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Seismic Response Analysis of a MW Class Wind-Turbine
Considering Applied Wind Loads
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Abstract

In this study, seismic response analyses of a MW class wind-turbine have been conducted considering applied wind-loads using
advanced computational method based on CFD and FEM. Typical lateral and vertical acceleration levels induced by earthquake is
also considered herein. Practical numerical method for seismic response analysis of wind-turbine tower models are presented in the
time-domain and the effects of wind load and seismic excitation for responses are compared to each other. It is importantly shown
that possible earthquake effect during typical operating conditions should be taken into account in the design of huge wind-turbine
tower systems because of its enormous inertia characteristics for induced maximum stress level.
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Table 1T Summarized earthquake history in Korea
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Fig. 1 Earthquake history in Korea

122° 124 126°
+

Legend

¢ 2<M=<3 J
. R .
42 o FeM<d 3 7 42
@ d<M<5

® S=M=<éb L B

FE

2 %‘ﬂ*fﬂ}.‘igéﬁ‘ﬂﬁ(l%esponse Spectr um An aly51s
RSA) 713} (Ritschel &, 2003) AlzFelga)X71% (Time
History Analysis, THA) &°] it A|zlel] w2 554
S A3 7)E AL S A Ed RSAZES 248 29 814

210 s=RAMTABE S| =28 HM23H HM25(2010.4)

A7 e 9 A
1978.09.15 5.2 F5 SeA
1978.10.07 5.0 4 34T
1980.01.08 5.3 B /A4

1981.04.15 4.8

1982.03.01 4.7

1994.07.26 4.9 Ad T2 A

Hr
R
I
—
()
(=]
&
3
2
i3

2003.03.23 4.9 Ad F= 5A4% 50km 39
2003.03.30 5.0 A HHE AMFAZE 80km 3%
2004.05.29 5.2 BE &7 % 80km 9
2007.01.20 4.8 7 BT

A3HE 2L 4 glort Alel whe Belde) WSS shet

(SAMTECH Co., 2007), # WM E}-Ei 7197k & 7)o}
H&o] E0l= 8BSl viAE Foke 2ake FIR 17
& A5 s

B o=goA nEd FEEY] Rde MWHE R &
e ST g Aolth. FHEA7= A 2H 4
H, Wl elgl2 Ao flom, 2 mule] A9 vt
= Ao RHE °F 80m ARl ¢AIsH °“3]r. 2171718kl A
= L3719] Zd2 Bl shell 849 fahas
2, 2 2 e J3dgew vd
= WKL 'Y WAES FHARelA oF 1.5melx
HaprellA oF 2.3molH, FEFAE 18mmollA 48mm=E
EEHo it EH«] % A% o 210tony =0, ZH
9 vt AlxEle] F FEe 180tone 7FYsITh T
7] 99 ZHXE]E dvt 728
M E=210GPa, p=7,850kg/m’,
HlE ¢=0.03< 7Hgskich

Bt Frrde shd 97 F40s mefd 3xkd A(3D
shell) 72 2d% 54 AZ-gHAS Aoz s}
7] $1%+ &7} HE(equivalent beam) PJ‘E] 27 & g6t
Sth(Fig. 3). A7kl & ¢t Sd37] Be 2de
Etg] 22 E H(beam) 84F iﬁié}ﬁjJﬂ WAy &
Al zE] dldehs TRESS WsE 58S arEe

2 agsly] fsf fedgen mdgsio] e /3Rl

Al

Q3o Fhe 0 A

A (steel) 2 TE IR L
v=0.30", 2 7

_JZ: rulo



dAste] Rdstalnt. B 33k A7 BeRde] 57t
2d gL 98l dolwde g F 275w F(section)
o7 o] RAFsit. B FEe] Ate sHel= T
Zo Hgf SRS Ak Zlo] Ay eR golek A
oy, /IR 7Y F S8 gk AFA e #

rQL':ﬁd

i
(i
Sl
™
offl
F_B‘_',
o]n
DO
(@]
o
(0/e]

N
fo

i ofl ok

DO
(@)
o
X
tlo
Y
BN
_OL
N

=
o o
ful
)
o,
—z
1o
X,
PN
[
o g
__1\2
o
-z
1o
o))
_>,i
Jo
S
=L
ol
X

_O|L .
e on

3!

