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Modal Analysis of Filament-wound Composite Towers
for Large Scale Wind-Turbine
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*Pusan Educational Center for Computer Aided Machine Design, Pusan National University, Busan, Korea
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ABSTRACT: The purpose of this study was to investigate the natural frequency of filament-wound composite towers for large scale wind-turbines
using the finite element method (FEM). To define the material properties, we used both the effective property method and the stacking properties
method. The effective properties method assumes that a composite consists of one ply. The stacking properties method assumes that a composite
consists of several stacked plies. First, a modal analysis of the tower, filament-wound with angles of [+ 30], was carried out using the two methods
for composite material properties, the stacking method and effective method. Then, an FE analysis was performed for composite towers using filament
winding angles of [+ 30], [+ 45], and [+ 60]. The FE analysis results using the stacking properties of the composite were in good agreement with the
results from the effective properties method. The difference between the FEM and material properties methods was approximately 0~0.6%.

1. M = = o83 HA Bl Jido] AN Z7telA AL k(=
39 5, 2008). 1t AT FAE BehIE shold B
A2 AQAUA R T Qe Zg whe 2z g9 AE olEstd FIF BN afdles s Fste A
o zxo0z wAolgton, A AAAoZ Favt sen A R AZ WG AR Alelstas A9 gle AAeltid
Qe ZAoltt Zdd| ojak wAZo] WA Zr13te] wel, o W 5, 2000). WA FRHIE oQld EAE o83 Bl
£ MWE Rz g vt gRsiAn ok 9 HE s Q77 dasio,
Fe b Alzwe) tystel mel o] 100m olde] ghe) A ¥ ATOINE FARLSNS o Fste] HelE Sield =
2HElo] Fldbe] st WeAdo] Zrisw Qo) Zemaass G B 3f AEF e ST A WA s,
A B9E Baol=e] Moz WAk g ua w2y BEHIE oRRIY Zx[+ 3011 BA) Bhele] i 1T a4
ol=o] Eio] o8 A= B Tal: SO A&k Ay g = TAH] A BHA 2HA A& T 5F 299}
7 a2 AEAe o) E7 So] g3 s} gy A =83 F 7 =494 dHEHe A8sth 1 ts
o TzE U8 A|A Lk W) resiAg A4 FEway]) AR FHHE 9QIG ZAE[+ 30] [+ 45], [+ 60]°] whE A
Bg9) 20~25% AEE AN AR ol wigo] ujg wy) T AT AHT FAA 1 IS T4
ol 744 Aol Qe Erele) Aol FR3k Bhe) Al
del gt ue), v1Ee] 29 B, 293 2avES £ 2. O|2X HliZ
89 sl uel= B9, BEA B9 5 O A7t 19D
ATHUys et al., 2007; Polyzios et al., 2009). A Azt ¥ 2.1 S SHA| HE7|Y
ol ATAYTURM), Ze)zel IPrepreg) 24, BoWE  Bue oY VAL R B TR olFolA 3l
SRIY TH(CFW) 5ol ok tE FHALH7E Bhele] Al on, B 7Ee 2UE 5 ftassde] £38S ofHA I
o= AL B 74 AAY SHolA eE old el th o]H3 olfrE e sl B 7HA] 7S AR &
3k Bajo] WolAaL Stk el de FEHIE gbold g Ao =ARE dHse WHde S7F E4AE AHSshes
WA} FHE: FAEIA] ST FFE B0 A, 051-510-1665, chhong@pusan.ac.kr

73



N
ol

A

e
2o
it
>
ob
gﬂ
Ir
oL
g
[o
fru
)
f o
M
2
%2
=
oyl
14 OE

Wﬁ

N

S X
ol)lf

=4

() 5t 1AMt} 34011 352k Compliancd)
S3}e} shte] Eeholz
EAJx WhHe whalb _%_94 B 7} A1) EHilO

A58 Asast Qo Apgsiel Eeole)

sted sf 4 5}% ot el Z 5, 1999).

