Transactions of the KSNVE, 23(5) : 407~413, 2013 @3¢%5%32*§|5§
http://dx.doi.org/10.5050/KSNVE.2013.23.5.407 ISSN 1598~

M 23 H X 53, pp. 407~413, 2013
785(Pr|nT) ISSN 2287-5476(Online)

oI

AT 92 #1217} Spar Type -4 31dEE LA7]4]
54 ool mlAls 9F A

Analysis of Effects of Mooring Connection Position

on the Dynamic Response of Spar type Floating Offshore Wind Turbine

e AT R IO
Yanguk Cho, Jinrae Cho and Weuibong Jeong

(Received January 22, 2013 ; Revised April 16, 2013 ; Accepted April 19, 2013)

Key Words : Mooring System(Z]5+7%]), Floating-type Offshore Wind Turbine(F--2] 314 %24 7)), Mooring

Tension(Al 72+ 42, Wave Spectrum(3} 2~# E 7)) Dynamic Response(5% 5H)

ABSTRACT

This paper deals with the analysis of dynamic characteristics of mooring system of floating-type
offshore wind turbine. A spar-type floating structure which consists of a nacelle, a tower and the
platform excepting blades, is used to model the floating wind turbine and connect three catenary ca-
bles to substructure. The motion of floating structure is simulated when the mooring system is at-
tached using irregular wave Pierson-Moskowitz model. The mooring system is analyzed by changing
cable position of floating structure. The dynamic behavior characteristics of mooring system are in-
vestigated comparing with cable tension and 6-dof motion of floating structure. These characteristics
are much useful to initial design of floating-type structure. From the simulation results, the optimized

design parameter that is cable position of connect point of mooring cable can be obtained.
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Fig. 1 Pierson-Moskowitz wave spectrum



Yanguk Cho et al; Analysis of Effects of Mooring Connection Position on the Dynamic Response of Spar type ...

A2 —w .

423([0) a)max a)mm (3)
2 N

Pierson-Moskowitz ~ZE7oA Ful4=0] FHj

BH(Pma) 2 H2GH(Onn )& AR FASE N

o B o Ui, of u we] Agkol

167H(N 16)2] %3} 455 53 :
5o 49 FH 9% B Yy Tese

Flg. 1(b)ell YFERA AT

22 AFM HH
AFAE fddst ARs A d9d e
AolEz TAYEH AA R, do] MdL A
o2 ARy AFAY B4s 1HSt +EUA
2o 2HE AAYA A AFHA FE 178 U
3 o] e
T=vH>+V? “
11;1—5
T Y 2wz
H=AE || —+1| -=== - 4E Q)
AE AE
X =—sinh (WLJ ﬁ 6)
w AE
V =wL (7

Zupako] olg#olt}l, ANSYS AQWA A=
AFAL e agste] AR

o BoyE N 2o

3 84 2
l?“(I')l‘}\] A TEHEAT = Fig.29]' 7o) spar
type & A om, 21 292 Table 19 e
At A Eglol=% ZHA(rigid body)Z 7145k
ANSYS AQWA®°I4 PMAS(point mass and in-
ertia) 71%5-& ol g 3ol AA A% olstaitk

blade |

. hub | nacelle
wind \ | /_

— -
—_—-
V tower
Nave . wave |
. el (S ——
floating
mooring platiorm
cable
current
_
—
water
N weight

Fig. 2 Spar type offshore wind turbine

Table 1 Spar type wind turbine properties

Blade mass 30,600 kg
Nacelle height 32m
Nacelle mass 146,000 kg
Tower height 65 m

Tower top diameter 35m
Tower bottom diameter 4.5m
Tower mass 170,000 kg
Platform height 65 m
Platform diameter 8§m
Platform mass 2,684,000 kg
Corr f by
(rom watr Tine) 425m

Table 2 Mooring system properties

Number of mooring lines 3
Angle between mooring lines 120°
Cross sectional area 0.05 m’
Mass/unit length 77.7 kg/m
Stiffness, EA 3.84E+9N
Longitudinal drag coefficient 0.025

Table 3 Hydrodynamic properties

Water depth 200 m
Water density 1205 kg/m3
Water size X 500 m
Water size Y 500 m
Viscous drag coefficient 0.75

Transactions of the KSNVE, 23(5) : 407~413, 2013 | 409



Yanguk Cho et al; Analysis of Effects of Mooring Connection Position on the Dynamic Response of Spar type ...

