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Lug Arrangement and Dynamic Analysis of Lifting Simulation

for Underwater Installation of Structure in Asymmetric Position
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RGT(Riser Guide Tube) is a part of mooring on the bottom of a turret system to be connected with a production riser, and
DBSC(Diverless Bend Stiffener Connector) is a latching component between them, In this paper, appropriate lug arrangement is decided
mathematically for the case that a DBSC is lifted and installed on a RGT under the water while FPSO is under construction, Considering
asymmetric arrangement & position of RGT and initial lug position, additional lug positions are determined by using an optimization
method, The modified installation scheme with new lug points is investigated with a lifting simulation system, SIMSON, The simulation
result shows that the installation of DBSC on RGT under the given conditions is quite feasible; therefore the mathematical method is
proven to be appropriate,

Keywords : Diverless bend stiffener connector(DBSC, 221 &8l H2Zt 7{UIE), Lug arrangement(2171 HiX|), Lifting simulation(Z2|ZE
AlZ2l014)
1 A—I % ofl= Clo|e{7} Zdgior] =20l ol glo] et = U=
DBSC(Diverless Bend Stiffener Connector)7 7Het=|ACt

HUZHME = FPSO(Floating, Production, Storage and
Offloading)= 3ilAlllA] oFEXol RIS 25 CiM AHlF(spread
mooring) = 3™ Al turret moormg) HHAO| AT AlAH
(mooring system) 2 ARSIt 31T HRe M4 = Fig. 13+
o Ml LhZoll EH(turet)= MI|3P_’ sixet BBl HA
(anchor) 2 ¢iZsk= oot MER2 EfElg Salo= 23| o
glo| sk wske 2 3|} St Ef2loll= s FolAM
FXE MubyX| ol&sts S22 MAE 20|X(riser) 7 AR EICE,

E2le] R4 = Fig. 20l Z7|st RGT(Riser Guide Tube)
= E|-O|X-IE 0171 |_ xl-tj|§ E1a| o|._'_01| tlI-A|.oio§ E"TE HH

Fig. 1 Configuraton of FPSO internal turret mooring

X[BICL 2l0|K Aol MX|El bend stiffener= 2014 2F RGTE| system and riser

HZAF2lolM Zlo|Aof| Z23k= & ZH E(bending moment)S

ACl= Yd8ks $iol Bend stiffenert RGT AlO|= bend stiffener DBSC= Fig. 32} 20| RGTO| 94Z == female unit} 20| X{of]

connectorg 0| 25}0] HAASI| OIZ5[= male uniteZ TMEICE 2j0(X Aol 935t 2100
Bend stiffener connector2 2l0|X{2} RGTE AZE I 7|& 2ZE RGT HF2 S2AIZ! AEollAM Zhot 22(H DBSC male

Received : 24 November 2014 | Revised : 6 May 2015 | Accepted : 2 Jun 2015
1 Corresponding author : Kwang—Phil Park, kppark@dsme,co kr



HIfE fIxle] & 7x= MAIE fI2h 212 2| ¢ A 2[Z

om

unito] female unit 222 E0{7|L, male unite| latch am&
female unitol] #Zsk= Walo=z
2013). RGT2| Zo|
EPP(Extended Pup Piece)7} F712 M|

AA=IC} (FES International,
422 2|5 RGT2F DBSC female unit Afolod|

= Qlct

Fig. 2 RGT and bend stiffener connector of a turret
mooring system

Wire
: Rope

RGT——+

EPP

'_Female—:' = |! Latch
Unit K 5 b
J Riser Arm
DBSC L B

Male = =

Unit

Bend Stiffener=~

Fig. 3 Latching sequence of DBSC female unit and
male unit

Fig. 4 An example of RGT and DBSC arrangement

FPSOZ 4= A| DBSC female unit(0|3F DBSC)2 ZzH%|ol|
=E xZ waloz RGTol| o4z ==, 043 7H2| RGT7tFig. 4
o 20| 27| 2 WakeZ 2|0 U0{ RGT sHREHO| 37t &
2 A (Ao 2 i X|=|of UCt. w2t DBSCE RGTO| o425t
7| flshiM= RGT shFHel 1% 2 XMIE 1125 DBSCE A
Z 2|x|2 2|=ZEsHof BhCf.

