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ABSTRACT

Since wind is affluence everywhere and semi-permanent, wind power is one of the uprising renewable
energy which is expected to replace fossil fuel. Most of wind power plants were built on the ground, however
due to noise problem and lack of high wind site idea of building wind turbine on offshore has occurred. Since
ocean generally have more high wind speed but less people living by, offshore wind turbine is replacing tradi-
tional onshore wind turbines. In recent days, challenge to build offshore wind turbine in deeper ocean pro-
voked development of floating platforms. Floating platforms can be categorized into 3 by its mechanism of
generating restoring force - Tension Leg Platform(TLP), barge platform, Spar platform.

In this study, a new concept of floating wind turbine using wheel structure is suggested. By using
symmetric wheel structure, new floating wind platform can reduce tension in its tendon, and get better dynam-
ic performance. Environmental loads followed ware being calculated followed by recommended rule of DNV.
Buckling analysis of platform was being performed, structural analysis in spoke and wheel design has been
made with proper design recommended rule in order to survive in extreme weather condition.

Dynamic analysis has been performed using FAST simulation code from NREL(National Renewable
Energy Laboratory). Dynamic analysis results have been compared with MIT/NREL TLP model and TLB
model. Simple economic analysis between suggested model, MIT/NREL TLP model and TLB model have

been performed. Pros. and cons. of each models had been analyzed.

Keywords: Tension leg platform, Floating wind turbine, Wheel structure, Preliminary design, Structural anal-

ysis, Stress assessment
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Figure 2-1 Global cumulative installed wind capacity 1997~2014 [GWEC]
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GLOBAL CUMULATIVE OFFSHORE WIND CAPACITY IN 2014
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Figure 2-6 Global cumulative offshore wind turbine capacity [GWEC]
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Figure 2-8 Land-based offshore wind turbine platforms [EWEA]

Figure 2-9 Sheringham Shoal Offshore Wind Farm [Statoil]
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Figure 2-11 Restoring force mechanisms of floating wind turbine platforms

Pontoon type &2 Aute] 5 ) A 7 Heel angle o & 55 F4 ¥WsE
o] g3t ndlg Al AWt ow o] ZIYFL FYFAY WHIHE Hust sr] e 4
WAL HUst s7] uid] AAFoR Ha ¢S BYS JHAA "rh o] dt Rk v
Fas Wol WA HA|9h Spar type © Bt A|2E HA FAE AEE] =9 5 AL A =H
FA]o] Lol FAWGT) Golslthi= o] AT
TLP Spar Pontoon
249 AT A TP ORI
= 7 = T FAS
HEG T 48 48 Be
554 = W% v
A B HE BnE E
A x4 =& BnE *e
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IEC 61400-1 : Wind Turbines —Part I : Design Requirements
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IEC 61400-3 : Wind Turbines — Part III : Design Requirements for Offshore Wind Turbines
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Table 3-1 Installation site environment condition
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EEA Fen B AgelM AREShE AH FE=2 NREL oA tARRIgE 5MW  wind
turbine ©]t}. NREL 5MW wind turbine & A|{F X|X|W2] ZHFo| AlE5 = Ed}[4]
ol ARgE = EE[5]0] BRE-EelA Abol7l EAsHr] wiEel ¥ ATelA=

4
Al

1=}
-
|=RKe)
T

Rating power 5MW
Cut=in, Rated, Cut-out 3m/s, 11.5m/s, 25m/s
wind speed
Cut-in, Rated rotor speed 6.9rpm, 11.8rpm
Tower height 87.6m
Rotor dimeter 126m
Rotor 110,000kg
Mass Nacelle 240,000kg
Tower 347,460kg
Overall center of mass (-0.2m, 0.0m, 64.0m)

Table 3-2 Property of NREL 5SMW wind turbine[5]

o AT 0

Figure 3-3 NREL 5MW wind turbine[5]
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Figure 3-6 Initial Design of Tension Leg Wheel platform
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Figure 4-1 Load caused by wind on wind tower

Edloj=2] 3ol o8 rotor o #&st= TS HFE Aerodynamic A E
Tl fojof = Adfolvt. et hefR 27 A A ARESE7] 918 NREL 5SMW wind
turbine ol 22l thrust & =&3 Wi W4 o] &A%}

NREL 5MW wind turbine < rated speed ¢l 11.4m/s & ¥+ &< 874 A pitch
control & Al&3te] rotor o] A= FatssS A FASY 4], o= BRI H4EE&

