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Abstract

The Importance of alternative energy development is becoming greater to
proactively respond to diminishing fossil fuel reserves and increasing
environmental regulations such as the United Nations Framework Convention
on Climate Change. Against this backdrop, the industry for wind power
technology has grown rapidly over the past five years at an average annual
rate of 27.3%. Recently, the average capacity of a wind turbine unit has also
been increasing with the rapid development and penetration of wind power
technology. The increasing capacity of wind turbines has caused operational
load to grow rapidly, creating the technical issue of securing the safety of a
large structure. Korea's domestic wind turbines, however, have been
dependent on advanced countries in core technical as pects of design, load
analysis, and performance systems due to lack of experience and technical
know-how. This thesis was prepared with there cognition of the urgent need
to develop technology and accumulate technical in formation on design and
load analysis of wind power systems in Korea, where the main focus has
been on the development of production technology.

It examined the load analysis process of wind power systems and looked
into the factors that affected ultimate load as a critical element of wind
power system design and development. Since most parts of Korea are
mountainous are as frequently influenced by typhoons, turbulence intensity is
different at different locations. For this reason, data collected from actual sites
across Korea were analyzed to investigate the change in ultimate load on

wind power systems with a change in turbulence intensity.
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This thesis used GH-Bladed, a software package for the design and
certification of wind turbines, certified by Germanischer Lloyd, a German
classification society. Ultimate load was analyzed in the condition of Class 1A
of the international standard IEC 61400-1 3™ edition and characteristics of
ultimate load were compared and analyzed in accordance with turbulence
intensity. Ultimate load analysis was done for each turbulence intensity of 270
design load cases that were independently designed for ultimate load analysis.

The ultimate load analysis results showed almost all ultimate loads at
blades, hub, and tower occurred at both DLC (Design Load Case) 6.1 parked
extreme wind model and DLC 7.1 parked and fault extreme wind model. This
suggested that the wind turbine was affected by a considerable load when it
was In the condition of parked and fault extreme wind model. Turbulence
intensity analysis suggested the greater the intensity, the greater the ultimate
load at the root of blades and the bottom of the tower. At the hub, however,
ultimate moment of some components increased while that of others went
down somewhat, indicating that extreme power increased together with
turbulence intensity.

In conclusion, this thesis identified the relationship between the change in
turbulence intensity and ultimate load on wind turbines, contributing to the

development of wind turbine design technology in Korea.
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NOMENCLATURE

a axial flow induction factor
a tangential flow induction factor
A, Ad rotor swept area

AOO,AW upstream and downstream stream-—tube cross—sectional areas

c blade chord; Weibull scale parameter

C, sectional drag coefficient

C, sectional lift coefficient

Cp power coefficient

Cr thrust coefficient; total cost of wind turbine

D drag force; tower diameter; rotor diameter; flexural rigidity of
plate

L length scale for turbulence (subscripts and superscripts according

to context); lift force
N number of blades; number of time steps per revolution; integer
P static pressure
P aerodynamic power; electrical real (active) power
Q rotor torque; electrical reactive power
r radius of blade element or point on blade; correlation coefficient
between power and wind speed; radius of tubular tower
blade tip radius; ratio of minimum to maximum stress in fatigue
load cycle; electrical resistance
thrust

free stream velocity

w streamwise velocity in the far wake

aerodynamic power; electrical real (active) power

R

T

Us

U,pe annual average wind speed at hub height

U

P

W wind velocity relative to a point on rotating blade; electrical power

loss
A tip speed ratio; latitude; ratio of longitudinal to transverse buckle

half wavelengths

) logarithmic decrement of combined aerodynamic and structural
damping; width of tower shadow deficit region

Q rotational speed of rotor; earth’'s rotational speed

blade solidity; standard deviation; stress

Q
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Fig. 2 Topographical distribution at Hansu and Taebak
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Fig. 3 Turbulence distribution at 60m at Hansu and Taebak
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Table 2 General characteristics of rotor and turbine

Rotor diameter
Number of blades
Teeter hinge
Hub height
Offset of hub to side of tower centre
Tower height
Tilt angle of rotor to horizontal
Cone angle of rotor

Blade set angle
Rotor overhang
Rotational sense of rotor, viewed from
Position of rotor relative to tower
Aerodynamic control surfaces

Fixed / Variable speed
Diameter of spinner
Radial position of root station
Extension piece diameter
Extension piece drag coefficient
Cut in windspeed
Cut out windspeed

upwind

80 | m
3| ea
No | -
615 | m
0| m
60 | m
4| deg
0| deg
0| deg
37| m
Clockwise | -
Upwind | -
Pitch | -
Variable | —
25| m
1.25 | m
19 | m
08| -
4 | m/s
25 | m/s

Table 3 Blade geometry

Collection @ jeju

Distance  Chord Twist Thickness Pitch Axis Aerodyn- Aerofoil
from root (m) (deg) (% chord) (% chord) amic section

(m) control  reference
0.00 2.0667 13.00 100.0 50.00 Pitchable 1.000
1.148 2.0667 13.00 100.0 50.00 Pitchable 1.000
3.444 2.7556 13.00 64.0 38.00 Pitchable 1.000
5.741 3.4444 13.00 40.0 29.00 Pitchable 1.000
9.185 3.4444 11.00 30.0 29.00 Pitchable 1.000
16.074 2.7556 7.80 22.0 29.00 Pitchable 1.000
26.407 1.837 3.30 15.0 29.00 Pitchable 1.000
35.593 1.1482 0.30 115 29.00 Pitchable 1.000
38.233 0.6889 2.75 11.0 29.00 Pitchable 1.000
38.75 0.0287 4.00 11.0 29.00 Pitchable 1.000

—_ 16 —_




Table 4 Blade mass distribution

Distance from root Centre of Mass Mass/unit length
(m) (% chord) (kg/m)
0.00 50.00 1084.77
1.148 50.00 369.81
3.444 38.00 277.36
5.741 29.00 234.21
9.185 29.00 209.56
16.074 29.00 172.58
26.407 29.00 103.55
35.593 29.00 55.47
38.233 29.00 40.68

Table 5 Blade stiffness distribution

Radial Position Stiffness about Chord Stiffness perpendicular
(m) Line to
(Nm?) Chord Line (Nm?)
0.00 7.472E+09 7472E+09
1.148 2.433E+09 2.607E+09
3.444 1.408E+09 2.085E+09
5.741 8.341E+08 1.425E+09
9.185 5.561E+08 1.286E+09
16.074 2.085E+08 5.648E+08
26.407 2.954E+07 1.216E+08
35.593 2.259E+06 2.433E+07
38.233 1.1382E+05 4518E+06
38.75 3.128E+03 8.1675E+03

Table 6 Hub mass and inertia

Mass of hub 14000 kg

Mass centre of hub 0 m

Inertia of hub about LSS 12000 kgm?