£ =20M= $=30lM DBSCE RGI0l| oZst= 22 Chale
2 5i5dct B3l 512, A& X DRSOl 2{2E tiixls 2lojof 2=
DBSCE 2 2zl 2/=8 l= o] Zest {1 $IXIE FEKez
25, AlEeloldg &5l 2I=8 Jisag =klsiqlct

2RoIME S8 A2 SHIE 2lZgst Xl Chet
2l oIS AWEC 3RO RATE BT BlAS Tefet 2
SIx| 28 LRl sl Alsich 4ZolME 23t Bl 9IxIS
2| Alg2old T2 2ol @leish DBSC 91 ZHsAig Eelst
o}, opiZioz SXolAE ZE ¥ B T AEg Jlssict

2. & o7 siE

Choi and Sin (2003)= afiat a2l 47|2 &= MAHE 2=
Blot= FHlollAM, Felelel elgs FsP| Lo ZE M2
RME T2f5ict x[uf ghiyAl2 MAle| 3Ata Molsid ms
gYAlOZ 511, O|X|$=E Fefele] Qleoz sh= £ gl
SHHAZ TMSIRICE B AiEadAle| SiE For| flsh 2z
ol 2x=o| MZAelongation) & Zl= Mol F&k= 2{190| 7|5}
S QX 112t M2k =2 Uk FHE EHE Y &2
MZ " =, odgldigAls M6l QIS Albksigict

Tin-Loi and Lee (2004)= & ==& FCISZ 2|=Hs}

ErolA, 712047 ge| KMol thsl &3 HE(sling belt)2]
Z AXIE FoICh Kb 2EAl2 Hl Azl 24k M
SurdAl 3l T|olatE Hats nEfsh #AlAleR Sl

TxE Zo|wolAel £ H SRS
TMSIRICE o] EHIE XSt M2 HIst
AlS Mo=xziez, SMEE W Fx=0| 7t
E(bending moment) 2 AXMSI20, min—max
optimization BHHES ARl & A IXIE ALk

2 =20z ZollA DBSCE RGTol| HZst nff Eest 2|
=8 1 /XIE Z™sP| flsh, Xuf LEAlez A 2{x(o
Al DBSCe| 3xt2l Modste moldbgAlg ARERICE o] o 21
2IXl= Mol F=H 7FEsE 3xfAF lele| 2|x|ojof S22, 0|
X2 oA 2 Molst Tindoi and Lee (2004)2 22|
DBSCol| Zt&st= 2olo] 2= A HEZ MASICE £5 o
2lakdAlo| 5= Choi and Sin (2003)2} &0| |eF =718 FJ}
SHA| &4, TinLoi and Lee (2004)2t 20| =[&{st 2HZ T2
SIICE F8 EdEAlg MoxzieRr, SXESE 2ol 2
T M NE MZe gez MEsiklen] ziaF S5
(lagrange multiplier method)2 ARS3H SIS AHILKRICE HAMSH 2f
Olof 2= 7= wig disko| oRMI} M7} 2= XM= 2
1 9IS Z™SIQCt Z2Ast 21 9IxIE 08510 Al odof|
M 7lekst S5t 718k S A =224 SIMSON(SIMulation
System Of New production planning) (Cha, et al., 2007;
Hwang, et al., 2009; Park, et al., 2011)22 A|E&|0lM I
onf, Zu FM2 Sl 21 !Xl 4E 2 RGT2 DBSCO| A
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2 Mx| zdoll= RGTS| 20| HZE 2lsll RGT2E DBSC Al
olofl EPP(Extended Pup Piece)?t F7t2 2{=ict A
DBSC2} EPPE ol2| =2ist = & 2|=4 skt &=7| 2{a=
Fig. 5(a)2t Zo| E{2ll 32l 370(T1, T2, T3), EPPoI|l 37H(D1,
D2, D3) HHiIE|01 ?lct olz{gt &7| ulixlolA & 3702| 2fojof
2T 2 2|=E st 29 DBSCe} EPPe| Z=&1E0| oiZ X|FolA
7|20iX AZE 2I$t XMIE THESIX| 23l FI1xQl glnt 2H
EJ} gesict w2l 2 =RoMe =7| vix|El 2{aE ALE
SIHA Mol 238 FII5104 2|lZ8sh= WHE AESINCE
Mol F7ksks 2O e AX SH AS Ale] RIME T
25l Fig. 5(b)2t 7F0| Mol & 7iel 211 T4, T58 F7l6k=
aHS HESINICE & 57l2 2lojo] ZZZ 2|ZESl0 oS
25k x| 3 XM=Z4Z PHEES| stz Sict

