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The stability assessment of spar type for

floating offshore wind turbine
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Ap Projected area above waterline
Ar Swept area of the rotor

Ac Projected area under waterline
B Center of buoyancy

B' Center of buoyancy after inclination
BM Transverse metacentric radius
Cp Drag coefficient

Cr Coefficient of Force

Cn Height coefficient

Cs Shape coefficient

Cr Thrust coefficient

CoM Center of mass

d Horizontal distance from longitudinal axis to center of
additional weight

DLCs Design Load Cases
Downflooding The entry of seawater through any opening into the

(D.f.) floater due to heel, trim, or submergence

ECM Extreme current model

F Force

Fe Weight

Fg Buoyancy

Fg Buoyancy after inclination

Fw Wind load

Fr Thrust

Fc Current load

G Center of mass

Go The increased center of mass by free surface effect

GM Transverse metacentric height

GoM Transverse metacentric height considering increased
center of gravity by free surface effect

GZ Transverse moment arm(lever)

hy Reference water depth by wind (50m)

h; Vertical distance from SWL

h; Water depth
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IS Code

MODU Code
NCM

SWL

Ul —hour,10m
Vw

Ve

Vave

VeSO

Vc,wind
Vc,tide

w

Z

The moment of inertia to the X—axis of a water plane

area
The moment of inertia to the longitudinal axis passing

the area center of the surface area of liquid cargo
International Energy Agency

International Electrotechnical Commission
International Maritime Organization
Intact Stability Code

Conversion factor (0.015 ~ 0.03)
Height of center of buoyancy

Height of transverse metacenter above baseline
Transeverse metacenter

External moment

Weight moment

Buoyancy moment

Righting moment

Mobile Offshore Drilling Unit Code
Normal current model

Still water level

1 hour mean wind speed at 10 m height
Wind speed

Current speed

Annual average wind speed at hub height

The Steady extreme wind speed with a return period
of 50 years

Current velocity by wind

Current velocity by tidal

Additional weight by flooding

The intersection of vertical lines from G to action line
of B'

Density

Displacement volume
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Table 1.1. Korea’s Green New Deal — green energy generation capacity planning
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Fig. 1.3. Tamla wind farm in Jeju(Offshore, fixed)
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Fig. 3.1. The forces and moment of the external force acting on the

inclination of the floater
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Fig. 4.1. General arrangement of FOWT for 5—MW spar type



Table 4.1. Properties of wind turbine

Wind turbine
[tems Value Unit
Rotor diameter 150.97 m
Rotor projected area 17900.70 m*
Nacelle length 12.00 m
Nacelle breadth 4.50 m
Nacelle height 4.70 m
Tower diameter at top 3.50 m
Tower diameter at base 6.00 m
Tower height 81.675 m

Table 4.2. Properties of floater

Floater
[tems Value Unit
Depth to floater base below SWL (total draft) 75.65 m
Elevation of floater top (tower base) above SWL 10.35 m
Elevation to the tower base above SWL 15.35 m
Diameter of floater base 13.00 m
Diameter of floater top 7.00 m
Elevation to tapered cylinder top below SWL 2.65 m
Elevation to tapered cylinder bottom below SWL 15.65 m

Asto] 2 edgre wl AT ATEI HEE] A
Aapna 27h Q40h B Hw )£ B AAsA Ho o o4 B
2 A% eo Gk webs QTR A5 Az A

Be 2U4e b 4 QS Ak @k dAdA ATHE

33} 2 A7) v sl ATt AASES selon, B9me by
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Table 4.3. Top position of openings

Positions X—position y—position z—position
Compartment from center [m] | from center [m] | from baseline[m]
ROOM SW 3.1 3.1 87.5
ROOM SE —3.1 3.1 87.5
ROOM NW 3.1 —-3.1 87.5
ROOM NE —-3.1 —-3.1 87.5
No.5 VOID 2.1 2.1 87.5
No.4 VOID 2.1 2.1 87.5
No.3 VOID —2.5 —-2.5 87.5
No.2 VOID —2.5 2.5 87.5
No.1 VOID 2.5 2.5 87.5
No.5 W.B.T. —2.7 —2.7 87.5
No.4 W.B.T. 2.7 —2.7 87.5
No.3 W.B.T. 2.7 2.7 87.5
No.2 W.B.T. —2.7 2.7 87.5
No.1 W.B.T. —2.5 2.5 87.5

