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An Experimental Study for the Dynamic

Behaviour of Spar

Oh Tae Won

Department of Naval Architecture
Graduate School. Korea Maritime University

Abstract

This study presents the wave force and motion for spar platform. The advantage of spar
platform is that it is easy to manufacture and excellency to motion characteristics. It is
mmportant to estimate exactly wave force acting on spar platforms for basic design of
them. We measured the wave exciting force and motion for classic spar and truss spar
model, and accomplished the numerical calculation using diffraction theory. The results
show that experimental values are good agreement with theoretical value. But it is
difficult to estimate accurate value considering the heave plate of truss spar due to the
viscosity.
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=
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0=+ ¢+ b 3

ole} & AYEZTH ] AAA EAES ArEHEA| (diffraction problem)$}
A} A (radiation problem)® YFo] #3ta, A | 23Fo] WA Ao ZF S=¥HE
AL ddste] =S Fete] AgauAd ds] AEgoe=A o™, A

R uEo A SparTtEFES HARE 7R3 Sparol #Fgsk= AE W ov|A
9 AgAEs F4es) da BAA 0|22 Hewrh HEW T AAHL 2
AR7AA Hskel BAA ZA HE ok ASEM JAakute] Fr)eh A g
4Y ATAAY ATADA A2 TAT Aot o2 e 04T

]

— e{ =(1) ~(1) '—v(l)} + 62{312) 5(22) %Z)}T—i- 0(&)

= {8V} + 2{ED} + 0() (2.4)
@y =1{2 2 97

_ e{ggl) _Qél) Qél)}T+ 62{952) _Qéz) Qéz)}T_|_ 0(&3)

= {0V} + &{2?} + 0() (2.5)

A71M, {5V} ek (W)= 77 FAS 14 M3 EswE e 3d s e o],



221 AFEH AAxA

(2@} o} (@)= 247 §-AY 23 A EEHEet Id s E T E o7t
Ad A E WA 29 Laplace $AAS W&z, 24z oW, 9@ S % Laplace
g A s s &

vio = ()

vi(edW + £0P +. . ) =9

V2ol =, vio® =, (2.6)

z AZ z
%
— X
=

Fig.2.1 Coordinate Systems

Bernoullio] #W72

%P:_ﬁg_l

NINA, o= AL WEol1, A

(2.7)

&

-
it

AE Z=uXx v E T, A



WMol A thgel 2ol HYah.

00 1. _ _ 1, _
S gVO N0 —gZ= P =0
eZ+ @t+%(@zx+@zy+@zz) =0 on Z=¢X.Y.0) (2.8)
A71H, p,E d/IGeRA AFEAS FAYA G A FEHER
0% & 4 Qov, AFEAIA AFEA] WALF Hreh 0 EwoIA e
FAYA] PANG S prie $5ehE 2d% AfEwe] gl AA s
sty 208 wEsof Ak o] AEL AfFHAA o] vk
ol ool slojof gk thgel 4290 el & At
_1DP _ (3, 00 0 00 0 30 3 3D 1 ..
o b~ Courtaxaxtov oy Toz oz Cor TR VO VOteZ)
= @t"‘g@Z"‘z[@X@X;"‘ @Y@Yt+@2@2]
+ G D+ Gy + G0+ 2 0Dy D+ OyDDyy+ OLD5D,)
- @ﬁg@ﬁg—t [vO- v+ é vo-v(VD- vO)
=0 on Z=HX, Y.t (2.9)
A7NA, o(X, Y, Zt) & DA, WAL Abea F o] 59 FE b o8t SEx
Aol ¢(X, v, AREHE s, o= THERo T Srxdd
I FHEHHLE vAh FdEHWE o & HAEANEHE g3 o] )
OX,Y.Zt) =0 VX Y.Zt) + 0P+ £09 4+ - .«
EX, Y t)=et VX, Y. Zt) + EeP + 8P+ . (2.10)

Q8% z=0A Taylord s, 4% t)ste] A5z gelsu, o
&3 ol 13 % 23 FHWSI} Qojn,

1st order : g’(l) = —i; @gl) on Z=() (2.11)



nd order & {9 =~ 0fP 5 (0 + 0+ 0)")+ 5 00}

~L .

on Z=() (2.12)

=, 4295 z=0°1A Taylor AAstm 2(210)9] HYste] AFdz gt
W, Ut ol 13 R 2% AREW AAx] Aot

1st order : @;1)4- (ZD:O on Z=|) (2.13)
. , , (1)
2nd order 0 + g0f = — 2(00 + 0+ 0)) + %&(@;}’ + g0Y)

222 EAREY AAxA

L9 — ()-vO =V, = (W(V) on S, (2.15)
A7NAN, v, B (v)E 27t BARA AL BAe MARE S D BAe &x

Hy oty ¥ty %A o-xvz EA1H FEA 0-XvYZ 2

o
L
=
o2
Y

wAG BAT FAnY F3EA o -x'yzE EAHE ddH AXNMEE 7
Xy ={XxYyZ}' {X}={X 727z} 2 {x)=(x" vy z}'& 34 g&
o A7 Y}

{X} = [RIUX}—{&}) = [RHUX"}

(X} = [RI"(X}+{5)

(X'} = [RI{X} (2.16)
71A, [RITE [R]Y ANALDo|x, [R]S #E YA Juyde =

_9_



(a)Roll (b)Pitch (c)Yaw

Fig.2.2 Transformation of Coordinations

[RI[R]" = [RI[R] ' = [I]

R1< 9,9,9° £2% Fig229 o] 3= o= i, ta

{X} = [Al{X"}
1 0 0
[A] = [0 cos2,  sing
0 —sin® cos&

{X) = [CH{X}

cos&; sin®; 0
[C] = l—sin% cos £, 0}
0 0 1

[R] = [CI[BI[A]

_10_



[ cos& sinf; 0 J[cos, 0 —sin|[1 0 0
= | —sinf; cos; 0 } 0 1 0 0 cosf sing
0 0 1 Sil’l.Qz 0 COS.QZ 0 —SinQ1 COS.Ql

[ cossHcos2;  cosf2;sing;+ sin@;sin,cos2;  sing2;sind; — cos 2, sind2,cosdy

— cos2sing; cos2,cos8; — sinQ;sin2,sing;  sin2,cos2; + cos 2;sinsing, | (2.17)

Sin.QZ - Sin.QlcOS..QZ 0059100592

E Q)T VAEFIER ginQ & cos 22 Maclaurin 53708k}, 2 (25)E

al
#abd, theat gol Hth
2 Q°
sing, = Ql_? —|—ﬁ —— = 6-951)4'82.952)4'&83)
Qz 94 29(1)2
s = 1=t e = L O (2.18)

A218)% 176 WAske] WHAL [R] S ol el Felshd, g 2
o},

[R] = [RO1+e[RVI+E[RP1+ E[RPT+ 0(&)

(2.19)
ek 421608 F WA A, A WA AL thed o] & 4 glrk
(X} = [RI{X}+ {5}
= ([RO1"+ [RPV1T+ S[RP1T+ £IRPIN {X)
+ {5V} + £{EP) + 0()
= {X}+e({EVI+ {@Vx{X})
+ (B +{ QP XI+ [HH{ XD +0(&)
= {XO} + (XD} + H{XP} + 0" (2.20)

_11_



(X'} = [RI{X)
= {X}+ ({QPVH{XH+ E£{LQUVIHAXV+HH X)) + 0(%)

— {X'(O)}+6{X'(1)}+€2{X'(2)}+0(63) (2.21)
212200 ol g3te] BT AolA9 Ao HxulES e} o] & F
et
(v} = {X}
= ce({EM+{2PV{X})
+E{ EPY+H{ 2P X+ HUZX) + 0(e)

= eV} + HV?) + 0() (2.22)
T o-xvz AEAC U 2AEAAL WHEE (,) 3 0-XVZ HEA
of gk WAWE (3} 9 AR WFPA [R]S ol &dte] TSI o] Ve
% 9lth

{n} = ([RO1"+e[RPV1T+ S[RP1T+ £ RP1N{n} + 0()

= {nh+e({QWp{n)+&U{2P P n) +[HI{n}) + O(*)
= (n") +eln} + E(n?) + 0 (2.23)

w, Aol e HANE (X )x(n)= (ny 25 np) 7S T3 2ol wAAT
(X {n} = {XI{n}+ e{QVIx{X{n})]

HRHUX (D) +HIUX I {n )1+ 0(*)
— (NO}+ (N} + 2N+ 0() (2.24)

_12_



VO(X,Y,Z )]s, = vOls + [({X}—{X})-VIVDI|g +
= 6V@<1)|5m+62V@(2)|5m

+[e({EDY+ {2V (X)) - v A evoP]g) + O(e)
vOX, Y, Zt) = evOV+Hvo?+[ ({EV} +H{ QP X)) - vIvel}
+0(%) (2.25)

21(2.22), 2(2.23) 2 21(225)2 A(2.15)9 Yste] Az AYstd, oS3
2ol 12+ % 22 BAEA AAx] Ao},

Ist order : {7} vo® = {2} -[{ED) + {2V} (X)]
= {n}-{v®» on s, (2.26)
2nd order : {n}-vo® = {n} - {({EP}+ {29 (X} + [HHX))
—[({EV}+ {2V} (X)) - vIve™W)}
+ {2V (n ) [HED + {2V (X)) — vo]
= {n}- {EPY+ {29 (X))
+{n}-[[HIX)—({XP} - v)vo?]
+ {2V {nh- (XY} =vo?) o s, @20

223 BAA A} FAH

——‘Z«Zﬂ_y’]’ %jﬂg?i 7517:” 7 O]Q,]oﬂ oni 7:]7:” d
= 2191 Laplace W49 31& F8l= 2}
FE Ak olgel AAE 14 249 AN BAZ ¥

[12} radiation 7 A= FA#]

v 2% =0 in 0 (2.28)
— %W+ 26D ,=0 on Z=0 (2.29)
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(¢(1)) — n
(%) =) ,=0

lim \/73(

R0

(1)

(1)) 0

[12} diffraction 7 Al %] &A]
v 2¢(5)€:0
— Wbt 8D =0

(¢(1

)) -

(D)

(5 ,=(%) ,=

lim \/78(

R—o0

¢ Dk

[2%} radiation 7 AlX EA]

+(2
¢()

(¢

£(2)
ikl )

ikl —
—(0 4w ) ¢G+e(8'D) ,=
(52 =7,

ikl

R—oo

[22} diffraction 74 Al x| &A]

—(wptw) ¢(12)3fz+g(¢(12)3ez lg/%;(X Y)
2, =— (D), +bﬁ<2>(X, Y,2)

Dkl

+(2
¢()