/i =

Turret |

(a) (b)
Fig. 5 Lug arrangement for DBSC & EPP assembly
installation;  (a) initial arrangement  (b)
additional lug arrangement under the hull

= ZHE "ol Al ckgel 7K ¥ =
- FPSO 44| 252 125k 25
- $=Z0l|A DBSC2t EPP =2IZ0l| 2t8sk= e 31 £
ok 12
- A 2X|ol|M RGT oHFHz} EPP A

1S ARESISICt

r

FE
lo
re
N
\J
or
2
~{‘II
rr

0.1 m HzlollM & ™o| Hlist 4oz HLt
— B3l S 2 EPPOi| £&i=|0] U= 2= £V IRl 0N
- I4E Ish x| L XIMol|A DBSCR} EPP Z=RIE2 HXo

St
2 HdS FXlsor &

2fojo] 2Z SIHE ARSEH dZ 2KY2 thEt Lok

— DBSC2t EPP2| ZEIZES siAHof| 8%

- Ef3l sHRe| 2\ 37H(T1, T2, T3)2 EPPL| 2{1 37H(D1, D2,
D3)E 2folof === oiA

- B2l 212 MAloll 2{35 27H(T4, T5) 7t = EPPoi| Mx|El
2 7 & 27H(D1, D2)ot 2folof ==Z=2 o4A

— DBSC2t EPPS| "E'%— = 571e| 2lojof 2==2 2|=F 5t
0 RGT 37 Mt EPP 50| o TSt 2=Vt =[=5

=3

~ ROT 5i5:041} EPP AlHigio] ZPHX|E SE=2 ofZ
ZTHOAM MAof] MZ MX|sk= 21 270(T4, T5)2| fIX|

3.2. 29 x| H @

RGT= B3 siF0lM & I WAIEHOZ Cigo} Hix|=|0] U
on, RGT sHEMe| 2|x|eF KIM|, Ef3I S50l £&t=l0 U=
2 fIx[7F M2 Aolslct olE §0 Fig. 60l Ef3le] SAl
3} RGT AHRH SAlo| oZM AN RGT MM A3} 5158H
Splo| oM BB HWASIA| 2Ct &, RGTS| SHEHO| AAO]|
icHZlolct EESH {1 HiX| &A| AA'LE BB'O| CHEISZ HjX|=]
Of AUX| et

Fig. 6ollAl RGT= & 157H0|0{ 5704 3T0F2=2 HiX|EICt
ol if 57h= MZ HiX|7} cl2n, # =20Me= 1 & Fig. 70|
M slibEZ FAISHRGTO| s DBSC2t EPP =EIZ2| MX| 7}
SMS AESICL AE CIAFRGTY AN 2 5120 ZAle o
HEToM M CC' Aol 2IxI5HH, sHEH2 @“.EEOHA'I M

DD'g 7[&E2& 7|20{M QUCHef 10z o). =, RGT sHEH
2 RGTE A ZAlalol M EE'O ljIEH"'OIE} ae=z
DBSCQF EPP Z2IE£S 2|=8 & ml= RGT sFHe| |x|=} A}
MIE D2slio} Sict,

DBSC2t EPP =BIE2| Al ¥ XM, 211 /x| S2 7I&st
7| flet Z=EAZ Fig. 81t 20| 2 ZEH(inertial reference
frame, E—xyz frame)& E3! MM £=0o| WA Eof 2{X|5t
= Hoz MHsiich

[Plan View]
. _~ RGT Lug
Upper
Surface ™\ o N,
9/ Va0
\ RGT —
080 ! Lower
MO _ Surface

Fig. 6 Plan view of asymmetric arrangement of RGT

[Elevation View]

Turret |

RGT E
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g. 7 Elevation view of asymmetric arrangement of
RGT
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HICHE X2 TZE MX|E fle 2O /IR &Y 2| S} 5i|A
F,=[F F F 7 (5)
Turret Hull ! b LY b
s.:t v = =< S=] = o
> o Iy PABN G2 7|ZEo= Mol H2iEA po| 9l
— WElz, pHg J|EoR Mol e 1, oM r,,S M 3
of Turret o|c}.