WAL blade TEES] HEL BAGES Aofah Rolu,
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Figure 4-2 Steady state response of NREL 5MW wind turbine as a function of wind speed[4]
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Pitch Control

Figure 4-3 Pitch control of wind turbine

of w=w pitch control ©] AFaHA] &= ol Fatse Hl o 4100kN Hrel
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#20] Cut-out speed ¢ 25m/s 2 @ol7bd pitch control & Al&alo]l= E}9] ol

dd= Fetes LA #AE = gl7] wiEel pitch angle & ﬁﬂiﬂ E3L rotor ] IS
AR AAANIGY, o= 53 FAF AN A7 Foksel o7 HES tiulste] FujREd
o7k ol olgfdt =3 fAAxHAAE FRe EFo] UF 7‘°H Eol=o] Zel=
Toee T F gle¥de, FIT BHue AFEksol dominant A7) wEel] onE
slojm Al At

z7] AAld a2y, T REd HuE B wygzge] Aye Y ES EHYERH
30m ofzf A Helth, webd F5 AT ot FAS flste] B EFE 30m ofd AHE
71Z4tol Tt @ EWEE Fel ®Bokth FekTel o3 dd¥y 3 EwWlE+= wind turbine
tower HaldollAl Hoj7} Hw 1 g the 2

Normal Extreme
Thrust[MN] 0.8 0.8377
Moment[MNm] 94.88 68.61

Table 4-1 Load on tower by wind

4.1.2 33t%
[EC 61400-3 © wW2wW, &s)dxzde gdadx
Az7A(Severe Wave Condition) 28]l BEHo=z 50 d9o AIAF7IE z2=
=X AZ A (Extreme Wave Condition) 2.2 Ut} [EC A Heo| 2 vfj$ Bxoz AAE
st o= ez FA&dEA 2oia MR 5 Q7] diiel, B AFoAE=

Qs Eas Aadzdd da Bae 59 a9t

ZA(Normal Wave Condition),

o o
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s Wave amplitude time history for fixed position
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Figure 4-6 Wave simulation result for normal condition
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Figure 4-7 Wave simulation result for extreme condition
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Normal Condition Extreme Condition
4 1.0 3.6
Unave, e [M/ 8] 0.4146 2.0399
Urige, e [M/ ] 0.8502 0.2555
Current
Uning,mex [M/ 8] 0.0588 1.3804
tota.m[m/S] 1.3237 3.867
Uave, e [M/ 8] 0.131 0.2955
Table 4-2 Wave speed and acceleration on surface
&gt AANHE 2= A g s oS3 Ze 4 7Y Mo R
s ok AR dE5" HAd Afste EE AbEst7] 91§ Goda equation,
DAY s 7 A FEste g5 4FE3SH7] 919 Morison equation, 1WZbA e T HE
HAo] Zgste 3¥E AEF7] 93 Goda-Morison equation[7], ¥ HAoj} AvEE o
Zasls= 9H#@lS AEE7] ¢8F Hudson equation 28 Brebner-Donelly equation  ©]
OAEelY. ARt o w dwo] MPS AA sty v wEH e FEREolal, L)l el
TZ2E52 AED)o] 22 49 (D/LL0.2) Morison equation & &3 4 9l
2 AFdAE 458 F2EN S FxE FEse dAEETS =S A
Morrison equation & =3ttt 7Fg 73 g5l FASAH ol YEl=d], XS54
150m §1 Al A hvprtell A= S e] s o)7F 120m o 2aftal, AapHoz 2
Ao A dojul FEFFE A EBo] 20m ©]7] wWEo|thD/L=0.16). & ATo|A = oo}
s astgol gka Hgatgit.

A ZAget= dte2 fFAY Hro TRl
5% el wEbd FAS HxrF Havk d wy S ErE Add W fAlel o9 §hEol
At = AL oy BE wtuyl 7 =S o §30] 9@ dFo] 4 Adau deA

S ol B AgoME AAE Slste]l 3 AP AlEd ol Adeld Hd
FEEGT A FUHEEES AREste] dREEet Yo =

2 ©3d & Morrison equation <
AL A4 steS T8l RATH8I[9].