e,

ol

o o

o,

o ¢

f

ful

o

i}

QL

At

o i

oX,
X,
by 12
&

2
iV
2w

B
r)
i)
—1\1 ‘h
%0,
1
J
x
2,
I ow
i,
T
&)
h=)

¥, fob
ook -
[k
o,
[o
o a
N
)
o

o ™
ol

rlﬁfg

N
N
ol
fr
SN
[e]
o
o2
L
e
A

oy
re
-4
iy o
tlo 4
m—?llt
Oél il
2
fr
rJ

ne
=
[
>
X,
N
)
)
N
3+
ol
e
2

Ho
e
Fo
By
)
=
ry
)
ol
£
E
olo
i
:I:‘4
1%
r 1r
rE
N
T
R rﬂ
™

rl
%
4
o
4
o2
ol
N
Ho
r
2
ofl
)
ro,
N,
it
rlo
£
N
ol

{1 oo
K
S

fo 1 e
B
hind % -z

rir =
il
N
T

RO 3}

N
-~

of
Lo

o

tlo

el M

fo
o il

ol

vl

o
o
f
lf
i)
05&
lo ¢
N
].;
1

o
offs
tlo

AL )
S opo 1o o

o,

ofl ofy

i

it
4z
N

Agatd Sidos qusHe:
A RS

_0|L

N
- oL rir e BN
oo W ok o
i o,

2, o
B

2

N
iz
%

4

Jht o
o
Ir
O
i)
<
N
Iy
3y
i
22
A
P,L
L
>,
~
Ky

(a) 3D model (b) Equivalent beam model
Fig. 3 Dynamic finite element models of wind-turbine
tower
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Fig. 4 Computational grid of wind turbine blade

Table 3 Aerodynamic loads for CFD analysis

q Fx(N) 692,600
concentrate Fy(N) 552
load
Fz(N) 61.995
Mx(N - m) -360,027
moment My (N - m) -84,275
Mz(N - m) -37,635
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Table 4 Comparison of natural frequencies between the
equivalent beam model and the 3D shell model

beam model frequency (Hz) | shell model frequency (Hz)
1st mode 0.39 1st mode 0.39
2nd mode 0.40 2nd mode 0.40
3rd mode 2.69 3rd mode 2.72
4th mode 3.38 4th mode 3.36
1T} 1HEESE YeRa 9lem™, Table 4904+=
571 H(beam) 293 3D shell Zd3e] uf35FE A
& Wusle] S7b 1 wae AZHn. AE Anud
57 B Bde n40%4) 349 4 fees wdo
§559 el 2 dAske AL 892 4 U

A AxE 2 L g9 Fele BT Holst

7 279.9074eb
- 2451.9806e6
22405386
19612726
168.2002e6

14027346

112346626

244198126

56.49301e6

28 566226

639.30095e3

(a) Stress level

b 0.56897711
- 0.48120794
0.45518169
0.39828308
0.34138627

0.28448356

0.22759084

017069313

011373542

0.05689771

| a

(b) Displacement level
Fig. 6 Structural analysis of tower due to wind load.



NEA PxEe ARAS W B B TRE
Aol By Puz TEIHE AW 2AY sk A
AN 7 A FEEA Ho Utk wepx] FRAHCE T}
A% Ao BUHE B SR G FUFE 2
o tig siAE fal 57t B OB FREHA yHow
a0 AveT g9 maEs 349 4 wdd 3769
ot Fig. 6& &tz o3 Fxa4 235 veplia sle
o, ER) o] el 0.569me]al fEEE Hol-6E
T 280MPa® B s YT Felx] EAssl
o dukAel e A E 72 440MPas o
& o TYeET 1ejd S Mot RIS T S
Art.
3.4 AA 7ub7bd AFSHNA
FAt £8 3 Aol WAE AN FoEL
4 T T T T
2 4
N
k)
E
-0
2
®
2
8 -2 .
o
<
-4 J
2 4 6 8 10
Time (sec)
(a) Lateral direction
4 T T T T
3 4
—~ 2 E
N
Ky
E ! 1
c
S 0F
©
3 - 1
8
< i
3 J
4 L L L L
2 4 6 8 10
Time (sec)

(b) Vertical direction

Fig. 7 Typical seismic acceleration data
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8 Comparison of displacement response due to
seismic excitation at the tower top position.
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Fig. 9 Acceleration response at the tower top position.
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Fig. 10 Comparison of maximum stress response due
to seismic excitation.
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