4.1.1 A A

Fig. 4.29} %o ¥-74 7b4 ofe] F3el Zaele WelaEst 745 A4 4
Holm, 1 912 #AHE a5 BeiEst AU ek FAA ABFD 4w
A% Hue Fagel Hash Ha 2ol wet Alsg AR FA FAel Bobd 4
dhol 7] W el HAEe Huss] ss|H s «r%fﬂ shol Wei=g A sl

A A FAE LFEAE 2 AA A ffH

due A 9doz Ads :
No5 WET.lE 1Al 8% o 15% 2 =a7t sisich, 1A 44 el o
@ 2t @Eo wE FoA u TAFAe] ofe e Table 44014 eI 5 ol

Al zl AA el dg A AHGsH 542 Table 4.59 22w, 4(3)~(6)

_11_



(3)

KM= KB+ BM

(4)

GM= KM— KG

(5)

(6)

Table 4.4. Weight distributions
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Table 4.5. Hydrostatics table

Description Value
Displacement [t] 9,322.200
Draft [m] 75.65
KG [m] 27.86
KM [m] 34.573
KB [m] 34.560
BM [m] 0.013
GM [m] 6.713
GGo [m] 0.157
GoM [m] 6.556
Table 4.6. Righting arm by inclination angle
Heel
0 10 20 30 40 50 60 70 80
[deg.]
GZ
m] 0 1.165 | 2.295 | 3.356 | 4.316 | 5.148 | 5.833 | 6.405 | 7.064
m
70000 ,
—e—Righting moment 1
60000 | |
— — Downflooding angle :
50000 - - 4
— |
£ 40000 :
£ 30000 :
<]
£ |
E'.'-1 20000 :
10000 - :
" !
? 10 20 30 40 50 60 70 80
-10000

Angle of inclination [deg.]

Fig. 4.3. Righting moment curve by inclination angle
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4.1.3 F3t5ol 93t HA ZHE

2008 IS CODE®| W&o m=2w Fsts AL A F5& 7Fs AH Al 48 5

36 m/s(70 knots), A3 Z3F el A] FHA F£5L2 51.5 m/s(100 knots) S A&

2 slo} gk HE F RUS AF/AREE A TR e 9 Hxxn

o]7] wWj¥o| £ F& wE A8% 4 dov 1 F o otxel 515 m/s FS

& Agstel Axtshaleh

1 2
szf * Pair * G5 Oy o Ap » Vi (7)
Table 4.7. Shape coefficient and Height coefficient values
Values of the shape coefficient Values of the height coefficient
Cy Cy

Spherical 0.4 Height above sea level (m)| Value

Cylindrical 0.5 0 — 15.3 1.00

Large flat surface 1.00 15.3 — 30.5 1.10

Drilling derrick 1.25 30.5 — 46.0 1.20

Wires 1.2 46.0 — 61.0 1.30

Exposed beams and girders 13 61.0 — 76.0 1.37

under deck

Small parts 1.4 76.0 = 91.5 1.43

Isolated shapes 1.5 91.5 = 106.5 1.48
106.5 — 122.0 1.52

Clustered deckhouses 1

or similar structures ' 122.0 = 137.0 1.56
137.0 — 152.5 1.60
152.5 — 167.5 1.63
167.5 — 183.0 1.67
183.0 — 198.0 1.70
198.0 — 213.5 1.72
213.5 — 228.5 1.75
228.5 — 244.0 1.77
244.0 — 259.0 1.79
above 259.0 1.80
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Fig. 4.4. Overturning moment curve by wind load
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Fig. 4.5. Results curves by current regulations
Table 4.8. Result of intact stability assessment by current regulation
Criteria Attained value Status
Area under the righting moment > .
no
1.3 X Area under the wind heeling 1.14 o
satisfied
moment
Righting moment > 0 Table 4.6 Satisfied
TR Ael® gl wel oAz A8 FFA AT A A" FEFA
= Column stabilized unit® 2 F&32 & St F7LE 98] ke 5 EwlE
A Folsol o Ax EeE A4S 4 el Fig. 4.53 2ok 5644 9
e flal ATRe s A7 7218 degrbA 2R ERE o3 wAe
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A #A Ao Wibsle] sle tAel sl= DNV-GL[10], ABS[11], BV[12]&