Total Rotor Mass 33640.2 kg

Total Rotor Inertia 6.029E+06 kgm?
—_ 1 7 —_
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Table 7 Tower details

Station Height Diameter Mass/unit length Stiffness
Number (m) (m) (kg/m) (Nm?)
1.000 -15.00 3.500 2935.71 2.46E+11
2.000 15.00 3.1923 2214.09 1.43E+11
3.000 35.00 2.8846 1492.47 7.81E+10
4.000 50.00 2.7308 1131.66 5.65E+10
5.000 60.00 2.600 824.97 4.22E+10
Table 8 Drive train
Gearbox ratio 83.33
Generator inertia 60 kgm?
Position of shaft brake High speed shaft (Gearbox End)
Low speed shaft Flexible
Low speed shaft torsional stiffness 1.6E+08 Nm/rad
Low speed shaft torsional damping 1.E+07 Nms/rad
High speed shaft Stiff

312 A71H AA A<

Table 9 Generator characteristics

Hola glom, 4 A&

A &4 FXAE Table 10 B Table 11914 X

Generator model

Power electronics time constant
Maximum generator torque
Minimum generator torque
Phase Angle

Variable  Speed
0 s
14400 Nm
0 Nm

0 deg

Table 10 Mechanical loss torque(kNm, referred to low speed shaft)

Low speed shaft torque
0.0
960.0
1280.0

(KNm)

Loss torque (kKNm)
23.00
37.00
49.00

@ jeju
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Table 11 Electrical losses

No load power loss 0 kW
Efficiency B %

Table 12014 2MWH S ddA]2H o] = AEAIEY A
Hel 54¢ molm e, ol AR/ urke AYH Ase
A ALY WA 7] HEEAS W sty] % AAREA o] &HT
Table 12 Electrical network

Network voltage 11000 V

Connecting line resistance 0 ohms/phase

Connecting line inductance 0 ohms/phase

Network resistance 0.01 ohms/phase

Network inductance 0.01 ohms/phase

Total number of turbines 1

Collection @ jeju
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3.13 st HEA

Mol A o] &d HEA= GLO #HFEAE AHEsEAHh vl Fig. 5ol+=

selol= st Wl A&5s AmAE Hola e, Fig. 6014 s

7B Edol=

XB : ZBell 45k, e WM& B B BhY it ($ 3d Ea

Fig. 5 Coordinate System for the Rotating Blade Loads
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Fig. 7 Coordinate System for the Tower Loads
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Table 13 . Basic parameter for wind turbine classes
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3221 B FT&=xA

3.2.2.1.1 45X (Wind Speed Distribution)

A9 107 HieHe A a5 Ads fstel #deE  #E(Rayleigh
distribution)®] W2tlz 7}A S} o] AL F B oo dojAle] FERYE= U}
& Hom Folznk

‘P(R)<thb>:1_exp[ (thb/2 ave) ] (22)

Oq ] /\1 Vave 0.2 ‘/mf

3.2.2.1.2 A F& 79 Z g (Normal Wind Profile model : NWP)
&S AGHFHY Eo] z9 IFE eI FHOoZ A,

V(Z> = thb(i) (23)

4714, A5 A A% a 022 7+

3.2.2.1.3 A dF 29 (Normal Turbulence Model : NTM)
Aadw BEdoA, dF ZTHAR U o2 TR sHEolo FTEofA

90%°] 23 FES 7FAk 8, v Aol s Fof Hrt

o, =1,0.75V,,+b) ; b=56m/s (24)
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Fig. 8 Turbulence standard deviation for the normal turbulence model(NTM)
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0.11
Vs0(2) = 1'4Vref(z—) (25)

‘/el (Z) =0.8 ‘/650 (Z) (26)

AZNM Z,,= THLAA L] S| B oo, Sk b= £15°= 7GR

L \01

Voo (2) = Vref(—) (27)
Zhub

‘/el (Z) :08‘/50(2) (28)

o, =0.11V,,, (29)
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s
i
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r

i

ol

o
H

N
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rir

v

dlo

o

1
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o
of

ne
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S

32,

v

Vst = *7\41'71{1.35(1/61 — thb); 33{01)} (30)

oJ714, D& @A gHolH, 4,
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=
=il
)
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o)
&
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A= {0.72, z< 60moa][q1}
42m, z = 60m L )

ojul, T b= Aol o Howrt

V(zt) = {V(z)—0.37unstsin(37rt/T)(1—cos @nrt/T),0<t<T } (31)
V(z) ‘ A<O0Ht>T,

o714, Viz)e A4 FL8 29 (Normal Wind Profile model : NWP)ol| A

=
Aolw a1, T=10.5sec ©|t}.

32223 S ¢FE2(ETM)

S ARRDe P4 ¥ PARA PIsh, FUE UF EFEAdE o
&3} o] QoA
‘/ave thb
2I7€,f 0.072 . —414+10 (32)
3.2.224 5% FFHIEDC)
=% FAdWste] A7) 0,2 o AR AT Utk
01
0 (t) =%4arctan (33)

e

o]

o714, 0. £180°9] MAHE AFHH, 4,2 S =F(EOG)NA Azl

4R AEAS DE HA4A4elt HE G FFUS 005 ohg A4 2
o7t}
— 28 —
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0°
(34)

Sg FPUsE 2
Vg =15m/s (35)
Exe pAAe] oa Ao
V(z) t<0
Viz)+V, t<T
o 714, WAz T+ 10x0] 55 V)= AY 578 R (NWP)of A
Holol TAlof] s FIF Wt

o)z}
27) 0, & theel BANoR Fel g
180 Vo <4m/s
0(‘9<thb) 720‘/77?//5 4 /S < Vh y < ‘/Tef (37)
hub
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0° t<0
0(t)=4%0.50,,(1—cos(nt/T)) 0<t<T (38)
+0, t<T

o 7|4, M3F7] T 10sec®E 3o},

Vizt)= Fhub N
thb( z ) t<0%t>T
Zhub
(39)

« 1/4
thb( & ) i(i)(2.5+0.2ﬁal(—D) )(1—005(2_7”5)) Vi<

Zhub D Ay T
Vizt)= (40)

thb( z ) t<0%t>T

A71A, av 0.2, fE 64, TE 12sec, A;> SFHEA Tl D 343 4

3.2.3 71} 873 =ZA(Other Environmental Conditions)

1oyl s oo & AN SAdxAL a3 2k
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— Alz=gle] A4 FAE F9 =R -10°C T +40°C

— Ad F% : 95% o] 3}

— 295 A FE REF AR

— B %o AALEF : 1,000W/m’

— 37 ¥% : 1225 kg/m’

— 71e} AME o FEed 2 AEAEY 20 [EC 64100-1 F=
_ 31 -
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3.3 A4 3% ZA(Design Load Case)
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=
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=

2 o % A9
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Table 14 Design load case (DLC)

