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1. Background 
This test was conducted as part of the U.S. Department of Energy’s (DOE) Independent 
Testing project. The project was established to help reduce the barriers of wind energy 
expansion by providing independent testing results for small turbines. Several turbines 
where selected for testing at the National Wind Technology Center (NWTC) as a part of 
the Small Wind Turbine Independent Testing project. Duration testing was one of up to 
five tests that could be performed on the turbines. Other tests included power 
performance, safety and function, noise, and power quality. Cascade Engineering, of 
Grand Rapids, Michigan, distributor of the Renewable Devices’ SWIFT turbine in North 
America, was the recipient of the DOE grant and provided the turbine for testing. 

The test equipment included a grid-connected SWIFT wind turbine mounted on a 13.7 
meter (45-ft) free standing monopole. The system was installed by the NWTC Site 
Operations group with guidance and assistance from Cascade Engineering. 

2. Test Objective and Requirements 
The objective of this test is to assess the following aspects of the SWIFT 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 (throughout the report referred to as the Standard): 

• Structural integrity and material degradation  
• Quality of environmental protection  
• The Dynamic behavior. 

 
Based on the parameters defined in the Standard for small wind turbine classes, the 
manufacturer, Renewable Devices Ltd, identified the test turbine to be class II. This 
corresponds to a Vave of 8.5 m/s. 

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

• 6 months of operation 
• 2,500 hours of power production in winds of any velocity 
• 250 hours of power production in winds of 1.2Vave (10.2 m/s) and above 
• 25 hours of power production in winds of 1.8Vave (15.3 m/s) and above. 

 
Reliable operation comprises these factors: 

• Operational time fraction of at least 90% 
• No major failure of the turbine or components in the turbine system 
• No significant wear, corrosion, or damage to turbine components  
• No significant degradation of produced power at comparable wind speeds 
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In addition, this test has been conducted in accordance with the NREL quality system 
procedures such that this report meets the full requirements of our accreditation by 
A2LA. Our quality system requires that we meet all applicable requirements specified by 
A2LA and ISO/IEC 17025 or to note any exceptions in the test report. 

3. Description of Test Turbine 
The SWIFT turbine (Figure 1) is an upwind, 5-bladed with an outer ring, fixed pitch, 
passive yaw, horizontal-axis wind turbine with a rated power of 1kW.  
Table 1 lists the configuration and operational data of the SWIFT turbine that was tested 
at the NWTC.   

 
Figure 1. SWIFT test turbine at the NWTC 

Source: NREL 2012 

 

The SWIFT wind turbine was mounted on a 13.7-m (45-ft) monopole tower 
manufactured for Cascade Engineering by Valmont Industries. The inverter was 
manufactured by KACO new energy. The concrete foundation was installed by a third 
party per JDH Engineering designs, under contract to Cascade Engineering. The system 
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was installed on 19 October 2010 by the NWTC Site Operations group with guidance 
and assistance from Cascade Engineering personnel. 

The following components were considered part of the test turbine system: 
 
1. The turbine system included a tower and foundation that have been designed for 

installation at the NWTC test site 3.1.   
2. The turbine system included all control components including wiring between the up-

tower components and the inverter housed inside the data shed. 
3. The turbine system was connected to the electrical grid at the test site through a 

subpanel. All wiring and components on the turbine side of this subpanel were 
considered part of the turbine system. 