SEECIE DRI WS ) s u gk,

Sh
=
=
&

v DNVGL—-ST-0119 (Edition July 2018), Section 10 Floating stability

v ABS #195 (July 2020), Chapter 9 Stability and Watertight/Weathertight
Integrity

v' BV_NI 572 (January 2019), Section 6 Stability
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T Table 4.99F o] of7ke] o]7} gith,

Table 4.9. Loading conditions for stability review by CLASS

CLASS Loading conditions

— Operation condition — Survival condition
DNVGL-ST-0119 o ) o
— Temporary condition — Transit condition

— Lightweight condition
— Operation condition

BV_NI 572 ..
— Parked condition

— Transit, Installation and maintenance condition

— Power production
ABS #195 — Parked

— Parked and fault conditions
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Table 4.11. Criteria of intact stability by CLASS

CLASS DNVGL-ST-0119 BV_NI 572 ABS #195
. Semi Operation Parked Semi
Classification ) Spar o o ) Spar
—submersible condition condition —submersible
GZ moment >0 o
(range @)
@+0Q >1.3(O+3) 0 - @) @) ~ 30 °
Criteria GoM — 1.0 m > 0.15 m - -
Downflooding angle - - - — — > 30 °
etc. - - Freeboard to be remain - -
-t
c
£
o Downflooding angle
S| @
® _____________________________ * . Second intercept
& .

i

Fig. 4.6. Righting moment and Overturning moment curves

— Righting moment

==== Qverturning moment

@

Angle of inclination
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Table 4.12. Extent of damaged by CLASS

ogeWEp JO JUIXY

CLASS DNVGL-ST-0119 BV_NI 572 ABS #195
o Semi Operation Parked Semi
Classification ) Spar o o ) Spar
—submersible condition condition —submersible
Transverse extent(y) - - 1.5 m - -

Vertical extent(z)

-3 mto +5 m
of

the waterline

—2 m to +2 m of the waterline

1. Pump room
2. Machinery room
3. Single compartment

adjacent to the sea

etc

Single

compartment

— 1 compartment
(water depth < 100 m)
— 2 compartment
(water depth = 100 m)
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Table 4.13. Criteria of damage stability by CLASS

final waterline

> final waterline

CLASS DNVGL-ST-0119 BV_NI 572 ABS #195
. Semi Operation Parked Semi
Classification Spar o o Spar
—sub. condition condition —sub.
Range > 7 deg. ) - - - -
angle of inclination
after the damage - @) - - - -
set out < 17 deg.
o | A/B - >2 - - — —
=.
o
=
) )
Area ratio - - — -
) watertight  opening under the Unprotected opening
Openings . . - - . .
final waterline) >1.5m above final waterline
within 4m ) )
Deck edge line Deck edge line
etc. - above the

> final waterline
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Table 5.1. Classification of loading conditions

Case no. | Loading conditions

1 Operating condition min. draft

2 Operating condition max. draft

3 Operating condition min. draft — redundancy
4 Operating condition max. draft — redundancy
5 Parked condition min. draft

6 Parked condition max. draft

7 Parked condition min. draft — redundancy

8 Parked condition max. draft — redundancy

9 Installation condition (no mooring line)

10 Installation condition (1 mooring line)

11 Installation condition (2 mooring lines)

12 Transit condition(towing condition)
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* C(Caseb. Parked condition min. draft
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Al 282 AR Aol AlFAdoe] AA=7] A A Fo+ AdEfeolct
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Table 5.2. Lightweight distribution
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Table 5.3. Deadweight distributions by loading conditions