H B
sy |
aAgd | DLC | ¥4/%% 27 ez | A
U Ax
Se4T
11 NTM ‘/'/'u < ‘/hub < ‘/ouf 9) N
| ’ s
12 NTM ‘/'/',u < ‘/hub < ‘/out F *
1%%1 1.3 ETM ‘/'/',u < ‘/]sz < ‘/out U N
14 ECD V,,,=V.—2m/s, V., V. +2m/s U N
1.5 EWS ‘/'/',u < ‘/hub < ‘/out U N
21 NTM V/',u < ‘/hub < ‘/out 11101 Xo]—j] al /Xc')] %j U N
WA
2.2 NTM ‘/'/'u < ‘/]1 ub < ‘/out ° ] 9) A
2849 % ' e d7)an
A 2 A E=
agEA 123 | EOG V,,, =V, +2m/sandV,,, S I U A
hub T out B Xo]—x] —T’—~Xo]—
2 7 ‘»713 A 3
24 NTM ‘/'/'u < ‘/]1 ub < ‘/ouf o ]O% F *
/ ’ L b e S e
3.1 NWP ‘/'/',u < ‘/]sz < ‘/out F *
3~}\] JJO—: 3.2 EOG ‘/]1 ub ‘/r + 277]‘/8 and ‘/out U N
33 | EDC V,,, =V, +2m/sandV,, U N
4.1 NwP ‘/'/'u < ‘/]sz < ‘/ouf F *
447478 A ' :
42 | BOG V=V, £2m/sandV,,, vu_|IN
5.8] 44 =) 5.1 NTM V,,, =V, £2m/sandV, , U N
6.1 EWM V, ., = Vs u N
bXC—)] ;q BE'E_ 62 EWM hub = ‘/f’5“ Xc—)] %j U A
%L ;] %j 6.3 EWM ‘/hub = ‘/f’l :"'Lél— B_-OI—Z}‘ U N
6.4 NTM ‘/hub <07‘/fo F *
A= =
734 = 7.1 EWM V,,, =V, U N
gy
8%, =9, |81 | NTM A=A 44 U T
XC’)H:]] L;% _/’:a] 8.2 EWM hub ‘/f’l U A
Table 15 Partial safety factor for leads
T % o 3 ot o0
/g 74] }\O]—EH (Table 16) o= Al 74]
- =
8 (N) o] &(A) T& 2 AT
1.35 1.1 1.5 0.9
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331 3F £ 4

St S e ARAA sF slAe] A& AAst ek gt
ey olol tiafM = 7] A Ql Abakel] tiefA Wt Table 149t #o] IEC 61400-1
oA AalA A7 witel, AF-A sk Fe AA st A AHLS A
Al Al st sl Aol A mlg F2E ARGEe]l HTh o 7]el A 2MWH FEA
o SN & el AdFHo ok = 27071K 9] sFxA 9] HA)

3311 DLC 1.1(ZRGF=AY A4EHd T &% 24

FTES NIMOZA Hit F52 Als F5 dm/sol Al BA T4 25m/s7h
A 2m/s A SR ef9lal 322139M AH NTMER o3 £33 G774
T 344%°1 4 15584% 7k A &2 2b2 AAR T Eal 7]E 230 2o RE
7 A 8 ¢ QJomAE bl & 93-S Fv 4% 2AHyaw erron)®E
A AR, A2 -10°, 0° B 1002 AAE . weks] DLC 1.1& 36744 ¢
st o= AAEY DLC 119 3iAS 98 A4¥d dHELNTM :
Vinean =12m/s, TI= 19.4667%)2 th<] Fig. 103 2t}

S|

3.312 DLC 1.3(33¢F 224% ARLA F 2% 24

42 ETMO2A Hit F£5L cut in 59 4dm/sollA cut out 5
25m/s7HA 2m/s FA SR Sl 32223004 AF3 ETME 2o o) Fuhak
WFAEE 70.784%1 4 19.0669%7FA1 = Zbzb AR Eal 7)E 2o
DLC 117 &d3sA 2% A (yaw error)ZA AdA3se] DLC 1.3% % 36714
o] 5 o= AA skt DLC 1.39 4SS s AdYE dHFEL(ETM -
Vinean =25m/s, TI= 19.0669%)2 tF&<] Fig. 119} 2t}

N off
o,
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Longitudinal Wind Spead [m/s]

Longitudinal Wind Speed from f:¥result gh bladed¥wind data®¥wind12
ms. wnd

20—+

9 :
=100 0

time [s]

Fig. 10 Longitudinal turbulence wind flow for DLC 1.1

Longitudinal Wind Spead [m/s]

401~

30—

Longitudinal Wind Speed from f:¥result gh bladed¥wind data®¥wind25b
ms. wnd

1}
=100 0

Fig. 11 Longitudinal turbulence wind flow for DLC 1.3

3.3.1.3 DLC 1.4(F

12m/s o2 Astgar

ol s =Fe A7

FTE5S ECDEA

& .3 F9s 24 3L T &5 A

e FE5S AAFTEHA 12m/s9 +2m/sok AE F5

EF A7)0 F5 WA 32225004 A5 ECD
o} AI7HS 156m/s2EA 1023+ ®ist2 AAER, T



W3l A 32225004 e ECDE| <& 72°, 60° % 51.429°% 10%3+e]
w2 AAFEAT ECDY A5 57 FF¢] Al wgsts do] JH=
A g9l Fig. 12014 43 S&9 Wss Holau girh &d e o=
DLC 113 sdstA &% 2x}(yaw error) 24 A 3ol DLC 149+ % 97}
¢ a5 zHer AAsATH

Transient conditions Transient conditions

Longitudinal Wind Speed [m/s]
Wind Direction [

-5 -4 2 0 2 4 6 8 10 12 14 16 -5 0 5 10 15

time [s] time [s]

Fig. 12 Wind speed and wind direction for DLC 1.4

3.31.4 DLC 15(9 =X 237 ZAFEHA F 29 23)
L2 EWSEA Hit £5L2 cut in 59 4dm/sol A cut out 42 25m/s

THAl dm/s FA SR Eal 3222604 AFE EWSHEdo] o] Ao

—

1223y zv2y A B w Agetw, FAWeEy 43 Wkl ois)A
9.138m/sell A 16.717m/s7v A 2+2F A AlSk3ith. Fig. 13914 DLC 155 9la 44
H AWk (vertical direction) Y=Alo](wind shear : Vhub=12m/s, shear =
12025)5 ®ola Sl=d E7/i7F S ¥&Fd w 27h & AHAM e S5 =
Folol Ao F&, GINE ol WE A W 2 & AFANA Y FEHUNY Ao E
Bola Ayt 7]e} 2o ® DLC 113 543A 2% 23 (yaw error)=A A
skl DLC 15914+ & 3671419 a5 oz AA AT
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Transient conditions

/ time series at (0,
61.5)

~ time series at (0,
21.5)

Longitudinal Wind Speed [m/s]

~ time series at (0,
1018

time [s]