 
Table 1. Test Turbine Configuration and Operational Data 

Turbine manufacturer and address 
Renewable Devices Ltd 
Bush Estate, Penicuik, EH26 0PH 
Scotland, UK 

Turbine provider and address 
Cascade Engineering, Inc. 
4855 Thirty-Seventh St. SE Grand Rapids, 
MI 49512 

Model name SWIFT 
Generator serial number N000780-N 
Design nominal voltage at terminals 240 Vac 
Maximum current at terminals 10 A 
Design frequency at terminals 60 Hz 
SWT class II 
Design 50-year extreme wind speed, Ve50 59.5 m/s 
Rotor diameter 2.1 m 
Hub height (vertical center of rotor) 14.28 m 
Tower type 13.7 m (45 ft) freestanding monopole 
Rated electrical power 1 kW 
Rated wind speed (lowest wind speed at 
which turbine produces rated power) 11 m/s 

Rated rotor speed (lowest rotor speed at 
which turbine produces rated power) 390 rpm 

Rotor speed range 0-450 rpm 
Fixed or variable pitch Fixed 
Number of blades 5 
Blade pitch angle (deg) 6˚ at the tip 

Blade make, type, serial number Injection molded nano-fiber reinforced 
polymer, n/a 

Description of control system (device & 
software version) Kaco Blueplanet 1502x (V2.05) 

 

Figure 2 shows the general electrical arrangement of the test. The wire was run from the 
generator to the controller, which is the point of grid connection, and to the data shed, 
approximately 46 meters. The connection was made using #12 American Wire Gauge 
(AWG) wire for the two power lines and turbine signal, and #6 AWG for the ground. The 
data shed housed the inverter, power instrumentation; disconnect switch, and data 
acquisition system. The 240 volts alternative current power output from the turbine 
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inverter was hooked up to a series of insulating step up transformers that raised the 
voltage to 13.2 kilovolts, allowing the system to tie to the NWTC grid. 

 

 
Figure 2. Electrical single-line drawing of SWIFT installation 

4. Description of Test Site 
The SWIFT wind turbine was located at test site 3.1 of the National Wind Technology 
Center, approximately 8 km south of Boulder, Colorado. The terrain consists of mostly 
flat terrain with short vegetation. The site has prevailing winds bearing 292 degrees 
relative to true north. Figure 3 shows the SWIFT turbine and meteorological tower 
locations. This figure also shows nearby obstructions of the site. 
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Figure 3. Map of area surrounding SWIFT at NWTC’s 3.1 test site 
Source: NREL 2012 

5. Description of Instrumentation 
Duration test instrumentation consisted of monitoring wind speed, wind direction, turbine 
power, air temperature, air pressure, precipitation, overall turbine system availability, and 
dynamic brake status. Figure 4 gives the location and height of the met tower 
instruments, and Table 2 gives an equipment list that provides the specifications for 
each of the instruments used.  



 

Page 10 of 52 

 

 

 

26.7

 

27.5m 

 

28m 

 

30.8

 

 

 Reference 

 

 

  

Primary Anemometer

Reference Anemometer

Wind Vane

Pressure

Temperature

14
.3

26
 m

11
.3

54
 m

10
.6

68
 m

9.
14

 m

 

 

Figure 4. Meteorological tower and instruments (not to scale) 
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Table 2. Equipment List for Duration Test 

Instrument Make and Model 
Serial 

Number 
Calibration Due 

Dates 

Power transducer Secondwind Phaser  
5FM-4A20 04607 20 October 2011 

7 November 2012 
Primary 

anemometer Thies, First Class 0609005* 13 October 2011 
609006 7 April 2012 

Reference 
anemometer Met One, 010 W2390 In situ 

Wind vane Met One, 020C with  
aluminum vane 

U1478* 13 October 2011 
W5515 27 October 2012 

Pressure sensor Vaisala, PTB101B C1020014* 10 August 2011 
C1040008 27 September 2012 

Temperature 
sensor Met One, T-200 0673553* 13 October 2011 

0603-1 25 October 2012 
Precipitation 

sensor Campbell Scientific, 237 None In situ 

Data acquisition 
system 

Compact DAQ w/LabView- 
based data acquisition     

cDAQ-9172 13AB4F9   
NI 9229 140DCB9* 29 April 2011 
NI 9217 140A596* 29 April 2011 
NI 9205 140E2BD* 29 April 2011 
NI 9229 14A34EE 22 March 2012 
NI 9217 1494F69 22 March 2012 
NI 9205 1496266 22 March 2012 

*Replaced during testing 

The power transducer was used out of calibration for 4 days during the last week of 
October during the test. The unit was removed on 24 October 2011 and sent out for 
calibration, was found within specification, and reinstalled in 8 November 2011 for the 
remainder of the test period. The calibration sheets can be found in Appendix B. The 
turbine was locked out until the power transducer was reinstalled. The time during that 
period was categorized as TU due to maintenance of the test institute instrumentation. 

