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Abstract: [Purpose] To effectively reduce fatigue damage, a reasonable dynamic cable design is required.
[Method] An optimization model based on an improved hybrid particle swarm optimization algorithm is
established. It employ MATLAB to develop a genetic-chaotic particle swarm dynamic factor optimization
algorithm and utilize the Orcaflex software for the overall design and optimization of platform dynamic
cables. The optimization problem of deepwater dynamic cables is treated as the objective function, with
parameters such as cable length, buoyancy block and counterweight block positions, and spacing as
optimization variables. Building upon the foundation of the standard particle swarm algorithm and
integrating genetic algorithms, it effectively prevent dynamic cable optimization parameters from falling
into local optima. Chaotic initialization of initial particles is applied to ensure a uniform distribution in
high-dimensional solution spaces. Dynamic inertia weight factors and learning factors are introduced to
balance global and local search capabilities during optimization. Adhering to the Pareto principle, It
formulate an objective function to facilitate multi-objective constrained optimization. The improved
optimization algorithm shows better performance in terms of convergence, accuracy, and convergence
speed. [Result] It quickly and effectively balances the relationship between the maximum axial tension and

Yis BEA: 2025-05-10; 1&EHEA: 2025-09-22
EZBEN: 7 R (1996—) , B, Wit. =% LM, TR Am: WEEE.
BIEEE: BHE (1988—) , B, it B i. RJm: mREE.

— 170 —



INRE, A FAEERA PSO A F ik ikt

the minimum bending radius of the cable and pipe, achieves the optimal design. [Conclusion] It provides

strong support and guidance for practical engineering applications.

Key words:

hybrid particle swarm optimization (PSO); genetic algorithm (GA); chaotic initialization;

dynamic factors; multi-objective constraints; MATLAB; Orcaflex

0 318

e R PR B RS TR, KR
FELERRIUNELE., BRI ESRG M)
TRANTFRAT VA i B 200, TR R /K i A e
Wi, DA T AR L B RAAT ) %
REQFEEY . REE. WER, FOUREHMN, 1£
PR S TF R AU A AT HAR RS Hod,
REEH THICES, MRS HBALTIENE,
SE LI S B ) TE RL AT, AR RRAE 4R 1 1E E 5K
71, Vel FEE o, tkah, fERGEITIE
T, REEL AT IR BCRTEA SIS R, PRI 5
ik, e B AR AU, o ) BRI R
EYRIN R B, SRS G LE TUE A B R A I 1 2
DURE TSR 7] 77, AR B BEI R 7, $m HAs e
PEIT . W E B RE R K NSRRI a0 B e L
WORE S B TE 4 A 1T, A HAEIEHEBOIR
A TMTEN . ST G I LA AR 0 %A A
FEARIZ G DUEEAT IR 5T, DMEAESNAE 4 E
T 1)32 BN 36 2 fik M £ BTSSR PR S . LY
MENAE R LIRS A., ZSH, B
SEAL BERR., BESEUILeRp, 7EARA I, B
TR R BATE T KIS R R 2 242 N T, 3
BB BB R A RSB Rk, X
MRS 2 G BTG % 1 B A8 Sk AT SR BT S A0
Wt md I E S R PRI E R
(o7 B | R P 28, TR EAR By =

YANGZE L HH —F 56 T3 AU Y 14 30 245 I
4% Hbri 7%, BEERIFEM 22T,
TR LA R I SRR AT B )7 % . PINAZE
WKL F Ltk 777 (Particle Swarm Optimization,
PSO) RGP BN BB B WA R N, VR4
R TZITERE AR, JRE IR AR K S
AT AT, BERETTEMEREIE N T &
it . TANAKASE! U 2138 4 S AE % IE kLS
LRERA NS R IR o ATSEVTER A8t fE
SEERE LA BB KN R 55 B ik A7 B /b, IF
XA JE AL 5 W) aR Bt PR REEAT X EE 23 #r
SUNZEUSIRE 52 M S0 7 TR K A . KB AT
B SLERARVERE TS, AT S HBURAE 7 7
IRB T SLE S EAA AT IRAR DT, (HRH T
B FE R A BRI R, f2m 1R

ARSCR F Sk iR A R T BERE, SRKEES
FORIICE S R M REES BT A R

i

PERAER TR AL RO R _ BB NS AE 500, A0y
M T X2 ERAE A AR T AN, P ushas
EH SRR AL WIHL TR AR R 1L,
B ORFLBEAE i AR 22 (R R 2 2) A RIS SIS
BHERCER 72 A 1, DSl R R 5 R
HWRAENM BT, WHIa SRR, M T b
RLFRERE, SO MR B A AU s . TR
FRSCSIGE FE AN S AR FE e R A 2 Al
WSH, PHE SRR K S RN R R
[R] g R 12200,

