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ABSTRACT

The purpose of this paper is that investigates the Natural Frequency behavior characteristic of
wind turbine jacket type tower model, and calculated that the stress values of thrust load, wave

load, wind load, current loda, gravity load, etc.,
operating wind turbine jacket type tower model,

environment evaluation analysis during static

carried out of natural frequency analysis of total

load case to stress matrix, frequency calculated that calculated add natural frequency to stiffness

matrix for determinant to stress results. The finite element analysis is performed with commercial
F.EM program (ANSYS) on the basis of the natural frequency and mode shape.
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o} 9 tower?] A7e] 0.5 mel3 FAE 0.05
melth. Tower?] X|F+ ¥°] 58.665 mojil AaHy
o] Hole 10X 10m, 9 Yols 21.36 X
21.36 melt}. Offshore 2749 18E ¢dl
towerel] 243k wind load, wave load, current
load, gravity load & A §3#24 Tz
#el  ANSYSel A&t REFHAE  Fao
natural frequencyzts E&s3ith

Jacket type towery = 3fA}b sk n)Lsk
Vietnam south China Sea¢] dX)5o] 9l& 4-leg
9] steel jacket type towerZ 3|A F8 wH
jacket EdlE XA, modeling turbine
jacket tower?] Ao 2 AbghE 9l F¢hE-C) tower
9 AAo] ttE B &g H FREQ A€
# (steel jacket type tower)& a)%¥xg, &3] 9
b 7EaAF e gl Zoly o AAlE T 2
A8 elgel = 2ol3 = AH ot

o] AT 4-log? jacket type towerd X
42 AAsiich 1A oA #849 FAANEE
o]43tod wind force, wave force, current force,
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gravity load 5€ 44 4 1 ‘] Agalo] At D (Z) : Outer tower speed
3lo] jacket type towerol] tigh AL AA s C(Z) : Form factor
o AT A Wl EHEHH vlzs] B9t} @ : Gust factor

FEM3&l|4e] 79 ¥4 package #gt84 YT .
Z21%89 ANSYSA 3-D RdgE Edo] 1A -
2=~ 1l nc k) AN "E A} H
1‘7< - & -Qﬂrﬂ stFo] 243t o‘ifﬂ,—r} 0= Lcoovia "
g g v A AFE vy - AEST 2

Where, €, 1.2(d349 &FA%5)

2. O|gx 13
2.1 Blade?} 3|TSIHM HYAT|= FH
Blade’} A A 2A A7)le FHLE G0t
311g o wAe= T (dynamic pressure) O.E
T& 4 it

P = —2chFV2 )

Where, o @ 1.25 3719 9% [kg/m']
C 064 FHAF
v oukEe) &5 [m/s]

TE %Q% A 2o 2-8-8h= &2 (drag force)
At & (drag force) towerE
3l1 blade® FRHSFOFE Fd|Hn

: ZE9 €& At 4
Gestd T4 o5 2t

3t
D = 0.0064V?A @
Where, V : vl &5 [my/s]
A4 9EHA [

2.2 TowerZ} HIEOl Qof W= 8tE

Tower= beam type® ¥9%3 29 @A
on, weM HHEFS 23m/sY wiE S,
towerE 7+ element Y1 ¥ 7t elementd] ©
< 3o} towerd Z elemente] #FH-&3= 8t
T3

Fu= 5[ o2 0n(202 ®

where, p : Air density
V(Z) : Wind speed

p : 1.25(FN99E) [kg/m’]
Vi vie) S5 [m/s]

: HlEhe W= towerd] HE [m?

2.3 Tower2t LH W '7Ho] 2o 28t 515
o] B2 vheel A3} o] 1w 78 & Sk

(2] FA (kg +1H29) FA K} X98m/s” (5

2.4 Offshored Mo 3tEA &

Offshore®l A ¢] 3tz AAHE on shoredllA el 3f
Sl #ehE) (wave load) S ¢slFd foh. g
of 9% I} (wave load) S AXFst7] Y34 4
2 g £ HEFHE 5~10mE I
o dAFATE A 10mE F45L 23m/sE A
APew, FRAFDOIY FF@)Y 8 D/LHe]
0.058t} 27] W&o Morison formulaZ ©]&3}
o #&tF (wave load) S AAslsich 33HE (wave
load) & FZES A, F¥Y 5§ o € 74
9] &zo o3 B Y (inertia force) ¥ EWE
roughness, reynolds numbere] % &P RoZ

e, w9 ol skze et gek

y-di 6)