The temperature and pressure sensor calibration expired during the test. The units were 
replaced with another calibrated unit. The initial units were sent out for post-test 
calibration and found to be within specification. The calibration sheets of the post-test 
calibrations are also inserted in Appendix B.  

The first wind vane’s calibration also expired during the test. The wind vane was not 
post-tested before it was sent out for refurbishing. Because the wind direction is not a 
required signal for the duration testing it did not affect the analysis. The unit was 
replaced with another calibrated unit for the remainder of the test. This was listed as an 
exception to our QA system. 
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The primary anemometer and data acquisition modules where replaced with another 
calibrated unit during the test before their calibration expired. The power measuring 
module failed its post-test calibration. An investigation was performed on the data 
acquired but there were no indications that the module failed during the test. The power 
reading versus wind speed relationship between both modules stayed consistent 
throughout the test as seen in Figure 5. The calibration center reported that no signal 
could be read for that channel as specified in the post-calibration report. Some loose 
parts could be heard when the module was returned from post calibration that were not 
present before being sent out for post calibration. It was concluded that it may have 
been damaged during shipping. This was also listed as an exception to our QA system. 
The calibration sheet of the post-test calibration is also inserted in Appendix B. 

 

Figure 5. Powers vs. wind speed scatter plot comparison (1-minute average) 

6. Results 
The test turbine was delivered to the NWTC on 20 September 2010. The turbine system 
was installed on 19 October 2010 by the NWTC Site Operations group with guidance 
and assistance from Cascade Engineering. Testing began on 1 November 2010 after a 
commissioning period. The duration test was completed on 30 November 2011 after 
enough data was collected to demonstrate sufficient hours of operation as required 
by the standard. The turbine ran without any issues until it was decommissioned on 27 
June 2012 when the turbine was removed for post inspection. 
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6.1. Months of Operation 
The duration test was conducted over a period of 13 months from 1 November 2010 to 
30 November 2011, thus exceeding the minimum of the 6 months required by the 
Standard. The turbine continued to operate without any problems until it was 
decommissioned on 27 June 2012. 

6.2. Hours of Power Production 
The hours of power production at any wind speeds: 2,732 hours (2,500 hours required) 

The hours of power production above 1.2*Vave (10.2 m/s): 533 hours (250 hours 
required) 

The hours of power production above 1.8*Vave (15.3 m/s): 112 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 SWIFT Duration Test 

 

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

%100×
−−
−−−

=
EUT

EUNT

TTT
TTTTO

 
where: 

TT = total time period under consideration 
TN = time during which the turbine is known to be non-operational 
TU = time during which the turbine status is unknown 
TE = time which is excluded in the analysis 

The overall operational time fraction of the combined wind turbine system in the total test 
period was 96.4%. The final column of Table 3 shows the operational time fraction per 
month. Figure 6 shows the operational time fraction for every month. 
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The SWIFT turbine system experienced non-operational time, or downtime (TN), for 
several reasons. The significant events are detailed below: 

• The Kaco Blueplanet 1502x inverter performed an automatic daily 5-minute 
system check causing the system to go offline for an average of 2.5 hours a 
month independent of wind conditions. This method overestimated TN because 
the entire 10 minute average was labeled non-operational even if the turbine 
started to produce power. Even with this overestimation the operational time 
fraction observed during the test period was 96.4%, still above the minimum 
requirement of 90%. 