Baseling

I
|
I
|
|
|
!
| ;
i of Hull
|
|
I
|

Fig. 8 Definition of inertial reference frame
3.3, BB FEUHA A

Qojof ZZZ DBSCEt EPP ZRIZS oI 2Ix|of| 2|=&/5}
7| 2l Mo Mz Mx|sk= 2 2702] 21X fx|= 7[5k
o= Mol £ 7156t I%[ojof Blot 2|1 IXIE n|X|F=2
7tY351H o] =HE sl WHAlS FMs| SESICE w2
ololof 2= A= WEIE Fotl, AUZE 75 Uhak HE{o| o1t
Map Mx7} ohbs XI™E Ald] 2 %18 Feich

4Z 2x|ollM DBSCR} EPP Z=EIZo| MM Hae oiE
25t Yoty HWHUHAS MESICt DBSCRt EPP =EE
AZshk= F, Fa, 57 2f0lof 2Zo| AHZ 112510 §
Al GE 7

=

2l 4] (1), ()2 Zet

D_iilﬂﬂ
N

ook
H

ZoZ B DUES| HOiSN HHWHA

o
02

N F=F +Fgz+ Y F,=0 (1)

i=1

5
i=1

O7|M F,9F F,= DBSCO} EPP ZRIZ0| At85H= 52
3} goz i3 ok

Fe~=[0 0 —mg]” (3)

Fg=[0 0 pgv]® 4

o7IM pE dliel UE2 1.025 ton/m’e ALSRISH, g=
SAHTIETR 9.81 m/s"S ARE3CE
F, i#A 2lojo] 2o 24 HE|Z CiZat 2ot

T'p/c = Tp e~ Ta/m (6)
Iy TS GE 7I1E22 FHolgh itm 2folof 29|
AEo| 2Esk= 2|1 Dl /x| HEZ, FEE 7|Fo= Ho|

& 1), oM 1S ZlolCk of o 1, 2, 3¢ 2to]o]

2T= 22 p1, p2, D31} 9idsind, AHE Mx|SH= 4, 5HM

oolof 2Z& ZI2t 7|ZE B3 D1, D22t ¢dAsict w2 D4,

D5 D1, D22} Zct

'pi/¢ =Ypi/E~ Tai/E (i=1,2,3) (7)

Ypa/a =Tpi/c) Y'os/c = Tp2/c (8)

A (1), (2)ollM o[x|== 67 2fojo] 2= T2 HEo| Al M
=0|22 & 157Hct 22| <olo] 2= = #H F 213 D1,
D2, D30l HAZSk= 7K 2fojof 2= F= drek2 07 glo|
CF. o2t 1, 2, 32M 2fofo] 2= Zl=d HIE|S 2folof 2= Zt
o 37| 3 detoz HelsiH, 1, 2, 3¢ 2ojo] 2xE
7|2k o|X|2 A 4 ot el 4, 58 efojo] 22
T HiElo| M| HES ol & i o|X|E MEeIch

1,2, 3Hm ejolo] == = HEE et & F7|= Helst
o A (9)2h 2ot

F=Fu;, (i=1,2,3) 9

0{7|M F = itim 2folo] 2= & 37|, u,= iHMW 2l0]o]
23 Fef uig ool HE(2 pEE TIEoR Holst ef3le] 20
2UA| HEfollAM EPP2| 2171 9IA| HIEIS # gfof Thel HEjQ} Zict

(I' /B i )
= EPIEL (i=1,2,3) (10
|rTz/E*rDi/E|

4 (8), (995 A (1), (2)oll cHsIA 4 (11)24 (12)& S=Ct,

3 5
FotFut Y, Fu+ Y ,F=0 (11)
=1 i=4
3
Tpi/c<Fpt Z{rDi/GX(Fiui)} (12)
=1

+Ip1e XFy+1py o <XF;=0
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Fof} SHE - o[

