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The offshore subsea platforms are connected to subsea pipelines to transport gas/oil from wells, The pipe is a multilayered
structure of polymer and steel for compensating both flexibility and strength, The pipe also requires reinforcement structures to
endure the extreme environmental conditions, A vertebrae structure of bend restrictors is one of the reinforcement structures
installed to protect the subsea pipe from excessive bending deformations, In this study, structural behaviors of the subsea
pipeline with bend restrictors are investigated by the multi—body contact analysis in Abaqus 6,14—2, Contact forces of each bend
restrictor extracted from the multi—body contact analysis can be boundary conditions for topology design optimization in Altair
Hyperworks 13,0 Hypermesh—Optistruct, Multiple design constraints are considered to obtain a manufacturable design with
efficient material usage, Through the multi—body contact analysis with optimized bend restrictors, it is confirmed that the bending
performance of the optimized design is enhanced,

Keywords : Bend restrictor(—_r@:! Mgt AX|), Contact force(HF=), Multi—body contact(CHs =X &Z), Pipe reinforcement

structure(II0 | B2 2AS). Topology design optimization(RIAL Z& A7)
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(bending radius)2 H|wslo{ #MskE ZEl HMish &x|
Ak

&2 AT =& MSh Ax| 2 mlo|= DR 5o Zul A
52 98t M/FA2|  IFH(pre/post-processes)  Altair
hyperworks 13.0 hypermesh@} hyperviewS ARRSIQICE CEE &
 HE 8 7= M2 2IsHA Abagus 6.14-2 explicitS AR
siien, & §F =S S8 ZE Mish AR A =M
MAE 2I5H Altair hyperworks 13.0 hypermesh — OptistructS Al
B35i%Ck =5 Altair hyperworks 13.0 hypermesh — OssmoothS
AREsl ZA MAloks IS sl REIS K250 AbaqusE &
St S5 AxslME Ch| FEISCKFg. 1).

v Altair | HyperWorks 13.0
Pre—process(Hypermesh)
HABAQUS

Solver(Explicit dynamics)

Structural analysis
(Multi body contact)

Pipe line & Bend restrictor

Multibody contact

Qualify
optimized
Bend restrictor

"y Altair | HyperWorks13.0 "y Altair | HyperWorks 13.0

Post-process(Hyperview) Re4RalysisIFEA(OSSH00th)

Extract
contact force

Topology optimization "\ Altair  HyperWorks 13.0

Optimization
(Optistruct)

Bend restrictor

Design optimized model

Fig. 1 Analysis process
2. ol A|AH

2.1 71248 mo|=29l (flexible pipeline)

Alolixoll Mx|=l= 714y mo|=e2lel(Fig. 2)2
X|Z0| ofl FofjXie| ofzdof w2} of? ciE SFe| mo|=Z2|el
O Mzt %= qlct mlo|Zzfel2 o] 7ol 522 FM=o] 9
oo 9| EZFet == 71y ujo|Zalele| Rl w2t cl=X|
ot = MECZ RARIH 0| EFESIP| s APl RP
17B (AP, 2018)ollA= 37| 371X|2| mo|=2lel SFE Holst
CHTable 1).

AHE 48

Fig. 2 Flexible pipe line

Table 1 Classification of standard, unbonded flexible

pipes (Braestrup et al., 2007)
Main Product Product Product
structural layer family | family 1l family Il
Internal
X X
carcass
Inner linear X X X
Pressure
X X
armour
Intermediate <"
sheath
Tensile armour X x 1 X
Outer sheath X X X

* The use of an intermediate sheath is optional
t+ The cross—wound tensile armour may be applied with a lay
angle close to 55° to balance radial and axial loads