(¢

Dkl —

(¢Dk21)) = (¢Dk21))Z

out—-going condition

12 A A

3 A=Ay

—ikp'p) =0

n ((ﬁg)) 2z=0

a¢+(2)
lim V R(— 5 — ikg ) =0
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of

el

W, 22} diffraction A+ B4 123 AALAHS =95}

o

kR
%0,
v

2=

ofiBeatebihsoi tal® 2. giF

el o FAHS AN s 4E pE HE Aol tHsto] Taylor A

=
AskaL, 212200 ol-&3std 53 o] Hrh

P = PO+ PVt 2[ P2 4 (xD). v PO+ (&)

1714, pE Fig23d49 &7+ A5 5
el Aeud g, o Md e Yepin,
7

2122008 (x)19 A% z= YeEpx
aH A A st v 2ol xdHh

P(X,Y,Zt) = —p2Z —epl O + gZV]
_62[{)@;2)"" 42Q |V@(1)|2+ p{X(l)}' V@El)-l—ng(Z)]-l— 0(63)
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— PO 1 cpD 4 2pd 1 () (2.49)

o) 71 A,

PO = g7

PO = — @) — pgzD

P = —00 = £ v — (X} v P — 0gZ? (2.50)
of grejel o @ AP vheol o o) ezt

(F(0) =~ [ [ PXY.ZDm)as, (k=1-6) (251)

224 H3AYTY Ay

Sparol 431 AR BUEE ABAA0 oo BolA= 14 2 233
E EES o

= Fske 13 JJr”XﬂEﬂﬂr sl

= - 2.52
(Fy=—[ [ Pln)ds (2.52)
= - ' 2.53

)=~ [ [, PUX pdn))ds (253)
71N, s, & EA &t AFEW|A, ()2 EA THLL 459 @9 W
MeEolth ®, AFEE 5, Fig2304% 2ol 4 olste] nu g 7 2
A el s 5w Apele] WASE MERE 45E e 5 9om, 4
(2498 2)(223)% 2(252)0) Wei, gsdelAE pOrt o dS e, 4

(252)9] SAHL t}oo Aoz el 4 9t}

(F) == [ [ [PV +ePV+&P?+0()I{n") +eln®) +(n?) +0()1as

_16_



—ffds[eP(D-I—eZP(Z)-i—O(e?’)] Hn Y +eln D+ E{nP}+0(2)1dS
— {F(O)} + €{F(1)} + 62{F(2)} + 0(63) (2.54)

E, 22499 42355 A@253)l A, fFAHN o7 RHlEE= & 4
oz vehd & Qlrh

) = = [ [ [PO+ePV+& PP+ O(NHN)+ (N} + NP} + 0(eM)]ds
— [ [ JLePV+EPP 0NN + (VD) + NP} 4+ 0(e) ] dS
— {M(O)} + S{M(D} + SZ{M(Z)} + 0(83) (2.55)

{(FO) {(MV)= B3t FA+Ed S
WEo, (FW) (MDP)y & ot Ze FU= Agete 1A FA4 3 ZES
e E, (FO) (M@} At AFE g, dellAe] sk MadwE o]

A S1% 2% FALS 2dE L WERE ol YAS HEFOA A

4)
2
S
o
>
N
[l
(an)
HU
P!
Q
o
147]
107]
ol
Ak
il
o
ofo
o
2
A
0
:Ll
my
o
rN
=
i)
4»
%0
A

(FO) = — [ [ PO(n")as = pe[ [ Z{n}as
= pgfffvv2dV= ogV{k} ={0 0 pgV}” (2.56)
M) = — [ [ PONOYIS = oz | [ ZURp{nhas

= —pgfffVVX[i{X}]dVZ pgfffv(?{i}—i{j})dv

= 0gV(Yp{i) = Xpli)) = {Xpp{0 0 pgV}7 (2.57)

o] 7] A, V—{z} +{]}L+{k}i ve #d AsAdelH, (X, =
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A ME A thes 2

LS

(FV) (M)e BE A5
g3to] ket 2ol 3

A €]

{XB} =

(FO =of [ oP(ntas—oef [ &+

QX (k) dXdY

= pffs OV () dS — pg A B+ 0V, — VR ) { £}

= {F"} + {F) + {F{}
AN, (X, T)E TARA HEA

+ {Fig)

ol el FPA S FUAORA Th

> L —
X, = AW”WXdXdY
=5 Jg ~
v, = AWf YdXdY (2.60)
Wy (1) { A7(0) O Af(D
M) = — [ [ @V} + PPN aS
_ _ffs POLNYES + { QD < )
=of [, 0" ((X)<{n))as
AgY B+ (ZpV+ Sp) 2" — Sp@ — XV
— gl —AyX, 5= S+ (ZV+ S &Y = Y,V e
0
(2.61)

= (M} + (M} + (M} + {Miis)
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o71M, S, AWM 22 RRIERA &3 o] Aol

Su= | |, XX, dXdY (2.62)

2259 2 A@260e 27t A, FRAY 2 4H fANYe BE ¥
sh= 12k FAE R EREC, 12 A (FP)} ¥ EWE (gD} = A
thet 2ol AelH.

{(F&) = {F") + {Fp}

=of [ @R+ () as (2.63)
(M) = (a") + (3)

= o | (@R+0f) (X)) as (260

2(2.63)7 22649 124 AFAHI} BRES 243 Aol oid 12 A2
dz BASY) A4, o3} o= theat Lol Wik
2 .

@(Ilt)z Rek;[ 1)(_lwk)¢(l) lwkt]
@(1)_ Re;[aél)( Z(I)k)¢(1) _iwkt] (2.65)

2(260)5 4(263)7 4264 HAsHH vh=3 2ol FAH

FY) RekZl “)(pff —iw (% + “’){n}dS) e
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—Rekzl[a(l) (fdye "1 (2.66)
(M) = Re ZLal( o f [, i8R+ o (XD as) e )
= Re,i]1 [aP (AR} e "] (2.67)

A7IA, (AL) S {AD) £ AT 3 T 0,2 13 AL AgARANE] A
gyreA et

() = —iows [ [ 6%+ #h) () as (2.68)
(AR) = —iow, [[ (6B + o) (X b(n)) as (2.69)

(FO), (M) 7t A8, A8, I3 959 #A8 neen A58
bS]

WA e el AEe B thed o] mAW 5 Ak
o (1) (D @@= 0y, (2) _ >
(FO) = = [ [ PV + P2G) + PO as— [ [ PV (R)as
__1 e (1 (1
= —g e[ e (na+ {2V (FY)

[ [ 13 ovol+ 00 + o((XV)-v o)1 (7) a5

_ pgffA [5(32)+Q§2)?—Q§2)3\(+Q§DQ§DX _f_gél)gél)’}}] (B dXdY

= {FP} +{F) + {F@} + {(FRO} + {Fiis) (2.70)

(M?) = _ffs (PYV{NDY + POLN} + POINDY) gS — ffAsP(D{TV}dS

_20_



= —Soef @ UXn)di+ (V)< (M D)
+ [ [, 15 oV 0+ 00+ p((X V- v o) 1 (K ){)) d

‘ _(XBVAQSD_SIZAQ:(%D)‘Q?)—’_(/ZBV—'— SZZ)AQSDQ{ED_ 2 /YBv(‘Qél)‘Z _‘Qil)z) ]
~(ZaV S A - Sp G —F KNG - ) ‘

—0g
?ngil)gél) _ Xngél)Q’(ﬁl)
AyY 5P+ (ZV+Sp) QP — Spd? — X VP
— 8| —AyX B~ Sp@? + (Z V4 S) 27— Y sV
0

2 (2.70)3 2 (2.71)2 7z}

-1 = i
= AA 23 FAE R RWEea, 23 sl (R} 9} w2l

L

ot el oW
{(F&Y = {FPY + (F) + {FG)
= —Jog[ &V ndi+ (V)< (F)
[ [ 15 elv0Ul+ p(0F+0f) + o((X V) v 0[") ] {0} S

— 02 AP (VX A+ VY ) (k) (2.72)

() = () + (3157 + ()
= — o[ GV A G)di+ (@V)< (M)

+ [ [ 1y elveir o + o)
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+o({XP} v o) T ({X{n})aS

‘ ~(X V2~ Sp INAYH(ZpV+ S 2 A —5 T —2™) ’

—(ZyV+ S AP —slzggnggn—% VY — oy (2.73)
’i/BV‘Qil)le) _ ’Xngél)‘Qél)

—0g

2(2.72)¢F 2273l A mpA e & 12 S AL Fo Fol oF 23} HAY
ZHE AES Uy, 4@272)9 24(2.73)9 23 373A !

==
Astel d@ FEAE AR AR ARl Aggrw U

R I~
x4 5 3

z(wﬁw;)z‘_'_ a;l)agl)*{f;le(lz)}e*i(wrw,)t] (2.74)

F(z) Re;z [ a(l) (1) (2)

Mz) Rekzz [ a(l) (1) (2)

D O 8 7+ WAL W T o)

W o2xb A 2
ol E ¢ xavh‘s%$-§— Tate] delEoas HAFHor 22749 42759 24 I}
J_E_ o)

o
2
N
N
S ox
r—{u:

) = (F9) A+ )"+ ) + () + ()"
= —peef dRWaR Gy a
+ T LA + ({afP) < (A7)

+i'0ff5m<v¢§€1) m){n}ds

pff (1) —iw;VqSEl))

_22_



+ (i} - (i vei)1{n}dsS

_i 08 Ayl &S (aP X+ a5V Y ) + oS (ol X+ a5 Y ) 1R
—ip(wta) [ [ (6P + P () as (2.76)
(P8} = )+ )+ ) )+ (Y ()
=~ oe[ aRD W ()al
+ L L{a) AV + ({2 {A%)})]
s Lof [ (Ta va) G as
b el [ U Gorval)

+{x" - (—iw, v ) 1{n} dS

— 5 AL ()R T )+ ol (@R AT ) 1)

—io(a—a) [ [ (67 + #u?) (0} aS (2:77)
() = L)+ )"+ L)+ () L)+ ()"
= Tog[ R a R (X)) dl

+ L) (n)) + ()< (i)
toyef [ (vl ve) (X pda)yas

tpef [ U (Ciwvel?)
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+ (2} - (i Vi) 1 ({X I n}) dS

_ipg

5% (1) (N (D4 (7 D (1 3 D (1 D (1
‘_(XBVQ% —Spas )0/1/ +(ZpV+ SZZ)“ék)a§/)_ 2 YBV(a§k)a§l)_a£k)a£l))

3 D (1 D (1 = D (1 D (1
: [| —(ZgV+ Su)aik%z)_512a§k>a§z>_ 9 XBV(a§k>a§z)—a§k>a§z>) '

B, () _ 1) (1
YVay, as — XBVCYék)CY:(;z)

= 1 N (D (5 D (1 = D (1 D (1
‘ —(XBVaéz)_5120!:(31))0151@)"‘(231/‘*‘ SZZ)aél)aék)_ 2 YBV(aél)aggk)_aiz)a%k)) i
e NGl D 1% D D
+ —(ZgV+SpaiPesy) — Spasiasy) — 9 X pV(as ay) — aSPasy) ']

By, 1 (D _ 3 1 (1
YVay az — XBVCY§1>CY:(;k>

—io(wpto) [ [ (5P + 657 {Xx(n)) as (2.78)
(38}, = (12} + ) + (" + (A8 + (152) + (1)
= — oz dR0 RO UXh al
F L L@} () + (@) (mf))]
ol [ (9o V) (X)(Das
+l ff [{(1), . (1)*
4P s, x5} (lco;VqS; )

+ " (i ve ) T U X I {n}) dS

_3[ 08

_24_



= 1 0 (1 > D (Dx 1=
[_(XBva’%k)_Slzagk))ail)*_l_(ZBV_}' Szz)a’ék)a:(s/)*_ 9 YBV(aglle)ag})*—aﬁ)aS)*)

ok Q21 T A3p A3y

~ 15
[ —(ZBV+ Sn)a/i}le)a/g})*_Slzaé}i)agll)*_ 5 XBV(C?(D (1)* (1) (1)*)
YVaiias)" — X pVasds)”

— 1 ~ l —~
[_(XBVazz)*_Slzag})*)aﬁH‘(ZBV+Szz)ag})*a:(ié)_2 YBV(CK(D* (D—ai})*ai,?)