Fig. 13 Wind shear for DLC 1.5

ol
ol
38
K
2
N}
o
=
w
=2,
>,
re
il
rot
Z,
—
=
el
e,
9
Lo,
%
o\
ok
0%t
e
u
o
ol
rlr
=
=
—
=~
[@))
X
o

vl ol olelg Fwa A
1800rpm< Fo] 1980rpm & W ol & #Asta 1% F B AeFAF 2-sdt
of ABHE 2Ro AANAL MAAFIAE THGHA AFoR W7

S 12°/secE 90°7}A] WA A AlsstA AAEAL, 7l 2HS 2 DLC 1.13%

FAdEA &% A (yaw error)EA] AAEe] DLC 2.10M = & 671A 9 3F5
z702 AA s th

3.3.16 DLC 223 Y& =347 AFEA B3R 1%)

ofN

o
I
Rl
ol

o
h

_37_

Collection @ jeju



©
o

Ao o mA|Zto] 2% ;A Eefgle] o] & A3}
stes Atk 7lek 2xo® DLC 113 Fd3tA 29 23Hyaw
error) 241 AAste] DLC 220014 = & 127k 9] AA =1 o= A3

i AlE A 7F

1_,

>

i
off

3317 DLC 2.3(&3 &A% AZH T A71ZA 13)
452 EODSo2A Hit THL AAZFE 12m/s9 +£2m/s¢} cut out F5<U
25m/se. 2 AstA 2
5.81m/sell 4l 10.87F#] 10.
B39 A77r AAA EFAH F 25 4
g BFol AV AUyt I 5% ¥ w A7) AR ;o] wHAEE A
o2 AAEAL a9 Fig. 14914 EOD B9 =3 E30] Hol¥E EFS
Bola it} 7Ef 2H o2 DLC 1.1¥% FdaA 2% 23 (yvaw error) 24 A
skl DLC 2394+ & 2771419 85 oz AA AT

Transient conditions

40

K

20—

Longitudinal Wind Speed [m/s]

0 j ! |
5 0 5 10 15

time 5]

Fig. 14 Longitubinal transient wind speed for DLC 2.3

3.31.8 DLC 3.2(E% Z3FH A¥)
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EOGRYRA %7] £%£& AF53EEHQ dm/s, 44 F%9 +2m/s2 10m/s %
ldm/set AA F5Q 26m/sE AFeal 3.2.222004 Fed EOGEHol o3
=39 A7+ 41m/s, 6.246m/s, 7.676m/s 1211 10.8m/s7kA 10.5%7F ¥ s}st
= Aow A 116lm/s=A 10523 Wetste 2oz A7 w3tk 78 =14
o2 DLC 11¥ TY3A &% 2xHyaw error)ZA] AA3Fo] DLC 32904 &
F 1274419 8% Ao AAFAL.

3319 DLC 3.3(F%¥ =& W3 =13 A¥)

EDCRH] F& RAZA 27] F52 AFFEQA dm/s, B4 F59 £2m/s

d

2 10m/s 2 14m/s¢F AA F4 26m/s= AL 32224004 AHel¥E EDC
o s FFe] Wsle]l A7) = 64.469°, 39.942°, 35.144° X 29.832°=A 6%
7F WsletE Aoz AAsgtE e Fig. 15914 EDC R 2 (V=25, Direction
change = 29.832°)& YElaL itk 7|8k 212 DLC 113 SdstA 29 &
ZHyaw error)ZA4 A3l DLC 3394 & 127149 35 Aoz A S

At

-

Transient conditions
30—

25—

Wind Direction [

| | |
0 ] 1 I
-5 0 3 10 15

time [s]

Fig. 15 Extreme direction change for DLC 3.3
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3.3.1.10 DLC 42(B% =

F42 EODCo2A Ht T4 AAFEA 12m/s9 +2m/s¢} cut out F5<
25m/so.® At 3222204 Aed EOGEH o =F9 A7|=
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T 4% 3 %] 77 HUvb He 52 A W AN AAUE HE e
AAsATE 718 =A% DLC 113 84 2% 2 2Hyaw error)E24] AA
skl DLC 42014 & 2771419 ot oz AA st
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DLC 2.1, DLC 2.2, DLC 2.3, DLC 3.2, DLC 3.3, DLC 4.2, DLC 5.1, DLC 6.1,
)

Table 16, Table 17, Table 18, Table 19, Table 20, Table 21, Table 22, Table
23, Table 24, Table 25, Table 26, Table 27, Table 28, Table 29 % Table 303}
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Table 16 Analysis condition for DLC 1.1

A A8l 5 Z7A (Design Load Case, DLC) 1.1

= =27 Power production

=& x4 Normal Turbulence Model(NTM) Vin < Vi < Vout

718} 24: For extrapolation of extreme event

A Z7: Ultimate

FE o Al S Normal

Az A A o

DLC Mean Wind Speed Long. TI Lat. TI Yaw error

Vert. TI (%)

1.1 (m/s) (%) (%) (deg)
a -10
b 4 34.4 24.08 17.2 0
c 10
d -10
e 6 26.9333 18.8533 13.4667 0
f 10
g -10
h 8 23.2 16.24 11.6 0
i 10
] -10
k 10 20.96 14.672 10.48 0
1 10
m -10
n 12 19.4667 13.6267 9.73333 0
0 10
D -10
a 14 184 12.88 9.2 0
r 10
s -10
t 16 17.6 12.32 8.8 0
u 10
v -10
W 18 16.9778 11.8844 8.48889 0
X 10
y -10
z 20 16.48 11.536 8.24 0
aa 10
ab -10
ac 22 16.0727 11.2509 8.03636 0
ad 10
ae -10
af 24 15.7333 11.0133 7.86667 0
ag 10
ah -10
ai 25 15.584 10.9088 7.792 0
aj 10

71€} : IEC Class IA
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Table 17 Analysis condition for DLC 1.3

i1
p-)
oy
N

A (Design Load Case, DLC) 1.3

Power production
Extreme Turbulence Model(ETM) Vin < Vi < Vout

BB BN RN
P AL AP

Ultimate
Normal

S A U PR
Y
i

N e

O 4 o N, o Mo
o
ox

A A 9t

-}
=

C Mean Wind Speed Long. TI Lat. TI Vert. TI Yaw error
(m/s) (%) (%) (%) (deg)

_.
w

-10

4 70.784 56.6272

o
A
w
%)
e}

0

10

-10

6 50.2613 40.2091 25.1307 0

10

-10

8 40 32 20 0

10

-10

10 33.8432 27.0746 16.9216 0

10

-10

12 29.7387 23.7909 14.8693 0

10

-10

14 26.8069 21.4455 13.4034 0

10

-10

16 24.608 19.6864 12.304 0

10

-10

18 22.8978 22.8978 18.3182 0

%<l |r|o v lalo o |5 |8 |[—|F ||~ |5 K|~ | x|o ||

10

-10

<

20 21.5296 17.2237 10.7648 0

N

10

job]
QO

o
o

-10

22 20.4102 16.3282 10.2051 0

job)
o

job)
o

10

-10

job]
[¢)

job)
=iy

24 19.4773 15.5819 9.73867 0

10

o
mQ

o
(=

-10

25 19.0669 15.2535 9.53344 0

1=

aj 10

7] E} : IEC Class IA
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Table 18 Analysis condition for DLC 1.4

A A8l 5 Z A (Design Load Case, DLC) 1.4

= =27 Power production

T _ Extreme Coherent Gust with Direction Change(ECD) Viw, =

= a4l
K V.-2m/s, Vi, Vi+2m/s

71ek =2 -

A Z 7 Ultimate

FE b Al Normal

A =71 A7 e

. . Gust and
Initial Wind . . . . .