470 M= Table 12| family 1 D2{SIFCE family I
7F“ & mlo|zZzlele| A Fig. 32t 2ol 5712 Eo=2 A=
2t ol 2lo|H(inner liner)= 718ddd mo|=2lQle| 71 L&
Z.SIHE': EOE [_H_‘?'_O.” %Et A-{ool _l_A-I I:II-X| XH:H O:iol-
SICh 77 A (carcass)E 25 &fzdof 2|5l ﬂ}0|_7F 05‘7 |
|=l= 2 4K[sH ol 2I0|HE ESskh= o
212 olH(pressure armour) 2 718d mlo|=2felo|
Aol 7PtA0t ol e A9 mlo|=a2felo| Sugt 7|—*

7P| HZoll 7PtA B2 X[X|oke detg s mo|=
Lt LitS 70| =5 MEFEICE QIE ofH(tensile armour)
=F

lo [UOII
b W05

o o @ |'0|I

\_o

o}

=
fl o5t OIRSIES T 2= QIEE MRt=IC) Q% m|
S(outer sheath)= Z2IH MHE TAE0] 2E 2ol ofct
A

MolLt s AFE walsl

=]
e

F (Braestrup et al., 2007).

[=}

77— Carcass
4 Inner liner
Pressure armour

Tensile armour

ot +— Outer sheath

Fig. 3 The basic layers in flexible pipe line
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Polymer Layer Thickness
‘ Metal (mm)
Polymer 40.8
0 Metal 18
Polymer 8
Metal 10

117.5mm

Fig. 4 Section and thickness of flexible pipe line

£ o7olME mo|Zael2 MiXolM ALSEl= JiHE nt
ol (Autar 2007)2 Z0sIgct clok AN mo|Z2folof|
50| Cl= ZRY510] sl 24 M Al 0f B2
QAT F E|01 H|E2Mo|0{ k2 J2| oM AE 12{st &
Hetsh sflMdo] ke 4= UCE w2 =l
7|&e| mo|zzlol 7= EM2 FAISHE Fig. 42t 20| H| WX
Ckesiet mlo|=2fels FlotM FASINICE (Noh & Ha, 2016).
Fig. 4= thealsh 718 mo|=a|ele| M 3l 2t o FAE
LIERHCE mo|Z2RlEg FMehs 2f2te| B2 ZE(steel)Ex
Z2|olo}o|=(polyamide) 2M=Z2 FAEICE Polyamide 112 7}
B3 mo|=ZaeloM 1 Bo| ARBE= E2|H AAjoln] %=
St L@Me JIRICE EESH Polyamide 112 Tl = Ljo| 217t
mo|z o[f9| s &0 £2 XEAE JKI=F JHUCt
(Johansen et al., 2015). O|X{& of2{ SOE TMst0 E2H
of LiMEo=Z 271 24 55 X1

HEeEM F2 ZE ZAnt =2 5 4
mjo|zzlolg MASL mlojZ2lelg FASkE ZEE AS
304, AISI 316(Table 2)0|0{ A X|= NOV flexible AloA] M=
st SMX|E ARSI} (Johansen & Sgrensen, 2015). &£ 4+
olM mo[zziel2 Bt P oM HEsIER ERdAS
(E-modulus), Z0ok&H|(Poisson’s ratio), = E(density)S 1248+
Ct. AISI 304, AISI 3165 M Z2| BRI ZolsH|, 2Ert 5
AUSIEZ AISI 304, AlSI 3162 SH-I2| Steel MEZ ARSSIICH
(Table 3).

I XMEmo|l2e

Table 2 Properties of AISI 304 and AISI 306

xlCksl |2t piEst Z8le tc'mém uwIEEPIOI U4y Ziz
olMCZ ZHXIX| UESF 5
2 7he| =g Mst Ax7F AMAE AE HE uwl%ﬂ “xlilﬂ# =
™ 5i50| LIERF= 2ol ME=Ch (Bai & Bai, 2005). =
5| HsH Axle| BREZo= Ci2 F8 HMst Axlele| MZES ¢
=8l Mgt Zx|e| Hz| ZoZ ofsho| Exfsict =gl Hst
IX|= Fig. 52t 0| t&sk= & TX=EZ 0F0{K QUct A
| =& =gt F7<|§ HZ&SE 7|(Telleborg)el MA =
(Green, 2015)2 215104 A0 x|~ Fig. 62 Zich.
gl M|st Zx|o| B2k mlo|=Zafole| Bisiof Hgke nlx|X| go}
of Sl2=2 7HH2 MZolofof st E4= ¥ WA Al E H|S1}
AlZlo| ZeslEz Lj4o| 22 MEZ FA=[ofof it ZEl