3 A3k
+ —(ZsV+Swal} ) = Spas el — T X Vel ol — i all) J]
YV} el — X V) "oy
—ip(wi—w) [ [ (#uP+ 6p) (X)) as (2:79)

A7NA, ZriAE BAE 9HAe v g 2

I 13 A Sl od 23 SgAgst mae 4

0 : 1 dAesst 14 s Fol 9@ 234 534
1

o
M : 13 %520 AFe] vdshs 23 BgAgs RaEe 43
V1 $E 1 rE T WAl % 23 A ES RuE 4R
Vo1 SAeEe ol o9 2 SgAE e R
Vo SEEAAC o@ 27 G4 s 4R

225 +35UAY

RomE o Qe
°f &% 71 AX («,v,,2,) TH99 &5 THALS G Zo] qAE
c}.

6
Z} [ —« (My + 1) —iwvy+(Cu+ CHIU, = F, » (k=1~6) (2.80)

ANA, M, &

1=}
u
AFAN & B Asolth A #YY A4S FAGeD EAFHE o



o3 2.

Mkk = m (k=1"’3)

My = —m(Z,— Zg) » My = m(Y,— Ys)
M24 = m(Zm—ZG) , M%’ = _m(Xm_XG)
My = —m(Y,—Ye), My = m(X,,—Xs)

Mp = My » My = My

My = Iy + m(Y,,— Yo)2 + m(Z,,— Z;)*

My = — Iy — m(X,,— X) (Y, — Ye)

My = — Iy, — m(X,,— X)) (Z,,— Z¢)

My = My » My = My . My = My

My = Iyy + m(X,,— Xo)* + m(Z,,— Z)*

My = —Iy, — m(Y,— Ye)(Z,,—Z¢)

My = My » My = My - My = My » Mg = M

My = I+ m(X,,—Xc)*+ m(Y,,— Ye)?

71 ol9le] ARy, =0 °lth
AN, (Xg, Yo, Zo)© TAIS FAFTA, me FAS Agola, |

olth. T, At % Y Age tEd o] xddh

i
i

Cy = og A,dA
Cy = ,ong ,(Y_ Yo)dA — 0g( Y, — YG)fA vdA
Cy = —png (X —Xy)dA + ,og(Xm—XG)fA dA

Cy = 08V(Zp—Z;) + png ( Y- YG)ZOIA
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~208(Y,,~ Yo) [ (Y=Y dA + pg(V,,~ Yo)* | dA
Cs = —0g [ (X=X (Y= Yo dA+ pg(X,,— Xo) [ (Y= Yo)dA

+02(V, = Yo) [ (X=Xe)dA — pg(X,,~ Xo) (Y~ Yo) | dA

C46 = _PgV(XB_XG)
Ciz= Cy, Cs3= C» Csy = Cg

Cs = pgWV(Zy—Zo) + o2, (X = Xp)*aA
~208(X,,— Xo) [ (X—Xo)dA + pg(X,,— X0 | dA

Gy = _PgV(YB_YG)
7] ol9le] AEE ¢, — ool

AN, vE WEEA, (X, Yy zpE FA FEFTA, [ aan FAEA

o,
23 NS &F AN

2.3.1 AZrF oA 9 H7FAH

g e s AHS AT u, Hsuts oo Eir3ute] Ajzke]
(time history)el Al zero cross®@-& Zbol WkilAult} Fihpod o] A H S o
&3k WHE Atttk o] e AMAES @A oldo] AAIRE, 9
of w43 WslsiAY WE ZFEs Lelste AFoe 3AAES AeeA 3
7heE = vk 2EA 2 m=delA e A AIY Y ERlES] A7kl ¥ (time history)
< FHFF el FalAE FAAE R RAES Fi4 FE¥TE Fourier ¥
ggtogn doxe JHEA SHEFEE ZEFA Stoh. WA, 3 A
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{F.(t)}

= {FOP)} + {FP (1)}
= [ (@ et —odet+ [ [ (ne, ) - o) Wi ) drids,

(2.81)
(M. (1))}

= {(MP()) + {(MP (1))
= [T (@Yt —ddr+ [ [ (0w, ) 8t~ 0) €t — ) drydiy
(2.82)

28D AQ8NE 13} 2 27 ARy vaEr Py, e ot

(FOO) = [ (WP@) et - oar (2:89)

(FO0) = [~ [ (P, o)) €t — 7) Wt — o) drydry (2.84)
(MP)) = [ {PE) st~ vyar (2:85)
2oy = [~ [ {0, ) 5 - ) &t - ) dndr, 2.56)

=, (rP(0)}, {hfﬁ(r)}UT {(niP(D}, {hﬁv?)(r)}% 24z 12k g 2AF sk s

(nP(0) = o f_w (HP(@)) e~ do (287

{hiP(0)} = fo;{va})(w)} e ' dw (2.89)
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VACIEINE (2ﬁ)2f

ANA, (HP(0)), (HP(0)E 270 13 93 A3) maes] dggsoln

f HP(w,, o)} e """ dw,dw, (2.90)

F s 5 , t Zl = A 3 o = 4 v — = ;:: )
{H<2)(CU1 wz)} {H<A/%)(w1 0)2)}# F2h 22k At mRlee] dgghsel
Fourier W gke] <&l b2 o] )

(H ) = [ (00} e de (2.91)
o o) = [ [ L o)™ e, )
{Hif(0)} = f_w {m (D)} e dr (2.93)
(HPr, o)) = [ [ [0, o) e "™ deyd (2.94)

2244909 AW Pow RFAYR muEe Adgsrt FAAW, 4

(2.87) ~21(290)9] Fourier 9w st oJa u7A
2

= AME 5 9o, 42.83) ~(286) fs JEA SHE
oo ¥& HEFo M HFAYY mHES] Aztelde & £ ot

A, 27 AR FE Gkt 14 FrueE oEa Zeo] #3d
oAt

é«(l)(t) — Reki[aél)e*iwkt]

= |a{| cos (w,t— &) + |as"] cos (wyt — &)

— %lail)Ke*i(wﬂf*e]) + ez‘(wll‘*el)) + %laél)Ke*i(c&zt*@) + ei(a)zl‘*ez))

(2.95)
21(2.87), 22955 21(2.83)°l tiiastd, 12+ A H S v o] AT
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(FOW) = [ (0P@) et —0ar
— Re[ |a§1)|{H(Fl)(wl)}e—i(wlt—el)+|aél)|{H(F1)(w2)} e_i(CUZt_Eg)]

= Rekzl[a(l) (H (o)) e "] (2.96)

E, 8T 4295 A@8nd sy, 23 AgAge dedt go] £
A,

(FOD) = [ [ (hf, o)} d— o) et— wdade,
2, 2 —i[ (o, +w)t— (g, +¢
_ %Rek;,;[ |a21)| |a§1)| {Hg)(wk,w,)}e [ (ot o)t — (e +e,)]
+ |a§?1)||a§1)| {H(FZ)(wk’_wl)}e_i[(wk_wz)t_(E/e _gz)]]
RekZhZ[a(D (1) H(Z)(wk’wl)}e*i(a)ﬁw,)t

+ aVaV* (HP (0, — w)) e ~ilemedt (2.97)

2o wow 23 gA P o3 mulEE gy 2ol

FH

A

(MP)) = [ (i@ - ode

= Rel |d§1)| {H<A})(CU1)} e —i(ot—e) _I_|a§1)| {H<]V§)((1)2)} e —i(wzt—ag)]

— Rekzl (1) H(l)(w ) iwkl‘] (2.98)

ng)(t) f f h )(Tl . TZ) é‘(t Z'l) él(l‘ - Tz)dfldTZ

lRekzilz;[ail)aED HP(wr, @) o i@t o]
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) (“*{HQ)(w —w))e miltamontly (2.99)

21(2.96)3 2(266) H (2983 2(267)9 1 #AAH U EHEE v w3
e, 1 Ay miEe 4985 (HD(0)) F (A0)) 2 {HP(0,)
S {AD(wp) AFolol s theel A7 Ay,

(HP ()} = {/P(wy)) = (A3
{HP (0p)} = {AP(w0p)} = {AR} (2.100)

=, @IS 23 HBAT 4@ 23 AFADL wws) W, 23 3

{H<172)(wk’wl)} = Z{ﬁ(Z)(wk,w;)} { Fk(ZZ)}
(HZ(w,, — )} = 2{rP(wp, w)} = 2{ /o) (2.101)

(296)% 42759 23 AFARMEES vlws] ®E, 23 A

21 (2.
@EQ/] %_%6\‘3]‘3!: {Hﬁ})(wk,iw;)}ﬂ' {fM )(wk CU])} ]' ] ]E ‘:}%‘04 ‘71’1'7:1]7]— }\é%?}

(HP (w0, 0} = 2{fiP(wp, @)} = 2{fi?}

(HP (0, — )} = 2{ (0, @)} = 2{ /i) (2.102)
celme 1A 2Fow WAs: 4 gRuvie) 23 BT s A
Gt AW, ol AES 47 2uste] dalFoRM 1x3e] 2o A
s Aol 24 u+7o>xﬂw RS AL (P (0,20} S {HP (04, +0,)
b paAE, AN 23 Agdas AEs)H 406 dqad, 14ee] x
Gow washs WA 23 HAAU vAES QU4 SIS P8 a7,
27k JB 2 Ssterh FaAW, 242849 4286 o5 1ade] xFow W

olgo] oAt}

il
Aehs 22k I BRlE] A
Ee 7FA= random¥Ql A o2 8, Ricex

T, £(t) 7t one-side Z=HEF

e(t) & b 2ol xdEh

i ri
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et) = j:ocos(a)t—e) 2S:(w)dw
=1 [ 24 25 w)dw (2103)
A7NA, & g~z AA 7Y EFEE random $elth 41(2.103)S 2](2.83)
of tistal Fourier Mgkl 93] th<f 12} gp74kAg o] F3] T},
(FOW) = [ (nP@) et - 0ae