DLC Speed Gust Magnitude Direction Direction Change | Yaw error

14 pee (m/s) Change (deg) Rise Time (deg)
(m/s)
(sec)
a -10
b 10 15 72 10 0
c 10
d -10
e 12 15 60 10 0
f 10
g -10
h 14 15 51.429 10 0
i 10
71€} : IEC Class IA

@ jeju
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Table 19 Analysis condition for DLC 1.5

@ jeju

A A 315 Z A (Design Load Case, DLC) 1.5

= =27 Power production

&5 A Extreme Wind Shear(EWS) Vin < Viw < Vo

71EF 27 -

A Z7: Ultimate

FEFHAS: Normal

Az A Shear Time Period = 12 sec

DLC Mean Wind Speed . . Shear Mgnitude Yaw error
15 (m/s) Shear Direction (m/s) (deg)
a -10
b Vertical 9.138 0
c 10
d 4 -10
e Horizontal 9.138 0
f 10
g -10
h Vertical 10.582 0
i 10
j 8 -10
k Horizontal 10.582 0
1 10
m -10
n Vertical 12.025 0
0 10
5 12 10
q Horizontal 12.025 0
r 10
S -10
t Vertical 13.469 0
u . 10
v 16 -10
W Horizontal 13.469 0
X 10
y -10
z Vertical 14.913 0
aa 10
ab 20 -10
ac Horizontal 14913 0
ad 10
ae -10
af Vertical 16.717 0
ag _ 10
ah » 10
ai Horizontal 16.717 0
aj 10

71} : IEC Class IA
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Table 20 Analysis condition for DLC 2.1

A A8l 5 Z7A (Design Load Case, DLC) 2.1

*Hd =4 Power production +pccurrence of fault

=& x4 Normal Turbulence Model(NTM) Vin < Vi < Vout

71} 24 Control system fault or loss of electrical network

A Z7: Ultimate

F5okA Al S Normal

Az A

Mean Wind
DLC Long. TI Lat. TI Yaw error
Fault Speed Vert. TI (%)
2.1 (%) (%) (deg)
(m/s)

a -10
b 12 19.4667 13.6267 9.73333 0
c Grid 10
d loss -10
e 25 15.584 10.9088 7.792 0
f 10

71€} @ IEC Class IA

Table 21 Analysis condition for DLC 2.2

@ jeju

A A 815 Z 7 (Design Load Case, DLC) 2.2

*d =4 Power production +pccurrence of fault

& x4 Normal Turbulence Model(NTM) Vi, < Viw < Vou

e 2A: ProtecFion -system or -

preceding internal electrical fault

;A=A Ultimate

2ot Al 4 Abnormal

A=z Al

Mean Wind
DLC Long. TI Yaw error
Fault Speed Lat. TI (%) | Vert. TI (%)
2.2 (%) (deg)
(m/s)
a -10
b 12 19.4667 13.6267 9.73333 0
c s 10
d yawing 10
e 25 15.584 10.9088 7.792 0
f 10
g -10
h 12 19.4667 13.6267 9.73333 0
i pitch 10
j fault -10
k 25 15.584 10.9088 7.792 0
1 10
71€} : IEC Class IA
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Table 22 Analysis condition for DLC 2.3

A A8l 5 Z7A (Design Load Case, DLC) 2.3

*Hd =4 Power production +pccurrence of fault
=& %74 Extreme Operating Gust(EOG) Viw=V:£2m/s and Vout
External or internal electrical fault
71e}F =4
including loss of electrical network

A Z 7 Ultimate

F5 oA Al S Abnormal

A2 A e

DLC Mean Wind Speed Gust Gust Time Loss Time Yaw error
2.3 (m/s) (m/s) (sec) (sec) (deg)
a -10
b toust2.5 0
c 10
d -10
e 10 5.81 10.5 toust T4 0
f 10
g -10
h tgusttD.0 0
i 10
i -10
k tgustt2.D 0
1 10
m -10
n 7.141 105 tous 4 0
0 14 10
D -10
q tusttD.0 0
r 10
s -10
t tgustt2.D 0
u 10
v -10
W 25 10.8 10.5 toust T4 0
X 10
y -10
z toust+5.0 0
aa 10

7] E} @ IEC Class IA
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Table 23 Analysis condition for DLC 3.2

A A8l 5 Z A (Design Load Case, DLC) 3.2

*Hd =4 Start up

%5 24 Extreme Operating Gust(EOG) Viuw=Vin V:£2m/s and Vou

71} =7

A Z7: Ultimate

F5okA Al S Normal

Az A A o

DLC Mean Wind Speed Gust Gust Time Yaw error
3.2 (m/s) (m/s) (sec) (deg)
a -10
b 4 3.814 10.5 0
c 10
d -10
e 10 5.81 10.5 0
f 10
g -10
h 14 7.141 10.5 0
i 10
i 10
k 25 10.8 10.5 0
1 10

7]E} : IEC Class IA

Table 24 Analysis condition for DLC 3.3

A A8l 5 Z7A (Design Load Case, DLC) 3.3

*H =4 Start up

& 24 Extreme Direction Change(EDC) Vyw=Vin Vi*2m/s and Vy

71EF 27

A Z 7 Ultimate

FEokA Al S Normal

Az g A9

DLC Mean Wind Speed Direction Change Change Time Yaw error
3.3 (m/s) (°) (sec) (deg)
a -10
b 4 64.469 6 0
c 10
d -10
e 10 39.942 6 0
f 10
g -10
h 14 35.144 6 0
i 10
i -10
k 25 29.832 6 0
1 10

71€} : IEC Class IA
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Table 25 Analysis condition for DLC 4.2

S A U PR

N e

O 4 o N, o Mo
o
ox

i1
Y
oy
N

BB BN RN
P AL AP

Ultimate
Normal

3
R

A <)

A (Design Load Case, DLC) 4.2

Normal Shut Dawn
Extreme Operating Gust(EOG) Viw=V:=2m/s and Vout

DLC

i
to

Mean Wind Speed
(m/s)

Gust
(m/s)

Gust Time

(sec)

Shut Down
Time

(sec)

Yaw error
(deg)

10

toustT2.5

-10

0
10

tgust+4

-10

0

10

toust 0.0

-10

0

10

14

7.141

toust 2.5

-10

0

10

tgust+4

-10

0

10

tgustt0.0

-10

0

10

®|gld|g | |w|rlalo|o|s |8 |—|F|—|—|zm =0 |a|o o

<

N

aa

10.8

toust 2.5

-10

0

10

tgust+4

-10

0

10

tgustt0.0

-10

0

10

71€} : IEC Class IA
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Table 26 Analysis condition for DLC 5.1