Morrison equation ¢ WEH 4=

HE4A ol

F(z) = %CD pDu(z)| u(z) +Cy p Au(z)

3714 A8 G50
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2 A7l AHgE ddixzEs A=K /Doz Aoun, o7]A Ahgd sux=K
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rr
I
ol
ri
oy
e
=

o

t}. Keulegan-Capenter 5~ K.+ K. =uT,/D
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Maximum Stress Line

Figure 4-9 Maximum stress line

Normal Extreme

2.081 5.557
32.42 81.69

Thrust[MN]
Moment[MNm]

Table 4-3 Load by wave and current

>
ZealEolet FEW A7 E o]FE rotor, blade, nacelle 59 A& wjio] WA=
steS SSdtth ol AFFAY A= Y F3 A dASHA @] wiEel AA
Ao RE @ RUlES WA & A4 ARE¥ NREL 5MW wind turbine 9] 73
THetES e 2
Rotor [MN] 1.78
Weight by Nacelle [MN] 2.352
Tower[MN] 3.405
Weight[MN] 6.835
Total
Moment[MNm] -0.80344

=
T
o]
2R

Table 4-4 Weight and moment of tower by gravity

4.1.5 %A
TLP type 9
7HE-E S W skA 717

o wpEbd FE ] A g
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A S
D
HSWL
@A
#aT __
MSL — B
LAT _____X
Cc
¢co ___ - a4 - 41 -
LSWL
NN E

FagzAge 3 MY B dolH vt thed 23l Ah, ¥ Ah = 77t

S AN Ik AZIHd v wiurp BEe] L2 Ak ot

- HAT 2.578m
Normal condition

LAT 0.000m
Ah, 0.776m
Ah -0.074m

Extreme condition -
HSWL 3.354m
LSWL -0.074m

Table 4-5 Tide condition

EERE Aet7] ol
SyTFRES A A4S A S e TRolvh 59 1 39 3718 AA A4 R n)
FAEe] gl Ausl g, AgrEEe HAE Fad AEG BFAA 2 w5 gle] 20 W

EoAE Aued g% 949

B dFM s AFmdes A @49 S AdAddAM e A9

ot H7] wEel, v=AFHINAPDAAM  AASE FHA sHETERE G4 $OEN

i)
it
=
s
ol
A

-30 -



10225/S355 & A}g38t7]= st} EN 10225/S355 &= &7 wykgo] Zo} A zbe] fo]atn
HUAAE o Fshr] wiEe 20 do] EE AlZF FoF vlRE] wmEFEHor Ao ckdsit),

S355ML 9] ¥+ 7850kg/m™3, &89 355MPa, & 190GPa o|t}.

Mechanical properties

S355G10+M
Thickness t Yield R TensileR R /R CVN El
eh m eh m

mm MPa (min.) MPa - -40 °C %
t< 16 355 max. 0,93

16< t< 25 355

SR G 345 470-630 =0/ 22

mee, 60 transverse
40< t< 63 335
63< t< 100 325

Figure 4-11 Property of EN 10225/S355
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Hza s A8y, BANFTS AUH =S ALY § dE H2 FAE AEE U 23
FAzaa o] MAA7|FOoZE DNV-RP-C202: Buckling Strength of Shells 7} ¥
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e

o, =N/A 6,=M/Z,t=2Q/A 7, =M, [ 2z r*

P ) o
— X 1. T ~o. F
(15) L5 (5 0377LF)
— : 1 2.567—r/t(F/E)*™ ” | f\072
ofer {OQGTEH—O4E{ 5100 <15 (0377(EJ t
1 " CpeT
<L . — -
(225fg”ﬁ) 15 (2567(FJ <)

t 1 ({r' 1-’!2] H
=0.6F—11—0. - _{_)
Ter.e 0.6 . { 0 901{1 exp 16\ 7
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F r E"-.O-TS
=110.267F+ 0.4F x —=] =< -
of or {0 26T+ 0 4Fl 3 1.5 (0. 274( ) < —<2. 106( .
1 ENT oy
( 5.95 bo-cr.e; *x 1.5 (2. 106(}.) = ?)
t 1 (r\?
oo = 0. GET{1—0.731{1— exp|~ 14| 7 | ] }}
FeddSHEEE S A4S e
r_) r_ 0.204(E P
= 1.5 g )
( 153 ) 5 (1/7)%4
0.267F 0.4F[ 1.446 — r/t(1/r)* £/ E)*®! ” 0.204(E/ F)*3Y p 1.446(E/F)"®!
— + % 1.5 < —<
sfer { V3 V3 1.242 ( (1/r)"* t (1/r)4
1 1L446(B/F)™  r
| 5a5 s0ere) < 15 G =)
1
C LA 2
00 =0 8% t{Ho 0239 i(1)2] }
' [1/r(r/0)?] t
Normal condition Extreme condition
Wind 0.8 0.8377
Shear[MN] by Wave 2.081 5.557
Total 2.881 6.395
Wind 0 68.61
Weight -0.8034 -0.8034
Moment[MNm] by Blade 94.88 0
Wave 32.42 81.69
Total 126.5 149.5
Table 4-6 Maximum load on substructure
He