Cases Casel&b Case2&6 Case3&7 Cased &8

[tems

Weight [t] | CoM [m] | Weight [t] | CoM [m] | Weight [t] | CoM [m] | Weight [t] | CoM [m]
Concrete ballast 3,085.200 3.050 3,085.200 3.050 3,085.200 3.050 3,085.200 3.050
No.1 W.B.T. 793.400 9.090 793.400 9.090 793.400 9.090 793.400 9.090
No.2 W.B.T. 832.400 15.340 832.400 15.340 832.400 15.340 832.400 15.340
No.3 W.B.T. 832.400 21.740 832.400 21.740 832.400 21.740 832.400 21.740
No.4 W.B.T. 0 0.000 832.400 28.140 0 0.000 832.400 28.140
No.5 W.B.T. 0 0.000 128.369 31.893 0 0.000 128.369 31.893
No.1l mooring line 73.700 32.430 73.700 32.430 73.700 32.430 73.700 32.430
No.2 mooring line 73.700 32.430 73.700 32.430 0 0.000 0 0.000
No.3 mooring line 73.700 32.430 73.700 32.430 73.700 32.430 73.700 32.430
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Cases Case9 Casel0 Casell Casel2

[tems

Weight [t] | CoM [m] | Weight [t] | CoM [m] | Weight [t] | CoM [m] | Weight [t] | CoM [m]
Concrete ballast 3,085.200 3.050 3,085.200 3.050 3,085.200 3.050 3,085.200 3.050
No.1 W.B.T. 793.400 9.090 793.400 9.090 793.400 9.090 793.400 9.090
No.2 W.B.T. 832.400 15.340 832.400 15.340 832.400 15.340 832.400 15.340
No.3 W.B.T. 832.400 21.740 832.400 21.740 832.400 21.740 832.400 21.740
No.4 W.B.T. 0 0.000 0 0.000 0 0.000 0 0.000
No.5 W.B.T. 0 0.000 0 0.000 0 0.000 0 0.000
No.1l mooring line 0 0.000 73.700 32.430 73.700 32.430 0 0.000
No.2 mooring line 0 0.000 0 0.000 0 0.000 0 0.000
No.3 mooring line 0 0.000 0 0.000 73.700 32.430 0 0.000
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Table 5.4. Hydrostatics table by loading conditions

Description Cases Casel&b Case2&6 Case3&7 Cased &8 Case9 Casel0 Casell Casel?2
DRAFT [m] 61.734 75.650 61.132 73.189 60.004 60.557 61.132 60.004
DISPLACEMENT [t] 8384.8 9345.5 8311.1 9248.5 8163.7 8237.4 8311.1 8163.7
KB [m] 30.816 34.560 30.544 34.142 30.002 30.273 30.544 30.002

KG [m] 27.786 27.874 27.744 27.826 27.660 27.703 27.744 27.660

BM [m] 0.133 0.013 0.147 0.013 0.176 0.161 0.147 0.176

KM [m] 30.949 34.573 30.691 34.155 30.178 30.434 30.691 30.178

GM [m] 3.163 6.699 2.947 6.329 2.518 2.731 2.947 2.518

GGo [m] 0.000 0.154 0.000 0.155 0.000 0.000 0.000 0.000

GoM [m] 3.163 6.545 2.947 6.174 2.518 2.731 2.947 2.518

_27_




Table 5.5. Righting moment by inclination angle

eel [deg.]
0 10 20 30 40 50 60 70 80
Cases
Casel&5 0 4612 9097 13340 17247 20752 23913 27150 34310
Case2&6 0 10888 21448 31364 40335 48111 54512 59858 66017
Case3&7 —341 3915 8078 12018 15658 18966 21999 25191 32430
Case4&8 —435 9739 19616 28911 37345 44679 50792 56110 62668
Case9 0 3568 7029 10311 13356 16131 18760 21715 28883
Casel0 0 3913 7710 11302 14621 17644 20445 23501 30775
Casell —341 3915 8078 12018 15658 18966 21999 25191 32430
Casel?2 0 3568 7029 10311 13356 16131 18760 21715 28883
Table 5.6. Steady heel angle & downflooding angle
Cases
o Casel&b Case2&6 Case3&7 Case4 &8 Case9 Casel0 Casell Casel?2
Description
Steady heel [deg] 0.00 0.00 —-0.81 —0.42 0.00 0.00 —0.81 0.00
D.f. angle [deg.] 79.81 72.18 79.91 73.55 90.00 79.78 79.91 90.00

