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Abstract

As a wind turbine operators, the operating characteristics and power variability of
wind turbines are major concern. Wind turbines are operate by extreme winds and
their operating characteristics are varied by turbulence. Understanding the Operating
characteristics of wind turbines can help ensure stable operation of wind turbines and
provide information to improve wind turbine systems. The wind turbine is a 660kW
wind turbine (Vestas V47) installed in Hangwon of Jeju Island and operated by jeju
National University. This wind turbine hub height is 45m, the rotor diameter is 47m,
and the Fixed speed variable pitch type(FS-VP). The operation data collected from
SCADA system of the target wind turbine during the first half of 2017 (January to
June) and determined the disturbed sector according to Annex A of IEC 61400 12-1.

The wind speed of the nacelle anemometer is disturbed by the influence of the
rotor. Therefore, according to IEC 61400-12-2, NTF(Nacelle Transfer Function) is ap-
plied to obtain more accurate wind speed. Using the NTF data, analyze the power, ro-
tation, blade pitch and temperature of the main parts by wind speed and observed to
change of operation characteristics after main parts were replaced.

In order to confirm the change of operating characteristics due to the turbulence,
Based on turbulence intensity C-Class of the wind turbine class parameter of IEC
61400-1 (ed. 3), higher than Class C is defined as HTI(High turbulenc intensity) and
under than Class C is defined as LTI(Low turbulence intensity). The turbulence Class
data were analyzed to power and power coefficient, rotor speed, pitch angle by defined

HTIL, LTL
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Table 1 Specification of the wind turbines

Specification Value
Rotor Diameter [m] 47
Area swept [m’] 1,735
Rotor revolution speed [rpm] 28.5
Hub height [m] 45
Cut-in wind speed [m/s] 4
Rated wind speed [m/s] 15
Cut-out wind speed [m/s] 25
Rated power [kW] 660
Generator RPM [rpm] 1,818 - 1,980
Power control active blade pitch control
IEC Class [A
Gearbox (Manufacturer) Planet / Parallel axles (Hansen)
Generator (Manufacturer) Asynchronous with Optislip® (weier)
Air brake Feathered
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RlI-T-qIQI*m V47-660 WT.VMP3500(Ver.1.14)

Wind Energy Department of JEJU National University SW.WTSCADA(Ver.2.05)

“ Normal(No Additional Information)

Overview Wind/Power Turbulence Power Curve Temperature Electric Production Alarm LOG About

POWER
Turbine State TODAY
675 . 9 kW Turbife Avaiable Wind: (Min) 6.5 (Max) 21.5 (Mean) 12.3 [m/s]
Wind Speed Available Power: (Min) 184.9 (Max) 683.7 (Mean) 626.9 [kW]
Production: 7,844 [kWh]
1 2 g mls fenerster comerted Operating Hours: 12h 30
H il m
- Connected perating
Environment

(10min) 12.4 m/s

23.0°C
(Turbulence) 11.4%

Service State

Gear Oil HSS Bearing Generator

RWEPB.O RPM vaw stae — ~ 65.0°C 69.0°C 101.0°C
- ' i
CereratnAPM Remote Control State —
1907 =rem 23.0°C
Pitch Angle VOF Trigged
7'9 Controller Hydraulic

33.0°C  43.0°C

Yawing state
Generator2

Fig. 4 The SCADA program for data collection and monitoring of WTG 3

19] dlolHE 437 falA FHEN #Ae] SCADA
O|E{ kS Alg3l7]o = 2lE] o] "ozttt o]l& H eS| falA= Qe A X
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Aol M A B g BArIEE] dAE o] s Y)dEe] dHelHE

£
it
-
N

2 B FFxolH Eo] 80m, =8-S 66.6 m/s, S5
671, FFA 47N, SFEA 270, 7I4A 270, A 17 AA o] ot T
A= Thies(1st class advanced)® 80m 17, 75m 17H, 70m 27§, 50m 17§, 35m
M2 4% i, FFA= Thies(Ist class advanced)® 76m 171, 67m 271,
50m 1712 T4 5 o] 2t} Fig. 59 Table 2= A4 7|4 g AFSHS Hoo St}
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Table 2 The specification of met. mast

Category

Specification

Structure [-]

Independent truss structure

Height [m] 80
Weight [ton] 10.1
Extreme wind speed [m/s] 66.6

Installation sensor [EA]

(height)

Anemometer [6 EA]
(80m, 75m, 70m, 50m, 30m)

Wind vane [4 EA]
(76m, 67m, 50m)

Temperature [2 EA]
(65m)

Air pressure [2 EA]
(65m, 1m)

Humidity [1 EA]
(65m)

_11_
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Fig. 5 Sensor layout and boom orientation of Meteorology mast tower in Hangwon wind

farm
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Fig. 6 Calculation of disturbed sectors and measurement sector of the meteorological tower