F—*—]‘pCDAu + oC,, dt

2

Where, C,, * Inertia A5
Cp * Drag A
A g g

U EYAR S
c, ol c,& 249 ¥ mdddy U
reynolds number®] Wt A== AFLEA, ABS
ruled] w2t ¢, @2 05, ¢, 3% 1.62 AAHA
o 99 2 49 (6)g o]g3te] offshoreol]
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35} (wave load) % Ht&e] F81F (wind load) £k
& Tt

|

2.5 Current2t Waveo| 2|8t SEstE

current®} waved] Aol Bast HFe EYA
429 current® £5F vector $443te] sea floor
ZHE 22 AAHY current? waveo] 23 forced
o2 Aoz i),

fTD=_2QCDdAP(U+u)2 €]

fp = Current$} waved| drag force [KN]
dA p = Projected unit area [m’]

U = Current velocity [m/s’]

u = Wave particle velocity [m/s’]

3.1 Jacket Type Tower FLH 2
4—leg jacket type towerZ ©]&3to] A a4
£ 3359tk Modeld bottomZAZF AL fixed

s AN

TYPE M MAY 28 2008
29:26:38

Still water level

Added mass
{immersed part)

Sea floor

Fig. 2 Added mass(unit length)
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Table 1 Jacket type tower of analysis model

Top diameter [m] 0.5
Thickness [m] 0.05
Water Depth [m] 10
el long ) 58.665
Number of leg [pieces] 4
Top dimension [m] 10 x 10
Bottom dimension [m] 21.36 X 21.36
Table 2 property of Leg
Out diameter {cm] 50
Wall thickness [cm] 5
Shear area modulus 0.5
E (Ym&gg/’sS (;ncéum(}ulus) 2.100% 1,000
G (Shear modulus) [Kg/sq cm] 840x1,000
Yield strength {Kg/sq cml 2450
Density [tonne/m’] 7.85
K factor 1.0

Table 3 property of brace

Out diameter [cm] 40
Wall thickness [cm] 5
Shear area modulus 0.5
E (Yot&i/ss (TZE’SUIUS) 2,100% 1,000
G (Shear modulus) [Kg/sq cm] 840x%1,000
Yield strength [Kg/sq cm] 2,450
Density {tonne/m°] 7.85
K factor 1.0

Operating loads

Wind forces e

Wave forces e

Sea floor
Fixed support

Still water level

; Gravity

Fig. 3 Load cases®} boundry condition
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3.2 Jacket Type Tower F2H &

Jacket type towers ©] 58.665molil AHF
WAL 10 X 10m, 3HFH4E 21.36 X 21.36 m©]
I F7AE 0.05moltk ANSYS A2 13olA
beam 1884 (3-D linear finite strain beam)-& A}
L35tk 7 Fole Falgt A99) 5~10m A
o= Fglon v /e AAHL fixed 3T

o

4. SR L8N
AW (finite element method) & ©]&3% T+
o] A3 AANAME ANSYS WHET7IA
£ AHEE] REFEAE E48ith BE
b A3t RrlrA (added mass)o] &
FRFFE a8 2717 AA Vet A
A,
=ol7t 58.665 mol kRS AALE 10 X 10
m, sl A7RL& 21.36 X 21.36 me] 1L FA7}
0.05 mel jacket type
towero]A B85 (wind force, wave force,
current force, thrust force, gravity force) Z&

ox fl & o
l\] _Lu rO('
n%;%

T

E_Eoﬁlhl N

offshore wind turbine

9 Brlraek(added mass)d 5] Wt R
F4E A% A= Fig 4%7H Fig 73 Zth

4.1 Jacket Type Tower M ZEH Y

AN

BAY 28 2005
01:50: 15

HODAL SALUTION
STLP=1

SUB =1
TREQ=2.923
usm (a6
RSYIZ0

DX =.001505
SUX =.001505

e nad d
3 335E-0

A 8697~ RCED
L6947 .50SE-02 LA26E-a2

001005
20 .001508

Fig. 4 1st mode shape of jacket type tower
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"HoDAL SOLUT 10X

STEP=1
SUB =2
TREQ=2.11
vz
RSY3=0
X =.001398
BMX =.001393

()

g o

0

.1558-02 L 486E-03 001398

Fig. 5 2nd mode shape of jacket type tower
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01:53:04