(Design Load Case, DLC) 5.1

i1
Y
oy
N
oY,

Emergency Shut Down
Normal Wind Profile V= V:£2m/s and Vou

Sz 9 N ofy Mo
S A U PR
PRI N
[ )

Ultimate
QLA Al 4= Normal
23 ZAA e
DLC Mean Wind Speed T Yaw error
5.1 (m/s) e (deg)
a -10
b 10 H| 2912 25 0
c 10
d -10
e 14 H 2~ 914 25 0
f 10
g -10
h 25 H| 2912 25 0
i 10

71€} : IEC Class IA

Table 27 Analysis condition for DLC 6.1

A A8l 5 Z7A (Design Load Case, DLC) 6.1
s | Parked(standing still or idling)
z4& 27 Extreme Wind Model(EWM) Vyp,=50years recur. period
71eF =4
2 =A Ultimate
e i 2| R Normal
Az A
DLC Mean Wind Speed Yaw error
. Type
6.1 (m/s) (deg)
a -10
b 50 Standing still 0
c 10
d -10
e 50 idling 0
f 10
71€} : IEC Class IA
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Table 28 Analysis condition for DLC 6.2

(Design Load Case, DLC) 6.2

i1
p-)
oy
N
oY,

Parked(standing still or idling)
Extreme Wind Model(EWM) Vipw=50years recur. period
Loss of electrical network connection

BB BN RN
P AL AP

S o N off o
S A L PR

Ultimate
QHA Al Abnormal
2l 4
DLC Mean Wind Speed Yaw error
. Type
6.2 (m/s) (deg)
a -10
b 50 Standing still 0
c 10
d -10
e 50 idling 0
f 10

71€} : IEC Class IA
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Table 29 Analysis condition for DLC 6.3

i1
Y
oy
N

S A L PR
BRI
[ )

N e

O o N, off Mo
o
ox

>
i

A (Design Load Case, DLC) 6.3

Parked(standing still or idling)

Extreme Wind Model(EWM) Vyuw=lyears recur. period

Extreme yaw error
Ultimate

Normal
A7 9t

-}
=

C

o
w

Mean Wind Speed

Ty
(m/s) ype

Yaw error
(deg)

SR (0|0 |T

—

e

40 Standing still

-180

-150

-120

-90

-60

-30

0

30

60

90

120

150

180

% |g < g |cln|rlalo|o|s |8

<

VA

idlin,
2 o

-180

-150

-120

-90

-60

-30

30

60

90

120

150

180

71€} : IEC Class IA
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Table 30 Analysis condition for DLC 7.1

@ jeju

A A8l 5 Z7A (Design Load Case, DLC) 7.1

*d =4 Parked(standing still or idling)

& 27 Extreme Wind Model(EWM) Viw=Ver

718} 24:

A FA: Ultimate

FE P Al Abnormal

42 A

DLC Mean Wind Speed Yaw error

Fault

7.1 (m/s) (deg)
a -10
b 40 Blade 1 -2° 0
c 10
d -10
e 40 Blade 1 and 2 -2° 0
f 10
g -10
h 40 All Blade -2° 0
i 10
j 40 Yawing 5°/sec 0

7]€} : IEC Class IA
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V. EF0AN2Y FERF A

vl

2.3, DLC 32, DLC 3.3, DLC 4.2, DLC 51, DLC 6.1, DLC 62, DLC 63, %
DLC 7.0l sl =3 stz& sidstitt. =3 st 7lak 4& thael Table

oftl

31l A yEbd A 3ol diste] Tl T ALY Fo A 84 T

NAE 74 2 FFol Agate AP APy

Table 31 Calculation position for extreme characteristics

T8 84 21X A =
1.25m extreme loads
Blade .
40m extreme deflection
Om extreme loads
Tower .
60m extreme deflection

Ao =Y 1.26me] A7

12 e A4 8F

o,
b ol
B>

2713 I #XE Table 3204 Holil, FF9 FAHOZHE 1.256me] A4
A E#o]=9 flapwise W3 edgewise W] wly X ulE (bending moment)
9} A& (share force)S Table 3394 Holal Qt}. 18]al Egol= Eue] WA

_54_
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Table 32014 A=A 714 =& =3 EWEE DLC 7.1i¢ Mxy=EA]
73436kNme] =3 ZWlEZE Hola tl. DLC 7.1i¢ A4 35 %7<¢ EWM

o} o] d¥ o] Edol=e] whA 5
DLC 6.1a9] Mx, DLC 7.1i9 My Mxy 2 DLC 6.3y2 Mz Alztel o)st
32 Fig. 16014 ®ola gt}

Blade station radius =1.25 m
/7 '6.1a Blade / '7.11 Blade 1 7 de / '6.3y Blade 1
1 Mx My Mz

40000 |

[kNm1
@ =
3 =4
8 =4
= ——
=
_-—
e —B
= ===
—_—
r‘i" 4
o —
———
—
— e
M

30000——

20000——

10000+

-10000 | | | | | |
0 100 200 300 400 500 600

Time [¢]

Fig. 16 Extreme moments at blade radius 1.25m

Table 32914 A=A 7M =2 =3+ d(force)> DLC 7.1he Fz=A]
56900kN 9] =3k 3l(force)E Holal 9tl. DLC 7.1he] AA st 7 94

EWM S&R2deA 1d F7]o 3 2 As= A4 7o T 56m/sollA &

_55_
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Fig. 174 Ho]al Qlt},

Blade station radius =1.25 m
# Bun'71g9 ~ Bun'7l1g #Z Bun'7.1g@  # Bun'7.1h
Blade 1 Fx Blade 1 Fy Slade 1 Fs Blade 1 Fz

60000—
50000——

40000——

[kh]

30000—-

20000

10000——

1oy | | | | | |

Time [s]

Fig. 17 Extreme forces at blade radius 1.25m

Table 33°1A] flapwise 33 edgewise WaFo A 2A 714 =& =3
Wl 2 E(bending moment)< DLC 7.1i¢} DLC 7.1golA Z+Zt 73435kNm 2
9426.6kNm<] =3t Wiy %2l E (bending moment)E Ho]lil Qt}. flapwise W3
¥ edgewise W A=A 7MY =2 3 A= (share force)= DLC
T1gel Al Z+7F 6972.2kN % 569.8kNe] =3+ A= (share force)S Holal St
ot o] Edlo]l=o] W 1.26melA AiHow & FES ®ola A= DLC
o] Alzkell tigk W3S Fig. 1804 Helar 9t}

Table 34014 Edol= 4o WS 7P AA st A st 243 2

[0

A71E

5

Algtal 9l=dl DLC 7.1golA +3&o s 77m= =LA WHaes AS &
T Adrh =dolE Aol WMel= BReloke] Aol <dold
AA AR XUEe] Sdol= Ede] W] WEtEs Aol daE tha¢] Fig.

