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1. Background  

The Pika Wind T701 small wind turbine was tested in accordance with AWEA (American Wind Energy Association) 
Small Wind Turbine Performance and Safety Standard (AWEA Standard 9.1 – 2009) and IEC (International 
Electrotechnical Commission) 61400‐2 ed 2.0 (2006‐03) Wind Turbines Part 2: Design requirements for small wind 
turbines. This test report refers to these procedures collectively as the Standard.  

Testing of the Pika T701 was conducted under contract as part of NREL’s Regional Test Center (RTC) program.  

2. Test Summary  

The Pika T701 is a three bladed, Horizontal Axis Wind Turbine. It has a 3m diameter rotor resulting in a rotor 
swept area of 7.1 m2; peak power is 1.7kW and power at 11 m/s is 1.5kW.  The data presented in this report was 
collected during a power performance test conducted at High Plains Small Wind Test Center (“High Plains SWTC”) 
in Colby, KS from July 2014 through April, 2015.  

This test was conducted in accordance with the International Electrotechnical Commission’s (IEC) standard, Wind 
Turbines Part 2: Design Requirements for Small Wind Turbines, IEC 61400‐2 Ed.2.0, 2006, part 9.6.  The additional 
requirements of AWEA (American Wind Energy Association) Small Wind Turbine Performance and Safety Standard 
(AWEA Standard 9.1 – 2009) were also considered.  

The following deviations from the Standard were taken during this test (details in Section 9):  1) The temperature 
probe is located at the DAQ box, 1.5m above ground and 15.4m below turbine hub height to keep it out of direct 
sunlight.  The uncertainty associated with this move is included in the uncertainty calculations; it comes to 0.2°C. 
2) A calibration certificate for the temperature sensor was not available at start of test; the sensor will be 
calibrated at end of test.  3) The pressure sensor is located on the met mast also at the instrument box, about 
1.5m above ground. The air pressure was corrected for elevation according to the Standard.  4) The distance 
between turbine and met tower is 0.3m outside the Standard-specified 2-4D distance. The turbine and met tower 
foundations had been installed for a slightly larger turbine.  We placed the primary anemometer on the leg of the 
tower closest to the turbine, so the exact distance between primary anemometer and turbine hub is 12.17m = 
4.05 D.  5) The Ohio Semitronics power transducer does not have documents showing that it meets the IEC 60688 
class 0.5 requirements. However documents from OSI show that the power transducer meets the minimum 
accuracy requirements of the Standard; this does not affect results or uncertainty.  6) Manufacturer’s designed 
turbine shut down conditions of wind over 30 m/s, high temperature and high vibration were not tested because 
these conditions did not occur during the test period. 

 

3. Test Turbine Configuration 
 
The data presented in this report were collected during tests conducted from July 2014 through April, 2015 at the 
High Plains Small Wind Test Center in Colby, Kansas. The Pika Energy T701 model specifications are summarized in 
Table 1. This turbine will be referred to as the Pika T701 for the rest of this report.  The turbine has a direct-drive, 
permanent-magnet generator which can be braked using back-EMF, and a single-use emergency centripetal brake 
that is factory-tested before each turbine is shipped.  A photo of the Pika T701 turbine and met tower is included 
as Figure 1; Figure 2 shows the turbine rotor up close with a tape measure verifying radius as 1.51 m (diameter 
3.0 m). For this test the turbine was installed on a 16.8m guyed tower. 
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Figure 1. Pika T701 turbine installed at High Plains Small Wind Test Center, met tower behind; view is towards 
the northwest. 

 

Table 1. Summary of Pika T701 published specifications. *: rotor diameter was verified manually by measuring 

the radius of the rotor when it was on the ground.  