ﬂﬁ e A7) Pekel Thet e

2 (]ones, 1975). dlte] Zejole AXFHow

oln, Ao JAg 7RItk Eg 2

Abelolty, et FAs, Ageoln,

o2 A wgEe] a1, VAR dHEsaL A

olt}. 71F& EASHA BoH, Aiot 7IAE

SIth olsh e A1E olgdtel Betaas

a4 = 3ok

01
r

|

) mlm Jo o o

of\r o){u
o fr o SLEI -}> % l
»mﬁmﬁ
ot HU mt W

g -
r1r

ST T
010 J

-
@£

2 B
o off 4 Ui
oo |

o o
4£r

e @ o N Y
o oo A 2 N o
2 ox X

7HA]

0%

2l

it

2.2 SN HMEEe| MY

L E o] Bt 571 =484 AkS e, 4 A
%:ﬂr o]%_g] %?j’ 245_4_/] U:]7]—/H_1,]_ -—61-14 /\1— E 2&,%—‘8}9&
o} B3 HZ7e] 74 (Extensional stiffness)[A]S Th 2
< BAE WSEe oz Aojgitioldi A F, 199).

—
b
e
—
&
—
—
=

(@ = [Ny @
S} 0ol EAE 5 ek A9 o) AE SRR BAlD,
2 @ A%BE) T K N2 rold oheat 2ol el
2 % gl
3 = (hay) (3-N,) = (ha,)a, ®
4 @A %3 ASwe) BE 334 A5 el A @

<} %01 FAdEh

S G2 _ Ay A — Ao @
o 11 AgyAgs— A226

B G2 Ay — A1pAs
" 22 ApAge— A126

N 1A
o hagg h(A11A22 _A122)

By = Ewpr

7|4 o} A L T= ZH2 B3
2 3)(Transverse) &S LeEpAT]

#Z2e] Z(Longitudinal)

3.1 EIY HMA

2 AFeAE 71 AFEIA(NUA- AL 7S/IEA F
THIA, 2007)2] 2MW+H 8 FEE77]8 2" E‘r‘ﬂﬁl A
2 gkl HelE oRQlg E9bA) B9 AF3lESs &
FeATh Bele] ¥4I A+E Fg 1°ﬂ HeERR AT
E}9] -3}1:}91 27L& 42melH, Wddt 2HEE o HEe
3.0moltt. 3 WAt F WA Fhe AL glo] dE R
wof Jom, Al WA} vl WAl F7HE oF 0679 AAS 7F
A Foles F/delth

2~ =
T=
PSS EeN
=

3.2 Roleazd

ke ad|A S Fasty] Yt 48 faiEs =
Al ANSYS 12 Classics AHE-3F ) EF9]e] fratastmd
Fig. 20 UERARITE Fig 2@)oles 958 A4S
840 g9l B34 AF 58 udEA, FA B
a2 == A (Shell) 84221 4 Node Finite Stram She11°J Shell181
S AMgEtgen, & 249 e 11,041700]t) Fig 2(b)olE
ZEIS} Yo FAE BUely] 93 ERle] Aol A a4
Q1 Mass21S A3tk

71E9] e FEUHIY] FellA] VESTASARS] 2MWH<]
V80 RdS 71Zo = 3709 ZEE 37.2ton, WAL 67.5tonS
2ATHNUA] - A7)/ LAY FF R A, 2007).

ﬁ
K
fr
o [

s 1 1A
-
han h(AQZAGG AZG) 3.3 XHE %g I
poR— ) fFRaLANS FUel) A3, BIUE ool FHo) wo
hazy (A, gy — A7) AFE T 9l FHE o EA)(Cabon-epoxy) ZAlS] TZ00S AR
76900
8900 14600 22400 21000
= 45 T 30 12 =20 T4 =15 %
sl [ Y Fa 4 ]
7 4 7 J
Fig. 1 Geometry of the tower



HE T8 EHE e oIk &

A B9le)

~

& ol A3 A+ 75

ELEMENTS

ELEMENTS

(a) Shell element for the tower

Fig. 2 FE model of the tower

Table 1 Material properties of T700

Material T700
E 120.7

Elastic modulus (GPa) E 8.5
Es 8.5

G2 34

Shear modulus (GPa) Gz 27
Gis 34

v 0.253

Poisson’s ratio (25 0421

i3 0.253

Table 2 Material Properties of [+30], [+45], [+ 60] by effective
property method

Material [£30] [+45] [+60]
E 3790  12.20 8.28

Elastic modulus (GPa) E 828 1220 379
Es 933 10.00 9.33

G 244 314 244

Shear modulus (GPa) Gz 2.85 3.02 3.18
Gis 3.18 3.02 2.85

V12 147 0.82 0.32
Poisson’s ratio U3 0.29 007 022
13 022 0.07 0.29
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(b) Mass element for Rotor & nacelle

AN

o————— Mass (Rotor & Nacelle)
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l Gravity = 9.8 m/s?

