’i) Check for updates

ZA|AEZEIE|X| H242 HI6E pp. 12-18 20204 122 ISSN 2713-8429(Print) ISSN 2713-8437(Online)

Journal of Power System Engineering
Vol, 24, No, 6, pp. 12-18, December 2020

Stokes I}

39| AEAFA HST==

https://doi.org/10,9726/kspse 2020 24 6 012

=9| ESSHEHN

A Motion Response Analysis of a Tension Leg Platform
in Stokes Waves

ols&*

Seung-Chul Lee*

T EE

FREAL T

Young-Rok Ha** and Ja-Sam Goo*t

(Received 27 March 2020, Revision received 17 December 2020, Accepted 17 December 2020)

Abstract : In recent years, the main areas of oil and gas production in the ocean have been expanded to

sea level deeper than 500 meters. A tension leg platform (TLP) is one of the representative offshore

structures that has excellent work performance even in rough seas.

Since the tension leg platform is

required to perform work in extreme marine conditions, precise motion analysis is required to ensure the

stability and continuous operation of the structure. The Stokes wave representing the sea waves is

expressed as a superposition of linear waves.

The fifth-order Stokes waves are expressed as a

superposition of five linear waves. Therefore, the motion responses of the tension leg platform in Stokes

waves would be expressed as a superposition of the motion responses in each linear waves. In this

paper, We evaluate and compare behaviors of tension leg platform in the fifth-order Stokes waves and

in linear waves with the same wave height.

Tension Leg Platform)o|t}. WElA TLP= A
G dFdeNA Ades FAFRE, FRES A
A gEo] A&5A Jed FEE s A

Key Words : Tension leg platform, Stokes waves, Linear waves
1. M 2
204719) Mt 7h el 3

A 500 m o]de] Aol A o] Fo| AL =T,

=
sol Aol AF B A A PFEE F

eEal A FxaAo] st sl
o] TLPY| &%5& A¥sA Hrlslr] Y= 4
3o o= 2 gdsh= 5719 H?ﬂﬁ%«l THORE
o]Fo)Z 53 Stokes WP FolAe &EF& HI}
& davt o

*t 21t (https://orcid.org/0000-0002-1317-1883) :
JJ__,_ BAY S Z/\-]aHO]:}\])\Eﬂ—T'—B‘]—_\,].

: jsgoo@pknu.ac.kr, Tel : 051-629-6615
*0] < (https://orcid.org/0000-0001-9282-9593) :
71-/g]_ BAY S Z/\-]EHO]:}\])\EJ]—T'—E')‘]—E].

#%3}- % Z(https://orcid.org/0000-0003-1782-8878) :
e, AR 238 F3

E-mail

12 SHALHIZERX| H243 M6, 20204 128

*¥ Ja-Sam Goo(https://orcid.org/0000-0002-1317-1883) :
Professor, Department of Naval Architecture and Marine
Systems Engineering, Pukyoung National University.

E-mail : jsgoo@pknu.ac.kr, Tel : 051-629-6615
*Seung-Chul Lee(https://orcid.org/0000-0001-9282-9593) :
Lecturer, Department of Naval Architecture and Marine
Systems Engineering, Pukyoung National University.
**Young-Rok Ha(https://orcid.org/0000-0003-1782-8878) :
Professor, Department of Naval Architecture & Ocean
Engineering, Koje College.


https://crossmark.crossref.org/dialog/?doi=10.9726/kspse.2020.24.6.012&domain=http://kspse.org/&uri_scheme=http:&cm_version=v1.5

. VI’