19914 YER AL Qe

-+
i
ofy
ko
b
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Blade station radius =1.25 m

Z ‘711 Bladel ~ '7.1 g Blade # '7.1 g’ Blade
flapwize 1 edgewise 1 edgewise
bending bending shear force
morment moment [kn]

[kMm] [knm]

S0000

70000

10000
- sda v b
-10000 | } | | | |
0 100 200 300 400 500 600

Tirme [s]

Fig. 18 Extreme bending moments and share forces at

[l

Blade 1 x-deflection

blade radius 1.25m

Blade station radius =40 m

Tib——

|
40 i I 1 1

Time [s]

Fig. 19 Extreme deflection at blade radius 40m
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Table 32 Ultimate loads :

Blade at 1.25m radius(1)

@ jeju

Blade Mx | Blade My | Blade Mxy | Blade Mz | Blade Fx | Blade Fy | Blade Fxy | Blade Fz Safety

Load case kNm kNm kNm kNm kN kN kN kN factor

Mx Max 6.1_a 8904.9 -680.7 8930.8 10.5 -35.5 -484.4 485.7 28 1.35
Min 71 g -6663.7 38968 39534 -864.7 4033.5 287.8 4043.8 42464 1.1
My Max 711 -2260 73401 73436 -1208.1 6370.7 269.5 6376.4 46667 1.1
Min 6.1_a 6941.8 -5913.1 9118.8 -154.6 -245 -411.8 479.2 19 1.35
Mxy MEle 7.1_1_ -2260 73401 73436 -1208.1 6370.7 269.5 6376.4 46667 1.1
Min 1.1_ai -0.93 -0.6 1.1 -12 28 -1.42 28 372.3 1.35

Mz Max 6.3_y -3881.4 -422.1 3904.3 246.6 -30.7 231.2 233.3 69.8 1.35
Min 7.1_h 3048.4 62096 62170 -2311 6162.8 -38.3 6162.9 56097 1.1
Fx Max 71_g -1228.4 71844 71855 -1967.4 6966.5 285.3 6972.3 54169 1.1
Min 6.1_a 6941.8 -5913.1 9118.8 -154.6 -245 -411.8 479.2 19 1.35
Fy Max 71 g -3980.6 63443 63568 -1895.6 6264.3 595.2 6292.5 54702 1.1
Min 6.1_a 8904.9 -680.7 8930.8 10.5 -35.5 -484.4 485.7 28 1.35
Fxy Max 71_g -1228.4 71844 71855 -1967.4 6966.5 285.3 6972.3 54169 1.1
Min 6.3_p 220.5 49.7 226 -35 0.046 0.093 0.1 5.66 1.35
Py Max 7.1 _h -3201.6 47338 47446 -1676.6 5114.3 397.7 5129.7 56900 1.1
Min 6.1 d -3033.7 -778.2 3131.9 37.5 6.51 165.3 165.4 -76.1 1.35

58 -




Table 33 Ultimate loads : Blade at 1.25m radius(2)

Flapwise Edgewise Flapwise share | Edgewise share Safety
bending moment | bending moment force force
factor
Load case kNm KkNm kN kN
Flapwise bending Max 711 73435 303.1 6376.2 47 1.1
moment Min 6.1.d -6397.6 468.3 -294.1 29.4 1.35
Edgewise Max 71 g 65470 9426.6 5866.8 -561.4 1.1
bending moment Min 71 g 39177 -5299.7 4041.1 146.8 1.1
Flapwise share Max 71 g 71843 1279.6 6972.2 42 1.1
force Min 6.3_c -5740.7 -350.7 -338.2 15.3 1.35
Edgewise share Max 711 44164 -4196.4 4496 410.5 1.1
force Min 71 g 67877 7207.2 6274.7 -569.8 1.1
Table 34 Ultimate loads : Blade deflection at 40m
Blade x-deflection Blade y-deflection Safety
Load case m m factor
Blade x-deflection Max 71 g 7.7 -0.05 1.1
Blade x-deflection Min 2.3_s -3.47 -0.017 1.1
Blade y-deflection Max 6.1_d -0.13 591 1.35
Blade y-deflection Min 6.1_a -2.05 -6.95 1.35
—_ 59 —_
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4.2 &9

[T
ok

b o4

gglel 23 ak% e Az, B9 @ 35S EAGL U Table 35

HWEE Hola tk DLC 7.1he AA 3% x£71% EWM FH5REA2ZA HAd
=

FoEdo 1d F7)9 F3 FTHES 40m/sE AP FTHEAAN G A A
B w o] HAS AAGAY nFe BE Eojze] u X7t 2004 a1
A e dHdA =& T3 BHES HAAIE A 4 5 AU
A=A 7H8 =2 3 F(force) DLC 7.1i9 Fx¢} FxyZA 25075kN 2]
=3k 3 (force)E Hola vt DLC 7.1i¢ A4 &% =4 91 EWM Z&nd
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Tower station height =0 m
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Fig. 20 Extreme moments at tower of height Om
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Fig. 21 Extreme forces at tower of height Om
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Tower station height =60 m

< TR Tower X 7 611 Tower ¥
deflection deflection

Time [s]

Fig. 22 Extreme deflection at Tower height 60m
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Table 35 Ultimate loads

. Tower , tower station height = Om

Tower Tower Tower Tower Tower Tower Tower Tower Safety
Mx My Mxy Mz Fx Fy Fxy Fz factor
Load case kNm kNm kNm kNm kN kN kN kN
Mx Max 6.1_f 75554 19196 77954 3913.3 442.5 -1366.7 1436.6 -1652.8 1.35
Min 6.1_a -59833 25509 65044 899.6 573.4 1084.3 1226.6 -1593.5 1.35
My Max 7.1_h 618.1 1197250 1197250 -2166.3 23572 -48 23572 -3434.7 1.1
Min 2.3] -2118.6 -62419 62455 -2766.8 -1014.6 24.1 1014.9 -2032.1 1.35
Mxy ng 7.1_h 618.1 1197250 1197250 -2166.3 23572 -48 23572 -3434.7 1.1
Min 21_a 4.09 -0.75 4.16 -185 14.8 -1.89 14.9 -2069.1 1.35
My Max 714 5167.9 749336 749354 43090 8052.9 -95.2 8053.5 -2450.1 1.1
Min 71 g -5458.9 725308 725328 -38968 9065.1 74.3 9065.4 -2248.4 1.1
Fx Max 714 6355.8 963194 963215 -1613.6 25075 -54.1 25075 -3889.8 1.1
Min 2.3k -1798.9 -61762 61788 -2889 -1024.2 33.2 1024.7 -2028.8 1.35
Fy Max 6.1_a -59833 25509 65044 899.6 573.4 1084.3 1226.6 -1593.5 1.35
Min 6.1_f 75476 19502 77955 4081.8 496.3 =1377.9 1464.5 -1602.2 1.35
Fxy MEle 714 6355.8 963194 963215 -1613.6 25075 -54.1 25075 -3889.8 1.1
Min 21.b 136.9 -886.2 896.7 43 -0.07 0.073 0.1 -2064.5 1.35
Py Max 6.1_c 26718 27276 38181 2924 534.7 -413.4 675.8 -1328.8 1.35
Min 7.1_1 3292.2 388843 888849 -902.6 24558 -30 24558 -3984.9 1.1
Table 36 Ultimate loads : Tower deflection at 60m
Tower x—deflection Tower y-deflection Safety
Load case m m factor
Tower x—deflection Max 7.1_h 15.1 0.023 1.1
Tower x—deflection Min 2.3] -0.85 0.035 1.1
Tower y-deflection Max 6.1_a 0.37 0.82 1.35
Tower y-deflection Min 6.1_f 0.24 -1.03 1.35
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Table 37 Compare with turbulence intensity
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[ AR 0.12 75 0.16 - 0.172 107.5