)



Azpskel SR

A 2 o] o,

&8}

Nz oelo] uzittn spgac

Lol el

Section number | Normal condition [mm/]  Extreme condition [mm]  Model thickness/mm]  Safety
1 12 11 12 ok
2 12 11 12 ok
3 12 11 12 ok
4 12 11 12 ok
o 12 12 12 ok
6 13 12 13 ok
7 13 12 13 ok
8 13 13 13 ok
9 13 13 13 ok
10 13 14 14 ok
11 13 14 14 ok
12 14 15 15 ok
13 15 17 17 ok
14 15 19 19 ok
15 15 22 22 ok
16 15 15 20 ok
17 15 15 20 ok
18 15 15 20 ok
19 15 15 20 ok
20 15 15 20 ok

All sections have 2m height
Table 4-7 Required wall thickness and its safety
F= S Bk UH stiffener §lolE FAFAZNS AL F AE FFFREY
ALFAS AEAAT, B AP ByH AAS S)ste] U stiffener & =&}

Stiffener & 4= % 1.5cm 2 43ttt 7148k, vertical stiffener 16 7, Horizontal

stiffener 9 7, Bracket 16 &

Buckling Strength of Shells & A}-8-3}9it}.

-34 -
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Figure 4-12 Sectional view of stiffener inside the floating platform

Figure 4-13 Platform manufacturing by wielding in WindFloat project
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4.4 d5 9 AQYRAUE &&=
SppaEe A%e £E HUAW, FH ANS 8 sprael 4 AP
AYEUEE =Zd dlojof gttt o]E flste] CAD Z=afe] dF< Solidworks &
Abgste] Al AR HAARUNEES =59 BTt
X[m] 0
Center of mass Y [m] 15.26
Z[m] 0
Total mass mlkg] 1,111,681.85
) - Ixx[kg m2] 239,771,894.55
2" moment of inertia
Iyylkg m™2] 194,049,850.14
at center of mass
Izz[kg m™2] 239,771,894.55
; ) ) Ixx[kg m"2] 395,107,106.17
2" moment of inertia
- Iyy[kg m™2] 194,049,850.14
at origin
Izz[kg m™2] 395,107,106.17
Table 4-8 Mass property of platform
25 SOLIDWORKS R 0-8-H-8-9 8 5 E - submerged. SLOPRT (@ soldworks S22 2M D+ R » o B B X
2 [ 4 - e M omaed B el 4 HEAN = @
eEﬁ: = ;‘% E.%Eﬂ E%ﬁ ;‘16?)\1 m%g & AeHER A é 225 5 AEEA F S H4 | Smustompress Flo¥press DFM¥press DriveWorks¥press  Sustainabiity Part
N - o A S A= e B == 5 suA s B SAHD il 24 OF A A\;/’?;;:és »wlazl;rsés Wizard Reviewer
@A [ 297 | A& [Dimxpen | Ofice M& | QASH@E-F-bv- @ - E 0 E o & %
Y E e S
R, , 7
%églb;:ged (F18<<7|8>_BA [%
w0 74 )
(8] 223/ 8HEI(©)
%’iji Alloy Steel
Sze 5
& 2z
L 2
0-6f 3|1
- 3@
(R 2283
@(B A4
49 25 HE2
]
b
o
< [T— »
NN 22 [EF X ]
Solidworks Premium 2013 x64 Edition B 5 OE Mks - [ &

Figure 4-14 Platform modeling with solidworks
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4.5 Draft 2+
e ekl oF @ EHEZ UF Aste] Algde] AES Al dud, FEHl
355 = HAHANA AFAo snap load 7} WASIA Ht}. o] snap load = AFAY ¥ =233
Fa Ao 73k 7tEEE oA rotor & gearbox &

R4 p=

Wl 5 gvt] mebd FRE e susel oud 4 xUAE AFHel FHS
=
b

o
10,
0,
o

2
ol
]
g
rEI
o
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>

[>
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rN

s FREY A PRFREY AFNT Ackd B o, 4%

[e]
o
Baeg fete] gud A9 #3s Awel Folof vk B AelMe= 271 AA dAERAN

T AE & REx s S4skse] Theiile o,
FAGE. A s 7PEsE W, 1 B oe3 2o
w+nT =B
M =rx2AT

T 44T

Buoyancy
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Figure 4-15 Equilibrium under bending moment
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A
o 9 HowrE B Z#Eo] snap load =