• On 29 December 2010 the turbine faulted because the inverter failed its daily 
system check and did not reset the fault until it re-ran the daily check 24 hours 
later. After discussions with Cascade Engineering it was identified that the 
inverter required a system firmware upgrade to correct the annoyance faults. 
Because the firmware upgrade could be considered a system change and forced 
a restart of the test, it was decided not to implement it. Several of these events 
occurred during the test period. The month of March 2011 was when most of 
these events occurred, causing a lower operating time fraction. These faults 
where the majority of the TN events.  

• On 16 December 2010 the turbine faulted due to an excessive vibration event, 
causing the turbine to be offline for almost 3 days because a manual reset was 
required. NWTC personnel reset the turbine per SWIFT owners’ manual 
operating instructions. During the time of the fault, high wind conditions from a 
variety of wind directions were observed.  

The main reasons for excluding time (TE) in the duration test were the following: 

• Time during power outages that prevented the turbine from running 
• Noise or safety and function testing that required the turbine to be shut down 
• NREL-initiated inspections of the SWIFT turbine or institute instrumentation. 

If measurements were not available or reliable, the time was classified as unknown time 
(TU) because the turbine’s status was unknown. These events occurred primarily when 
the DAS was off (maintenance or power outage), or when failure or degradation of the 
test institute instrumentation took place due to environmental conditions such as icing 
events. 
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Figure 6. Operational time fraction for each month 

6.4. Environmental Conditions 
As an indication of the environmental conditions during the duration test, the Standard 
required reporting the highest instantaneous wind speed gust and the average 
turbulence intensity at 15 m/s. The highest instantaneous wind speed was 42 m/s at 
23:48 on 22 March 2011. The average turbulence intensity at 15 m/s during the test 
period was 19.3%. 

6.5. Power Degradation Checks 
A factor of reliable operation is that the turbine should experience no significant power 
degradation. During the power degradation analysis, the average power level for each 
wind speed bin was plotted as a function of time over the entire test period. This plot was 
analyzed for any obvious trends in power production. Figure 7 shows the power 
degradation plot, which gave the power level in individual wind speed bins for each 
month. Variations of the power levels from season to season were caused by air density 
changes. The low point at 15 m/s in July 2011 was caused by a passing storm that 
brought very low to very high variable winds. The variations of wind speed caused the 
turbine to produce less power than expected.   
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Figure 7. Power degradation for all wind speeds measured 
 

Figure 8 shows a 10-minute average scatter plot of power versus wind speed during the 
test. The turbine had a furling mechanism that governed the rotor speed and power 
production at winds speeds above 10 m/s as shown in the figure. Figure 9 illustrates the 
turbine power level in individual wind speed bins up to 14 m/s for each month, just 
before the turbine’s furling mechanism fully engages.  
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Figure 8. Scatter plot of power versus wind speed (10-minute averages) 

 

Figure 9. Power degradation plot for winds up to 14 m/s 
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6.6. Dynamic Behavior 
The 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 following observations were recorded in the log book during this time: 

16 November 2010   Wind Speed: 5-15 m/s   Wind direction: SW 

“It was observed that the furling mechanism was fully engaged at wind speed greater 
than 14 m/s to reduce the rotor speed. The turbine turned slowly to the right, removing 
the rotor from direct wind.” 

30 March 2011   Wind Speed: 5-20 m/s   Wind direction: W 

“The unit was observed to track the wind well. The unit had a dynamic response due to 
its furling mechanism, which was engaged during high winds, causing the turbine to turn 
the rotor sideways away from the wind. Yaw oscillations could be severe at times, 
especially during gusty winds that caused the unit to furl immediately and then return to 
its normal orientation once wind speed was reduced. The rotor was seen to swing 60 
degrees in approximately 1 second. 