All DOF fixed

Fig. 3 Boundary conditions of the tower

2R ARRE dllok ks MAREo] ok ey Bk 72
Aol @) AEET 9JE MSC. PATRANS 7%, B3]
S7HERA A 7155 AlFstal AUTHMSC. PATRAN Reference
manual(r2), 2000). & AFex = MSC. PATRANIA 57} &
BAE ARtste Agatglon, IHHE oRIY 7% [+30],
[£45], [z60]°l w2 F7HEAdR|E Table 20 Ve

3.4 4A =A

frEtassiag 93 W 4 Sheh BB 1w
ENode)59] & ®7 2 33 AHE(UX, UY, UZ ROTX,
ROTY, ROTZ)E T&atgon, $8 Wgon FANMEE
98m/s"E AE3te] E5le) AFe AE3ch Belol 248
AA 2L Fig. 39 JeERAAT

2
N
[
ro
o,
:tg

35 sl e

351 el Eukol M2 1R FSS oAl

23 B4

7] 918, 571 AR B A4F AR W
1

H
ZHE ofeld Zm=7} [+30]<]



76

)

Table 3 Cases for modal analysis according to the material property method

[30, £ () [+30], £ [+ 30], ¢
Thickness T T Ts n EA (**) T T T Ty EA Th T Ts n EA
Case 1 - - - - - - - - - - 45 30 20 15 1
Case 2 225 15 10 75 1 225 15 10 7.5 1 - - - - -
Case 3 1125 75 5 3.75 2 1125 75 5 3.75 2 - - - - -
Case 4 563 375 25 188 4 563 375 25 188 4 - - - - -
(*) t: Thickness (mm), (**) EA: Number of layers
Table 4 Cases for modal analysis according to stacking angles [+30], [+45], [+ 60]
Ca Stacking Thickness
se
angle T T Ts Ty EA T T Ts T EA Th T Ts Ty EA
Case 5 [+ 30] - - - - - - - - - - 45 30 20 15 1
Case 6 563 375 25 18 4 563 375 25 18 4 - - - - -
Case 7 [+ 45] - - - - - - - - - - 45 30 20 15 1
Case 8 563 375 25 188 4 563 375 25 188 4 - - - - -
Case 9 [+ 60] - - - - - - - - - 45 30 20 15 1
Case 10 563 375 25 18 4 563 375 25 18 4 - - - - -
PG A 9N THE [0]9h 0[RS A 058 i
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Fig. 4 FE analysis results according to the material property
4. Znt 3 nE method
4.1 S YA M8 LYol ME 17 TS siM o =3 Af3ET B2 P42 Fig 591 YERARIH. Table 5
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Table 5 Results of modal analysis according to the material property method
Material [£30] Steel
Material properties method Effective Stacking -
No. of stacking 1 2 4 8
Natural frequency (Hz) Value Value  Error (%)  Value  Error (%)  Value  Error (%) i
1st 0.1996 0.1984 0.5863 0.1994 0.0802 0.1996 0.0000 0.4408
2nd 2.0790 1.8073 13.0688 2.0173 2.9678 2.0662 0.6157 3.4016
3rd 2.8653 2.8449 0.7120 2.8625 0.0977 2.8652 0.0035 3.6982
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Fig. 5 Modal analysis results for a tower with the winding angle of [+30] by the stacking property method
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Table 6 Results of modal analysis according to stacking angles [+ 30], [+ 45], [+ 60]
Material [ 30] [+ 45] [+ 60] Steel
Material properties method Effective Stacking Error (%) Effective Stacking FError (%) Effective Stacking Error (%) -
1st 0199%  0.199% 0 01134 01134  0.0441 00934 00934 00129 0.4408
ﬁeqlﬁi]ryal(m) 2nd 20790 20662 06157 16393 16385 00488 13455 13454 00074 3.4016
3rd 28653 28652  0.0035 28697 28536 0.5610 23631 23628 0.0127  3.6982
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