wind brake. It states that the wind brake must be between the inverter 
and generator, but gives no indication of positioning the brake within sight of or in any proximity 
to the turbine or generator. 

Documentation 
NREL checked the manual to determine if the turbine met the documentation requirements in 
the IEC small turbine design standard and found the following issues: 

• The manual does not make a recommendation for using a logbook. 
• The inverter does not list its production date. 
• The generator serial number is on a sticker on the plastic cover of the slip ring assembly, 

at the top of the generator. However, the turbine does not have other required 
information, such as a nameplate with manufacturer, model number, production date, or 
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electrical output limits. The inverter front panel shows that it is made for a VT10 and has 
Ventera Energy’s contact information, but the inverter and generator are modular and 
have different serial numbers. 

6.3. Dynamic Behavior 
The operation was observed by NREL 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 period of at least 1 hour. 
NREL staff did not measure vibrations directly. Although there were noticeable vibrations in the 
tower, particularly at the junction of the lattice tower and the extension tube, which connects the 
generator to the tower, the vibrations were not deemed excessive. The turbine produced 
significantly more noise when the blades were governing by pitching the outer portion of the 
blade to control rotor speed. Rotor speed governing, through blade tip pitching, was witnessed 
in wind speeds greater than 13 m/s when the generator was loaded and above 7 m /s when the 
generator was unloaded. The turbine tracked the wind well in all wind speeds greater than 4.5 
m/s. There were no noticeable yaw oscillations or other unusual behavior. 

6.4. Graphs and Plots of Turbine Responses 
 

 

Figure 3. Power response to wind speed, 1-minute data  
(Red–maxima, Green–minima, Blue–average, Black–bin average) 
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Figure 4. Normal operation including startup and shutdown, 10-Hz data  

 

Figure 5. Rotor-speed response to wind speed, 1-minute data;  
(Red–maxima, Green–minima, Blue–average, Black–bin average) 
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Figure 6. Rotor speed, loaded vs. unloaded, 5-second data 

 

Figure 7. Grid outage, winds near 13 m/s; (Note: Voltage measurement is only for one leg 
of 240-Vac connection) 
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Figure 8. Inverter stop, wind above 13 m/s; rotor speed unchanged; (Note: No increase in 
rotor speed when the inverter goes offline since the rotor is already regulating) 

 

Figure 9. Inverter restart, wind below 13 m/s; rotor speed slows, 1-Hz data 
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Figure 10. Wind brake for 15 seconds during grid outage in winds below 13 m/s, then 
released, 1-Hz data; (Note: The rpm signal is not available while the wind brake is 

applied, see section 6.1) 
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Figure 11. Inverter front panel, showing a “STOP" button on the touch screen display 
(PIX# 22252) 

 

Figure 12. VT10 lockable disconnect switch and power meter, both provided by Ventera 
(PIX# 22253) 
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7. Exceptions 

7.1. Exceptions to the Standard 
None 

7.2. Exceptions to NWTC Quality Assurance System 
The primary anemometer and wind vane were used beyond their calibration due dates. 

The anemometer was post-test calibrated and found to have held its calibration for the test 
period, within 0.02 m/s for the range of 6 to 12 m/s. The calibration sheets and analysis results 
are shown in Appendix A. 

The wind vane was slightly damaged during high winds during the final days of October 2010; it 
was repaired on 1 November 2010. Comparisons with other wind vanes at the NWTC show that 
the vane’s performance was consistent before and after damage and repair. Additional 
comparisons show that the repaired vane was consistent with a neighboring test site’s 
measurements until the end of the test. Results of these in situ comparisons are in Appendix A. 

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

A. Appendix - Equipment Calibration Sheets 
 

A.1. Primary anemometer pre-test calibration sheet; installed on 21 January 2010, 
used until end of test 

A.2. Primary anemometer post-test calibration sheet 

A.3. Primary anemometer pre-test and post-test calibration comparison; the difference 
is less than 0.1 m/s for the range of 6 to 12 m/s 

A.4. Power transducer calibration sheet; installed 18 February 2010, removed 13 
September 2010 

A.5. Power transducer calibration sheet; recalibrated and reinstalled 28 Sept10, used 
until end of test 

A.6. Wind vane calibration sheet; installed 18 February 2010; used for entire test 

A.7. Wind vane in situ comparison with NWTC site 1E1, August 2010. (+10.9° at 
10m/s) 

A.8. Wind vane in situ comparison with NWTC site 1E1, January 2011. (+10.1° at 
10m/s) 
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A.9. Wind vane in situ comparison with NWTC site 3.1, January 2011. (-0.7° at 10m/s) 

A.10. Wind vane in situ comparison with NWTC site 3.1, May 2011. (-0.7° at 10m/s) 

A.11. Voltage Transducer calibration sheet, used for Rotor Speed measurement; 
installed 8 January 10, used until end of test 

A.12. NI 9229 data acquisition module calibration; installed 26 July 2010, used until 
end of test 

A.13. NI 9205 data acquisition module calibration; installed 26 July 2010, used until 
end of test 
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Figure A.1. Primary anemometer pre-test calibration sheet; installed on 21 January 2010, 

used until end of test 
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Figure A.2. Primary anemometer post-test calibration sheet 
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Figure A.3. Primary anemometer pre-test and post-test calibration comparison; the 
difference is less than 0.1 m/s for the range of 6 to 12 m/s 
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Figure A.4. Power transducer calibration sheet; installed 18 February 2010, removed 13 
September 2010 
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Figure A.5. Power transducer calibration sheet; recalibrated and reinstalled 28 
September 2010, used until end of test 
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Figure A.6. Wind vane calibration sheet; installed 18 February 2010; used for entire test 
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Figure A.7. Wind vane in situ comparison with NWTC site 1E1, August 2010. (+10.9° at 
10m/s) 

 

Figure A.8. Wind vane in situ comparison with NWTC site 1E1, January 2011. (+10.1° at 
10m/s) 
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Figure A.9. Wind vane in situ comparison with NWTC site 3.1, January 2011. (-0.7° at 
10m/s) 

 

Figure A.10. Wind vane in situ comparison with NWTC site 3.1, May 2011. (-1.0° at 10m/s) 
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Figure A.11. Voltage transducer calibration sheet, used for rotor speed measurement; 
installed 8 January 2010, used until end of test 
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Figure A.12. NI 9229 data acquisition module calibration; installed 26 July 2010, used 

until end of test 
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Figure A.13. NI 9205 data acquisition module calibration; installed 26 July 2010, used 

until end of test 
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