27198 Qs HA draft @l 16mE 4L & AATH
3.1.5 HoA HoXo], AASdAzAAAN FHY Fol= HuAHFHHSWL)}
HAGFALSWL)2 zko] =, 3.428m THE W3}t = Qv B4l AAE fste] 7|4z

o013k 4~ o] WElzk 0.85m T3 T H AT, A7) HA draft Q1 16m S 98+ 10m mar-—

zEs Wy &4 %‘01% T 171 <ol

X :
— Set LSWL to here — D — A — — —————

Minimum Draft — —

Figure 4-16 Draft Design

4.6 Spoke @A

A e FRES 20 |k HuE & A gle]l #Asksel Aruiojof o

Spoke & o]F& EZAL dHIEZH9] cyclic load o ==H+4|, ol =23y E B do7it),

mEkA] AAeE 20 @ B9 HE 4 Q= cable o] EAIEHA] FEThH, AT A Aqtd

HEA RS ZHES BUfls cable WA A4S 8= 5t B A HE&S B8=2 & Aotk

471 713 W& ©] cyclic load 9] W3S Fol=dol FFaAthd, ol Holl4:= cyclic
AT

= A& AEskal spoke o FAE A= @ Aol
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Figure 4-17 Failure of cable in ocean environment

SFZAF AFA AAAZ DNV-0S-E301 o wawl Aol Aviol st vik,
Ak, mel, J=Z33, creep, &%, UV =& Ao wet AFHe] TR/RE ARk g &
Ao Al A}-&3}E= Tension cable & wlRE, Adh, wdS wx a1 Az 7o) 30 =5 ¥H4
ANk, 20 o] AAGE 5t cyclic load o t3 I 23979} creep o thal] Ao & e
UVelx avydo= Avof st}

AFAe] AbgE+= w22 T4 chain, wire, fiber 7} Qt}. Chain & caternary

Tl wol AMg¥ = =Zeolvh. Chain o] F77F F337] "ol Asfeld FPSO #22

FAFo AREHo] A dtFom HAYS Jhete WA otk ey, chain & F-2ol oFabH,
20 WAzte] Al FHollq dzupa|eh el FHofstths w@Ao]l EAY. Wire = chain 2T}
7Par mE Aoy, g E T wig FHekd Wnb ofuet stdA] ZHEA A FAE
7hegol Al dAaF-flel g 45 7HE 7hsAdel St

alx)eto 2 Fiber & wire RO 3 WIAE w77t ¥Rz, AgAHd Fgado=m
Flokatar, mbzka dwdgo] ofsirb= Wilo] EAlRTE AR Ao A AlAlE RE9
spoke & =ol &4 FAAJSl ALHS WA &S Wk ofyet ZHE] tidl rigid body mo-
tion & Ko|7] wiol] Ao a mpEs W= o] Qith wepx] I ATol A= fiber 7} spoke &

(e}

ojF= o A

HU
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Type Chain Wire Fiber
= a4 a3 A& Chain B.t} 7}8 & 7 &
ros
ol &4 73 s 71 A A4 $- Fo FELE
i =& o}
FAE sheka] A%o] A :
o FE 7} OF AN Lof| okd} Uvel erg
o FHEII SN ok X 5
C ]%_1_. s =170 °Hog€] = o ir—‘oﬂ oLsL
ons H/\]Oﬂ ora) =M= 1;].}\47\" Eio] s A Wl ugs = -1
LN T o g
o o - Ak 7ol okgt
537k 2 4%
ol ofg
RER |
Deep sea mooring
Usage FPSO BZ AFA
) TLP
Catenary mooring

Table 4-9 Cable type comparison

Figure 4-18 Chain, Wire, and Fiber

Fiber o] o] A8+ fiber =&+ FIA nylon, aramid, HMPE 7} 91t}. Nylon <
BAo] guts AHon B rEal dF0] 7l AS Wl elongation ©] AdFal X407 wFo|
o Ao Agso] AA "ojA= @do] EAgt Aramid + Y= L& Al elonga-
tion ©] o} gk IS WE | Aett, ddE HGS W creep ©] Alstal FA
ofstri= A ARl wilo] EAjgT

At 2 HMPE @ =8 2aeAsd Egolg(Ultra-High Molecular Polyeth-
ylene)o] Sith. ol UAE 71A9 4~5 wjol] bk, wmutje] A3kl creep © Athes
ol Atk MIE I mpEel] ofstrb= Wdo] AIRE, 2 Aol 2ko]= spoke o= whE
HIEE ol 2HE-8kA e47] wiiEel HMPE fiber rope 7} spoke o A& = 4= At
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Type Nylon Aramid HMPE