Parameter Value Units 

Manufacturer and address Pika Energy Inc 
35 Bradley Dr Stop 1 

Westbrook, ME 04092 

 

Turbine Serial Number T701-00021  

Inverter Serial Number X3001-00044  

Production Date 2014  

Tower Type Guyed monopole  

Tower Height 16.8 m 

Hub Height 16.94 m 

Blade make, type, serial number Pika Energy, glass-filled 
polypropylene, no serial number 

 

Turbine Control System Pika Energy proprietary Software v. 1030 

Turbine Interface Pika Energy Review (via  
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inverter) 

Rotor Diameter 3.0* m 

Rotor Swept Area 7.1 m2 

Blade Pitching Fixed  

11m/s Reference Power (REbus DC) 1.6 kW 

11m/s Reference Power (AC after 
inverter) 

1.48 kW 

Cut-in Wind Speed 3.0 m/s 

Rated Wind Speed 11 m/s 

Rated Rotor Speed 420 RPM 

Speed Regulation Type Stall regulation w/ redundant 
mechanical brake 

 

Yaw Control Passive, upwind with tail  

IEC Turbine Design Class II  

Turbine DC Output Voltage 
(nominal) 

380 V 

Turbine Max Output Current 7 A 

Inverter Output Voltage 220/240 VAC 

Inverter Output Current Max 13 A 

Inverter Output Frequency 60 Hz 
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Figure 2. Pika T701 rotor showing radius measurement  
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Figure 3. Wiring diagram for Pika T701 turbine and inverter installation, from Pika literature. 

A one‐line diagram of the installation wiring for the turbine is shown in Figure 3.   The Pika T701 was connected to 

the Pika X3001 grid-tie inverter via Pika’s REbus DC Microgrid technology (internal to the inverter in Fig. 3) 

operating at approximately 380VDC, in accordance with the Pika T701 installation manual.  The Pika X3001 

inverter was connected to the electric utility at a nominal voltage of 240VAC and frequency of 60Hz.  The inverter 

electrical connection to the grid was done in accordance with the Pika X3001 Installation manual.  Wiring 

between the tower top and the inverter were provided by Pika Energy and installed as part of the turbine system.  

Specifications for the installed wires from the tower base control panel to the grid point of common connection 

(PCC) are listed in Table 2. The total length of the wire run was approximately 65 meters.  

The Pika T701 has a nominal rated power of 1.8kW at 11 m/s per the user manual.  At winds above design wind 

speed (11 m/s), the REBus controller controls generator torque to regulate speed and thus output power.  The 

inverter shuts off at loss of grid or when the “disable” function is used at the inverter front panel.  It will also shut 

down upon any fault condition including very high wind (>30 m/s), high temperature, or excessive vibration (such 

as due to imbalance from icing.)  A redundant centripetal overspeed safety brake will deploy should primary 

control fail; this brake is a single-use part, individually factory-tested before shipping, and must be replaced by 

field-qualified personnel.   

Table 2. System wiring summary 

Segment Type Approx. length 

Turbine to tower base junction box AWG-12 Type UF, 2 conductor + 
ground 

16.9m  

Tower base junction box to inverter AWG-12 Type THHN, 2 conductor + 
ground 

48m, compliant with AWEA 
minimum 8 rotor diameters 

Inverter to subpanel AWG-12 Type NM-B 2m 

(Resolution ok? 



 

8 

 

 

4. Test Site Description  

The test site is located about 1 mile south and two miles west of the town of Colby, KS.  It is essentially flat with 
no obstructions.  Prevailing winds measured at the test site are from the north in winter, south in summer (see 
wind rose in Fig. 7); the average wind speed at 30m is over 7 m/s.  Figure 4 shows an aerial view of the site, 
perimeter outlined in red.  Figure 5 is a panoramic photo montage of the site from the base of the Pika turbine 
tower.  Figure 6 shows a plot of the turbines, obstacles and data shed positions to scale.  The turbine is located 
122.3m east and 30m north of the SW corner of the site.  Other obstacles on the property and their locations are 
listed in Table 3 below. A gravel road forms the property’s southern border; the other borders are farm 
implement tracks. 

 

Figure 4. Aerial view of High Plains SWTC (Google Maps). Red outlines the field allocated to the Test Center; 
arrows indicate the SW corner of the site (0,0) and the location of the datashed. 

A summary of the test site conditions is listed in Table 6.  The High Plains Small Wind Test Center annual wind rose 
in Figure 9 illustrates that wind on-site tends to come from the north-northwest and south-southeast.   