_ foo {hg)(f)}[l foo{e—i[w(t—r)—a]_I_ei[w(t—r)—a]}\/ ZS§((1))CZI(1)]dZ'
—oo 2 Jo

= fom {|HP(w)|} cos (wt—e—{6V}) - V25(0) do

= fooocos (wt—e—{00}) - 2{| HP(@)|*} S @) daw (2.104)

ol 71 A,

|H§;‘)( )l 16’(”(a))
{H<F1)(a))} — {|H<1)(a))|} {00 ()} { |H<1)(a))| i6,"(0) }

| ( w) | zﬁ(l)(cu)

| (w)| —iﬁ(l)(m)
(2.105)

(HD" () = (| HP (@)]}e 17" {H§}3<w>| B
|H§11:)( )| —16%(e)

E, 42103 42800l ddsn 42029 BAE ol &skW, T} go] 23
A o] e,

{Fg)(t)} = f_moofw {hg)(fl , 1)} 8¢ — 1) Lt — ) drydry

= fooofcos[(wl-i—wz)t—(eﬁez)—{9(2)(a)1,a)2)}]
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’ \/ {|H<F2)(CU1,w2)|2}5§(w1)55((02) dw,dw,

+ [ [ cosl(@—w)t— (e—e) — (0%, ~ )]

A HZ @1, — )|} el @) Sel p) doyds (2.106)
o3 7] A,

{H<F?)(CU1 ’ (1)2)} = { |H<FZ)((1)1 s wz)l } e ZA{‘g(Z)(wl,wz)}

|H§§:)((1)1 , (1)2)| e 0 (e, )
e
| [ ]

HR0r, 0]

(B, —w) = {|HP (@, —ay)|} 17 )

|H2(w;,— )| ™)
= |H§12¢)(a)1 ’ _w2)| o i (0, —wy)

o —0)] )

(H (o, @)} = (1HE ol e 1)

30y 09] e~
2o ] 1o
|H§>12F)(CU1, wz)l e i 6o, @)

(HE 01, ~0) = [| o1, —a]e 170

|H§12v)(w1,—(02)| eiiﬁ?)(“’“*‘“l)
= | H2(w,, —ap)| e " H ) (2.107)
|H2 (w0, —awp)| e " H e
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=5

Al Ztd el Aol sgAE 9 RAEZL LW, 582

r (
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o

UM+ (00) U+ [ Kyt = DU det CuUD ] = A(0)

(k=1~6) (2.108)
471AM, U, © B 7} wrar w9
M, R S s s
my(0) I FA e BrbA
Ku(H ¢ v 9@Fss
Cu CoTE, AR 2 AR @ B Af
£i(?) DA

(2.109)

w(t+ 4 = (M+ B(4D)*CY ' [f(t+40b)

~ cutn + (Am(f) +(5—8) (Az‘)Z)'it(t)}] (2.110)

(2) 2(21100¢] A5 AbEste] S y(r+40) F B w(t+a) E T Ho=
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w(t+ 40 = u(t) + G ) + e + a0)

t

4

4t) — u(t)

u(t+4) = u(t) + % u(t) + %ﬁ w(t) + J APt

(2.111)

(3) A 211D4 ¥ & °l
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o Aol el8) e,
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el

S

(4) o] S 21(2.109)° <
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o

¢

wu(t+ 4) = Ml[f(HAz‘) — f

w’b FHE Q7HA (2) ~(@) 9
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HoAFelA e R g Classic Spar$t Truss Sparell 747} 2H&-3h= 37
R | #13k4 ‘jaﬁ](6 axis loadcell)% 0135‘}"31’/} 6= Al

Ll E ¢ éétﬁﬂt ilKg—mO]ﬂr. :r" «] i
FAAgA AR s ASH T Stel Aed
3 FF(light-receiving) A Z A HFZ A 9 )
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AAARZRE 22D S Tt 7 Red FEsHEs a7
ol Z4L& MH(Servo)d] W}uAE ol &3t 18
Semi-taut WS AEEG AL AlFeRlel A&tk
Ue WTrE 15 2245 ARESE
ool Algd F2E Figldlol uvebd mpel 7Fo] 1x1.1x25m(BxDxL)
of xR XHV|E I2E YPAoR il 20em7tA A b, FEE
2R AE Aujsta AAIRE FH AP e 2/FT AP A3
v Ao o] &3 AT ik Ads YEd oR FU)=
T 2cm®t dem®] F FRFE AESIAT Table 32% Bt A v
of thet APoz Foluar(Hs significant wave height)®} HF7](T, mean
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Fig.3.1 Schematic of Ocean Engineering Wave Basin
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[cm] 2,4
[T 0607108 |109(10(11 12 (13|14 |15|16|18|19]20
sec]
Table 3.1 Regular Wave Characteristics for Model Test
Hi/s
[cm] 2,4
T
[sec] 1.0 1.2
Table 3.2 Irregular Wave Characteristics for Model Test
32 2%
B oage] AgelAE 6RYAE PAL + =D AT APAY S48
2389l Classic¥t Truss SparE 2+ A Z3dc}h. olo] w3k =d3 AP

Fig.3.2¢} Photo 3.1¢] veldT}.

TETH ASS fsAAE 'Y FES 9] AjEo] BYP S ALl o,
Truss ¥ Classic Sparol]l W3t A= Z+7zF Fig.3.33% Fig.3.4°] YEeERR AT

23 Spar?d AT A™Y EA oA EASE 9F (Vortex)o] 93 d3¢S
2 A7)7] 918te] StrakeE F-#5HA = B A4 % Strake’} Spar9l %%
ol WA= IS A7) 916e] Bare Hull# Strakes 723k 2bzbe] w
o sl EFTHS A=s Tt Photo 3.2% Truss Spar, Photo 3.32 Classic
Sparell ©f gk Ztzpe] Apxle]tt

Table 3.3& Truss ¥ Classic Spard] 2ol s zZ+zhe] AdS ey
t}.

-

K
30

e o AR A YERE wket 7101 Afere] B2 o] FxEY 25
goll WX e dFS FAE] Astel FAFAAY aRRE FetE ol FAA 7t
7t 3709 ?ﬁﬂﬂg AAste] ARE FysATh ool hE AANIEES
Fig.35¢ Fig.3.60] Yel®, Axxde #alel] wa 7t &5 med 7 Fekelo

F s

A 3ol 3
o F H9%& Table 340 YepWth & £ Ao ALEF AFele A%
FETE M= ATAE AEEA e 1.1
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Fig.3.2 Model for Experiment of Wave Exciting force

Photo 3.1 Model for Experiment of Wave Exciting Force
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Fig.3.3 Truss Spar Model for Motion Response Experiment,

Scale of 1:400
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Fig.34 Classic Spar Model for Motion Response Experiment,

Scale of 1:400
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Photo 3.2 Truss Spar Model with & without Strakes for
Motion Response test, Scale of 1:400

Photo 3.3 Classic Spar Model with &without Strakes for
Motion Response test, Scale of 1:400
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. . . Model 1 Model 2
Designation Unit .
(truss spar) (classic spar)
Length overall L m 0.11450 0.11450
Breadth B m 0.11450 0.11450
0.53368/0.18638
Draft T m 0.53368
(Hull Part)
Displacement A m? 0.00236 0.00550
Center of VCG m 0.28400 0.28500
Gravity LCG m 0 0
Center of VCB m 0.16200 0.26700
Buoyancy LCB m 0 0
Metercentric GM. m 0.12560 0.01940
height
GM m 0.12560 0.01940
Txx Kg - m? 0.03272 0.01999
Mass
moment of Iyy Kg - m? 0.03272 0.01999
Inertia
I, Kg - m? 0.00052 0.00074
Ca 10.29680 10.29680
Coefficient of
Restoring Cu 0.29610 0.10650
Force
Css 0.29610 0.10650

Table 3.3 Principal Dimensions & Particulars of Models
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WAVE
—_—

110 cm

~412cm

5cm

8.5cm 53.37cm

27.87cm

144 cm i
150 cm |

Fig.3.5 Mooring points of Truss spar model

J— WAVE
_—

23cm
. 4
58.4 4ocm 53.37cm
° 5cm
E _t
S 1.
=1
= 20.37cm

Fig.3.6 Mooring points of Classic spar model
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Mooring |Mooring Angle| Surge Stiffness [Heave Stiffness
Point [degreel [kgf/m] [kgf/m]
A 58.4 0.9454 0.5816
Classic Spar
Model B 60 0.9613 0.5550
C 61.9 0.9792 0.5228
A 55.2 0.9115 0.6341
Truss Spar
Model B 56.8 0.9288 0.6078
C 59.7 0.9590 0.5590

Table. 3.4 Restoring Force Coefficient of Each Motion Mode
according to Various Mooring Point

33 43 W4

318N 7l=d 7 Az stellA 4 AlS57171E52 Fig373% Fig.3.89 1
Bl vpe} o] wix|stslal, A =& AY dHolH ASFS 98] whAbThe] g3k
< Haststar AP A0 gArake] Fdo] Thsdk e R T Y
S AAste AR AdES Fednh ATFAE WAbge] JIFE Hassr] 9
sto] kol v 2EXE T e 1EY A9AE AMESEAT g $g
tdole =g RH Ues HWE A steE AME 25 FHoA A= §hAL
ol Wdstng sz v Hdo] F3ES 93 FolAE F-Fste] v S
#4318k A . Photo 3.4~3.9% Classic ¥ Truss Spar Z+7z+e] A&y} Eq7 3

de] W4e mweFa vk
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Fig.3.7 Model Installation (Longitudinal section)
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(servo type)

\ tracking
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loadcell <wave o
/ m
U C) IENE
mooring mooringT —
data
(=] -~ camera L processor

Fig.3.8 Model Mooring Arrangement, Model Installation
(Transverse section)
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Photo 3.4 Model Installation in Photo 3.5 Classic Spar Model Test
Ocean Engineering Basin in Transient Waves

Photo 3.6 Classic Spar Model Test Photo 3.7 Classic Spar Model Test
in Regular Waves in Irregular Waves

Photo 3.8 Truss Spar Model Photo 3.9 Truss Spar Model Test
Test in Transient Waves in Irregular Waves
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Voltage [V]

Wave Height [m]

Surge Force [kgf]

