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Abstract

This study has analysed the ultimate loads acting on a wind turbine which is operating in a high turbulent flow
condition because the ultimate loads are critical factors on the safe design of wind turbine. Since wind flow on
the most parts of Korean mountainous are strongly influenced by complex configurations of the topography,
turbulence intensity on somewhere is so stronger than an international design standard. For this reason, the
characteristics of turbulent wind data collected from actual sites were analyzed and used for the ultimate load
evaluation of the wind turbine. With the 270 design load cases on the international standards, the differences of
ultimate loads on the wind turbine operating in the standard or high turbulent wind condition are calculated and
compared for the an enhanced knowledge of the safe design basis. As a result, it is revealed the specific ultimate
loads are strongly affected by the high turbulent wind conditions, thus the characteristics of turbulent flow must
be considered during the design of wind turbine.
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Table 2 General characteristics of rotor and turbine

Rated Power MW
Rotor diameter 80m
Hub height 61.5m
Total rotor Mass 33640.2kg
Total rotor inertia 6.029E+06kgm’
Tower height 60m
Tilt angle of rotor to horizontal 4deg
Maximum generator torque 14400Nm
Gearbox ratio 83.33
Generator inertia 60kgmt
Rotor overhang 37m
Eg\tjliznal sense of rotor, viewed from Clockwise
Position of rotor relative to tower Upwind
Aerodynamic control surfaces Pitch
Fixed / Variable speed Variable
Diameter of spinner 2.5m
Radial position of #¥] station 1.25m
Extension piece diameter 1.9m
Extension piece drag coefficient 0.8
Cut in windspeed 4m/s
Cut out windspeed 25m/s

t Turbine configuration

Turbine and Rotor Hub

Blade: |

Nominal iotor diameter [20
Potar dismeter [coned) |

Number of blades 3
T awer hieight (HE)
Hub vertical offset (n) (1.5
Total b height (HE]

Elade set angle f
Cone angle [C1 0
T angle (1] O
Overhana (0] 37
Lateral Offset L) 0

Fotational sense Clockwise:

Fotor postion Upwind
Speed Type W ariable

Control sufaces Fitch

Transmission Gearbox

[Eutin windspeed [a
‘Eul-uul windspeed

View tubine Enciypt rotor and hub
aiaphic ;

sppl | Reset [ Mass totaks. Cancel

Fig. 1 Turbine configuration for BLADED
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Table 3 Analysis conditions for design load cases (DLC)
. . . . . . . Number
Design situation DLC Wind condition Other conditions DLC parameters of cases
11 NTM V., <V,., <V, For extrapolation Wind Speed 36
of extreme events Yaw error
1.3 ETM Vuz < thb < Vout Wind Speed 36
Yaw error
1. Power - .
Production 14 ECD Wind Speed 9
’ Vi =V, —2m/s, V., V. +2m/s Yaw error N
Wind Speed
15 | EWS V, <V, <V ., Yaw error 36
Shear direction
Control system Wind Speed
21 | NTM V,, <V,.. <V, .. fault or loss of Yaw error 6
electrical network Grid loss
Protection system Wind Speed
9 Power 99 NTM V,, <V,,, < V.., .fault or precefilng Yawmg 12
. internal electrical Pitch fault
production plus
fault Yaw error
occurrence of fault
External or . Wind Speed
internal electrical
93 EOG fault includi Gust speed o7
: thb V +2I7L/é and Vom auit nciu ng Grid loss
loss of electrical
Yaw error
network
3.2 EOG ngd Spee(? 12
2 v, =V £2m/sandV, ust spee
Yaw error
3. Start up
3.3 EDC D'Win'd Sp}c;ed 12
. thb V +2m/s and Vom irection change
Yaw error
Wind Speed
4. Normal shut 49 EOG Yaw error 7
dowe : Vi =V, £2m/sandV,, gust speed
Shut down time
5. Emergency 51 NTM Vz{.md Sfreerd 9
shut down ’ Viws =V, £2m/s andV,,, aw erro N
Emergency stop
EWM Parked type
6.1 - . 6
50-year recurrence period Yaw error
6. Parked EWM Loss of electrical Parked type
(standing still or 6.2 | _ . network Grid loss 6
o 50-year recurrence period .
idling) connection Yaw error
6.3 EWM V,,, <07 Vﬁf E)ftre.me yaw Parked type %
H ° misalignment Yaw angle
7. Parked and 71 EWM Fault 10
fault condition ' 1-year recurrence period Yaw error
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Table 4 Calculation position for extreme characteristics