=.°'=|Jﬂ|-m

0>|

=

IHJ I'..‘l fl

Het Zxlo| MBE F= JAM EZz|RE F(thermoplastic
polyurethane)0| ARSEI0{ 1% TPU S-60D M=
SMX|= Table 32t 2L},

Fig. 6 Dimension of bend restrictor (mm)

Properties Unit AISI 304 | AISI 316
E-modulus at 23°C | MPa 193 193 Table 3 Material properties
Poisson’s ratio - 0.29 0.29 - i | Polyamide | Stainless | TPU
: : Properties Unit 1 Steel S-60D
Density kg/m 8,000 8,000
Yield strength at 23°C] MPa 215 193 E_mgg‘jg‘s at | ypa | 320 193 186
= = - , Poisson’s ratio - 0.4 0.29 0.4
2.2 =8| Mgt &xl|(bend restrictor)
Density kg/m®| 1,050 8,000 | 1,250
ojo|Z Bzt x2S mjo|Zzole| Zale eElEln mkg Yield str?ngth at MPa 07 193 36
wx|sict 2% 23 M3t ARl mlo|Zajele| Bale ekHsp 23°C
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2.3 B% Hend fitting) DS Mt @4 3D £2|= AGH 240(0 grlel =
£ 0|20{7l HSHA| 220(ch £ oA7oME F il A

= ==

FZ Pend fiting)= Tjo|=ajole] 2l 2x[sln{ Taste A Z2291 Abaqus®t HypermeshS S2k6101 ARSI ALS

[= ]
ofst e 38| MsH Ax|QF SN AMS oisks oste sich 2 HSHA 4= HypermeshollMe= HEXS, AbaqustliMe

: 2151 HISE Xkx| AHAF 7040 A =o o C3D8Ro|n{, 88 M ZtAl M2 &2|= 240|ct 7Y o=
(Fig. 7). M5 Rbx| MAF 7|24o| MA| ot (Green, 2015)2
81} 20| MASIHON, Table 30l EJIE! stainless  Stolel 2= 40000700101 JHE =Rl MEF TR|e] 24
o 324,9607H, end fittinge] 24 74 247.20070]ck,

-

X

8T
steel MEZ JHIE.

Fig. 9 Analysis model(flexible pipeline, bend restrictor,
endfitting)

Fig. 10 Boundary condition and load condition of
model

= ATOIM = Fig. 52t Z2 MY Hats DAlsle =l Mg

FR|9| HZo| E2|X| 2= 5152 Foist| sl of2{He| siA

HIAEE AM mo|zZzlole| Zo| Wakez cfe| £m|(m3) &

Fig. 7 End fitting 80KN, =0| dlstoz cho| Hm|(y) & sz

Fo{512120i(Fig. 10) stE= diAl0| BE== A|X4(5o_l_)7]p(|
I Sk =

N
(09)
(@)
Py
=
Lu
S
_°

105.2 = MY % tetct. mlolZz2fele| ol wek & FE 77t FA=of
= PlE BE2 RE XRES TAsI v Zet REf 2 mof

2
EH%%I% FE2 mo|Zo| otZof| 152 7FSIRACE AsiA| mo|
Al =l Mg &R, fHE molZelel, FHE +
2 CIE gF0| L5t m2lA Abagus B
E2 520 Wie A A8ske & =
(general contact condition)2 M335Iict =
F 2HHoM XA 51E0| LiE-= 20 &
Mgk Zx(et 71E mlo|Zz|ele| ASo|

JdIOiI 2 g2 olRIA| =rh A48 el ME TR 458 &
5

3. CIE =A &= sl Jkske AlBi(Fig. 11)E
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Fig. 8 Dimension of end fitting (mm)

&
2 o
':IOJ

0

4= Alei7} okl SalollA| Hzis| B
otES 715l BX oI ol EICt (Supergrip, 2018).