120%

—(1f =—(1] =—0172
100% 4

B0%

60%

40%

Turbulence Intensity [%]

20%

0%

1 2 3 456 7 8 9101112 1314151617 1819 20 21 22 23 2425 26 27 28 29 30
Wind Speed [m/s]

Fig. 23 Turbulence intensity for the normal turbulence model
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Table 38 Ultimate load with turbulence intensity : blade

at 1.25m radius(1)

GHFAE 012 dHFAE 0.16 GHAE 0172
Load cass | kNm, kN % Foad i Nm, kN % Foad  oNm, kN %
cass cass
Blade Mx 6.1_a 8095.9 -9.1% 6.1_a 8904.9 - 6.1_f 9390.5 55%
Blade My 7.1 67381 -8.2% 7.1 73401 - 7.1_h 79205 7.9%
Blade Mxy 7.1 67435 -8.2% 7.1 73436 - 7.1_h 79604 8.4%
Blade Mz 7.1 2026.8 -12.3% 7.1_h 2311 - 7.1_h 2418 4.6%
Blade Fx 7.1_h 6354.4 -8.8% 71 g 6966.5 - 71_h 7428.9 6.6%
Blade Fy 7.1 485.8 -18.4% 71 g 595.2 - 7.1_h 772 29.7%
Blade Fxy 7.1_h 6357.4 -8.8% 71 g 6972.3 - 71_h 7437.7 6.7%
Blade Fz 7.1_h 51715 -9.1% 7.1_h 56900 - 7.1_h 59331 4.3%
Table 39 Ultimate load with turbulence intensity : blade at 1.25m radius(2)
0.12 0.16 0.172
Load cass | kNm, kN % Foad i Nm, kN % Foad oNm, kN %
cass cass
Flap B.M. 7.1 67245 -8.4% 7.1 73435 - 71_h 78880 7.4%
Edge B.M. 7.1_h 7096.5 -24.71% 71 g 9426.6 - 7.1_h 10796 14.5%
Flap S.F. 7.1_h 6357.3 -8.8% 71 g 6972.2 - 7.1_h 7411.7 6.3%
Edg SF. 7.1 438.8 -23.0% 71 g 569.8 - 71_h 623.5 9.4%
— 69 —
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Table 40 Ultimate load with turbulence intensity : blade deflection at 40m radius

GHAE 012 GHFAE 016 GYHFAE 0172
Load Load
Load cass | kNm, kN % kNm, kN % kNm, kN %
cass cass
x—deflection 7.1_h 7.2 935 71_g 7.7 - 71_h 7.67 99.6
y—deflection 6.1_a -6.11 87.9 6.1_a -6.95 - 6.1_f =761 109.5
—_ 70 —_
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Table 41 Ultimate load with turbulence intensity : Tower, Tower height = Om

Collection @ jeju

GHFAE 012 dHFAE 0.16 GHAE 0172
Load cass | kNm, kN % Foad i Nm, kN % Foad  oNm, kN %
cass cass
Tower Mx 6.1_f 56341 -254 6.1_f 75554 - 6.1_f 77210 2.2
Tower My 71_h 1083560 -9.5 71_h 1197250 - 71_h 1253080 4.7
Tower Mxy 71_h 1083580 -9.5 71_h 1197250 - 71_h 1253480 4.7
Tower Mz 7.1_h 36871 -14.4 7.1 43090 - 71_h 43749 15
Tower Fx 7.1 22866 -8.8 711 25075 - 711 25969 3.6
Tower Fy 6.1_f -1029.1 -25.3 6.1_f -1377.9 - 6.1_f -1402.1 1.8
Tower Fxy 7.1 22867 -8.8 711 25075 - 711 25969 3.6
Tower Fz 71 -3684.7 -7.5 711 -3984.9 - 71_h -3897.5 2.2
Table 42 Ultimate load with turbulence intensity : Tower top deflection, tower height = 60m
dFEAE 012 dFEAE 016 dFEAE 0172
Load cass m % Load m % Load m %
cass cass
x—deflection 71_h 13.9 -7.9 71_h 15.1 - 71_h 15.8 4.6
y—deflection 6.1_f -0.77 -25.2 6.1_f -1.03 - 6.1_f -1.04 1.0
— 73 —




el

ol
—_
fite)

o
hin

o

7}

o
=

1717} ol werq o

S

H| 1l

bol ] ahgch.

S

=

5713

o
Nlo

—
fite)

%

nr
ol

%

to

.Y, Xy, z ©] Tk,

R
1=

o171 A,

7 3E B A4

i}

?:51_

glol= FE el &

x
=

o] Fig. 2904 Holi ¢t} Fig. 293 7ol

S
=

o}

=

AS

(max)7}

o

Hlo
o
=y
!
o3

nr
N
blo
=

ox

™

fite)

N

oy

_74_

Collection @ jeju



EQ. EXTREME LOAD AT BLADE

et EQ_M_max =M= EQ_M_min  —A= EQ_F_max  =>¢ <EQ_F_min
120000
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Fig. 29 Equivalent extreme load at blade

Table 43 Equivalent ultimate load with turbulence intensity at blade

0.12 0.16 0.172
EQ [kNm, kN] (%] EQ [kNm, kN] (%] EQ [kNm, kN] [9¢]
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

542 B9 9 57} 23 3% a4
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EQ. EXTREME LOAD AT TOWER

sees EQ_M_max  =dl= EQ_M_min =g EQ_F_max =3 =EQ_F_min
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Fig. 30 Equivalent extreme load at tower

Table 44 Equivalent ultimate load with turbulence intensity at tower

0.12 0.16 0.172
EQ [kNm, kN] (%] EQ [kNm, kN] (%] EQ [kNm, kN] [9¢]
EQ_M_max 1533878 -10 1695400 - 1774626 5
EQ_M_min 81414.23 -14 94839.99 - 104232.9 10
EQ_F_max 22928.74 -9 25133.58 - 26030.48 4
EQ_F_min 3825.711 -9 4216.401 - 4142.027 -2
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