Tension [kgf]
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Time [sec]
Fig.3.9 Time History of Input Signal for Wave Maker
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Fig.3.10 Time History of Measured Wave Elevation
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Fig.3.11 Time History of Measured Surge Exciting Force
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Fig.3.12 Time History of Measured Tension Variation I
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Aitch [ced]

Time [sec]

Fig.4.2.4 Simulated Free Decay, Truss Spar without Strakes

Experiment

Model Surge Heave Pitch

[sec] [sec] [sec]

Classic Spar without Strakes 7.163 2.047 3.582
Classic Spar with Strakes 8.190 2.721 4.096
Truss Spar without Strakes 3.582 1.302 1.433
Truss Spar with Strakes 5.461 1.820 2.048

Numerical Simulation

Model Surge Heave Pitch

[sec] [sec] [sec]

Classic Spar without Strakes 7.446 1.489 3.413
Truss Spar without Strakes 4 552 1.170 2.214

Table 4.2.1 Comparison of Natural Periods

_68_




422 THRF 2 EH

Fig.4.25~7°14 % Classic ¥ Truss Spar®] 733 & 5ol gk o] 24
A2 S ol &3t

sk AR gke maste] JeRlleh 9714 o EAAEE Sol
Bl

of AMtd FAES A& FeUAAY HEFE Aol grelth. Fig4d.259
Fig4.2.714 HoF= nief o] o]2A4 A B& Aol& Holi glo
L o]z olZAal A Al 7138 §-AH 3 Surge9t Pitche] A&l 7191
e Ao R Auhdth F Pitche B9RWEE B LAFA, Agol #AH
= FoIxl BELS 2 Agrt ofF Ao ofihe] exte] s : HKulE 9
HslFo] AA Hof FxIAHo] o]sstA Hrt FUE Y& Classic Spare] 25
a2 zpol7k g% AA vEebdrh whEbA A 710E A E e RUPRAdEWES

HAdstA A omA o EALEY FA4e] Jhested ddHEY. Figd26<e
HeaveZ Yely 2 g4 Classic Spares 94 dA74A9 Aoz FUHANA
o]Zgko] Agw AA YElya Truss Spare] 4 $-ole o] EA4ko] A Heave
Plateol o|gt FAg H77F Atz o] Fol A #] o} gxfo] uFug gJo=
A7 9SS ¢ 4 Avk ®=3F Truss?t Classic Sparel] H31A Heave <9<

wol gaAtE AL F58 & Atk

Fig.4.28~10°] 4+ Classic Sparell Strake?] F-2zrojhlo] wE F3whe] Wl
S A9t Surgelt Pitche] 7 9ol Straked] H-zo =z dls th SHE
a7l B dov 1 Aol A FAIE Aol X|vt Heaved -0l
DFIFA e SHES BAAIAT FAGNE 238 Straked] F-Fo =
A $HS AA = Ao Yehdrh oo falME Fry Be n#3S a7

A Strake] ©]8) fEE A5 Qo] JEhbe Ao® AR

f
®

Yt Classic? AR 232 F11 YA 9 Heaved &#olA Strakek-

& Heave §99 ds®o] thh Foleth ofAo] AEH9 Strake’}

Classicoll H]&] oz = FAb

o JFolegt= F5o ¢ = 2l )
Fig.4.2.14~199 -+ Classic Spar % Truss Spard AFA#A

of M A= 4&gFES Yt 19 el Classice B7F FASA

o2 5em, CE= 8o ® 5cmolil TrussE Heave Plate =Wol| &

st o2 85cm ©]E3dle] F-2ETE oo mEwW 2 AFoA 483 +5cm

To] Wgle s HAE g ALY Hidita B

Spar= Heaved-t-oll FAFAA AFToar i &

=1 O PN
ge 2 5 Ak

D
2

_69_



n A= g
& ZAbstalAl Heave Plate®] ol wWE *58HS ol EA4tste] vluLstad ).
olo] ©]a¥ Heave Plate F-Ztell we} gx15o] AFuF dHow o]sst= A
S AT F AT AFFAE ol2A BIS HAFH
10.0 — 3 10.0 :
: : O Experiment : Classic Spar Q  Experiment : Classic Spar
[ @  Experiment : Truss Spar @  Experiment: Truss Spar | |
: — — — Numerical : Classic Spar — — — Numerical : Classic Spar
50 ! Numerical : Truss Spar 80 Numerical : Truss Spar | |
|
|
|
| i
6.0 6.0 "
/l
o H N I
B3 | N i
\ [ “
40 v 40 -
|
ik o
I\ |
1 o\ 1
204k °.\ 20 nyx
1 N
[ 1NN
ey Fa
A V . - 8-.g . 9@
0.0 \ - 0.0 \Q}!j —4— e
0.0 40 8.0 12,0 16.0 0.0 40 8.0 12.0 16.0
® [rad/sec] o [rad/sec]
Fig.4.2.5 Measured & Simulated Fig.4.2.6 Measured & Simulated
Surge Response Heave Response
1201— . 20 ;
‘ !
! ! QO  Experiment : Classic Spar O Experiment : w/ Strakes
! ‘ ll ° B L @  Experiment : w/o Strakes |---]
“ \ — — — Numerical : Classic Spar
| '. Numerical : Truss Spar 15 &
901 RS . s B . 2 3
: I S o
| ! @ o
| ' °
o : & l\ s> O.O! g. 'Y
:-\fe.o ! . %10 o5
| hd '\ s é
) \ 3
A '
° \
3041 Y 05 [ <
I \ [
o \e i\
Y :
W o (4 N
'J [¢ o S
0.0 008\9\9\;;4; === = 0.0
00 40 8.0 120 16.0 0.0 30 60 90 120
 [rad/sec]

Fig.4.2.7 Measured & Simulate
Pitch Response

 [rad/sec]

Fig.4.2.8 Surge Response of Classic
Spar with & without Strakes

_70_



6.0

QO  Experiment : w/ Strakes
Q. L @  Experiment : w/o Strakes |---]
45
%o
*N“ 3.0 °
8 Co
[ ]
(o}
[ )
15
20
[ ]
°
a [ ]
00 8e ¢
0.0 3.0 6.0 9.0 12.0
o [rad/sec]

Fig.4.2.9 Heave Response of
Classic Spar with & without

Strakes
4.0 T
QO Experiment : w/ Strakes
[ ] : w/o Strakes | _|

o
3.0 L

[ ]

O
]
o
. o 8
<20
X o g
[ ) 8 e
1.0 8 g
L]
R L
C
0.0
0.0 3.0 6.0 9.0 12.0
o [rad/sec]

Fig.4.2.11 Surge Response of Truss
Spar with & without Strakes

3.0 T
Q  Experiment : w/ Strakes
@  Experiment : w/o Strakes
8o
2.0
[ ]
[e]
° [e]
) o]
3 °
[
[ ]
1.0
o0
[e]
8
lO o
LI
[}
e C
0.0
0.0 3.0 6.0 9.0 12.0
 [rad/sec]

Fig.4.2.10 Pitch Response of
Classic Spar with & without
Strakes

3.0 T
QO  Experiment : w/ Strakes
@  Experiment : w/o Strakes
C>0
2.0 o)
F
) 8
N 4
°
] so
1.0 :
o]
Q
]
o]
]
s . ©
°
0o e 8
0.0 3.0 6.0 9.0 12.0

o [rad/sec]

Fig.4.2.12 Heave Response of
Truss Spar with & without

_71_

Strakes



120

QO Experiment : w/ Strakes
: w/o Strake -
L (] w/o Strakes
o
9.0
o

o)

o
N Og
= 60 Q
D

o
(]
3.0
[ ]
g
[ ]
® .
[
0.0
0.0 3.0 6.0

9.0
o [rad/sec]

Fig.4.2.13 Pitch Response of Truss

Spar with & without Strakes

6.0
A Mooring Point : A
e @  Mooring Point : B |-
[0 Mooring Point : ¢
4.5
A

S,

5 o
;%lp 30 Y
o

g ®

A

° L ]

15 ' *

o0
[
[ ]
8
0.0 8o
0.0 3.0 6.0 9.0

12.0
® [rad/sec]

Fig.4.2.15 Heave Response of
Classic Spar Changing the
Mooring Points

- 72

12.0

2.0
A Mooring Point : A
@  Mooring Point : B [---]
[0  Mooring Point : C
A
15 L N
- O
[ ]
®
[ )
u]
I Yo
1o o f
X ® g
Og s
1
it
05
A
L
0.0
0.0 3.0 6.0 2.0

120
o [rad/sec]

Fig.4.2.14 Surge Response of
Classic Spar Changing the
Mooring Points

30
A Mooring Point : A
@  Mooring Point : B
[0  Mooring Point : C |-
o0
20
.
.
) ]
@ A
[}
o
1.0 .
o
o 82
) .
| |
)
[
]
[ ] P
0.0
00 30 6.0 20

120
o [rad/sec]

Fig.4.2.16 Pitch Response of
Classic Spar Changing the
Mooring Points



4.0

A Mooring point : A
@  Mooring point : B |... |
A O  Mooring point : C
S
30
o
OA
o
ol
¢ [ ]
=20 O |
N )
I
A 8
10 L ¢ f
A o
e
% [}
0.0
0.0 30 6.0 20 12.0
o [rad/sec]

Fig.4.2.17 Surge Response of
Truss Spar Changing the
Mooring Points

120
A Mooring Point : A
@  Mooring Point : B |-
O  Mooring Point : C
f
90 &
O
[
[m]
o A
*_\@ 6.0 * %
==}
L }
o
A
$
30 i
®
a
Yo
L a
00
00 30 6.0 20 12.0
o [rad/sec]

Fig.4.2.19 Pitch Response of
Truss Spar Changing the
Mooring Points

3.0
A Mooring Point : A
@  Mooring Point : B
G O  Mooring Point : ¢ |-
%
2.0 » .
°
[
5 [ ]
N \ 4
o. ot
1.0
°
2
.
] o
‘e
s §
0.0
0.0 3.0 6.0 9.0 12.0
o [rad/sec]

Fig.4.2.18 Heave Response of
Truss Spar Changing the
Mooring Points

10.0
'. QO  Experiment : w/ Strakes
i @  Experiment : w/o Strakes
:'. — — — Numerical : w/o Heave Plates
8.0 fy Numerical : w/ Heave Plates ||
[
[
v
6.0 b
[
© i
Py i
N I
1
40 LiL
il
1
|
[
o ! |
2,0 o 7
&\
L9 !
g \
820
0.0 *0—8- 8
0.0 40 8.0 12,0 16.0
o [rad/sec]

Fig.4.2.20 Measured & Simulated
Heave Response of Truss Spar
with & without Strakes & Plates

_73_



%ok ul Classic % Truss Spard €% »oWd 7]9 9
(Fig.4.2.21~4.2.26). olo w=w thHEE 6% AHAEo|H /A
A Abg}A] 3L Heaved A 2% Ao Algbx A9k T

g Aebd b AL g @ 5 Ao

(1) Memory Effect Function

K.(t)

