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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.  
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Appendix B –Uncertainty Assumptions and Calculations  
 

Table B1. Summary of uncertainty analysis, per Annex E, IEC 61400-12-1.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Power  

Power transducer: The Ohio Semitronics power transducer (PC5‐059EY25) calibration sheet claims an “accuracy 
of +/‐0.5% of Full Scale Typical,” and also shows the unit passed the calibration. The maximum the transducer can 
record, with 10 windings of the source current, is 2 kW=20kW/10 (twice estimated rated power at start of test); 
the minimum recorded was -10W but -50% of rated power would be -500W, so we use 2500W as “full scale”.  
Therefore the “Typical” uncertainty is 12.5 W. Assuming this is a rectangular (random) distribution, the standard 
uncertainty is 12.5W/√3 = 7.22 W.  

Note: The current transducer is integral to and calibrated with the Power Transducer and as such the uncertainty 
for both instruments is captured in the analysis above.  

Data Acquisition System (DAS): NI 9203 (current module) manual lists “Calibrated maximum error” of +/-0.18% 
+/-0.06% (gain and offset). This uncertainty in transducer measurements is applied to the measured value using 
the calibration curve; the slope of the Power Transducer with ten windings (full scale 2.0kW=20mA) is 125 W/mA. 
An 0.18% DAS uncertainty represents an 0.225 W uncertainty. This is a random (aka rectangular) distribution, and 
therefore divide by √3, which gives a standard uncertainty of 0.13 W.  

 
Wind Speed 

Calibration: NRG lists the standard uncertainty of its #40C anemometer as 1.48%.  
C.F. IEC 61400‐12‐1 Annex E.5.3, which provides an assumed calibration uncertainty of 0.1 m/s.  

Operational characteristic: Results of Accuwind project give the NRG #40C First Class a classification number of 
2.4 in Class A. Using equation I.2 in annex I of IEC 61400‐12‐1 gives:  

0.0693 + 0.00693 ∗ 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 

Component  Calculated Uncertainty  Source  

Power    
power transducer  7.22 W  calibration sheet  

Data Acquisition System  0.13 W  NI9203 (current module) specs  

Wind Speed    
Calibration  0.08429m/s + 0.00193U  Calibration sheet  

operational characteristics  0.069 m/s + 0.0069U  IEC eq. (I.2)  

mounting effects  1%  IEC  

terrain effects  2%  Flat terrain  

Data Acquisition System  N/A  Digital   

Temperature    
temperature sensor  0.635 °C  T‐200A spec. sheet  

radiation shielding  1.155 °C  61400-12-1 E.5.4 

mounting effects  0.212 °C  calculations and IEC assumptions  

Data Acquisition System  0.1036°C NI9205 (voltage module) specs  

Air Pressure    
pressure sensor  0.00629 kPa  calibration  

mounting effects  0.02 kPa  IEC method  

Data Acquisition System  0.05 kPa  NI 9205 (voltage module) specs  

 



44 
 

Mounting effect: Top mounting on vertical tube was considered 1% in the MEASNET round robin. IEC example 
also gives 1%.  

Terrain effect: The terrain at High Plains SWTC being absolutely flat with no obstacles, no site calibration is 
needed.  A 2% uncertainty is used, the low end of the range given in IEC61400-12-1, E.5.3.  This includes 
uncertainty introduced by the anemometer being 4.05D (instead of 2-4D) away from the turbine hub. 

Data Acquisition System (DAS): The NI 9421 (digital input module) was used for Wind Speed measurements. It 
does not “sample” but simply accepts and counts every incoming pulse from the anemometers.  NI does not 
calibrate nor provide calibration information on the NI 9421; any error introduced is assumed to be negligible. 

Sensitivity factor: according to IEC 61400-12-1, this is equal to the slope of the power curve at bin i: 
abs[(Pi-Pi-1)/(Ui-Ui-1)]. 
 
Temperature  
Sensor: The sensor accuracy specification is stated as ± 1.1 °C. Assuming a random distribution the uncertainty is 
divided by √3 resulting in an uncertainty of +/‐0.635 °C.  