_28_




oX
=
2
k=)
fu o
)
)
ot
o2l
ox
fuj
=2
>
r
g
=2
o)
ol
ol
rr
i
ue
-
J {

] &

+ No.4 VOID 8o &4b=w, FH oy
] £4+8 A 859t} Fig. 5.1 Casel®} Case?2
5 5 YERd Aol Caseol wet &4
A4 JEE Table 5.7 vepiodeh. &4 F AA HP A= No.d VOID

1 o
3] &4k 4] AA A%k wAlse, Room SE IS HE D470 wage 3l

0

ot

Table 5.7. Flooded weight distribution

Cases Damaged compartment Weight [t] CoM [m]
Casel No.4 VOID 796.564 59.998
Case2 Room SE 48.881 74.430
Case3 No.4 VOID 796.564 59.998
Case4 Room SE 16.509 72.789
Caseb No.4 VOID 796.564 59.998
Caseb6 Room SE 48.881 74.430
Case?7 No.4 VOID 796.564 59.998
Case8 Room SE 16.509 72.789
Case9 No.4 VOID 796.564 59.998
Casel0 No.4 VOID 796.564 59.998
Casell No.4 VOID 796.564 59.998
Casel2 No.4 VOID 796.564 59.998
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(b) Case?2

(a) Casel

Fig. 5.1 Example of loading conditions before/after damage
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Fig. 5.2 Comparison of righting moment curves before/after damage
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Table

5.8. Hydrostatics table after damage

Description Cases Casel&d Case2&6 Case3&7 Cased &8 Case 9 Case 10 Case 11 Case 12
DRAFT [m] 71.617 76.889 70.177 74.200 67.838 68.936 70.177 67.838
DISPLACEMENT [t] 9181.3 9394.4 9107.6 9288.3 8960.2 9033.9 9107.6 8960.2
KB [m] 33.862 34.777 33.563 34.312 32.980 33.269 33.563 32.980

KG [m] 30.580 28.116 30.565 27.917 30.535 30.550 30.565 30.535

BM [m] 0.019 0.013 0.026 0.013 0.044 0.035 0.026 0.044

KM [m] 33.881 34.790 33.589 34.325 33.024 33.304 33.589 33.024

GM [m] 3.301 6.674 3.024 6.408 2.489 2.754 3.024 2.489

GGo [m] 0.000 0.154 0.000 0.156 0.000 0.000 0.000 0.000

GoM [m] 3.301 6.520 3.024 6.252 2.489 2.754 3.024 2.489
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Table 5.9. Righting moment by inclination angle after damage

eel [deg.]
20 30 40 50 60 70 80
Cases
Casel&5 5261 10366 15168 19529 23348 26617 29858 35385
Case2&6 -75 10569 20893 30588 39363 46963 53210 58320 64117
Case3&7 —383 4399 9062 13452 17459 20993 24090 27268 33015
Case4 &8 —464 9873 19914 29360 37924 45373 51569 56872 63291
Case9 3871 7634 11191 14426 17320 19919 22660 28583
CaselO 4318 8519 12467 16071 19251 22070 25015 30869
Casell —383 4399 9062 13452 17459 20993 24090 27268 33015
Casel?2 3871 7634 11191 14426 17320 19919 22660 28583
Table 5.10. Steady heel angle & downflooding angle after damage
Cases
o Casel&b Case2&6 Case3&7 Case4 &8 Case9 Casel0 Casell Casel?2
Description
Steady heel [deg.] 0.00 —-0.07 -0.81 —-0.45 0.00 0.00 —-0.81 0.00
D.f. angle [deg.] 74.47 71.46 75.06 72.95 76.29 75.27 75.06 76.29
Deck edge immersion
72.14 67.76 73.26 70.46 74.85 74.10 73.26 74.85
angle [deg.]

