2008

Ultimate Load Assessment and Performance Prediction of

FEHY 2945 B FA8T
2 Tdorg gl

a Horizontal Axis Wind Turbine

Bum-Suk Kim, Mann-Eung Kim and Hark-Jin Eum

Key Words: Design assessment(’d 7|33 7}), Ultimate load(= t3}%), Fatigue load(¥] Z3}%), Design
load case(’d 7| 8} 7 ©] 22), Annual energy yield($17Hol U 2] A=)

Abstract

Design lifttime of a wind turbine is required to be at least 20 years. In the meantime, the wind
turbine will experience a lot of load cases such as extreme loads and fatigue loads which will include
several typhoons per year and extreme gusts with 50 years recurrence period as well as endless
turbulence flow. Therefore, IEC61400-1 specifies design load cases to be considered in the wind
turbine design and requires the wind turbine to withstand the load cases in various operational
situations. This paper investigates the ultimate loads which the wind turbine will experience for 20
years and their characteristics based on the IEC61400-1 using an aero-elastic software, GH-Blade. And
the performance characteristics of a wind turbine such as electrical power generation and annual energy

yield are also investigated.
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Table 1 General specification

Type HAWT |Rotor overhang 3.3 m
Rated power 1.5 MW |Rotor position Upwind
Class I1A Transmission  Gearbox
Rotor Dia. 70 m Power control Pitch

Fixed/Variable Variable
Spinner Dia. 3.5 m

Cut-in speed 3.5 m/s
Cut-out speed 25 m/s

No. of blade 3
Hub height 84 m
Tower height 82 m
Blade set angle 1°
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Table 2 Detailed input data

Transformation
Generator

Power loss&efficiency
Pitch actuator

Power control system

General specification
Blade geometry

Blade mass distribution
Blade mass integral
Blade stiffness

Hub mass and inertia Gain schedule

Tower geometry PI torque control speed
Tower mass & stiffness [Pl power control speed
Rotor modes (0°, 10°,
20°, 90°)

Lift&drag coeff.(airfoils) |[Tower modes

Nacelle geometry Drag coeff. (tower)
Nacelle mass Drag coeff. (nacelle)

Tower material property

Table 3 IEC class IIA - basic parameter

Vref 42.5 m/s
Vavg 8.5 m/s
L5 0.18
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Table 4 Safety system trip mode

Conditions Action
Generator over power
E-Stop
at 1800 kW
Generator over speed
E-Stop
at 1980 rpm
Yaw error greater than 30° for 5 sec E-Stop
Pitch error: 3° different between
) E-Stop
largest and smallest pitch angle
Pitch error between demanded and
E-Stop
actual of greater than 2° for Isec
Grid loss E-Stop
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Table 5 Design load case (DLC)

Design situation| DLC Wind conditions Type
11| NeM V=V, ot V.. | U
13 | ECG V="V U
14 | Nwp V=V, o V., | U
Power 1.5 | EOG1 V=V, ot V., 8]
production 1.6 | EOG50 V)=V, or V., U
1.7 | EWS V=V, ot Vo, | U
1.8 |EDC50 V=V, or V., | U
1.9 ECG I/hub: I/r U
Power 2.1 NWP Vrh'u,b: Vr or I/out U
production plus
occurrence of 22 | NWP V=V, or V.. U
fault
Start up 32 | BOGlL V=V, or Voiy | U
33 | BEDCl Vy@y=Voor Voiy | U
Normal stop 42 | EOGI V=V, or V.. 6]
Emergency stop | 5.1 NWP V=V, or V., 8]
Idling 6.1 | EWM Viw= Veso U
Parked and fault
- 71 | Ewm Vivar= Vo1 U
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Fig. 3 Coordinate system for the wind turbine!

Table 6 Partial safety factors for loads

Type PSFL
Abnormal safety factor, Load case 2.2, 110
7.1
Normal and extreme safety factor, All 135
other load cases
Transport and erection safety factor, 150
Load case 8.1
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Table 7 Ultimate load-blade root station (1.75 m)