 

Figure 5. Panoramic photo from Pika turbine base.  Green lines mark western (≥238°-≤301°) exclusion sector 
and black lines mark eastern (≥60°-≤120°) exclusion sector.  Red line marks power pole at SW corner of site.  
Data shed is due East, lattice met tower is due West, sun glare is at about 150°E.  Apparent roll of horizon is a 
photographic artifact. 
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 Figure 6. High Plains SWTC Site Layout, to scale.  For text see Table 3 below. 

 

Table 3. Structures on and near test site. 

Structure Height East Coordinate (m) North Coordinate (m) 

Pika T701 16.9m 122 30 

Pika met 16.9m 110 30 

2nd turbine 30.48m 64 30 

2nd met 30.38m 32 30 

Power pole 1 10m -13.4 0 

Power pole 2 10m -12.4 0 

Data shed 3m 152.8 30 
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Figure 7. Wind rose for High Plains SWTC for the period May 2014-May 2015. 

 

 

 

Figure 8. Aerial view of High Plains SWTC, from USDA/Google.  Red box: initial SWTC area.  Yellow box: 51-acre 
plot allotted to Test Center by KSU Agricultural Extension.  Orange lettering indicates lengths of longest 
dimensions of yellow box. 
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5. Description of Test Equipment  
All test equipment was calibrated except the temperature sensor (see Exceptions); calibration sheets are included 
in Appendix A. Table 4 shows the equipment used and calibration due dates. Figure 9 shows placement of the 
meteorological instruments on the met mast (note that one wetness sensor is employed for the entire site and is 
located outside the data shed, not on the met mast).  

Since the pressure transducer is not located near hub height, the measured air pressure is corrected for pressure 
gradient in accordance with ISO 2533. According to ISO 2533 the gradient in the pressure at 1850m is 0.09996 
mbar/m3.  The hub height for the Pika701 is 16.94m, and the height of the pressure sensor is ~1.5m above 
ground level, which is a difference of 15.44m. Thus the correction is 0.09996 mbar/m*15.44m = 1.543mbar 
(0.154kPa).  

The Data Acquisition System is comprised of National Instruments modules and LabVIEW programming. The 
National Instruments cards and chassis were located in the site’s data shed, as was the computer running the 
LabVIEW VI. The power transducer measures power inside the data shed next to the kWh meter and breaker box 
shown in the one‐line diagram of Figure 4. 
 
End‐to‐end checks were conducted on all data channels and results are listed in the turbine commissioning 
report. 
 
Relevant data for this test include wind speed (primary and secondary), electrical power and temperature.  Grid 
voltage and RPM could be directly measured by the inverter, but a Labview program provided by Pika to pull 
those data into the primary program could not be made to work well—both programs would crash.  So RPM data 
and grid voltage for those tests where they were needed were obtained separately from Pika’s remote monitoring 
database.  Both Pika’s monitoring and the on-site Labview program use the internet’s clock so data are 
synchronous; for tests of braking system clocks were checked by voice between Pika and test site engineers on 
the telephone at the time of test. 

 
Table 4.  List of instrumentation 

Channel Instrument Make & Model Mfger Accuracy 
Calibration 

Dates 

Primary wind speed Anemometer 
NRG 1

st
 Class  

Ser #596700001838 
+/-0.06 m/s @ 

10m/s 
13 Nov, 2013 

Turbine power output AC Watt transducer 
Ohio Semitronics PC5-059EY25 

Ser #11110431 
+/-0.5% of full scale 

(=2kW) 
23 Oct, 2013 

Wind direction Wind Vane NRG #200P 1% N/A 

Turbine Status Internal to Pika Inverter Download from Pika web server N/A N/A 

Reference wind speed Anemometer 
NRG #40H 

Ser. # 17970000907 
1.48% 31 Oct, 2013 

Air Pressure Pressure sensor 
NRG BP20 

Ser. #180512465 
+/- 0.218 kPa 15 Nov, 2010 

Air Temperature Temperature sensor 
NRG #110S 
Ser. #3365 

+/- 1.1 °C max N/A 

Rain Wetness sensor Novalynx 260-2590 N/A N/A 

Rotor speed Status signal from Pika Pika 0.003% (miss 1 click N/A 
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powerline data carrier in 84/rev) 

Temperature and 
Pressure 

DAS NI‐9205 (voltage: WS channel) 3,230 µV 28 Oct., 2013 

Current  
(power transducer)  