_33_




A6 o2 =7

—_
o

Ho

olu|] Caseb5~89l A|~H®] Az Abej =

ﬁo
B

o

F ool ®s

oV

CURRENT
NCM
NCM
NCM
NCM
ECM
ECM
ECM
ECM
NCM
NCM
NCM

Towing speed

WIND
Vave
vave
VHVG
VeSO
VHVG
vave
Vave

Vave
Towing speed

b, A A Abejel Case9~119F o]F Aeial Casel2x® 4

pud

Table 6.1. Environmental conditions by loading conditions
v}E}

Case no.
10
11
12

Table 6.1
IEC61400—1[14], TEC61400—3—1[15]°14 A= Wy &<

ey
Kfo
Ho

Sshsiet.

i

_%

Bfo]7] el =3

=
) .

L

H
-

T
|-

BA e

gabsich.

B

el

o

~

;OL

hin

_34_



il

B 7R AA 2 7 dow &4 djekr|de]l AEE 43 [16]
th 5 AEE 4.3 m EoldA SAE FHo|EE A(B)F

st F55 AbEskdnh o714 IEC61400—10 4= AA
2 a9 e 0.14, S FE5 Ao af 32 0118 HEF 7
t}, FetAtef ol 4= Gumbel methodE o] &3 x| SAEAHS Fd dofx 504
3)7)1F7) 0] F4S A}g3te] Table 6.29F o] vpeRfgith

o, Casel29] 7% oelAdel] os zel=l= AFejo]7] wiiol, oA £E& F
%ozt 7k %eh. DNVAo A= dedid £5&5 8~10 knotsE A3 [17], 7
Abell = 10 knots& A £38}sic}.

V)= 1) - (—) (8)

Table 6.2. Normal wind speed and Extreme wind speed

. Normal Wind Profile Extreme Wind Profile
Height [m]
Speed [m/s] Speed [m/s]
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Table 6.3. Thrust coefficient by wind speed

Wind Speed o Wind Speed L
(/s ] Thrust coefficient (/s ] Thrust coefficient
3 1.0802 13 0.2681
4 0.8559 14 0.2119
5 0.7892 15 0.1713
6 0.7912 16 0.1410
7 0.7926 17 0.1178
8 0.7939 18 0.0997
9 0.7325 19 0.0855
10 0.6570 20 0.0740
11 0.4823 21 0.0646
12 0.3511 22 0.0569
i
’ ) wind speed [:15/5] B - i j Wind speed [:/s] B B
Fig. 6.1. Curve of thrust coefficient Fig. 6.2. Curve of thrust force
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Table 6.4. Current speed by water depth

Water Depth [m] Normal Current Profile | Extreme Current Profile
Speed [m/s] Speed [m/s]
Surface 0.37 1.63
-1 0.37 161
=5 0.35 153
—10 0.33 1.43
=50 0.14 0.66
—90 0.13 0.61
—-110 0.12 0.58
—130 0.11 0.53
—150 0.07 0.34
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Table 6.5. Overturning moment by external loads in case of intact

Heell[deg.]
0 10 20 30 40 50 60 70 80
Cases
11161
Casel 11333 1629 1554 1433 1267 1063 827 566 287
10831
Case?2 10998 1531 1460 1346 1191 999 777 532 270
11175
Case3 11348 1633 1558 1436 1270 1066 829 567 288
10890
Case4 11058 1546 1475 1360 1203 1009 785 537 273
Caseb 33102 32599 31105 28667 25357 21277 16551 11321 5748
Caseb 31197 30724 29316 27018 23899 20053 15599 10670 5417
Case? 33177 32673 31176 28732 25415 21325 16588 11347 5761
Case8 31495 31016 29595 27275 24126 20244 15747 10772 5469
Case9 1667 1641 1566 1443 1277 1071 833 570 289
Casel0 1661 1636 1561 1439 1273 1068 831 568 289
Casell 1658 1633 1558 1436 1270 1066 829 567 288
Casel?2 8825 8691 8293 7643 6760 5673 4412 3018 1532
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Table 6.6. Overturning moment by external loads in case of damage