1 M =A 2 dA7olM = A8 =8 HMEH YR Ms "ot ART S5t

A 4zt MEfoll M mo|Z2|elnt F& & D{h siM S Tl

B o 0| M 71 n}o|ua+o|o| 28l HE0| LIELE= 2 sich E5h siEof wE e = 3o I sk CHH

off = Mgt 2x7F dx|E 2ol My(Fig. 5)2 E5P| ¢ &o| LIEKI2E Y|kt HIME S J1e{sict Yol I7(of b

slf Fig. 92} 20| alj4] = %-TWOFEP 5 me| 713 mo|=a2} st il AlZio] ATHMo=Z Hon 0| Jkssiq 2dt HE

olof| 574e| =& st &x|7} 4|"5|0+ Qe Fig. 7-(a)2t 2 ZH FHE Mol £ = YAIE S explicit dynamics)
0| =&l Mgt &xlel BFE0| HE 75 MA[SICHFig. 9). ai4d siAlg RIESIACE
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Fig. 11 Bend restrictor test (Supergrip, 2018)
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(c) Ending section
Fig. 13 Contact force contour of three part

4. e =Y 4
4.1 Sl4t 2= A 0l2

Zd AMAl= AMA H=(design variable), gt =A
(constraints), =& gk(objective function)S Salf XAlsk=|od
AA x|=(size) XS}, gakshape) Z|H s} 2l4Ktopology) Z|
M3tz FRECE 0 & /4t 2N dAl= FxES P45k ot
3Mo| =2 Rl Exjsh=s Mzl UTE MA HEE 510
Mk MEZOIM =10 ZME 2= F=E MAso] £He
Mz 225 Fh= 48 (Bendsge & Sigmund, 2003)22 CHE
Moz A& skH(homogenization)2t =8 (density method)2
2 FRECL e xRS0 MA ddg FEHel M4
(mesh)2 L0 2+ o2l F2He| F7(<t ghato| MA| e
(design variable)7} =04 M7} CI2 2fololRes 7I1E == Uct
w2 fgEsis Sl ol Mol S7F SMXIE TS
(Altair, 2015). 2L} pRekHe A Bio| o7} off
TEE XMz} nof o|M$F CkgMol BAE 4= U0 M=X
Z0oj|M 2 H|20| AZEICH (Lee et al., 2007). REH2 2
HlollMel THZo| AH LUTTF MA B2 ALZE0] 00lA 1
2 M2t EMsHK| 2= I Ho|H
1" d A2 MBIt EXfsks gYolct B7F U (intermediate

_—

al
o
—

— 1=

o
o B2 Tt 0 Y A
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Aol mo|z2feln} el Mgk Fxlo| ciSEH

& 72| M2 (fictitious material) 2 Mel=lct &
ME ZAA (1) Zol 7H9IEIEH
(1)ollM p= penalization factors LIEKACE EE 20{A 59
2 Z+=Ch Biot pie 22t B2 2 Al (intermediate stiffness)
o =7t UTE LIEKACE (Altair, 2015). 2 AF0IM Z[Xs}
2O Z Altair Hyperworks 13.0 Hypermesh