Table 3 Disturbed sector of met. mast

WTG, Obstacle WTG 5 WT 3MW | WTG 3 New & Renewable fish farm
energy exhibit hall
Distance [m] 213 553 470 411 305
Rotor Diameter [m] 70 90 47 31.38 10
angle [deg] 190 260 86.5 91 105
range [deg ~ deg] 156 ~ 224 | 236 ~ 284 | 67 ~ 106 73 ~ 108 92 ~ 118
Obstacle height [}] - - - 15.8 5
Obstacle Width [/,] - - - 2254.5 80000
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Table 4 Data table before maintenance

Bin | Count Wind power powe.r Turbulence Rotor | Generator Pitch
speed coefficient RPM RPM
4 17 4.35 2.26 0.0259 0.20 28.50 1802.47 2.25
5 799 5.21 14.82 0.0987 0.13 28.54 1805.09 2.44
6 1986 5.99 53.45 0.2339 0.09 28.57 1807.14 1.76
7 1638 6.99 121.40 0.3345 0.09 28.62 1810.86 1.06
8 1491 8.00 206.64 0.3803 0.10 28.70 1815.24 0.33
9 1447 8.98 304.77 0.3962 0.11 28.78 1820.30 -0.43
10 1269 9.98 415.96 0.3943 0.11 28.87 1826.12 -1.04
11 925 10.99 523.74 0.3717 0.10 28.99 1833.83 -0.73
12 846 12.02 607.84 0.3295 0.10 29.22 1848.36 0.80
13 705 12.97 646.83 0.2787 0.10 29.45 1863.31 3.47
14 502 14.02 657.57 0.2246 0.10 29.56 1870.06 6.29
15 460 14.94 659.44 0.1862 0.10 29.58 1871.69 8.53
16 433 15.99 659.83 0.1519 0.11 29.59 1872.11 10.52
17 390 16.98 659.89 0.1269 0.12 29.60 1872.35 12.41
18 281 17.90 659.89 0.1082 0.12 29.60 1872.58 14.02
19 126 18.97 659.90 0.0910 0.13 29.60 1872.73 15.58
20 62 19.91 659.90 0.0787 0.13 29.60 1872.89 17.21
21 3 20.60 659.87 0.0710 0.12 29.61 1873.00 18.45
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Table 5 Data table after maintenance

Bin | Count Wind power powejr Turbulence Rotor | Generator Pitch
speed coefficient RPM RPM
4 2 4.44 -0.79 -0.0085 0.07 28.33 1792.30 2.09
5 517 522 0.66 0.0044 0.09 28.41 1797.55 2.85
6 2274 6.00 42.55 0.1857 0.11 28.52 1804.49 2.13
7 2325 6.98 115.41 0.3188 0.11 28.62 1810.84 1.13
8 2156 7.98 202.17 0.3739 0.12 28.69 1815.54 0.40
9 1905 9.00 313.04 0.4039 0.12 28.78 1821.29 -0.41
10 1702 9.95 420.18 0.4009 0.12 28.88 1827.15 -0.92
11 1481 11.01 522.25 0.3687 0.12 29.00 1835.10 -0.64
12 1462 11.97 602.28 0.3307 0.11 29.21 1848.43 0.70
13 1086 13.00 | 642.41 0.2750 0.11 29.43 1862.41 2.96
14 868 13.99 | 654.71 0.2251 0.12 29.54 1869.51 5.33
15 815 14.99 | 658.19 0.1838 0.12 29.58 1872.09 7.61
16 583 15.96 | 658.84 0.1524 0.12 29.59 1872.78 9.59
17 294 17.00 | 659.54 0.1264 0.13 29.60 1873.08 11.53
18 196 18.01 659.79 0.1063 0.13 29.60 1873.18 13.30
19 132 18.99 | 659.88 0.0907 0.13 29.61 1873.46 14.79
20 92 19.88 659.91 0.0790 0.13 29.61 1873.62 16.16
21 41 20.72 659.90 0.0698 0.14 29.62 1874.06 17.43
22 9 21.85 659.92 0.0596 0.14 29.62 1873.99 18.62
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Table 6 Power performance and power coefficient between HTI and LTI

Bin HTI LTI

Wind Speed [m/s] Power [kW] POW(?r Power [kW] Powc?r

coefficient coefficient

4 2.670 0.034 2.770 0.035
5 12.074 0.090 9.068 0.065
6 54.765 0.240 53.287 0.233
7 125.267 0.340 120.897 0.332
8 210.034 0.385 206.739 0.380
9 310.361 0.400 305.437 0.397
10 416.475 0.395 417.635 0.394
11 519.264 0.368 527.521 0.373
12 574.261 0.312 610.088 0.331
13 625.445 0.268 650.247 0.279
14 647.658 0.221 658.706 0.226
15 658.136 0.182 659.783 0.185
16 659.660 0.151 659.891 0.152
17 659.869 0.126 659.901 0.126
18 659.890 0.108 659.892 0.108
19 659.894 0.091 659.912 0.090
20 659.898 0.078 659.840 0.076
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Table 7 Annual energy production between HTI and LTI

Annual wind speed HTI AEP LTI AEP Ratio
[m/s] [MWh/year] [MWh/year] [LTI AEP / HTI AEP]

4 296 287 0.9715

6 1,169 1,169 1.0000

8 2,172 2,192 1.0091

10 2,967 2,998 1.0104
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