DAS NI‐9203 
+/-0.18% slope +/-

0.06% offset 
28 Oct., 2013 

Wind Speed DAS NI‐9421 digital N/A 
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Close-up shows primary anemometer on top, secondary to left and wind vane to right.  Air pressure and 
temperature sensors are located at the black box at the base of the met tower, 1.5m above ground (green 
arrow).  The met tower is a triangular Rohn 25G tower, center-to-center leg spacing 12.5”= 0.3175m, tube 
diameter 1.25” = 3.175cm.  The center-to-center spacing between met tower and turbine tower is 12.3m = 
4.1 turbine diameters; however, the primary anemometer is mounted on the leg closest to the turbine 
tower, so the exact distance between primary and turbine hub is 12.17m = 4.05 D.  The primary 
anemometer is centered at turbine hub height, 16.94m. 

1.5m 

1.22m 

12.17m 

Figure 9. Photographs and measurements of met tower and Pika T701 turbine on High Plains SWTC site.  
Close-up shows primary anemometer on top, secondary to left and wind vane to right.  Air pressure and 
temperature sensors are located at the black box at the base of the met tower, 1.5m above ground (green 
arrow).  The met tower is a triangular Rohn 25G tower, center-to-center leg spacing 12.5”= 0.3175m, tube 
diameter 1.25” = 3.175cm.  The center-to-center spacing between met tower and turbine tower is 12.3m = 
4.1 turbine diameters; however, the primary anemometer is mounted on the leg closest to the turbine 
tower, so the exact distance between primary and turbine hub is 12.17m = 4.05 D.  The primary anemometer 
is centered at turbine hub height, 16.94m. 
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6. Description of Test Procedure  

The test was conducted with procedures designed to meet the Standard. None of the safety and function tests 
placed operators in unusual risk; shutdown tests that might risk the turbine hardware were conducted with Pika 
personnel monitoring turbine health remotely through the inverter. 

The Pika T701 was installed and operated in a standard mode, and its configuration was not altered during the 
test. No alterations to the turbine (e.g. pitch angle) were made to compensate for reduced air density at the test 
site. A test log was kept to record maintenance and other events relating to testing the Pika T701.  

Test Objectives 
 
The objectives of the Safety and function test are to: 

• verify that the turbine displays behaviour as predicted by design and in the user manual 
• determine if provisions related to personal safety are implemented, and 
• characterize the behaviour of the turbine in all wind speed conditions. 

 
The AWEA Small Wind standard specifies that the turbine be observed for dynamic interactions between it and its 
tower, in particular watching for resonance behaviour at various wind speeds.  Other safety aspects of the turbine 
shall be evaluated, including: 

• procedures used to operate the turbine; 
• provisions to prevent dangerous operation in high wind; 
• methods to slow or stop the turbine in an emergency or for maintenance; 
• adequacy of maintenance and component replacement provisions; and  
• susceptibility to harmful reduction of control function at lowest claimed operating ambient 

temperature. 
 
In addition, IEC 61400-2 ed.2 specifies that the following behaviours shall be tested: 

• power and speed control,  
• yaw control (turbine aligns with wind),  
• designed behaviour on loss of load,  
• overspeed protection at designed wind speed and above, and  
• start-up and shut-down above design wind speed. 

 

Measured Data 
 
All measurements were sampled at a rate of 1 Hz. These data were then averaged into 1-minute or 10-minute 
mean and standard deviation and logged. The 1‐minute or 10-minute minimum and maximum are also logged and 
are based on 1‐second readings.  In addition to automatically collected data, extensive field notes were logged 
and are included in this report as appropriate.  Some data were analyzed in Excel; some analyses were performed 
in Windographer v. 3.3.7. 

Procedures 
 

• Dynamic tower interaction, yaw control, general operation, shut-down for maintenance: the turbine was 
observed regularly while operating at different wind speeds, turned on and off according to manual 
directions, and notes made in the log book.  
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• Loss of load: the grid connection was manually broken through the breaker switch and turbine manual 
directions were followed to restart, with notes in the logbook.  A video was made of this test, while wind 
speeds were over 12 m/s; it is posted on the High Plains test center website here: 
http://wac.ece.ksu.edu/?q=node/28 

• Cold temperature behaviour: check data for temperature, wind speed and turbine power through cold 
periods.  Confirm with observation of turbine in cold weather, with notes in logbook.   