6.0 8.0 10.0 12.0 14.0 16.0

K(t)

0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0
t [sec]

Fig.4.2.22 Heave Memory Effect Function - Classic Spar

0.20

[0 O T e e e A AR
~
-
\Qﬂ 0.00 — P S O N T U

O T O B B S e e e

-0.20 T T T T T T T T

0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0
t [sec]

Fig.4.2.23 Pitch Memory Effect Function - Classic Spar

_74_



-4.0 T T T T T T T T
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0
t [sec]
Fig.4.2.24 Surge Memory Effect Function - Truss Spar
0.050
0.025 -
% 0.000 —-
20.025 -
-0.050 T T T T T T T T
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0
t [sec]
Fig.4.2.25 Heave Memory Effect Function - Truss Spar
0.20
0.0 =g
:-‘Qﬂ 0.00 — N N N N S NI NP N
2040 e e
-0.20 T T T T T T T T
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0
t [sec]

Fig.4.2.26 Pitch Memory Effect Function - Truss Spar

(2) &9 AzHE

Figd2279 = FA @A A FdF7] 122 Fo9aL 4em®] =73 9
o] A 7rES UE I Fig4.2.28~33& 9] J‘r%‘*oﬂfﬂ Truss Spare 2+ &% RE:o
HOAIPE S A o] Bgks wlustE A yErd Floltt o]o] oJst¥ Surge®t
Pitche] AlE# o)A AFE F2 3 FolA 7<= nfe} 7L°] T oA Zdoxd

_75_



Wave Hevdtion [

T
0.0 30.0 60.0 90.0
Time [sec]

120.0

150.0

Fig.4.2.27 Time History of Wave (Hys = 4cm, T = 1.2sec)

180.0

Suge[n]

-0.10 T
0.0 30.0 60.0 90.0 120.0 150.0
Time [sec]
Fig.4.2.28 Time History of Surge Motion (Experiment)
0.10

180.0

-0.10 ;
0.0 30.0 60.0 90.0 120.0 150.0
Time [sec]
Fig.4.2.29 Time History of Surge Motion (Simulation)
0.12

180.0

0.0 30.0 60.0 90.0
Time [sec]

120.0

150.0

Fig.4.2.30 Time History of Heave Motion (Experiment)

_76_

180.0



|'l|ll” | 1“"” ]ll||,'||“ l]
i ll|ll i “”||| I "l'”

Heave [

0.06 —-r-iemeem e ’

,.n, wh

“0.06 L

-0.12 ' ' r i i ; i ; T
0.0 30.0 60.0 90.0 120.0 150.0 180.0
Time [sec]

Fig.4.2.31 Time History of Heave Motion (Simulation)

25.00

12.50 —

0.00 —

Ptch [ded

=T T R R HL

-25.00
0.0 30.0 60.0 90.0 120.0 150.0 180.0
Time [sec]

Fig.4.2.32 Time History of Pitch Motion (Experiment)

Fitch [ced]

0.0 30.0 60.0 90.0 120.0 150.0 180.0
Time [sec]

Fig.4.2.33 Time History of Pitch Motion (Simulation)

Truss Spar®} Classic Spar] —‘%% st} o}
pas

G R H]jﬂ ZA}SLE} A=tk ZEo| Strake
° Edo] Walx v D}. Fig.4.2.34%}

?‘7] IOSec, o9 2emet F7] 1.2sec, Fol¥a
OSN3

o}
H

L

o
=

olc»

qE
at7] flste] &
Faol i g AFAH W
Fig.4.2.35% XA A3l
4eme] ETFH IS B5H =

Fig.4.2.36~38% 7] 1.0sec, w4u+ﬂ 2cm®] =t # 3ol A Strakes F-2s)
A ¢ Truss Spar$}t Classic Spare] 559 ~FHEHo|t} Surge®t Pitchd)



A$ 932X+ Trussol B3] Classic SparZol =4
2 o]F3] vk W Heaved A-%olv 22 Fi oﬂgﬁioﬂ/ﬂ ¥ A2 7k %”3’3}
A9k Truss Spar’t €53 ¥ #4S T3 9}‘:}.

Fig.4.2.39~41<% 7] 1.0sec, #2312 2cmel i—lvﬂrﬁoﬂfﬂ Classic Spard]
Strake F-Zolfo] W& $E5$HE AFdEHS H]Eﬂ ]‘:]r TS A4Y 4
Fol] w2 Surge$} Pitch 4% Strake? ] 74«] AFSE Zk
= FAW AFF JHolA Strakes F-2ghol| whet %%O] o A A e
SRS o AFHFR TP Aol Utk ol

Hie 9 AX7} g SropA| WA A0} =

Att. Heave®l 4ol Straked F23 A 3|7t 25 EobA A A
AR ks BoFan vk 2ear AR gl A YEve UAlE
2 gs ol Bt urt g wef Fol=s Jlow
Fig4.242~44= 7] 1.0sec, F 33 2cme E7FF 345X Truss Spar?
Strake F-#ojfo] W F5SH A~HAEZS vHlud Aol oAM= AT
o] Ao = Surgeot Pitchel 4-$ Strake?| H-Zojiol A Qo] AL FASH
e FAN T FLo A StrakeE 3%31% of wel §do]l okt A A YEhvE

¥ I 54% By ~9E g A7} o] Hite dEdta 9l

GrAEHLE StrakeE F2Eo wet golxitt= ASs ¢ F7F Atk
Heave®] 7% Strake®] F-=ojife} #AAIQle]l Aol fAbgh s Fi AW
Strakes 23 o) I AX7F 25 FolX .

Fig.4.2.45~47& F7] IOSeC o331 2cme B3 iz A Classic Spar?]

By
o2
2
o
fru
o,
N,
o
f
o
I
2

4>£¥1m1

OlO o}‘b
oo
oa
fass
O ¢
]

W

AlFAd Wstol] mE +H 2HERS vwgk Aojth Hd R g
A5 Aol A= 74]71‘?‘]%‘:4 Hstol #AGlel A9 A #he FE AL
2 el AT A4 Surge] AH F20 TER7AE B FRo EXAAN AYS

7 o] Ho

S gtk mepA oi7)el e sfegd sy 64 o
| S} P

=
2 bem olEg CHe AS AT FHolA Surge®t Pitch §9<= w23
HaATlE Ao yehdth Heavedl 4-5-ol= AlFAxe Wstel w#AQle]l 7
o frAbek #hs FaL AAT FAHAA FWOE Sem olFd AFY A§ 9A

A7t 25 dolAE 4FE welFa 9l

Fig.4.248~502 7] 1.0sec, ¥ 91 2cme E31& 95 oA Truss Sparel 7

:

FAY A3t W2 L5IH AHAEYS Bud ot o7|HE A LFRE=0
gk g IFe] Aol A= AFAHEY wtel] dAglel Ao FAG e T
Aoz YelUAI R Surgedt Pitchte AlFAHEES tWoZ 7hAq 7ol ukgl 3= A

7b Aadhe 78‘52}01 Atk Heaveo| 74-%-oll= AlFAxe] wstel wARlo] 719

FAE ge BT gl

_78_



60.0

'S
S
o

<3

=)
—
P —

Spectra [m*sec, x107]
S
o
L

Spectra [m*-sec, x10°]

o\

N
=3
o

e

LN

0.0

N

T T T
0.0 4.0 8.0
o [rad/sec]

12.0

0.0 T | T i
16.0 0.0 4.0 8.0 12.0 16.0
o [rad/sec]

Fig.4.2.34 Wave Spectrum of Wave Fig.4.2.35 Wave Spectrum of Wave

06 ; i i 02 7 i i
— — — Truss Spar — — — Truss Spar
Classic Spar | _| Classic Spar
504 A ©
* *
23 o
b 3
! ~' 0.1
E E
s s
© °
@ )
2.0.2 o
» \ »
r\ "~ \
R i
\ AR
/ > \_/ 1
00 S 0.0 z

0.0 3.0 6.0
o [rad/sec]

9.0

12.0 0.0 3.0 6.0 9.0 120
o [rad/sec]

Fig.4.2.36 Spectra of Surge Motion Fig.4.2.37 Spectra of Heave Motion
between Classic and Truss Spar between Classic and Truss Spar

w/o Strake

w/o Strake

_79_



20.0 - - -
— — — Truss Spar
A —— Classic Spar
15.0
[}
?
2 \
[
2.10.0
E ‘
©
[}
o
§ \
5.0 +
I
I
bt
U
00 — = T T i T

0.0 3.0 6.0 9.0 12.0
o [rad/sec]

Fig.4.2.38 Spectra of Pitch Motion
between Classic and Truss Spar
w/o Strake

0.2

— — — w/ Strakes

w/o Strakes

Spectra [m*-sec, x10°]
o

N
N
0.0

0.0 3.0 6.0 9.0 12.0
o [rad/sec]

Fig.4.2.40 Spectra of Heave Motion
between w/ and w/o Strake
(Classic Spar)

0.6

— — — W/ Strakes
w/o Strakes | _|

o
N

Spectra [m*-sec, x107]

o
ES
- [ —
-
R

0.0 — T T i T
0.0 3.0 6.0 9.0 120
o [rad/sec]

Fig.4.2.39 Spectra of Surge Motion
between w/ and w/o Strake
(Classic Spar)

20.0

— — — w/ Strakes
w/o Strakes

o
=)
i E————

Spectra [deg’-sec]
S
o

5.0

0.0

0.0 3.0 6.0 9.0 12.0
o [rad/sec]

Fig.4.2.41 Spectra of Pitch Motion
between w/ and w/o Strake
(Classic Spar)

_80_



0.2 H H H
— — — W/ Strakes
w/o Strakes | |
Sot
: \
o
[
w
E
= N
[$]
\
S0.1 \
%)
[
| \
I
|
O\
) \\
7
0.0 = : :\— T
0.0 3.0 6.0 9.0 12.0
o [rad/sec]

Fig.4.2.42 Spectra of Surge Motion
between w/ and w/o Strake
(Truss Spar)

75

— — — w/ Strakes
w/o Strakes | |

o
o
A

Spectra [deg™-sec]

)
o
———t!

t
I
I
I
00 L = \\_
0.0 3.0 6.0 9.0
o [rad/sec]

12.0

Fig.4.2.44 Spectra of Pitch Motion
between w/ and w/o Strake
(Truss Spar)

0.1

— — — W/ Strakes
w/o Strakes | _|

o
o

Spectra [m*-sec, x107]
I

o
o
—
o —

0.0 T T T T |
0.0 3.0 6.0 9.0
o [rad/sec]

12.0

Fig.4.2.43 Spectra of Heave Motion
between w/ and w/o Strake
(Truss Spar)