}

ks)
pil

ZHelH ez TLPe H&3t 7e/iEs 9

= o By B o W o] % A N Y
A m ® AF o] o - io° & KN ol I o4 n o o
o AFHR® o ™ Q& - N g S A T
® o W o o) s ) ' = ) %
B TR X e oy o W ' = ° = oy i
& = 2 WMTHERT gy E N of < = g ol
sS4 2 C¥Eug ¥ 3 3 U 2T ESsgx T
= 2 txsiiwm= M% g o s R g5 kil
/% 5 @ﬂx%wﬂ v mﬂmrw + . w e T T
- ~ OZ.ﬁ .,m_ JI)A =< Juoﬁﬂ‘@v ;Iw_*!
Sl @ Tzdzi% i ®y S $3TF %
=) g OHHL;O _._‘DI., g dﬂ@l 3 d‘:‘_‘l 7.
£ S 3 G A 5 o i TN X %
P g Tw 3 ol ww ™ = o A L AoE N »
> 3 T o= W o o R S on o~ = 3 B o o)
S O N W N of Bl 2 W = E M0 > o
D L T e o] & iy of o A s Bon
= ~ o >~ T ~ _ T + ) T o=
- & B = it - an 5 o « Mo = N
N ; o ® W T ) T S = ol :
N.g N oh of o o o ) Bo = = <o = 0w o5
/ - @ B TP R 0l o W% i = = N w K o & o
E N N o~ e W _ % = 3 = O % R
: N BN G R T w L T H 29k
; SRy AT e S by WETHEN o oo EE T P
X S R e =L} = T oo 1 AR ™ wn g
NN T K W R o o M or o GO NG I\ W
EX TG HFHE N Fa T ®w T H BB R AR
M I T m_m B 5 M mm ,mamm ® mﬁ o @ 1 i
o o JJ wm el mm T o o N o T
N - S U - WOd ok o ® ok
= %ﬁﬂ%ﬁ %mzm‘xmﬁﬂu - 5N W
o B o= o o o K ~ K
o] %o_ﬂo_u,_]_,_ %EMuguu@Aﬁ i ,zTEeEWm m
[ ﬂﬂ%‘w_a]ﬂo o_on_Alm.Wo - ﬂ| ...A.ﬁ w_.ﬂmloﬂwﬂm_%n J 2
£} RO T T o W X R g, -
1° ﬂwﬁiwm Hg_wﬂoowiivﬂﬂﬁ_ ﬂ omﬂLﬂro‘qu .‘ﬂﬂ&&“‘. m
RpTel s X g% MW TPy & % 5
° ﬂmEﬂmf} M@ﬂw.ﬂ%g S) _."mﬂi_owﬂﬂi?m T o
e e N B 2 B 2o R oo g R P 5 S
R S B N S L T W C
P T o P IE W oo Aoy T ook e - R == .
sEwEm ey L NANg RUBZH Y 3
<. — = == == 0 )
iiﬂ%iﬁﬂsﬂ%o_amﬁ& N B E P D ol
I B T I g i g W= gy R
— =T ill:lloﬂ,mu :HT@. =N 10ﬂo_ o o
N RS DT T T Nom o) E oW g O
B T - ooz TR g Rz
o) o o Rl Ko oY HE®T N o o )T | <P

13

SHA|AEIZOX| 243 HeZ, 20203 12€



o
ol
[
ol

N=1m 0Tt
= Kcos 0 + K,cos 20 + K;cos 36 + K cos 460

+ K;cos 50 (@)
A7 A, 0 = kz—wt o3, K, & 7t AP}
AFkolth Ak k") =& (=kH/2)"E
gtz f@5e] AedH, & dFodAMs
e(=kH/2)E HE}uE]E 3} Fentond THAS
A+-8-3het,
kn = le+é By, — € (Bsy + Byy)]cos 0
+(?By, + €' By, ) cos 26
+(— € By, +€° By;)cos 30
+¢* B, 008 40 + €° Bysc0s 560 3)

A71N, B, Tedt 2

B,, = coth (kd)(14+29)/(20)

By, =—3(1+35+35%+25%/(8C%)

B,, = cosh (kd)(6—265—1825°—2045°— 255"
+265%/[6(3+25) CY

B,, = cosh(kd)(24+9251225°+665°+675*

le= - kY

+345Y/124(3+25) ]

By, =9(1324175—22165%—5897.5°— 6292.5*
—2687.5°+ 194,59+ 46757+ 82.5%)
/128(3—28)(4+.5) CY

By =9(3004 15795+ 3176.5%2949.5°+ 1188.5*
+6455°+13265°+82757+1305°%)
/384(3—25)(4+.8) C°]

71X, §=sech(2kd), C=1—5°]T}.
Zt AGARNA B3 g ko] AAS 3
BEARA AL g3 2o

) 27
Gyt Gte'C = T ok 4)
4714, ¢, = Vtanh(kd)

Cy=C,(2+75%/(4C?
C, = C,(4+325—1165 —4005°
—715'4+1465°)/(32C")

Stokes Component Responses to the Responses to the
Waves Waves Component Waves Stokes Waves
M1 $1
. Motion
Incident Waves T2 : $2
Linear System Responses
M3 $3
nm— > . 5 —<
_ Z (Floating
TELM ) el Bedy) |G [ (6= s
= i=1
Ts $s

-/

-

Fig. 3 Diagram of calculation
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Table 1 Particulars of the TLP model

Length 72 cm

Breadth 72 cm

Height 59 cm

Draft 30 cm

Center of gravity above base 36.28 cm
Transverse radius of gyration 36.23 cm
Weight 27.7 kgf

pretension 11.7  kgf
Displacement 394 kef
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Fig. 4 Heave Motion of the TLP at 3 = 0.0°
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Fig. 5 Pitch Motion of the TLP at 8 = 0.0°
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Fig. 6 Heave Motion of the TLP at 5 = 90.0°
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Fig. 7 Roll Motion of the TLP at § = 90.0°
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Fig. 8 Tension response variations on weather side
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