< @7t S FA =l 73t UV el 73t
Pros 2ol gl Aol 23t g w2 FEA
A=A o) 733 Elongation #& =, wpro| 7

Elongation ©] A%+

o FA0 ot 2] 4~5u) 717
goltel 7% kg )
Cons B Tl &+ npzho] ol wiE3l7] o ¥
AAE W A5l 20%7HA _ _
A71H 02 creep o] A% H &Y o] gl
goj g
Table 4-10 Material type comparison
4

/HMPE

“—

2.5 [
// Aramid
1.5 //
// Polyester
1
/ / S i /m

Tenacity (cN/tex)
N

Elongation (%)

Figure 4-19 Elongation test comparison [DNV]
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60
Accelerated creep experiments
at70°Cand 300 MPa

3

\ experiments until

SK75 creeprupture

&

Elongation (%)
w
o

SK78
20
creepexperiment
iD running over 10 months
DM20 \
0
0 1000 2000 3000 4000 5000 6000 7000 8000

Time (h)
Figure 4-20 DNV creep test result [DNV]

2011 Y9 Dyneema jitoll A 7l DM20 ©]&t+= HMPE rope 7} 30 =9 2%, Break-
ing load 9 45%% $7HANA creep & 0.5% °l3tE JAsH 50 W o] AH F A=
DNV ¢l1=£& weoay 2015 d ENI Goliat FPSO project o 7 80cm #2 HMPE 7}
A& ¥ At

4.6.2 Spoke 3% At=
Spoke ° A= dtFS AEd7] 98 FEM T2 138 Algato] F23]A4S 2183
Botth, £ dtelMs e AW L2991 ADINA & Abgetel Hokd shRtxa
Axbel A=817] Yol AH-TEREES beam element & AFEsle] 7FdstA A I Al F A
A8 S AbEstr] d8l FHFE st FrE-Eo] ZRelA =S SF%lal, wind turbine O

FolsS 71t . Spoke == Truss element 7} oFd cable element & AF&3}$ T,

i
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FORCE-R

RST CALC
SHELL T=1.00
TIME 1.000

Figure 4-22 Force on spoke
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4.6.3 Spoke T/ 2t=
DNV-0S-J103 ] w=Z%, cable & t]x}eldte] 9o mean tension #t¥ Dynamic
tension &< W=z A& 21zt thE safety factor & =Y o ).
S 2 Tmeanj/mean +Tdyn7dyn
oluw] safety factor += TF=3 Zom 713 & safety factor 59 159 2.2 &
Aesto] g3kt

.. Y mean ;/dyn
Condition
ULS ALS ULS ALS
Normal 1.30 1.00 1.75 1.10
Extreme 1.50 1.00 2.20 1.25

ULS:. Ultimate Limit State

ALS: Accident Limit State

Table 4-11 Safety factor for cable in ocean

HMPE = sldd=oEd Ao &S WA A8 oe] A2 rope =
SE A A FdaAeltt. HMPE oA : w3t =423 Ao et 5 85 sl A=
spoke & T AtZEo] ggtd Aot} 7M RG4AQ AAE fsted HMPE o #3 4 SO
10325 : Fibre ropes — High modulus polyethylene — 8-strand braided ropes, 12 strand braid-
ed ropes and covered ropes & AF&3lo] T3 $8S Y 4 I+ HMPE rope 9 FAE

dEs Wl
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‘I "Min Stress or Spoke
: 2.49155MPa
Spoke breI k on 340MPa
|

DISP MAG 2.749

-
/ A
.
N mmmm ===
/

\ \Z
\’Wbreak at 3.5% el{angation

Figure 4-24 Elongation on spoke
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a4 A3} spoke = HMPE 27 703.68mm & #|2H3F 723-$
ty factor & A& & A stzel s dAstE BE S8 23

sl st

4.7 Wheel 34
ZRE9 Wy HE+ Figure 4-23 ¥ T HA] HolX| &7] uito] HIL

a7l el = Figure 4-24 A7 A9 oz WHE HEE FEA|AHoE 3t} Spoke ©
b= gisiA e Ags kA
Z23ltt, WA wheel +FEE Figure 2-24 A9 v EHE E5S R34 Htoh

Figure 4-25 Deformation of wheel structure
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Figure 4-26 Deformation of wheel structure (30.22 times magnified)

o] wheel ¢ 94L& 50cm, WAEL 40cm °]x 9EFL 190MPa o]zt 71338

AE e Bt

\

\
| ‘{\‘\\______‘_h
Max wheel stress |
| 8.57MPa ."