N, 82 % 120° 7&7&
oz 3719 F/}Oloi ‘7”"0} lon F8 dHAtas
Table 28} 2t} 18]a GAEAL Table 33 ?z‘:]'

Spar type -2l % T A7 6=
5% Fig 30 YeRiATh te] ko] 07 o
259 6AHTE %5 S surged} pitche] &
s7b ApuiA o g A YeRr] wliEell, o] ATl
= surge®} pitche] 5F WH3ES AuH gt

H 34, vIgSA, v o AlR 71 et
A FEgEE FAElen &5 Ar)eh £
Il ANSYS AQWAE
Felate] AR el EHEY

Fel 54 540 VAL 4%

~N
N
e
S

IN 2 Ol 2

2 0k O w2 o oo
ol
N
O,

Zol= 300mE LAA7|L
Fig. 49} #o] W73 3

¥2 e

ERKORIRY

o

U
=2
2
4
v

)

i)

Aoz RE 225m H
m ﬂzﬂ,zi T 12714 259

Hlas] ®okth Fig 55 AolEe] A
drHoniy 325m(E )Y Wl A
F4(42.5 m)oll A2 surged} pitche] $HS LERY

o
2
i
S
W

oo
nfl
mlo

\ 4
5
z

Fig. 3 6-DOF motion of spar type structure
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Fig. 5 Time responses of spar-type floating platform
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Fig. 7 Frequency response of spar-type floating plat-
form

e LT

Fig. 7(a)= surge <52 FE|ol(Fourier) ~HE
#lo]al Fig. 7(b)i= pitch &2 F&|ol|(Fourier) 2=
HAEHo|t},

T4 9SS BEY surged FIE 0.01367
Hz=Z FATAANAG nacellec] Ao 3477} 5
3+, pitChQ] FuEE vV EAE 0.03167 HzE
A4S nacelledl| A9 F3H77F U35 na-
celledl~9] surge®] T3 SHo] FAFSAAA
SHEY IA e A Fig. 7(a)olA 3l &
T AUrk
AFEA Aol &2
3 Fig. 8 YEFHA
& ZHEE] ofy ¥
Ath7} 385m Bk OHHEOH Wﬁ 75‘%
Al
o]

AZ YAl we} peakghs H
It} Surgeo] SHS HWH A9
HEo| AZdERE FHo] Zo}
stk s =
7] HEiE 71101%*—5

W{N—Eﬁmlﬁlﬂ

Peak amplitude (m)
o o
W W
wn =)

e
n
'S

0.53

Cable connection position (m)

(a) Surge response

Peak amplitude (degree)

Cable connection position (m)

(b) Pitch response

Fig. 8 Variation of the peak amplitude in frequency
response to cable connection position

Transactions of the KSNVE, 23(5) : 407~413, 2013 | 411



Yanguk Cho et al; Analysis of Effects of Mooring Connection Position on the Dynamic Response of Spar type ...

Zo] fEdhe & vk Pichd $HS BHHE A
EL BUFE ol AAVFE pitche] I
of olA FYE ¥ 4 AUk Pitche] $HS &
o] QA= AclEel A AN EAF o)
zo AAE Ro] feATS & 5 Uk
UEos Aels 92 9A Hz AoE FEs
peak 72} RMS(root mean square)7k O 2 H|u3]| B
z
2
5
E
Cable connection position (m)
(a) Peak cable tension
3
=
g
8
3

Cable connection position (m)

(b) RMS cable tension

Fig. 9 Mooring cable tension analysis according to
cable connection position

Table 4 Cable tension in Max/Min(unitZIOS)
Min(N) | Max(N) Min(N) | Max(N)
22.5m | 9.387 10.81 345m| 6.714 7.992

245m | 8.881 1033 | 36.5m | 6318 7.585

26.5m | 8.401 9.843 |385m | 5936 7.178

285m | 7.950 9359 |40.5m | 5.574 6.791

30.5m | 7.525 8.880 |42.5m | 5.230 6.419

325m | 7.117 8429 |445m | 4.903 6.049
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