Some slight tower vibration and rattling was observed during high wind events when the 
turbine’s furl mechanism was engaged. Although vibrations could be felt in the tower and 
sometimes seen, the vibrations were not deemed excessive. (Accelerations on the 
SWIFT were not measured).” 

30 April 2011    Wind Speed: 1-5 m/s   Wind direction: NW 

“Turbine started up normally as the winds increased. The unit tracked the wind well even 
at low wind speeds.”  

19 January 2012   Wind Speed: 5-16 m/s   Wind direction: WSW 

“The turbine behavior was observed during a simulated grid outage by opening the 
breaker during the “Safety & Function” testing. The turbine was observed to immediately 
reduce the rotor speed to a slow idling speed.”  

The unit’s passive yaw mechanism consisted of a side fin equipped with a spring that 
became fully engaged at wind speeds greater than 14m/s. Because the turbine was 
designed to free yaw, its furling mechanism was still active even if the turbine was shut 
down or faulted. A squeaking noise emanating from the furling fin was noticed after 8 
months of operations when the turbine furled.  

On 6 April 2012, after collecting turbine data for the acoustic noise test, grease was 
applied on the spring and hinges of the furling mechanism to silence the squeaking. This 
allowed us to acquire clean background data. The furling fin was completely engaged in 
order to expose the furling components inside the side boom to allow complete 
implementation of the lubricant. The manufacturer was informed of the noise.  
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After operating almost 12 months, a rattling sound was detected coming from the 
turbine’s nose cone. The noise was consistent with each rotation of the rotor, and was 
more evident at low wind speeds than high. The nose cone was replaced with a new 
one, but after 3 high windy months the rattling started again. No cracks or breaks on the 
tabs of either nose cone were found. Some wear was noticed on the inside of the nose 
cone that could possibly reduce the tight fit to the rotor (see Figure A1). During the post-
test inspection Cascade Engineering mentioned that the wear could possibly have been 
cause by the bonding edge that was left when the rotor was manufactured. 

7. Tear Down and Post-Test Inspection 
The SWIFT turbine was taken down from site 3.1 on 27 June 2012 after NREL 
completed all testing activities as part of the independent testing project. A tear-down 
inspection was performed as a part of the duration test. The post-test inspection was 
performed on 24 July 2012 with the assistance of a Cascade Engineering 
representative. No significant wear or damage was found. This section describes that 
tear-down inspection. 

7.1. Nose Cone  
The nose cone had some wear inside that caused it to rattle with every rotation of the 
rotor (see Figure A1). According to Cascade Engineering, the wear could have been 
caused by the bonding edge left when the rotor was manufactured. 

7.2. Rotor 
The rotor did not show any cracks or signs of damage. The rotor’s glace coatings were 
worn out and felt somewhat rough due to exposure to the environment. No power 
degradation was observed for the duration of the test. The fastening nut torque was 
verified before removal and it was found to be at the manufacturer’s recommended 
specifications.   

7.3. Blades 
No cracks were found when all five blades and outer ring were visually inspected. 

7.4. Nacelle 
The nacelle was in good condition. Some small paint chips were noticed on the top and 
on the side boom mountings (see Figure A2 and Figure A3).  

7.5. Furling Assembly   
Both tail fins were inspected visually and only some small paint chips—no cracks—were 
found. Grease applied by NREL inside the side boom left several grease spots. The 
grease was applied to the furling mechanism to silence the squeaking so that clean 
background data could be collected for the acoustic noise analysis (see Figure A4 
through Figure A6). The furling booms did not have any cracks or signs of wear. 
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7.6. Generator 
The turbine had a dynamic break that worked by shorting the generator windings. This 
was confirmed during the post-test inspection by rotating the rotor and observing a 
pulsating resistance. The generator itself could not be inspected because the nacelle 
could not be disassembled. The strong magnets in the generator made disassembly 
dangerous, and without proper reassembly the SWIFT turbine would be unusable for a 
future installation.  

