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The Field Test of Power Performance Measurement for US0 Wind Turbine
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Abstract : 750kW gearless type wind turbine, named U50, is developed by UNISON in Korea. The
newly developed wind turbine should be evaluated the power curve and the estimated annual energy
production by following international standard to verify the power performance characteristics.
This paper shows the test and evaluation procedure according to IEC 61400-12-1 which specifies a
procedure of measuring the power performance characteristics of a single wind turbine and applies
to the testing of wind turbines of all types and sized connected to the electrical power network.
And this paper also shows the power performance characteristics for US0 wind turbine which is
determined in accordance with IEC regulation.

Nomenclature 1. A‘i E

D, : the equivalent rotor diameter

L. : distance between wind turbine and obstacle

In : the hight of obstacle

l, :the width of obstacle

D, : the rotor diameter of wind turbine

L, : distance between wind turbine and other turbine
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Piomin : derived 10 min averaged air density
Tiomin : measured air temperature averaged 10 min
B omin : measured air pressure averaged 10 min

Ry : gas constant of dry air 287.05 J/(kgxK)

V. : normalized wind speed

Vi < normalized and averaged wind speed in bin

P; : normalized and averaged power output in bin J

F(v) : Rayleigh cumulative probability distribution
function for wind speed

subscript

AEP : Annual Energy Production

Cp : Power coefficient
SD : Standard Deviation
H, : Hub Height

CT : Current Transformer
PT - Power Transformer
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Fig. 1 Procedure of power performance measurement
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Table 1 Main specification

Rated power 750 kW
Design Cut-in/rated/cut-out [3.0/12.0/25.0 m/s
Type class IEC TC 1A
Rotor diameter 50 m
Rotor Operational rpm 9 ~ 28 rpm
Power regulation |Pitch control
Drive train Type Direct drive
Generator Type Permanent magnet
Gnid connection AC/DC/AC inverter
Type Tubular steel tower
Tower Hub height 50 m
Air brake Full feathering
Brake system mechanical brake |Hydraulic disc brake
Typ Electric drive
Yaw system Brake Hydraulic disc brake
Contro! system PLC Controller
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Fig. 2 Result of disturbed sector
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O Data acquisition
~ Sampling rate : 1 Hz or higher
— Average time : 10 min
- Wind direction bin : 10°
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O Required data

-4 ~8w/s : Min. 2 hours
- 8 ~ 16 m/s : Min. 2 hours
-4~ 16 m/s : Min. 24 hours
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Fig. 3 Permanent and temporary mast

Table 2 Result of Site Calibration

Bin Data(4~8/8~16) | Comection factor |
250° - 255° 270(107/163) 0.9681
255° - 260° 521(197/324) 0.9791
260° - 265° 688(273/415) 0.9725
265° - 270° 637(280/357) 1.0035
270° - 275° 367(265/102) 1.0220
275° - 280° 203¢195/8) 1.0287
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Table 3 Selection of Measurement Data

Item :|= Sensor Requirement |
wind speed I | Anemometer Up to 2.5% of Hj,
Wind speed 2 | Anemometer Up to 2.5% of Hy,

Wind direction| Wind vane
Air temp.

Alr pressure
Precipitation

Up to 10% of Hy,
Air pressure sensor | Up to 10m from Hy
Temperature sensor -

Rain sensor -

Current Current transformer | 0.5 Class or better
Voltage Voltage transformer | 0.5 Class or better
Electric power | Power transducer | 0.5 Class or better
availability Nacelle controller -
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Fig. 4 Configuration of measurement system
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Fig. 5 Normalized V vs. P data plot
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Fig. 6 Power curve and Cp curve
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ESTIMATED ANMUAL ENERGY PRODUCTION (AEP)
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Fig. 7 Calculated Annual Energy Production
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Fig. 7 Certificate for power curve measurement
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