0.4
— — — Mooring Point : A
—— Mooring Point : B
Mooring Point : C
03
B
x
d ‘
@
@« |
e 0.2 ||
e !
5 |
: II l(
o
1) |
|
0.1 F \
k—’_\
0.0

0.0 3.0 6.0 9.0 12.0

o [rad/sec]

Fig.4.2.45 Spectra of Surge Motion
according to Various Mooring
Point (Classic Spar)

_81_



0.20

— — — Mooring Point : A

Mooring Point : B

Mooring Point : C

0.15

z

=

s

o

<2040

E” |

© \

£

3

%) U |
I\

005 , \

000-D—— i L

0.0 3.0 6.0 9.0 120
o [rad/sec]

Fig.4.2.46 Spectra of Heave Motion
according to Various Mooring
Point (Classic Spar)

0.100
— — — Mooring Point : A
—— Mooring Point : B
\ Mooring Point : C
0.075 \
— \
© \
Py Ay
S A\
2 I\
~' 0.050 (I
£
= N\
£ [ \\
; \\
Qo
%) \
0.025
0.000 =

0.0 3.0 6.0 9.0 12.0
o [rad/sec]

Fig.4.2.48 Spectra of Surge Motion
according to Various Mooring
Point (Truss Spar)

15.0

— — — Mooring Point : A

Mooring Point : B |._]|

Mooring Point : C

o
o

Spectra [deg’-sec]

o
o

0.0 T { y
0.0 3.0 6.0 9.0 12.0
o [rad/sec]

Fig.4.2.47 Spectra of Pitch Motion
according to Various Mooring
Point (Classic Spar)

0.050
4 — — — Mooring Point : A
—— Mooring Point : B
0.040 | Mooring Point : C | |
] |
©
*
.0.030
o
@
\d
E
©
+£0.020
o
[
Q.
) 4
0.010
0.000 ~
0.0 3.0 6.0 9.0 12.0

o [rad/sec]

Fig.4.2.49 Spectra of Heave Motion
according to Various Mooring
Point (Truss Spar)

_82_



6.0

— — — Mooring Point : A

Mooring Point : B |._}|

Mooring Point : C

i
=)

Spectra [deg*-sec]

e
o

0.0

T T
0.0 3.0 6.0 9.0 12.0
o [rad/sec]

Fig.4.2.50 Spectra of Pitch Motion
according to Various Mooring
Point (Truss Spar)

(4) A Hla

oA71ME SrelA AFH sMERORTH 7 wye 2ESHel WE
g vagt BRARFY ANEY HAWS BH AW LB Fo)H
Eookelel A gol FHIF $E0) Fui AQPLE % 2HNEPS of
Q. >~

[} RE T

rx
<
o
=
)
3
o)
&
i)
o~
S
N—
rr
Ho
19
oo

Spar7} tha A A
Fig.4.252~539 A= Classic®} Truss Spar®] Strake H-2ro]Fo] wrolr =
7] 1sec, frelstal 2em?l &5 2t SE5&HY FYA7F g A tﬂ@rf‘?}

i —1N

_83_



AE 77 o itk o7|M = o] =t HaFel A= Strake] FFoE A
=5 SRl A AA YEPYARE Truss Spart #ad@o] Jdld oz Arie 3
[e)

= ¢ F Utk

Fig.4.254~559 4= Classic®} Truss Spard AFAHES WA 7|4
7] 1sec, froldtar 2emel & FH 5] 7 FE&Hel FoAE 44
Atk o] Aol w=w AFA A Wk Classicoltt Truss Spar o= &&=
TeH FYgAlA a2tk F FEFS v A A gAY Classic Spar®] Pitcheb
FE 5ecm Y S CHOlA FAX7F FoE5L US5S
sHEHER A A uiel o] ASuwtt Spardl &
Hehre] A e Ao dAE = Aer Atrd

(6]

8.00 Surge, Heave : [cm] Pitch : [degree] 8.00 Surge, Heave : [cm] Pitch : [degree]
‘ @ Surge
AT176 ® suge A7176
P— @  Heave
' A Pich
Pitch
6.00 A pen ) 6.00
A5619
[} D
E] E]
© @©
; A4312 Z
g 9355 g 400 9385
2 & @2959 1
42389 42389
200 02226 200 42241
& 1342
0.00 0.00
Classic Spar Truss Spar w/o Strakes w/ Strakes
Fig.4.2.51 Signification Value of Fig.4.2.52 Signification Value of
Each Motion between Classic and Each Motion between w/ and w/o
Truss Spar Strake (Classic Spar)

_84_



6.00 Surge, Heave : [cm] _ Pitch : [degree] 8.00 Surge, Hegve:[cm] Pitch:[deqree]
| @ suge ‘ ‘ ® Suge
& Heave @ Heave |
A Pich A Pich
6.00
A4312 5619A
g 4% 3918 % 4787
=3
2 K 87 A
Z =
= < 4.00
[ o
k3] =
:‘gﬁ E’ ' "IV
%) 9222 » 2565
2.00 @966 v
v 200 ®2.241 211742.186
: ' &1.797
1342 1231 @1.550
1 0.00
0.00 i i A B c
w/o Strakes w/ Strakes Mooring Point
Fig.4.2.53 Signification Value of Fig.4.2.54 Significant Value of

Each Motion between w/ and w/o Each Motion according to Various
Strake (Truss Spar) Mooring Point (Classic Spar)

8.00 Surge, Heave : [cm] Pitch : [degree]

6.00
[
=
©
z 4300 A
§ 4.00 3973
= 33154
R
»
200 @211 :
. 1900 ‘1729
#1215 & 1231 41269
0.00
A B C

Mooring Point

Fig.4.2.55 Significant Value of
Each Motion according to Various
Mooring Point (Truss Spar)

_85_



423 AEFRF F=F

i)

< ol & HATdE Adste] o

B o AFgME FxAH A H
a = e xS Figd. 2560 3 %49}
KN

1
o] 7} mye

fud [e)
3} Classic Spard &5 EE=

o A7 W 2w UEhdTh Surgesh Pitch 43}
4 A% 2 gHuA AdeEel ool Hi AAE TAAADL H5en
A @A 65cmel #W 45PN thstel 6ems FAEY $HL Fu 9

1AL

th Heave % AFol% 3% SHe vehia gAE @A, 4
KR

Aa SRl F7kete AS & 4 Ak Figd257914 = Truss Spar?] &ER:=
[e]

H SHS YA Surge®t Pitche= #l3td A% Classic Spardll H|a| A <Fzt
IA SHIHA HAxHor A E 7t ¥hH Heave: 9 A] Heave Plated] <
For FFo AHHFET B = AFS HoFa Qo

0.10

Wave Hevation [

0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0
Time [sec]

Surge [}

0.10 — 11—
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0
Time [sec]

0.02

:

2

=

=
=
=
=
=

-0.02

0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0
Time [sec]

_86_



Pitch [ded]

Surge [}

Heave [m|

Pitch [ded]

10.0

-10.0 T T T T
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0
Time [sec]

Fig.4.2.56 Transient Wave and Transient Motions of
Classic Spar with strake (Moored at Point B)

0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0
Time [sec]

0.02

0.02 —————r——— 1+
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0
Time [sec]

10.0

-10.0

0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0
Time [sec]

Fig.4.2.57 Transient Wave and Transient Motions of
Truss Spar with strakes (Moored at Point B)

_87_



dEs A AR e
3% Aol A At npel o] 34tSI 3etSo] Semi-Taut AlFE &
Aferel 2de AAg 5 FHAZTYH ZHs SASATH Fig431~6—°— ==
7] 1.0sec, 231 2cme] &7 2 359 Classic Sparol A Al 72kl
A, B, CHoz WA7IHA g3t dpete] e dig /\]{W—ﬂ.%
Fig4.37~12% 737k A & Truss Spardl A AlFHel 22 H S A, B, CH
gk AIZFE S YR

Fig.4.3.13% Fig.4.3.14= Classic¥ Truss Spar Z}zbe] AlFzhele]l H-2Hx] 4
wet Wstale Yo AItg e ~HER ZA s f 9 ‘]% FAsto] HlaLst
t}. Classic Spare] Z-f-ol= AFAHe olfHoz 7hx
s, BFSo] getSo] Hlalsto] ofF F A o] WA
Truss Spar®] ZA-$-ol%= AfFek]l F2AA4H A B, C &2
tate] o] Aolrt Ao or A 53] AAF A
o 2 Awe Aeo] Agdres As & 5 A

Fig.4.3.15% Classic®} Truss Spard AFzhdel #&3t= AHES A= v|ws}
H

s
i
3
>
rlr
itna
=
o
A
ofy
2
o
-l
u
i
o
LS
ofp
ol
ol
o
)

O::‘!“

d

.ol M2 Classic Sparol Al 332 ghske] G xtol7b A = HbdA
Truss®] 7ol Classicd] 34 2 Fste] S X9 & 7HA+= Aoz
El o}

ol el ZHe HEwaw &5 Rt AdA Sol diste] B
718 mzo] Aot Aow AlgHT}
0.014
g 0.007 —
E 0.000 —;
F  _0.007
-0.014
0.0 30.0 60.0 90.0 120.0 150.0

Time [sec]

Fig.4.3.1 Tension Response I : Classic Spar, Mooring point A

_88_



Tersion [Kdf]

Tersion [Kdf]

Tersion [Kdf]

Tersion [Kdf]

T T T
0.0 30.0 60.0 90.0 120.0 150.0
Time [sec]

Fig.4.3.2 Tension Responsell: Classic Spar, Mooring point A

30.0 60.0 90.0 120.0 150.0
Time [sec]

Fig.4.3.3 Tension Response I : Classic Spar, Mooring point B

0.0 30.0 60.0 90.0 120.0 150.0
Time [sec]

Fig.4.3.4 Tension Responsell: Classic Spar, Mooring point B

0.0 30.0 60.0 90.0 120.0 150.0
Time [sec]

Fig.4.3.5 Tension Response I : Classic Spar, Mooring point C

_89_



0.0 30.0 60.0 90.0 120.0 150.0
Time [sec]

Fig.4.3.6 Tension Responsell: Classic Spar, Mooring point C

0.0 30.0 60.0 90.0 120.0 150.0
Time [sec]

Fig.4.3.7 Tension Response I : Truss Spar, Mooring point A

0.0 30.0 60.0 90.0 120.0 150.0
Time [sec]

Fig.4.3.8 Tension Responsell: Truss Spar, Mooring point A

60.0 90.0
Time [sec]

Fig.4.3.9 Tension Response I : Truss Spar, Mooring point B

_90_



0.0 30.0 60.0 90.0 120.0 150.0
Time [sec]

Fig.4.3.10 Tension Response II: Truss Spar, Mooring point B

30.0 60.0 90.0 120.0 150.0
Time [sec]

Fig.4.3.11 Tension Response I: Truss Spar, Mooring point C

0.0 30.0 60.0 90.0 120.0 150.0
Time [sec]