A (1), (12)0llAf S22} F2dof ofgt glut RHIEE ofes|
Helstd A (13), (14)=F 2ot

3
Z{rD/GX(Eui)}+r01/g><F4+rDz/G><F5 (14)
i=1

=—rpcx<XFpg

AL (13), (142 olXl= £, F,, F,, F,, Foll tish 2[5t

A |
M ChS3} 20| n|X|5= HE 2= cdrlddAlol sl HEfZ L
Efd = qlck
A(GXQ)X(Qxl) =VY6x1) (15)
01|,
_ u,y u, ug Iss Laxa)
ToyeX Wy TpyeXUy ToyexXty [pyds oyl
(16)
x=[F, F, F, F] FI" (17)
—-F,.—F
_ [ G B (18)

L5xq) 2 EFIE (identity matrix)Oct.
= HIE{o| 9| oiAkRl B CHE S (skew

—_—l— o o

[rm/clxv [rDZ/GX
symmetric matrix) 2 ChS2} 2ok

0 “Zp/a yDl/Gr
[rm/a]x =|%n/c 0 “Zpy/q (19
“Yp/c To/c 0

0 T Zm/a yDZ/G'r
[rDZ/G]x =|%me O “Tp;/c (20)
“Ymic Tm/c 0

2+ Table 1
9lsl £Hg 71Ee= Heo|

|
5im, HEjo| MES B 2

A (15)01 ARB=l= 2 d22l 1
M, s7kde] He| fIxlE 7|esh
st X-I T19-| '(rj‘lil H-”E'-IE Ly g l‘

B £l HIER Bole 2t MES 1,0 g p 2pR

1ol Zelsiict of

m2 6.358 ton, I
V = 1.890 n?® olck.

Table 1 Coordinates of the lugs on the turret, G, B,
and lugs on the EPP

ltem Value
To/m 8.997 m
1 Coordinates of T/ e Yn/E -1.555 m
2718 -3.5356m
Tyo/p 9.005 m
72 | Coordinates of 7, Yo/p 1.555 m
ZpE -3.523 m
Trsp 6.385 m
73 | Coordinates of T35 Y3/8 0.000 m
Zr38 -6.800 m
Top 8.825 m
G | Coordinates of rg Yo/ 0.000 m
2w -9.756 m
Tpp 8.888 m
B Coordinates of 75/, Yp/E 0.000 m
Zp/E -10.270 m
TpE 9.067 m
D1 Coordinates of 75/, Ypi/E -0.544 m
2p1/E -9.149 m
e 9.067 m
D? | Coordinates of To)E Yo/ 0.544 m
Zm/E -9.149 m
Tpa/m 8.132 m
D3 | Coordinates of T8/ Yms/E 0.000 m
235 -9.264 m
3.4, 27 x| M
Al (15)2 olxlE 97, 2HEAl 67Hel FE cdRlRgA
(undetermined equation)O|Ct SIS MAlSE aiHS Mol st
7He| a5 FII5101 47H2] 2olof REE ARZsk=s Al &
5121 ojx| o7, WA e7fel HRurEAlS sl il
315 ZH=ch J2iLtol e Rerst B 30| of2ie ThsA
2 133l & 57l 2fo|o] ZEE ALES10] £ odRldigAlg
Moiict 2 8 odglEAle| o= F5| BHenz Uiy
Alo| s E TSk7| 2lofl 2l=Hol| Melet =S AR she
% Msl 2H 2 HI5IC) 2ojo] 2TE AEI= 21| (winch)
7t AY £ U T gfel Fo gD ASEE SAESE 0|
X% 2t M2 HEe| ol o702 MESD, 2AEE H4
3t sk= sllE Foiict
Al (158 A3 282 MelsiH chkant 2ot
- &g x’x
- M2k=A: Ax=y

z ™3t 2H2| HE FoP| 2l6l, 23T S¥(lagrange
multiplier method) 2 A3l 2t028= Sk(lagrangian) L(x, )
3 HolEsks J|&asiH Al (21), (22), (23)2 Zcl.
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BHE Slxle] 5 Px2 MAIS 98t B0 x| MW 2 2=y

om

I
o
%
1

Lx, V) =xx+2(Ax—y) (21)
Vv, L=2x+A"\ (22)
V,L=Ax—y (23)

047|M A& 2laZF S(lagrange multiplier)Ch SXEE
oTr 8 A3t Sk e 2lOF Srel HolREE 022 5t
= 40122 A (22), (23)E 022 sl= 3l z= C

=AT(AAT) Yy (24)

0{7|M B olglubiAlol 2XEeE xTx 2 MAs| 75t of
xE least-norm solution0|2F2 8} (Boyd, 2007).