-

Figure 4-27 Stress on wheel
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2 wheel FxEJdE FHHET o] ¢ WA dojd F vk whEbA A
w3 "gAo|tl. Wheel 7259 dHXE Zo] L9 beam & 7F4 3 &, slenderness ratio
A

A S 2F&E3F9 buckling test & @3},
2
T
Ucr = EF///{,Z

olm| AAZAL melste] k=15 A&}

Length of Beam L 26.7878m
Radii of gyration r 0.16m
Slenderness ratio A =(L/r) 167.342
o 66.964Mpa
Yield Stress of EN 10255 335MPa

Table 4-12 Buckling analysis result

Slenderness of ratio A & 200 & WYX &3S ®wk oy, buckling critical

&2 buckling ©] oA %=

e
8

stress B3} Yield stress & 7|4 &t} upebA S =

PAE TEEYL HeltArh
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Al 5% T4 4

External I Applied I Wind Turbine
Conditions I Loads I

Control System & Actuators

InflowWind l AeroDyn

Aero Rotor - Drivetrain Power
d Dynamics Dynamics Generation

Nacelle Dynamics

/

ServoDyn
Tower Dynamics
ElastoDyn
Waves & Substructure Dynamics
Currents SubDyn

Soil-Struct.-
Interaction

Foundation Dynamics

Figure 5-1 FAST control volumes for fixed bottom systems[12]
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External | Applied | Wind Turbine
Conditions Loads
I | Control System & Actuators
InflowWind | AeroDyn |
€8 e Aero- Rotor Drivetrain Power
/FT Wind-Inflow Dynamics Dynamics Generation
: Nacelle Dynamics
Tower Dynamics
Bt =
A HydroDyn

es &

ElastoDyn

Mooring Dynamics MAP++, MoorDyn,
I or FEAMooring

Figure 5-2 FAST control volumes for floating systems[12]

FAST 2138 AFE317] 93 o714 input value E°] =43t} B oAM=
NREL 5MW wind turbine & &5 T %22 AR&sI7] witol EIRIA S, 312k Ao, Edol= ¥
A ERY] 2 EolE BAX 5SS NREL YA 7]Eo 2 AFslE NREL 5SMW wind turbine kS AF
sttt

Ao ARES vie ARE ARt mel A8 FES AFEE 4 AXIRE NREL oA
A -& 3= Tubsim module & A}F-8-3Fo] IEC 61400-3 ©] A 2]¥ 7} Design Load Case(DLC)2] WH= Al
el AFEE 2 Qth & AFelA = Turbsim = ARE-
o] TS st B4 AREs] ®ogrh.

== A7 A4 Pierson-Moskowitz spectrum S 7|WFo 2 A S a1, S X 7o A
& Eol Jheteke ST EREL el
(e}

FEFe B wel shTE=e] el Wi A eo] stk NURBS 7IWF CAD EZ 2139l

sto] FHbdr] AAFAaQ A dAY

ofl

.

i JOHNSWAP spectrum < 7Rko.2 A8ttt vel5

Rhinoceros = 3}H-T328S A3t Mesh & AA38IA 3L, ©] geometry HEE MIT oA 7|atkst
WAMIT(Wave Analysis MIT)oll ¥ o] hydrostatic coefficient, damping coefficient, Z22] 3. added mass &
A HSlth o] #ES FAST 9 HydroDyn 259 input gto 2 ALg3ale] A7k wE s

SatEe AN @ 5 A

H
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Mesh generation

Primary Wind
Airfoil(s)

Primary Furling

é Platform %

FAST AeroDyn
FAST-to-ADAMS
Simulation Preprocessor
Linearjzation
Summary Time Penodlc ADAMS Summary Element

SErids Mszides
E

Wind generation

oAl AbgE AR SAE 20 E 2o
Normal condition Extreme condition
Average wind speed [m/s] 8.3 53.9
Significant wave height [m] 1.11 7.86
Peak period [s] 5.57 14.8
Water depth [m] 150 150

Table 5-1 Weather condition used for dynamic analysis

a4 23}
FAST o &4 ai4e gAs e ZHF t=0 FE AFsisat &
B

237] witel 94 713t F<t transient state THHS AXA ek whEhA

state F-ES A A7) $13 t=0 ~ 3500[s] %S vl A|SFAL t=3500 ~ 4500[s]-1FRFS FHal A

Abg-al ok
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5.2.1 KAIST model with V-shaped mooring system