Heelldeg.]
0 10 20 30 40 50 60 70 80
Cases
10929
Casel 11098 1558 1487 1370 1212 1017 791 541 275
10801
Case?2 10968 1599 1453 1339 1184 994 773 529 268
10948
Case3 11117 1568 1496 1379 1220 1023 796 545 276
10866
Case4d 11033 1540 1469 1354 1198 1005 782 535 272
Caseb 31708 31226 29796 27460 24290 20382 15854 10845 5506
Caseb 31042 30571 29170 26884 23780 19954 15521 10617 5390
Case7 31900 31416 29976 27626 24437 20505 15950 10911 5539
Case8 31375 30898 29483 27172 24035 20168 15688 10731 5448
Case9 1609 1584 1512 1393 1233 1034 804 550 279
Casel0 1572 1548 1477 1362 1204 1011 786 538 273
Casell 1592 1568 1496 1379 1220 1023 796 545 276
Casel?2 10968 10801 10306 9498 8402 7050 5484 3751 1905
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Case 11. Moment curves Case 12, Moment curves
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Fig. 7.1. Intact stability moment curves
Table 7.1. Result of intact stability assessments
Intact stability criteria
Cases _ 1% intercept
A.Ratio > 1.3 GZ >0 Status
< 10 deg.
Casel 7.03 O 10 not satisfied
Case?2 13.90 @) 9.96 satisfied
Case3 6.42 - 10 not satisfied
Case4d 13.35 - 10 not satisfied
Caseb 0.71 @) - not satisfied
Caseb 1.46 O - satisfied
Case7 0.65 - - not satisfied
Case8 1.40 - - satisfied
Case9 11.17 - - satisfied
CaselO 12.14 — — satisfied
Casell 13.04 - - satisfied
Casel?2 2.10 O - satisfied
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Fig. 7.2. Damage stability moment curves

Table 7.2. Result of damage stability assessments

Damage stability criteria
1st intercept point
Cases A-Ratio < Deck edge immersion Status
> 1O Attained value Required value
Casel 7.04 10 72.136 satisfied
Case2 13.42 10 67.757 satisfied
Case3 6.33 10 73.264 satisfied
Case4 13.29 10 70.456 satisfied
Caseb 0.73 45.9 72.136 not satisfied
Caseb 1.41 26.9 67.757 satisfied
Case?7 0.66 49.1 73.264 not satisfied
Case8 1.39 28.2 70.456 satisfied
Case9 11.37 4.1 74.848 satisfied
CaselO 12.40 3.6 74.096 satisfied
Casell 13.12 4.1 73.264 satisfied
Casel?2 1.67 1.2 74.848 satisfied
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The stability assessment of spar type for

floating offshore wind turbine

Minji Kim

Department of Naval architecture and Ocean engineering, University of Ulsan

ABSTRACT

Stability of floating offshore structures is based on the intact stability
regulation called 2008 IS CODE which is a resolution MSC.267(85) presented
by the International Maritime Organization(IMO). Each intact stability criterion
1s shown based on defined vessels, among which offshore structures are also
distinguished.

IEC61400—3—2 clauselb, a floating offshore wind turbine system design
standard established by the International Electrotechnical Commission(IEC),
include the floater stability, but refers to the 2008 IS CODE for intact stability
assessment criteria, and the damage stability assessment criteria are not
indicated.

Based on these, the criteria for the stability assessment and the calculation of
stability need to be prepared to suit the floating offshore wind turbine system.
In this paper, the stability assessment by current stability regulation was
carried out as an example of a 5—MW spar type FOWT model. A comparison
of the floating offshore wind turbine systems covered by ABS, DNVGL and BV
classification has been made to determine the difference between FOWT’s
stability assessment rules. In this paper, the stability assessment is redefined
applicable to floating offshore wind turbine systems.

First, a variety of cases are defined that may actually occur through the
classification of loading conditions, and secondly, the environmental loads are
specified that can be applied to the defined loading conditions. Third, the
criteria for intact and damage stability are defined for assessing stability
through righting moment and overturning moment calculated by loading
conditions and environmental loads. Based on the three definitions defined, a

5—MW spar type FOWT model is calculated and results are presented.
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