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Abstract - As the demand for reducing carbon emissions increases, eflorts to reduce the usage of ossil fiiels and research on renewable
energy are also increasing. Among the various renewable energy harvesting techniques, the floating ofishore wind turbine has several
advantages. Compared to other technologies, it has @ewer installation limitations due to interference with human activity. Additionally, a
large wind turbine farm can be constructed in the open ocean. Therefore, it is Important to conduct motion analysis of floating offsShore
wind turbines in waves during the initial stage of conceptual design. In this study, a frequency motion analysis was conducted on a
semi-submersible type floating ofishore wind turbine. The analysis focused on the eflects of varying trim on the motion characteristics.
Specifically, motion response analysis was performed on heave, roll, and pitch Natural period analysis confirmed that changing the trim
angle did not significantly aflect the heave and pitch motions, but it did have a regular impact on the roll motion.
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Fig. 1 Schematic view on the semi-submersible type

floating offshore wind turbine

Table 1 Principal dimensions of floating offshore wind

turbines
Item Value [ml]

Tower height 130.00
Top brace length 60.00
Top brace width 450
Top brace height 3.50
Column length 12.75
Column corner length 584
Column height 29.00
Pontoon length 60.00
Pontoon width 9.00
Pontoon height 450
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Fig. 2 Mooring line
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Table 2 Mooring stiffness at neutral position

Line k, (kN/m) | k, &N/m) | k, (KN/m)
ML_NEI1 43 92 18
ML_NE2 4 173 18
ML_SE1 4 174 18
ML_SE2 42 92 18
ML_W1 236 4 18
ML_W2 236 4 18

NW-1

PW-A

PW-B

Fig. 3 Configuration of ballast tanks

2.2 We|AE EBiF

W] ~E el =13 Pontoond} Column dh-oll A x5 o] gt}
Fig. 3°14 &9 4= 915, Pontoon dhitollE F 72 W~
E 937} A 5o gtk E-1 ®3 4RoE B AAF
o] glom g NW-1, PW-A, PW-B, SW-1 Bl=d= Bg<
7F V5 A = E AAs o, UmA] BAas FAA
o] E9 FASAS nEd) AToR A EE A

ot HAFE AFR, WrE 1,025kg/mPo|th

WEE APEENANE NEH B TREA )
A AH A Bt Basth 38 agge YA 3
2% $588 44 o, 31 9P Je)2 SolgelE Y
2 9Red BA4 PrhE Ba 4 AL AT 5 9
o oleld o, 27147 WAl E S SRT el
Bkl FHLe Bk uhebd, $EH B RA EHA
&Y BA4e Bk
g

Ju
o

H7t 712 gAFA T IMO2] 2008 IS Code,
General Criteria(IMO, 2008)E 283 H7lslAt). whah4=2]
AFFHLAE xF THE dolot y= AW o7t v

1=l T

4

2% ghubch 60km S1AH35.460N,
PEE e LTI

- o =
DA - AAS - A
GZ Curve : Heeling Angle
)
E
G
o
3
o
-3
-6
-9
o 15 30 45 60 75 20
Heeling Angle [deg]
GZ Curve : Trim Angle
2
E
~ F
[C]
T
a
-3
-6
-3
90 -75 -60 -45 30 <15 0 5 30

45 60 75 80
Trim Angle [deg]

Fig. 4 GZ Curves

s

o

N,

i a 2000km o0k 5000km,

o
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Fig. 7 Added mass coefficient of sway, roll, yaw motion
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Table 3 Natural period and frequency, exclude damping
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Fig. 11 Wave exciting moment in roll, pitch and yaw
motions

Table 4 Natural period and frequency, include damping

Trim Period(s) Frequency (rad/s) Trim Period(s) Frequency(rad/s)
(deg) | Heave | Roll Pitch | Heave | Roll | Pitch (deg) | Heave | Roll Pitch | Heave | Roll | Pitch
2.0 17714 | 27893 | 28007 | 0.355 | 0.225 | 0.224 2.0 1834 | 28254 | 32.242 | 0343 | 0.222 | 0.195
1.5 17715 | 27853 | 28056 | 0.355 | 0.226 | 0.224 15 18345 | 2819 | 32.317 | 0.343 | 0.223 | 0.194
1.0 17718 | 27.813 | 28.097 | 0.355 | 0.226 | 0.224 1.0 18348 | 28122 | 32.381 | 0.342 | 0.223 | 0.194
0.5 17716 | 27767 | 28138 | 0.355 | 0.226 | 0.223 05 1835 | 28.051 | 32436 | 0.342 | 0.224 | 0.194
0 17717 | 27721 | 28168 | 0.355 | 0.227 | 0.223 0 1835 | 27.977 | 32479 | 0342 | 0.225 | 0.193
-05 | 17.717 | 27670 | 28187 | 0.355 | 0.227 | 0.223 -0.5 18.35 279 32512 | 0342 | 0.225 | 0.193
-1.0 | 17717 | 27494 | 27979 | 0.355 | 0.229 | 0.225 -1.0 | 18348 | 27615 | 32199 | 0342 | 0.228 | 0.195
=15 | 17.716 | 27435 | 27981 | 0.355 | 0.229 | 0.225 =15 | 18345 | 27529 | 32.205 | 0343 | 0.228 | 0.195
=20 | 17.714 | 27.353 | 27962 | 0.355 0.23 | 0.225 -2.0 | 18341 | 27435 | 32177 | 0343 | 0.229 | 0.195

-2.0°

a) Trim : b) Trim : 2.0°

Fig. 12 Comparison of inundation area by trim angle
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