BODAL SOLUT 10N
STZP=L

3B =3
TREQ=4.497
vsw ]
RSY3=0

DX =.001159
3Mx =.001169

e TR T
] -3 S20E-03 TSE-02 031629
L130E-02 -390E-92 LESHE-02 -$0SE-42 .00LLES

Fig. 6 3rd mode shape of jacket type tower

MODAL SOLUTION
STEP=1

3UB =4
FREQ=S.323
Uz [0
RSY3=0

DX =.002421
X =.002421

AN

MAY 28 2006
01:52:45

) S538E-03 003076 K[IGTY
00124

L469E-02 497E-03 [RI5e

Fig. 7 4th mode shape of jacket type tower
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4.2 No Operating - No Added Mass

Table 4ol st53 Frledde EF 22 sHA
e A 13 REBINE 31705 Hz, 23 BE4
AollM= 3.4115Hz, 3% _‘?_‘:3“]"’“}\1":‘ 5.3197
Hzol®, 34 EEgAdA vEd difo] BAs:
e % F7} ot AR 7}t=bq Zp2 ool
oldl & B 47} Qith olx RAZL 7R Z Q)
= SAASF (Young's modulus), DX, etc. FFO
2 gt

4.3 Operating - No Added Mass

Modal test A& FH3 A3 EE A5 99
HE Fogt Wole Ag B F U ol &
g el X*%Hﬂ Fupg7h dobdl A2 2 Table
4ollA B 4= 3loH, operating - no added mass®
AddA 1x REYAY FaeE 3.1688HzE no
operating - no added mass 2EZAY FulrRr
t} 0.05 %Z 0.0017 Hz®] Fupg=7} GhopHict.

Table 4 Natural frequency of jacket type tower

(Unit : Hz)
No .
. Operating, No .
operating, o operating, Operating,
no aded dded added
added adde adde mass
mass mass
mass
1 3.1705 3.1688 2.9226 2.9202
2 3.4115 3.4098 3.1102 3.1075
3 5.3197 5.3148 4,4966 4.4907
4 6.0408 6.4028 5.3275 5.3225
5 6.4927 6.4898 5.5243 5.5197
- 1

Jacket Type Tower Natural Frequency

~

o id
v ooon

Ze—No Operating, No ‘
Added Mass
~@--Operating, No Added |
Mass !
No Operating,

iz
>

w
[T RPN

Frequency {Hz)

Added Mass
1 -~ Qpegrating, Added
Mass

I
o

- N

ol
o w

Mode 1

Fig. 8 Natural frequency of jacket type tower
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4.4 No Operating - Added Mass

ol REHYYL 3 ¥ A towerd wind
force, wave force, current force, gravity force,
etc.& I3 P FrlEARRE 15}
modal test s§4& TR A3 4Q F 7 Y
(no operating - no added mass, operating - no
added mass) &} FIIVIRAIE Figr dYo] 14}
MFE BAE 25 dopAE g B F Ytk
53] PtrAdRE A8 B9t BY w2
&8 AR Fo57 o WolAlE AS Table 4
oA 2 % o BE #FU 18T S 14 B
BPAA Foh 31688 Heolw, A5 42D
HEY A% 1} LEGAAN FhsE o 78%
o2l 2.9226 Hooldh, o) oAl 4 %
g A jacket type towerolA &g 3EHTt £
Aol Faedl o Bol Agatie A¢ 2

T7F ek

=

4.5 Operating - Added Mass

oz 23 3% % WrA%E BT 17
T 399 2298 Bhuge. 14 289l
=

7\1 ZF-‘T}—)F-‘:‘ 2.9202 Hzol1 23} REgAbo|A £

+ 3.1075HzZ 1A+ ‘3‘:"%”’03 s Fy
-r7} FoE @& £ & A%, BE 5§ 3§
Z3 BrVed=® 2% = F-$-(no operating - no
added mass) Btz F37t &7 ol RS
Fig. 814 & & 3ot J2lu 5% &5 & ¥7k¢
ARS EF 1A 4%E A9 vlusty] BH

N

12 2o Fage ok 789% YopRl
2.9202Hzolz, BF 3shEd Hrledz@o] H4%
02 FuETt RolAE RS Table 4o &

7 glet.
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