7.7. Inverter 
The inverter was opened and inspected for any discoloration, loose wires, etc. Nothing 
out of the norm was observed. 

7.8. Yaw System 
The yaw bearing was manually tested before the turbine was removed from the tower. It 
was observed to rotate smoothly, and that there was no play in the bearing. All bolts for 
the yaw positioning clamp that connected the turbine to the tower were verified and had 
the manufacturer-recommended torque amount.   

7.9. Tower 
The welds and bolts on the tower were visually inspected. No abnormalities or cracks 
were observed. 

7.10. Foundation 
The foundation and anchors were visually inspected and no abnormalities or cracks 
were observed. 

8. Uncertainty 
The uncertainty is estimated for the following parameters: 

• Hours of power production  
• Operational time fraction 
• Highest instantaneous wind speed. 
 
No uncertainty analysis was done for the power degradation results. These results were 
used only to find relative trends that may have indicated hidden faults in the turbine. 

8.1. Hours of Power Production 
It was assumed that the turbine was producing power for the entire 10-minute period 
whenever the average power for that period was positive. This method overestimated 
time for power production in wind speeds between 4 and 6 m/s. At these wind speeds 
the turbine may have been producing power for about half the time recorded by NREL.   

At higher wind speeds, this method continued to overestimate time for power production 
but to a smaller amount. NREL estimated that the reported time of power production in 
wind speeds greater than 0 m/s was 20% less than calculated.  
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However, the turbine continued to run through 27 June 2012 with no problems until it 
was decommissioned. Thus, NREL is confident that it achieved the 2,500 hours required 
by the standard. 

For the hours of power production above 10.2 and 15.3 m/s, the uncertainty in the wind 
speed was assumed to be the dominant factor. Assuming an uncertainty in wind speed 
of 0.3 m/s, the hours of power production decreased to 494 (above 10.5m/s) and 100 
(above 15.6 m/s), which is still well in excess of the 250 and 25 hours required. 

8.2. Operational Time Fraction 
The daily 5-minute inverter checks where labeled non-operational (TN) for the entire 10-
minute period, resulting in an overestimation. This means that the 96.4% was the lower 
bound of the operational time fraction, still above the minimum requirement of 90%. 

8.3. Highest Instantaneous Wind Speed 
The uncertainties in the wind speed measurements were 0.0179 m/s calibration 
uncertainty, 0.052 m/s + 0.52% operational characteristics, 1% mounting effects, and 2% 
terrain effects. For the maximum instantaneous gust of 42.0 m/s, the uncertainty was 
0.98 m/s. 

9. Deviations and Exceptions 

9.1. Deviations from the Standard 
There were no deviations from the Standard. 

9.2. Deviations from Quality Assurance 
The power transducer, wind vane, pressure, and temperature sensor were used beyond 
the calibration due date. The power transducer, pressure, and temperature sensor were 
calibrated post-test and found to be in compliance within the specifications. The initial 
wind vane was not post-calibrated before sending it out for refurbishing. The wind 
direction was not a required signal for the duration testing so it was not necessary to 
introduce any uncertainty to the duration analysis of the turbine. The initial power 
measuring data acquisition module failed its post-test calibration. The calibration agency 
reported that no signal output could be read for that channel as specified in the post-
calibration report. An investigation was performed on the data acquired but there were 
no indications that the module failed during the test. The power reading versus wind 
speed relationship between both modules stayed consistent throughout the test as seen 
in Figure 5. When the module was returned from calibration some loose parts could be 
heard that were not present before being sent out. It was concluded that damage may 
have occurred during shipping. The calibration sheets of the post-test calibration are 
also inserted in Appendix B.   
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A.  Appendix – Pictures of Post-Test Inspection 

 

Figure A1. Wear marks inside the nose cone  
Source: NREL 2012 

 