HA 2 ATl A AA ! V-shaped mooring

system & 2 KAIST model <

Figure 5-4 KAIST model with V-shaped mooring system
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Figure 5-5 Dynamic analysis result of KAIST model with V-shaped mooring system in normal condition
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Figure 5-6 Dynamic analysis result of KAIST model with V-shaped mooring system in extreme condition
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5.2.2 KAIST model with I-shaped mooring system
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Figure 5-7 KAIST model with I-shaped mooring system
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Figure 5-8 Dynamic analysis result of KAIST model with I-shaped mooring system in normal condition

-61-



displacement [m]

angle [deg]

-15

0.6

3600 3800 4000 4200 4400
time[s]
I
Roll
Pitch
Yaw

04fF

-0.4

-0.6

i
| ’ 1‘l‘ \

i\ ‘H . \‘n il }..‘1 f \ \‘ i ‘li bl ',‘”;".

3600

3800 4000 4200 4400

time[s]

-62 -



acceleration [mjs®]

tension [M]

2.5

—
Ln o8]
I I

[y
1

=
=
= "_.=-.'_

i
]
L

i
an
I

-15 -

LIl

|l||“

i

lafih
I
I

3600

3800

4000

time[s]

4200

4400

1x107

9.5x10° [

ax10® [

8.5%10° I

gx10b

7.5%100

7x100

6.5%10° [

|
tension

Nl

3600

3800

4000

time[s]

4200

4400

Figure 5-9 Dynamic analysis result of KAIST model with I-shaped mooring system in extreme condition
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5.2.3 MIT/NREL TLP model
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Figure 5-10 MIT/NREL TLP model
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Figure 5-11 Dynamic analysis result of MIT/NREL TLP model in normal condition
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Figure 5-12 Dynamic analysis result of MIT/NREL TLP model in extreme condition
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Figure 5-13 Pareto optimal searching process by Tracy[12]
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Figure 5-16 Mooring tension change of TLB in extreme condition[17]
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KAIST MIT/NREL TLB B
Steel [ton] 1,111 (354) 350
Mass Concrete [ton] 0 (8,216) 0
Total [ton] 1,111 8,570 350
rnchor Static [KN] 8,000 3,931 (18,000)
Maximum [kN] 9,700 (7,626) 29,267

Table 5-2 Mass and anchor tension comparison of 3 TLP models
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Aotgleh. mhx o =) 4000[kN]e] @+ 3 AT]s= anchor + suction anchor & AR-&aflof atar A
2 H]-§- 0.2 20[$/kN]S AIABQITE - Aol A= Wayman o] 7148 wrolEo] hehst AAAd i
Aol AR-g-al B gkt

KAIST MIT/NREL TLBB
Steel [$] 2,739,726 (872,964) 863,100
Mass Concrete [$] 0 (9,037,600) 0
Total [$] 2,739,726 9,910,564 863,100
Static [$] 1,280,000 628,960 (286,680)
Anchor _
Maximum [$] 1,552,000 (1,220,160) 1,756,020

Table 5-3 Cost comparison process of 3 TLP models
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KAIST [$] MIT/NREL [$] TLB [$]
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Table 5-4 Cost comparison result of 3 TLP models
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Figure 5-17 Mooring tension change difference depending on its fairlead distance
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KAIST MIT/NREL TLB
Mass Total [ton] 1,111 8,570 350
Static [KN] 8,000 3,931 (18,000)
Anchor Maximum [KN] 9,700 (7,626) 29,267
Minimum [KN] 6,500 1,200 (400)
_ Wall thickness [cm] 1.2~2.0 1.5 (1.5)
Thickness _ ] )
To prevent Buckling Nothing Buckling
Stiffener Yes No Yes
Acceleration at RMS [m/s™2] 0.65 0.38 (2.92)
extreme condition Maximum [m/s”2] 2.69 1.16 (3.59)
Price Platform+Anchor [$] 4,219,726 111,130,724 2,619,120
R Target Thickness Acceleration Mass
Optimization )
for Structural safety Gearbox Price

Table 5-5 Comparison results of 3 TLP models
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Figure 6-4 Manufacturing in drydock [WindFloat project]

-78 -



Figure 6-5 Installation using towboat [WindFloat project]
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Figure 6-6 Installation plan using stabilization buoys
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Figure 6-8 Improved KAIST model for wire breaking scenario
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