i3 My Nk Fx Ty Ty B N
Toad case | Km Sm S ™ ™ ™ ™ m
N | s | L6 5613 66083 549 | 4161 535 | 4210 | 16826 | 787
My | Mo | L3 22987 | 23008 226 396 262 54| o3 93
Ny | Max | L3b 65532 | 66139 T15 | 4164 706 | 424 | 16978 | 8939 |
My | Mo | 6dm 0,036 063 237 100 159 38 =6 063
HECE 1008 | 13969 778 758 956 %0 51| 13025
Mz | Mo | L3 65139 | 63822 F94 | 4149 15| 4210 | 17329 | 9459
Fx | M | L6 65566 | 6130 RN 586 | 421 16%0| 8618
Fx | Mn |21d 21130 | 21139 q97 | 1013 25 | 12| 3w0s 602
Fr | Max |6la 3256 | 26830 FER] 14| 1688 | 1717 | 7| 26632
Fr | Mn |6le 13310 | 34333 191 309 | 2062 | 2215| -627| 31648
Frv | Max | L6 65435 | 6103 752 | 4162 15| 25| tiss| 933
Frv | M | 61k 1395 | as1s T12| 0007 | 0035 | 0036| -184| 4609
F2 | Max | L6 3428 | 35430 35 | 2454 231 | Ba| 51 371
F2 | M |6lc 536| 3103 205 103 941 wo| 3| 3103
Mk | Max | 6le 2796 | 3367¢ 564 228 | 2062 | 2005 | 6la| 33362
Mx | M |6la 3308 | 26951 241 322 | 1636| 1716 6| 2677
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Table 8 Ultimate load-rotating hub

My My M Myz Fx Ty Fz Fyz

Load case KNm KNm Km KNm KN K KN KN
My [ Max [ 7.1c60 33424 6819 118.7 692.1 595 2471 | 2514 3525
Mx Min 7.100 -12309 1675.0 -67.1 1676.4 1484 297.9 182 2985
My |Max |21g 5183 | 42469 -5973 | 42887 1633 4405 | -1245 45738
My |[Min |11f 10434 | 33234 928 33247 817 1249 3714 3918
Mz | Max |11 1023.0 9365 | 29694 | 31136 77.0 3862 769 3863
Mz Min 150 -168.6 1120 -34013 3403 1 6.90 -369.1 -714 376.0
Myz | Max |21g 2965 | 41330 | 13557 | 43487 S1.1 2584 | 2657 3706
Myz [ Min |61k 182 048 015 050 418 3875 600 3921
Fx Max | 15h 1984 5848 185 5848 10442 4090 511 1122
Fx Min | 2.1h 8284 | -14280 7819 | 16281 -1939 23273 | -1840 3754
Fy Max | 615 380 1850 2004 s -15.1 4914 | 1054 5026
Fy Min | 6.10 194 8242 1119 8317 233 5058 | -177.1 5359
Fz Max | 6.1j 1589 6073 5244 8024 814 622 4947 4986
Fr Min | 61a 603 2230 4779 5274 362 -102.1 | -5024 5126
Fyz |Max [61o 194 8242 1119 8317 233 5058 | -177.1 5359
Eyz. Min 6.1n =294 8684 -1108.5 14082 -6.27 70.8 1454 161.7

Table 9 Ultimate load-tower station height=82 m

Mx My My, Mz Fx Ey Fxy Fu

Load case KNm KNm ENm KNm KN KN KN KN
Mx | Max [ 7.1a60 36873 -848.6 | 37837 4074 525 466 702 -989.0
Mx |Min [7.0R 25157 879.5 | 26650 2334 440 347 441 -889.9
My |[Mmx [Lso 5550 | 24783 | 25397 5957 1909 -76.1 2055 | -11029
My |[Mn [21g 8386 | 47322 | 48059 10684 65.1 579 872 | -11244
Mxy |[Mx [21g 8386 | -47322 | 48055 1068 4 65.1 579 872 | -11244
Mxy |Min [6.1b -0.17 -0.57 059 2417 447 -15.7 473 | -10763
Mz [ Max [21g 11764 12323 17036 | 38086 1906 -121.1 2258 | -11714
Mz | Min [21g 3902 | -11732 12364 | -40574 91.0 63.4 1109 | -1079.1
Fx Max | L3b 1433 11331 11421 4865 1035.6 0036 10356 | -1201.0
Fx Min | 2.1h 8632 | 29014 [ 30271 8897 -407.0 278 4079 | -10536
Fy Max | 6.1a 6269 36.1 6279 §720 47.1 4351 4376 | -10444
Fy Min | 6.1j 10561 | -1198.5 15975 5585 342 5348 5359 | -10362
Fxy |Max [Lsb 1433 1133.1 11421 4865 10356 0036 10356 [ -1201.0
Fxy |Min [42d 94.1 -980.0 9845 1299 0049 0.028 0.057 | -10943
Fz Max | 7.1c70 27149 3662 | 27395 257 46.8 958 478 -789.9
Fz Min | L5b -1357 7854 7970 9217 997.7 128 9977 | -1215.0
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