Table 12| gt Al (24)of] CHlsh ALk Zob= Table 22t

et

Table 2 Wire rope tension calculated by optimization

ltem Symbol Result
1% wire rope tension F 7940.330 N
2" wire rope tension F, 7943.609 N
3 wire rope tension F, 14096.660 N
. 4174.149 N

4™ wire rope tension F, 1.076 N
Fy, 8120.811 N
F, 4162.705 N

5" wire rope tension F, 1.076 N
F,. 8116.921 N

A& Z3l olojof 2x M F7|= 2xLHY F Qe =

&1 7|ZF Z|th&|(5 ton, 2F 49,050 N)2 HA| = S oldt
= ek 9| Z3lE 0|83l Mol M2 Mxlskz 2{1a 27| £
| X

& 9IxIZ MAle| Seim ololof ZZ & el £, Aol A
| gk xidoR AEY 4 ook MA SHo| (5 9

Mol gt
XS Jefaf ALFSH 24 9IX| 74, T5= Table 31t ZrCh

Table 3 Coordinates of the lug 74, 75 under the hull

ltem Value

xT4/E 13501 m
-0.543 m
2ry/E -0.502 m

T4 Coordinates of TrE Yr/e

0.545 m
25/E -0.522 m

75 Coordinates of 74,5 Y15/8

4. 27 9I%IE 0/83
Soist ofe 22

Hakst 21 x| & AZ XIMoiAe] 2fojo] 2= F2
o5t 7|Ht 2 siA] T2 2H(SIMSON)ol| l2dsl 2| =El AlS2

M=z F71E 22t efolo] 2ET} HixIE 2&2 Fig. 92t

Fig. 9 Initial arrangement for DBSC & EPP assembly
lifting simulation in SIMSON

x| fIxIE siM= st Zgt II|01IA1°| efojo] 2= &
% efojo] == olE 1afsl <lojo] 2ZE Zot 22 Fig. 10
oF 2ol 2|=g AlS2oldS AL,

Fig. 10 Simulation procedure of DBSC & EPP
assembly lifting in SIMSON
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Jo

DBSCe} EPP Z2IZ0| iZ S 9l 2ol Seiie o
efolo] =5 M| =HSIHA Table 20] AHlttet F=40| A&
SI=S 2|=E AlZ3oldE $ASIQIck. O 22 Table 4, Fig.
112} 20| DBSCe} EPP ZEIZES| 9Ix| & ApM7} 12 ZE 9
A A AME 2EES RISICE 2%fe| 2ol Al |olM

—
Al ZRIEoll K83 ol 48 TS| gaoz Syt

Table 4 Summary of the lifting simulation

Item DeS"ed. pos'?'on Simulation result
and orientation

Distance D = abt. 0.100 m D = 0.100374 m

Inclination 60 < 1.000 deg 66 = 0.000 deg

Fig. 11 Final position and orientation of DBSC & EPP
assembly in lifting simulation with SIMSON
considering the additional lugs T4 and T5

5 2 &
& =20|M= FPSO 4= A| DBSCe} EPPE =&! = =30l

A RGTOl| ¢iZsh= ZE AR, 3Rt J72t Alof| o

2 dix|El RGT stFHE 12dslf DBSC2t EPP Z=EES o1 2

xloll 2|=Hst7| fst & B{1 /IXIE HLSIICE

I fIXE LEsP| flah 2ol 2= M HIHE X3}
ZHE AL = 2olof X T HE wEkg Maof FHs)

F7he BT /IXIE TSIt ALt Z2otE Sst 7(H S 6l

A T2IH(SIMSON)2E 2[=Z8 AlZa|olidE oo DBSCRt
EPP ZEIZC| 9Ix| & AtMI7L o2 S fIx| & KAMlof| =Est
= AS =elsiict

= =20IA AMAIE P2 HESE 03] SH T 2ol
olet go| 2171 9Ix| &Fd & 2|ZY ofMS MM SH HE T
off TsHH oflat=l= 21 RAE =V|of Wrdsiod 2ot 585
ol SHS He 0| 7ise H2R J|thElct

>
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