Sl 2

m>|

density) =
e Mze| Yol chsl

(optimization)
- Optistruct® AR5 20 OptistructollAl= LEHS
A =|H3Pt o|R0{ZICH,

= (i)
Po

= od5to| A AN M2 LTolo AEZO|[IA

FA5IE BEXMoz Ol #==9| ¥y oLX|IE =47
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=,
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B 2&3Hcycling pattern grouping) 712 5045104 245 2isk

oz =Qlst gfElo| HHEE|TE Fi9ich &2
X M2 O2fsiK| fort A2 TE J55F 710 o5l
o WEllME M2 HxIF HEE = AT HMESIICt of
'.|e4 _<|>_|AI- |7H MAE EOH ol-X-IA-I 7:Ix-||/g’ x-”?;l-/g% 2&—"} =

o
2l HMgh gxlof o4 zX5t RHE =&

4.2 HA/HIEA I x1FE

28l s BRlO| Sl 25 A Slsl A ol WE
Yol Wbt Gl FEN gls £ES Holgict MA| 3
14 S{E 4 Al KiZe] S0} Hshe 2

o

S etoz Helsc), Al
To|mefolnt HES 515 s

_‘6

ce =g S,
(Fig. 14).

FUYFe Boifs AlRRRe} 22| AF o|F7t C2 ZE A
Sk &x|9F MZSic) weiM MBI EESIK| o 2 E9 =8
Mgk &x|7}F c2 28 Hst &kt XK Relez A £
HIAMHA Podoz Folsict o= WRe 71y mo|=Za2jelnt
Zoir{ 515 U= =8 e IR E= FE ot FYEstez
Fig. 142+ Zo| H|MH AAS Mot

Design area

Hl Non design area

Fig. 14 Design area of starting section

Design area

mmm Non design area

Fig. 15 Design area of middle and ending section
4.3 A =& MAH Zz}

QA =X MHE S5101 Figs. 14, 152 7= 2Eof| CHaf
Fig. 171 &2 z|Ms} 2HI0| &= M 7HK| 2&k =X
QP 2E AE2AAT} FRgIeE 5l SHETE UE

IFCHFig. 18). AR, SR, BCR 2T H] A 9|
Mz BXs B foton] M| dodo| Mz dA =A

3 515 x7o=2 ALZE
70%2| ®gh =S UESHE £FEC R UASIICE,
= ool Ojd| 70.3%2| MBS JIX|H AE Q|5e} 2 25 9|
Hol| MZ240| =xYSHK| Lot MBIt BESKK| ok=ct EESH St

A=

HEeiol 7|ere Sof 718 MEY

LS

= ojmio| xj220| o=} Beisel u|aE Hasl0]
o, ol= 718 M=H 70% & A F1t = F20| Exiske M=
Zo| SUF, ECHRe} H|wslH MfMez XMY| ol st &
o Exist= MEZ0| Bvtet Aolct SYFet ECEe Ci2
Z8 Fs FRCl| MBS el A 9IRS | Yoz
Holstol Mzl 22Tt HeIK| oten = FE2o| M2 &
=lo] Qlct YRt Bob s 2174 71.8%, 69.88%2 IXHEEO%
7RIt
5 7.E+06 8.E+07
S 63
0] =
6.E+07 =<
o2 5.E+06 03
5 0 » C
5 c 4E+07 5 ©
° 2 306 £2
g8 S e o 58
O 1 E+06 0.E+00
5 0 4 8 12 16
lteration

~+Starting section -=Middle section -e-Ending section

Fig. 16 Compliance convergence graph
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53HS GX| en] 8 et 2x|e| zMst Mee Al S
HS H|lwolRlS mf £XEE 2Ho| A 20 3=0| X5t
M mUlo| 88%E J|E RUEC 22{0| 12% Z4d Hg sl
S
Table 5 Points position in the flexible pipeline
(a) Starting section point/position y 5
JZ A 898.3 375.6
y B 58.02 27.52
C 795.6 306
D 32.23 21.74
(b) Middle section Bending Bending
z o | radius radius :
_l 0.768m 0.847m
y ) D
Bhescinnlle, S
z
iy, A Fig. 18 Bending radius of reference model(100%
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