Fig.4.3.12 Tension Responsell: Truss Spar, Mooring point C

_91_



0.004 0.004
@ 000372
@ 000331 € 0.0033
© 0.003 ® 0.003
= =
© ©
= ® cowrs| S @ ooz @ o0.00268
= =
S S A 000240
e e
(=2} (=2}
» 0.002 — » 0.002
A 000171 A 000168 A 000169
@ Tension | @ Tension |
A Tension Il A Tension Il
0.001 ; 0.001 ;
A B C A B C

Fig.4.3.13 Significant Value of
Tension Response according to

Mooring Point

Various Mooring Point
(Classic Spar)

0.006 : .
@  Classic Spar Tension |
A Truss Spar Tension |
QO  Classic Spar Tension Il
/A Truss Spar Tension I
o 0.004
= @ 000372
_>_, 0.00332 A 0.00333 @ 000331
o
®©
8 A 000274 @ 000278
= 0.00240 A A 000239
=y
v 0.002 () 0.00196
©0.00171  0.00169 N0.00168
0.000
A B C

Mooring Point

Fig.4.3.15 Significant Value of
Tension Response according to

Various Mooring Point
(Truss vs Classic Spar)

_92_

Mooring Point

Fig.4.3.14 Significant Value of
Tension Response according to
Various Mooring Point

(Truss Spar)




5. 4

2 A= Classic Spar®t Truss Sparol tdh 344 = 3 ¢5&H SAS
olZ HddA WHe T MR Wl HESS ddo) Ay 2 v
=3 2o
(1) F74A82 Diffraction o] 2ol o|gt o] ZA4tell oA FostA FAHT &

A 9F Truss Spar?t Zo] ¥l#¢] Heave PlateE 714 & Z$olE o] A4k

olgt F4L A& WEsFaL Ut

(2) Truss Spar® 7% Heave PlateE A X go] we}l Heave &% & =He =

Wk opy el gAY = A HA A7) Plated] 1HA S spbA el A

s MAA FETh

(3) Classic Spar®} Truss Spard] #72AE€& v 3H Surger Truss’} A4 3}

A EFo=e= vbH ) Heave ZAIEH S Trussd A$ =71 €2 2d97F 92

E#3}al Classic? H[ 23 2715

(4) Aozl F38Eg gAY ARG vauste] ddiHor FHE 1Y

dFAE S 7hXI

(5) Classic Spar®} Truss Spard ILFF7|= Aurdgozm H REo LXE0 4

Truss Spar7} &5 A YElU™, Strakes d BEo %5 AFF7]|E o3+ 4

Al 7FA7b= Ao ® e

6) TAI FoAe LE&Fo|A Classic Spard Heave: o| 23 vz =z

At A RE o] loj A= A g A go]l wWol A&t e As

=t} Truss Spar®] 7-$ol+ Heave Plated g3Fo s 7ra]=da FzAde @

7HA 2tk

(7) Classic Spar®} #Zo] FAFTAI FAe A7 vlzatdA Fod 7259
=3 e WiEs

Aol Surge ¥ Pitch® A4&5S el AgdolAdd A ¥aha
oh;}
(8) Strake®] FZolF= Zt 5 o v JFS WAA FAT A IS
Heave &9 WYd&52 = Qdto] tha Heave §H°o| T3 5= Aol vk o
Bt A gFol A e Strake®] FARoR A EEH FoAAI vha A4S #
=
9) AFAHe] Wsle] e 5 $HS FATFFAE A dFo] v o=
LHERLEA] R SurgeUr Pitch7} ER8t= AFa4 dodo] JERE xdtats Bt
F Ao 2 FolETh

A atFo A= FASA A ekt ofefol] Al gt
(10) JJrJ_fr—»‘rFJ Sl yrgdorm veRA W Truss Spar® Heave:
Heave Plate?] d3o = &H33t



I

kil

o

[1] Fisher, F.H., Spiess, F.N., 1963. Flip floating instrument platform. Journal of
the Acoustical Society of America 35 (10), 1633 1644.

[2] Bax, J.D., de Werk, K.J.C., 1974. A floating storage unit designed
specifically for the severest environmental conditions. Society of Petroleum
Engineers (SPE paper 4853).

[3] Van Santen, J.A., de Werk, K., 1976. On the typical qualities of spar type
structures for initial or permanent field development. Offshore Technology
Conference, (OTC-2716), pp. 1105 1118.

[4] Glanville, R.S., Halkyard, J.E., Davies, R.L., Frimm, F., 1997. Neptune
project: spar history and design considerations. Offshore Technology
Conference, (OTC-8382), Houston, Texas.

[5] Glanville, R.S., Paulling, J.R., Halkyard, J.E., Lehtinen,T.J., 1991. Analysis of
the spar floating drilling production and storage structure. Offshore Technology
Conference, (OTC-6701), pp. 57 68.

[6] Mekha, B.B., Johnson, C.P., Roesset, J.M., 1995. Nonlinear response of a
spar in deep water: different hydrodynamic and structural models. Proceedings
of the Fifth International Offshore and Polar Engineering Conference 111,

462 469.

[7] E.B. Carpenter, JW. Leonard and S.C.S. Yim, Ocean Engng, Vol. 22, No. 8,
pp. 765-784, 1995

[8] Mekha, B.B., Weggel, D.C., Johnson, C.P., Roesset, J.M., 1996. Effect of
second order diffraction forces on the global response of spars. Proceedings of
the Sixth International Offshore and Polar Engineering Conference 1, 273 280.
[9] Halkyard, J.E., 1996. Status of spar platforms for deepwater production
systems. Proceedings of the Sixth International Offshore and Polar Engineering
Conference 1, 262 272.

[10] Cao, P., Zhang, J., 1996. Slow motion response of compliant offshore
structures. Proceedings of the Sixth International Offshore and Polar
Engineering Conference 1, 296 303.

[11] Ran, Z., Kim, M.H., 1996. Nonlinear coupled response of a tethered spar
platform in waves. Proceedings of the Sixth International Offshore and Polar
Engineering Conference 1, 281 288.

[12] Jha, A. K, de Jong, P.R., Winterstein, S.R., 1997. Motion of spar buoy in
random seas: comparing predictions and model test results. Proceedings of the
Behaviour of Offshore Structures, pp. 333 347.

_94_



[13] Fischer, F.J., Gopalkrishnan, R., 1998. Some observations on the heave
behaviour of spar platforms. 17th International Conference on Offshore
Mechanics and Arctic Engineering, (OMAE9), pp. 1 6.

[14] Chitrapu, A.S., Saha, S., Salpekar, V.Y., 1998. Time domain simulation of
spar platform response in random waves and current. 17th International
Conference on Offshore Mechanics and Arctic Engineering, (OMAE98), pp. 1 8.
[15] Ran, Z., Kim, M.H., Zhang, W., 1998. Coupled dynamic analysis of a
moored spar in random waves and currents (time-domain Vvs.
frequency—-domain analysis). 17th International Conference on Offshore
Mechanics and Arctic Engineering, (OMAE9), pp. 1 8.

[16] Ye, Wei., Anam, 1., Zhang, J., 1998. Effect of wave directionality on wave
loads and dynamic response of a spar. 17th International Conference on
Offshore Mechanics and Arctic Engineering, (OMAE98)

[17] J.M. Niedzwecki, JW. van de Lindt, J.H. Gage, P.S. Teigen, Design
estimates of surface wave interaction with compliant deepwater platforms.
Ocean Engineering 27 (2000) 867-838

[18] Datta, I, Prislin, 1., Halkyard, J.E., Greiner, W.L., Bhat, S., Perryman, S.,
Beynat, P.A., 1999. Comparison of truss spar model test results with numerical
predictions. 18th International Conference on Offshore Mechanics and Arctic
Engineering, (OMAE39), pp. 1 14.

[19] Chitrapu, A.S., Saha, S., Salpekar, V.Y., 1999. Motion response of spar
platform in directional waves and current. 18th International Conference on
Offshore Mechanics and Arctic Engineering, (OMAE99), pp. 1 9.

[20] Xiaohong Chen, Jun Zhang, Wei Ma, On dynamic coupling effects between
a spar and its mooring lines, Ocean Engineering 28 (2001) 863-887

[21] M.H. Kim. Z. Ran and W. Zheng, Hull/Mooring Coupled Dynamic Analysis
of a Truss Spar in Time-Domain, International Offshore and Polar Engineering
Conference Brest, France, May 30-June 4, 1999

[22] M.]J. Downie, J.M.R. Graham, C. Hall, A. Incecik, I. Nygaard, 2000. An
experimental inverstigation of motion control devices for truss spars, Marine
Structures 13(2000)75-90

[23] Q.W. Ma, M.H. Patel, On the non-linear forces acting on a floating spar
platform in ocean waves, Applied Ocean Research 23(2001)29-40

[24] Xinyu Zhang and Jun Zou, Coupled Effects of Riser/Supporting Guide
Frames on Spar Responses, International Offshore and Polar Engineering
Conference Kitakyushu, Japan, May 26-31, 2002

_95_



My
o

T

ZA 7vEf.....

>
T

Pae) BHY

i

wr
M
=

i

=

o

A A=Y

JH
i
B

o
Ho
TH
<]
o0
o

p—

N
i

CES

o] HoZ A

3]
)=

=
T

Fe A
4, /14, 99, g AuWdEH 7]

AAE 7Abe] Be AFU

—
= ¥

‘mo

=
=

ol

FARG AA 2 do] HAFA oy A, ojmy, Id, TN

A=A,

1 w7 289 YA AE.....

S|

HE L3 43

A HAEY .

] X

3|

7o



	목차
	Abstract
	Nomenclature
	List of Table
	List of Photo
	List of Figures
	1. 서론
	1.1 연구 배경
	1.2 기존의 연구
	1.3 연구의 내용

	2. 이론해석
	2.1 개요
	2.2 주파수영역 응답해석
	2.2.1 자유표면 경계조건
	2.2.2 물체표면 경계조건
	2.2.3 경계치 문제와 유체력
	2.2.4 파강제력과 전달함수
	2.2.5 운동방정식

	2.3 시간영역 응답 해석
	2.3.1 시간영역에서의 파강제력
	2.3.2 시간영역 운동방정식


	3. 실험방법 및 모형
	3.1 실험 조건
	3.2 모형
	3.3 실험 방법
	3.4 데이터 계측 및 처리 방법

	4. 결과 및 고찰
	4.1 파강제력
	4.1.1 규칙파중의 파강제력
	4.1.2 불규칙파중의 파강제력
	4.1.3 과도수파중의 파강제력

	4.2 운동응답
	4.2.1 자유동요시험
	4.2.2 규칙파중의 운동응답
	4.2.3 불규칙파중의 운동응답
	4.2.3 과도수파중의 과도운동

	4.3 계류력

	5. 결 언
	참고문헌
	감사의 글

