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Structural and Vibration Aanlysis of Large Windturbine Rotor Considering the
Rotational and Aero Load Effect
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ABSTRACT

In this study, computer applied engineering (CAE) techniques are fully used to conduct structural and dynamic
analyses of a huge composite rotor blade. Computational fluid dynamics is used to predict aerodynamic load of the
rotating wind-turbine blade model. Static and dynamic structural analyses are conducted based on the non-linear
finite element method for composite laminates and multi-body dynamic simulation tools. Varlous numerical results for
aerodynamic load, dynamic analyses are presented and characteristics of structural behaviors are investigated herein.
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Fig. 4 Computational grid of turbine rotor blade
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Fig. 5 Pressure contour on the blade surface
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Fig. 6 Computed aerodynamic sectional forces
induced by rotating blades
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Table 1 Machanical material properties
UD
E11(GPa) | E22(GPa) | G12(GPa) | v12 plkg/m3)
43.1 13.2 362 |0.241 1,939
SIT(MPa) | S2T(\MPa) | SIC(MPa) | S2C(MPa) | SS(MPa)
916 41 759 124 38
Balsa
E(GPa) v plkg/m3) |
3.72 0.1 151
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Table 2 Comparison of natural frequencies

Mode 3D FEM (Hy) | “UPer Element
(Hz)
Tst 1.10 1.10
ond 176 176
3rd 3.30 330
4th 5.82 5.82
5th 6.6 6.70
6th 10.48 1053
7th 10.95 11.04
8th 12.54 12.62
Sth 14.59 14.73
10th 15.73 16.04
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Table 3 Comparison of static displacements
Direction 3D FEM Super Element
X-Displacement 70.83 mm 70.84 mm
Y-Displacement 17.59 mm 17.59 mm
Z-Displacement 0.033 mm 0.032 mm
Z-Rotation 0.025 rad 0.025 mm
Id Ul A4 Bl 5 and FEA Sy
3D §aiet 27\]6} RE AF F THEAMNY F

zo| 724 EAE gt CFD
g & Fig. 99 Zo] & HM9 FH
ZA08 20rpme £E& 3AA)

Hug
A0k ZED) 4919 BEs B9 54 PEEHE AN
sk
Aero Load
Super Element \ Y

V\ \7
1
\

t

\
k]

H

# +———Hub

(Rotational Speed : 20rpm]

Fig. 9 Super element and applied load positions

1l e X-direction
E ol
s
g2
O
o
8
a2l
0
a
3%
-4 " N N . .
0 2 4 6 8 10 12
Time (sec)
{a) X-Direction Deformation
10
—— Y-Direction
E 05
z
S 00
Q
ud
o
a
Qo5
-10 . : . . L
0 2 4 6 8 10 12
Time (sec)
{b) Y-Direction Deformation
1.0
~———— Z-Direction [
:E: 05 ¢
=
£
£ o0
(%]
K
o
i
[=1 1 3
1.0 A n 1 1 "
0 2 4 6 8 10 12
Time (sec)
(c) z-Direction Deformation
Fig. 10 Displacement of Blade Tip
Fig. 10& Edo|= tipel Z Wakd 7|& RTERE Y
WS dehdch 2 WHe Asind AWM 152
Fn BEA 58 s AE ¢ & AT X-FUY
Wl 21 3.5me WY} Gepsdon, Y,Z-5HE w9

£ 20.5me W97t Uebddh olg 2 s 71E A
HpzsA Azt 2u] & WA L7} FH TN

-274-



< B8 dAsA & @ ¥ T FxIME Fokel &
T ATk = AME 9 248 AHESH 3D fEeA
2do AAE B °'5}°"C¥ ol A& FH Edol= 7
ol Yetde §8, W¥E & ¢ 4 Atk Fig 132
3DE Edd" ’éh‘olﬁ} Wy A3 wy FE uusion,
HEE Ex2 vehd FHojoh

AB7A 78 QARAS g8eto FILHI Edol=
o BAAFH 724 5AHE dolRst 3Ad FE¥saR
9g AHE YT FHRAE ART A4 E wags o
3 FEeaRdE AHY FH TN 1/38 3
Aate AHE HHF ADS o 24AP00] 2 wE, #
¥ 248 ol8% dMdME, 73 845 A4 AT 208,
FH Y A 1R, 33 BY I 1A ARkl
A3l

Deformed shape
Fig. 13 Recovery super element

initial shape

4. 2 &

s FEAoD AV BUIRE ZAN 0y
o BA5H 2=

i)
i
N F{U

FHLA7] o= g stetalglth &
Y FEEANE fole AN 73 24 PEE AHEE
fed #3 84 7HE %—8}01 FEE At AEE 2
F A3d w9 24 JIHE 28 W, vlmy AP o
N ZHE W}E— AR el ‘é F ol & AFlAe &
*—1 I‘ﬁ-% THEHE Eelol= AA AN #8

¢ Rck B Tlofet, 2 % BeE T
st BRU) WA 72E neise] B4 P 9
& 3t} Belol=el Wz A% BAg%el 3F They
2 a8 wu gt

9'1_‘

f

H ol

ob>
“mﬂ&

= 7|
£ dTE ARl 293 £UE TR
FHE 2 294 BK21/NURI Ay 72 she] Qo))

2azs

(1) D. Lee, D. Hodges and M. Patil, 2002, "
Multi-flexible~body Dynamic Analysis of Horizontal
Axis Wind Turbines," Wind Energy, Vol. 5, pp. 281~
300.

(2) ol3&, by, ZAelg, A, 2002, ¥ $dsE
u¥ %?}7}1 dE ERl e€1l°lE T2 A4 2 N o
NAetE 71el FYE 20029 % VAEE AEd ¥R
21 29 % =83, pp. 650 7 660.

(3) A4, wraz, ZLE 2008, ‘i3 AL B¢
& Edol=9] /AE 71 238 71y, KAVAAG, A
119, Al 4%, pp. 327 37.
{4) Fluent User's Manual
2006.9.

(5) SAMCEF ver 11.1, User's Manual, SAMTECH Co.,
2006.

Ver. 6.3, Fluent Inc.,

6) Ae% wad 4Ed, A5 S, wxy, A4E
2008, “CAE 7]¥H& @43 3MWE FH¢ay] 28l9 3
2 9 AFHA" SA7AAG, A 119, A 43, pp. 227

3L

-275-