• Behaviour in high wind: data collection through high wind periods combined with observation notes in 
log book and time-correlated RPM data from the manufacturer. 

• Manual shut-down in high wind: during a period of wind over 12 m/s, with the Labview program 
collecting one-minute data, a video was made of the turbine while it was shut down using the manual 
disconnect; simultaneously but separately, the turbine RPM was recorded.  The video is posted on the 
High Plains test center website here: http://wac.ece.ksu.edu/?q=node/28 

• Emergency shut-down: each centripetal brake is tested by Pika in the shop before each turbine is shipped. 
• Maintenance and component replacement: the user manual recommends only visual and auditory 

inspection yearly for the first 10 years of operation.  These observations were carried out at the test site 
as part of acoustic and safety-and-function testing. 

• Personnel safety measures: verify that owners’ and installation manuals agree with hardware; check 
labelling and compare with expected use, that the turbine is safe to operate. 

• Designed automatic shutdowns due to wind over 30m/s, high temperature and vibration were not tested 
as these conditions were not encountered during the test period (see Exceptions).  While the turbine was 
on line, the highest 10-minute average wind speed encountered was 18.4 m/s; the highest gust 
encountered was 25.6 m/s; and the highest temperature recorded was 42°C (over 40°C for over 7 hours)  

 

7. Test Results 
 

General operation: During the entire period, daily observation saw no unusual tower or turbine vibration or 
failure to yaw.  The turbine was turned off for background acoustics measurements and it nearly always shut 
down and came back up as expected.  When inverter shutdown via control panel failed, grid disconnection by 
opening the main breaker did stop the turbine.  Logbook notes on 8, 13, 14, 15 August, 16, 19 September, 27, 30 
October, 22 December all state that the turbine shut down and restarted as expected without incident.  
Exceptions: 20 August, 21 October (Fig. 10), it was necessary to cut the grid power; inverter disable did not work.  
Pika believes the problem is at the inverter, not the turbine itself.  Later on 21 October, inverter disable did work 
(Figs. 11, 12). 

 
Figure 10. Field notes on 21 October: inverter shutdown did not work but loss of grid did; restart worked. 
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Figure 11. Field notes, 21 October: later, inverter shutdown and restart worked properly. 

 

 
Figure 12. Time trace of power (left axis, blue diamonds) and wind speed (right axis, red squares) during 
shutdown at inverter, 21 October. 

Loss of load: Besides the high-wind shutdown noted below the Pika T701 was shut down by opening the electric 
breaker at various times.  Figure 10 notes one time when this method had to be used because the inverter switch 
did not work.  Figure 13 records wind speed and turbine power from 5:45pm to 6:25pm on 21 October.  
Shutdown information with RPM data are described under high-wind shutdown. 
 

 
Figure 13. Time trace of power (left axis, blue diamonds) and wind speed (right axis, red squares) during 
shutdown by disconnecting main grid breaker, 21 October. 
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Cold temperature behaviour: Over the course of the test the minimum temperature recorded was -24°C.  The 
turbine showed no change in behaviour with temperature.  Figures below show power vs. wind speed (Fig. 14) 
and a strip chart of wind speed, power and temperature vs. time (Fig. 15), both for the period from midnight 3 
January to 6:56 am 4 January (10-minute average data).  The period was chosen nearly randomly; it is one that 
includes high wind for which Pika recorded turbine RPM, which coincidentally includes some very low 
temperatures, with -18.4°C being the lowest.  Gaps in the wind speed trace in Fig. 15 are where the primary 
anemometer read zero (apparently froze); readings are omitted for clarity.  Through this entire period and other 
similar windows the turbine behaved the same as it did during warmer temperatures.   
 

Figure 14. Output power vs. wind speed with temperature 0° to -18°C. 

 

 
Figure 15. Strip chart of Pika T701 power, wind speed and temperature, 3-4 January, 2015. Gaps in the wind 

speed trace are where the primary anemometer froze, likely due to icing; zeroes deleted.  
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High-wind behavior: Figures 16 and 17 plot one-minute average rpm vs. wind speed and vs. transducer-measured 
power, over the same period as the cold temperature data above; during this period the highest recorded one-
second wind speed was 22m/s.  The turbine controller regulates rpm so that it does not exceed 400.  The 
maximum one-second recorded rpm was 392.32. 
 