Figure A2. Paint chips on the back of the nacelle 
Source: NREL 2012 
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Figure A3. Paint chips on the side mounts of the nacelle  
Source: NREL 2012 

 

 

Figure A4. Inside side furling boom (grease residue from NREL’s application) 
Source: NREL 2012 
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Figure A5. Furling fin stained with grease residue (NREL applied the grease) 
Source: NREL 2012 

 

 

Figure A6. Paint chip on side fin 
Source: NREL 2012 
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Figure A7. SWIFT rotor with nose cone removed 
Source: NREL 2012 
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B. Appendix – Equipment Calibration Sheets 
Power  

 
Figure B1: Power transducer calibration sheet I,  

installed 20 October 2010 to 24 October 2011 
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Figure B2: Power transducer calibration sheet 2 
 

Figure B3: Power transducer calibration sheet 3 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure B2: Power transducer calibration sheet II,  
installed 20 October 2010 to 24 October 2011 
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Figure B3: Power transducer calibration sheet III,  

installed 20 October 2010 to 24 October 2011 
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Figure B4: Power transducer calibration sheet I, installed 8 November 2011 to 18 July 2011 
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Figure B5: Power transducer calibration sheet II,  

installed 8 November 2011 to 18 July 2011 
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Wind Speed  

 
Figure B6: Primary anemometer calibration sheet I,  

installed 13 October 2010 to 7 April 2011 
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Figure B7: Primary anemometer calibration sheet I, installed 7 April 2011 to 27 June 2012 
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Figure B8: Primary anemometer post test calibration sheet I,  

installed 7 April 2011 to 27 June 2012 
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Wind Direction

 
Figure B9: Wind vane calibration sheet, installed 13 October 2010 to 25 October 2011 
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Figure B10: Wind vane calibration sheet, installed 25 October 2011 to 27 June 2012  
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Pressure

 

Figure B11: Pressure transducer calibration sheet,  
installed 13 October 2010 to 25 October 2011 
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Figure B12: Pressure transducer post-test calibration sheet,  

installed 13 October 2010 to 25 October 2011 
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Figure B13: Pressure transducer calibration sheet,  
installed 25 October 2011 to 27 June 2012 
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Temperature

 
Figure B14: RTD-probe calibration sheet,  

installed 13 October 2010 to 25 October 2012 
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Figure B15: RTD-Probe calibration sheet,  
installed 25 October 2011 to 27 June 2012 
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DAS

 
Figure B16: NI 9229 data acquisition module calibration sheet I,  

installed 20 October 2010 to 7 April 2011 
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Figure B17: NI 9217 data acquisition module calibration sheet I,  
installed 20 October 2010 to 7 April 2011 
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Figure B18: NI 9205 data acquisition module calibration sheet I,  
installed 20 October 2010 to 7 April 2011 
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Figure B19: NI 9229 data acquisition module post-test calibration sheet I,  
installed 20 October 2010 to 7 April 2011 
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Figure B20: NI 9217 data acquisition module post-test calibration sheet I,  
installed 20 October 2010 to 7 April 2011 
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Figure B21: NI 9205 data acquisition module post–test calibration sheet I,  
installed 20 October 2010 to 7 April 2011 
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Figure B22: NI 9229 data acquisition module calibration sheet I,  
installed 7 April 2011to 27 June 2012 
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Figure B23: NI 9217 data acquisition module calibration sheet I,  
installed 7 April 2011to 27 June 2012 
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Figure B24: NI 9205 data acquisition module calibration sheet I,  
installed 7 April 2011to 27 June 2012 
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Figure B25: NI 9229 data acquisition module post-test calibration sheet I,  
installed 7 April 2011to 27 June 2012 
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Figure B26: NI 9217 data acquisition module post-test calibration sheet I,  
installed 7 April 2011to 27 June 2012 
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Figure B27: NI 9205 data acquisition module post-test calibration sheet I,  
installed 7 April 2011to 27 June 2012 
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