Radiation shielding: IEC 61400‐12‐1, Annex E, section E.5.4 states: “The shielding of the temperature sensor is 
assumed to produce a standard uncertainty of 2 °C.”  

Mounting: The IEC 61400‐12‐1, Annex E, section E.5.4 states: “The standard uncertainty due to mounting effects 
of the temperature sensor is dependent of the vertical distance from the hub height. With the temperature 
sensor mounted within 10m of hub height a standard uncertainty of (1/3)°C is assumed.”  

Further analysis of this statement and the Pika temperature sensor location results in a different standard 
uncertainty. A high lapse rate (such as a super adiabatic lapse rate, 0.0342 ˚C/m, which is associated with an 
unstable atmosphere) is approximately equal to 1/3°C per 10m. This is the probable source for the Standard’s 1/3 
°C per 10 m. The hub height for the Pika is 16.9 m and the temperature sensor is 2 m, which is a difference of 6.2 
m. Therefore the uncertainty is 0.0342 ˚C/m*6.2m = 0.212°C. The distribution is assumed to be random, so the 
uncertainty is divided by √3. The resulting standard uncertainty is 0.122°C.  

Data Acquisition System (DAS): NI 9205 (voltage module) specification is for an absolute accuracy of 3,230 µV for 
an input of ±5 V; the output of the sensor is 0 ‐2.5 V, so this range is appropriate. This is assumed to be a random 
distribution, so this value is divided by √3, thus resulting in a standard uncertainty of 1,865 µV (0.001865 V). The 
slope based on the calibration is 55.55°C/V linear interpolation. The resulting standard deviation is 
1.865·10-3*55.55 = 0.1036°C.  

 
Sensitivity factor: according to IEC 61400-12-1, this is equal to the power at bin I divided by temperature in 
Kelvin.  We use T(ave) over the data collection time on-site, 19°C = 292.15K, for the site-average air density 
curve, and T = 288.15K for the sea level air density curve. 

 
Pressure  

Sensor: The sensor’s total accuracy specification is +/-5mV from the calibration sheet, which translates to 
+/-0.0109kPa. Using a random distribution we get +/‐0.0109 kPa/√3 or +/‐0.00629 kPa.  

Mounting effect: The pressure sensor is located approximately 1 m above Ground Level. According to the IEC 
61400‐12‐1, Annex E, section E.5.4, “The uncertainty due to deployment is estimated to be 10% of the 
correction;” this correction being in accordance with ISO 2533. According to ISO 2533 the gradient in the pressure 
at 1850 m is 0.009996 kPa/m.  Note: This is the gradient in the standard atmosphere not the actually calculated 
correction. The hub height for the Pika is 16.9 m, and the height of the pressure sensor is ~1.5 m AGL, which is a 
difference of 15.4 m. Thus the correction is 0.009996 kPa/m*15.4 m = 0.17 kPa. 10% of that is 0.017 kPa, which is 
the estimated standard uncertainty.  

Flow stagnation or acceleration which could alter the pressure at the sensor’s location are not taken into 
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account, and are assumed to be insignificant.  

Data Acquisition System (DAS): NI 9205 (voltage module) specification is for an absolute accuracy of 3,230 µV 
for an input of ±5 V; the output of the sensor is 0 ‐2.5 V, so this range is appropriate. This is a rectangular 
distribution, so this value is divided by √3, thus resulting in a standard uncertainty of 1,865 µV (0.001865 V). The 
slope based on the calibration is 24.0024 kPa/V linear interpolation. Therefore the standard uncertainty in 
pressure due to the DAS is 0.001865 V*(24.0024 kPa/V) = 0.045 kPa.  

Note: The sensor calibration uncertainty is an order of magnitude greater than the DAS and Mounting effects, 
combined.  
 
Sensitivity factor: according to IEC 61400-12-1, this is equal to the power at bin I divided by air pressure.  We 
use site average 91.05 kPa, for the site-average air density curve, and 101.3 kPa for the sea level air density curve. 

 