Figure 16. Turbine RPM vs. wind speed, 3-4 January, 2015.  One-minute average data. 

Figure 17. Pika T701 RPM vs. output power, 3-4 January 2015, one-minute average data. 
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Manual shut-down during high wind: While the turbine was shut down and restarted many times during 
certification testing, a formal test was conducted on 14 April, with Pika recording RPM and with the site manager 
making a video of the turbine at the same time.  The videos are available on the High Plains Small Wind Test 
Center website (http://wac.ece.ksu.edu/?q=node/28).  Graphs in Figures 18 and 19 show RPM, power and wind 
speed vs time during this test.  Note that power and wind speed are averaged over one minute, while RPM 
numbers are instantaneous.  Wind speed was over 12 m/s most of this time, gusting to 15.7 m/s maximum. 
 

 
Figure 18. Wind speed (green squares, right axis) and power (blue triangles, left axis) vs time during 14 April, 
2015 manual shutdown test during high wind. Time in fractions of a second. 
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Figure 19. One-minute average wind speed (green, right axis) and one-second instantaneous turbine RPM (blue 
diamonds, left axis) vs time during 14 April, 2015 manual shutdown test during high wind.  Time in fractions of 
a second.  No one-second wind data are available in this time window.  The recorded one-second maximum in 
this time window was 14.9m/s, minimum 11.1m/s. 

Emergency shutdown: Pika includes a single-use centripetal brake on each turbine.  If it must be used, it must be 

replaced by the manufacturer afterwards; we therefore did not try to test it at High Plains.  This brake is tested on 

each turbine prior to turbine shipping.  Pika will submit a video of this test. 

Maintenance and component replacement provisions: The manual recommends visual and auditory inspection 

of the turbine annually for vibration and changes in behavior.  Such inspections were carried out daily, and over 

the course of one year are certainly adequate for a turbine owner.  No parts should or did need replacement. 

Personal safety provisions: The Pika inverter is sealed and labeled that no user-servicable parts are inside.  The 

control panel is a touch screen; inverter software does not permit changing of safety set points from the control 

panel.  The inverter installation manual gives directions for installation that allow for cooling and warn that the 

heatsink may get hot, so install it where it won’t be accidentally touched.  It also gives warnings about checking 

line voltages with a meter; the warnings are sufficient to advise to a non-skilled person that an electrician should 

probably complete the installation.  A warning is included that DC voltage will remain at the inverter DC terminals 

when disconnected, and time should be allowed for discharge; this is not different from other consumer 

electronics such as televisions.  The manual does explicitly say that connection to the utility grid should be done 

by a licensed electrician; however the writing overall does not demand that. 

The turbine installation manual is written in a manner suggesting that the owner might complete all installation; 

however it has plenty of warnings scattered throughout that would lead an insecure or non-skilled person to 

obtain expert help.  We at High Plains are familiar with users who might follow these instructions themselves 

without difficulty (farmers, for example) and given the size of the Pika T701, feel that the directions are sufficient. 
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Special note on vibration and maintenance: prior to the beginning of the testing described in this report, a 

different Pika T701 turbine was installed at the test site, at the same hub height, on an experimental fibreglass 

monopole tower. During strong winds it was observed that this tower would oscillate significantly, though the 

turbine operation and energy production seemed unaffected.  However, during a high-wind event (22-25 m/s) at 

night when no one was present, the tower snapped at about 2/3 of its height above ground, leaving the turbine 

and tower top hanging by the power wires from the tower 'stub'.  The test site DAS recorded all instrumentation 

as well as all data from the inverter through the tower break.  The turbine did stop producing power.  The inverter 

remained awake for a while but its data stream froze, as it is programmed to do when data packets are not 

received.  Unfortunately we cannot verify from the data collected that the controller stopped the turbine due to 

this extreme event, but the turbine certainly did stop and did not attempt to continue to operate, even while 

powered.  We feel that this is worthy of mention even though we do not have solid data to verify that the 

turbine's control system functioned as designed.  The turbine was replaced at the test site to ensure that no 

possible damage would interfere with continuing testing; however no damage to the turbine itself was noted 

after the tower failure: this is in extreme agreement with manual recommendations for part replacement. 
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8. Deviations and Exceptions  

Exceptions to the Standard were taken during this test as explained below.  