Unit Location Types of analysis
1.25m extreme loads
Blade
40m extreme deflection
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-+ Blade Mx  -8-BladeMy —a— BladeMxy = -Blade Mz
—+# Blade Fx —a— Blade Fy Blade Fxy - Blade Fz
7o

0.12 0.172

0.16 )
Turbulence Intensity

Sensitivity of extreme loads at bladel1.25m
radius(1)

——FlapB.M. -m- EdgeB.M FlapS.F.  =x= EdgS.F.

0.12 0.172

0.16
Turbulence Intensity

Sensitivity of extreme loads at blade1.25m
radius(2)

—o—x-deflection =M@= y-deflection

0.12 0.172

0.16
Turbulence Intensity

. 4 Sensitivity of extreme blade tip deflection
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Table 5 Ultimate load with turbulence intensity : blade at 1.25m radius

GHHFAE 012 $F4 = 0.16(IEC IA) GFA= 0172

HN RN TR
Blade Mx | 6.1_a | 8095.9 -9.1 6.1_a 8904.9 - 6.1_f 9390.5 55
Blade My 71 67381 -8.2 714 73401 - 71_h 79205 79
Blade Mxy | 7.1.i 67435 -8.2 714 73436 - 71_h 79604 8.4
Blade Mz 711 2026.8 -12.3 7.1_h 2311 - 7.1_h 2418 4.6
Blade Fx 71_h | 63544 -8.8 71 g 6966.5 - 7.1_h 7428.9 6.6
Blade Fy 711 485.8 -18.4 71 g 595.2 - 7.1_h 72 29.7
Blade Fxy | 7.1_h | 6357.4 -8.8 71 g 6972.3 - 7.1_h 7437.7 6.7
Blade Fz 7.1_h 51715 -9.1 7.1_h 56900 - 7.1_h 59331 4.3

Table 6 Ultimate load with turbulence intensity : blade at 1.25m radius

GFAE 012 @FF72 = 0.16(EC IA) GFAE 0172
Load KNm, % Load kNm, % Load kNm, o
cass kN cass kN cass kN
Flap B.M. 711 67245 -84 711 73435 - 7.1_h 78880 74
Ed
Bﬁe 71h | 70965 | -247 | 71 | 94266 - 71 h 10796 145
Flap SF. 7.1_h 6357.3 -88 71_g 6972.2 - 7.1_h 7411.7 6.3
Edg S.F. 711 438.8 -23.0 71 g 569.8 - 7.1_h 623.5 94
Table 7 Ultimate load with turbulence intensity : blade deflection at 40m radius
GHFAE 012 HHF4%=  0.16(EC IA) GHHFAE 0172
Load m o Load m % Load m o
cass cass cass
x—-deflection 7.1_h 7.2 -6.5 71 g 77 - 7.1_h 7.67 -0.4
y—deflection 6.1_a -6.11 -12.1 6.1_a -6.95 - 6.1_f =761 9.5
Table 8 Equivalent ultimate load with turbulence intensity : blade at 1.25m radius
GHHAE 012 HHF%=  0.16(IEC IA) GHFAE 0172
EQ [kNm, kN] [%] EQ [kNm, kN] [%] EQ [kNm, kN] [%]
EQ_M_max 95672.69 -8 104210.9 - 112687.5 8
EQ_M_min 7594.186 -17 9203.824 - 11184.56 22
EQ_F_max 52492.59 -9 57750.41 - 60260.03 4
EQ_F_min 475.0314 -13 548.1419 - 600.1011 9

12 SH2EfQUOILIX|EHE] =27 Vol. 33, No. 1, 2013
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EQ. EXTREME LOAD AT BLADE
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