The height of the temperature probe on the met tower is specified in two places in the IEC 61400‐12‐1 Ed. 1 
standard. In section 6.4 it specifies that “The air temperature sensor… shall be mounted within 10 m of hub height 
to represent the air temperature at the wind turbine rotor centre.” In Annex H Power performance testing of 
small wind turbines, item j reads in part “the air temperature sensor… shall be mounted so that [it is] at least 1,5 
rotor diameters below hub height even if such mounting results in a location less than 10 m above ground level.” 
For the Pika T701 test unit, hub height is 16.94m, and the diameter is 3m. To be in compliance with Annex H, the 
sensor would need to be at least 4.5m below hub height. The temperature probe was placed approximately 1.5m 
above ground, at the DAQ box, in order to keep it out of direct sunlight.  Previous experience has indicated that 
no sunshield is adequate against high summer Kansas sun. The uncertainty associated with this move is included 
in the uncertainty calculations; it comes to 0.2° C. 
 
The center does not have a calibration report for the temperature sensor prior to start of test.  The sensor will be 
calibrated at end of test.  All other instruments were within two years of calibration and will be recalibrated at 
end of test. 

The pressure sensor is located on the met mast also at the instrument box, about 1.5m above ground. The air 
pressure was adjusted for elevation according to the Standard.   

The distance between turbine and met tower mast is 12.3m; with a turbine diameter of 3m this is 0.3m outside 
the Standard-specified 2-4D distance between turbine and met tower. The turbine and met tower foundations 
had been installed for a slightly larger turbine.  We placed the primary anemometer on the leg of the tower 
closest to the turbine, so the exact distance between primary anemometer and turbine hub is 12.17m = 4.05 D.   

The Ohio Semitronics power transducer does not have documents showing that it meets the IEC 60688 class 0.5 
requirements. However documents from OSI show that the power transducer is substantially equivalent to units 
sold in Europe as the Camille Bauer M563/DME which does meet the IEC 60688 requirements.  

Tests of emergency shutdown due to high temperature, excessive vibration and high wind (over 30 m/s) were not 
conducted because these conditions did not occur during the test period.   See the special note on vibration 
above.  The highest 10-minute average and instantaneous maximum temperatures recorded on site during the 
test were both 42°C, and the turbine operated normally through those intervals. 
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Appendix A - Calibration Data Sheets for Pika T701 Test 
Instruments 

Primary Anemometer – Pre-Test Calibration  

 
Figure A1. Primary anemometer manufacturer calibration sheet pg 1 of 2. 
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Figure A2. Primary anemometer manufacturer calibration sheet pg 2 of 2. 
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Secondary Anemometer 

 
Figure A4. Secondary anemometer 3rd-party calibration sheet pg 1 of 1. 
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Wind Direction Vane  

Figure A5. Wind direction vane manufacturer specification sheet pg 1 of 2.  
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Figure A6. Wind direction vane manufacturer specification sheet pg 2 of 2. 
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Temperature Probe 

 
Figure A7. Temperature probe manufacturer specification sheet pg 1 of 2.  
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Figure A8. Temperature probe manufacturer specification sheet pg 2 of 2.  
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Pressure Transducer  

 
Figure A9. Pressure transducer manufacturer calibration sheet pg 1 of 1.  
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Power Transducer  

 
Figure A10. Power transducer manufacturer calibration sheet pg 1 of 3. 
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Figure A11. Power transducer manufacturer calibration sheet pg 2 of 3. 
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Figure A12. Power transducer manufacturer calibration sheet pg 3 of 3. 
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DAS Boards  

 
Figure A13. Voltage module (for temperature & pressure), manufacturer calibration certificate pg 1 of 1.  
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Figure A14. Current module (for power transducer) manufacturer calibration certificate pg 1 of 1.  
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Figure A15. NI 9421 digital input module (for both anemometers) manufacturer data sheet pg 1 of 9.  
Remaining pages available on request.  