1 ETHHREARFEHMAERER
1.1 MRUEEEMER

IR SRR R A S S AR SR AN 45 A 1
FERE R AT AL . PSOJE—Fh 2 SR 4T M
BRI SRR, R BEAR R B AE AR 2 ]
TP A FiEf, CAF SRR . PSOMKHSAN A A
FfE B3, EREERRE M, KradaT
REEFB RN BT, SEEZHE TR, R
WRAESNES, SN R RSO Rt . %
SRR LRI REME AL B, BRI 4
B E AT, AEZ MU, WS g . PSO
HARZHUE], WSCRER, & T 50 H bR 5
LRSI, PigERe EMEAN TS, S48
AR AN E R, LB AR R AP R
1.2 REZEGE
1.2.1 BHHIRL

FRRERIAAL 2 A IR S — 25, Sk
(O R AN SICR FE o AL G kLT RS Rl o d a1
SN RBUE, FEEIH— b b P 5 7E fi# 2 A
BENL AR IR T SRT, IX RN 720 it S 8001 4h
LT I3ATANIS),  HY B e [X et T 5 17 A (X 3
RIS o X2 R S AR I SIOE B, e
TER SN RSB AEL T, i S8k 5%k
Tei A RS

TRIEVIEAL B ALkt . BEALIE AN b7 1 4
M, BRI RSN NAERAES . W0k T
FEH o %0715 BT B AR RO B RS .« 7
FRERIIAIL . e, & XS e, (R
T 5B AR ) o A (K D BEATL AL R3S, T A 4K
MR B 4 SRR, R R CEAEAE AN e R A 1
MR o SINIRIEF I fE 2 R TR YT Ua 1k R
B, ERENCERIEIIRTERE, B LLOIRE LB

— 171 —



HE AL

2 AL,
B R U6 % 55 00 R R P Ak S L
Bernoul ML AU VIR 71, 31 ABHLAS

LR T L IR A7

2 rand (0,1) x

1000
N MEA R E AR LED , 230y
2—rand(0,1)x ! X, 0<x<t
1000 | 2
'xi+1 = 1 1 (1)
2—rand(0,1)x——|(x, —-1)+1 —<x =<1
1000 2

1.0 60

e o AER i OBACRE A

50

40

R
s

30

T A | i
600 800 1000 0 01020304 0506 0.7 0.8 0.9 1.0
R4 pERLAIER

(@) ARETHRAMSA (b) 1000 £FHRAES T
1 Bernoulli ;& jERgEt
Fig. 1 Bernoulli Chaotic Mapping

122 ZhFBEESEIRET

AR £ RPN TN W
Visria = V50 + 11 (Pk,[d ~Xiu ) +orn (Pk,gd _Xk,id)
(2)
Xiia = Xpia ¥ Venia (3

b o A RFF AR ERCE Vi BB AR
IEAR G AR d e R () (R o B FE A
FIERLTIS) 5 e Mley 73 B SN TRkt 2
FAR T (CEGRIEER T 5 MR [0,1]
RIBENLE. b, 744 0 B A A R =3 (]
M ERBRA o Prigc R RIGEAR 5L T a4 A
RIRALE s X WIS KL T dAE R AL
B Proga NG adE R AL B RS
(AU L P A i PR N FAI R LN IR SR T =
EEqibpE R iIEA-

T A T E 3 I oV AT
oy, RTS8, Rkl REFMAZE 5l
Rtk e (PriaXii)) 9N ARNEIER 23, BIRL T 5
WP s e s, Kok v e B 5 L s Bizshif
Fitks cora(PrgrXii) WAL 21800, BORL T 4E 2y
REAOR A S SRR 206, Rk 117
FEAR ] S e A BB B R

AL (K] T o X PSO SR O 1L E HL AT L 257

ASSY

Mo SIZAEBCKRT, AR TAEEREEER Hi%
EBNE, AR T IREE USSR, IFRTT R
A RAE ST P HETPSOSE A 4 JR 18 2 A )
AN, FESEIEACHTI, R B RO AR R
T, LARERS KL T REIALIZ ) I 78 048 2 A
A RIS, BB E RN BCE B
T, PME R AR 722200 25 SRR A B
K, AR SRR LR IS 3 ZEEL AL E . B
BUE R T o3 4 L2, AR ARZ 1 3)
SBERCER 7208

k 2
a)=a)s—(a)s—a)e)x(K j (4

A kA UATERREL Ko AR TGS

0.9

08
07
4

0.6 -

0.5

0.4

L L L L L L L L L
20 40 60 80 100 120 140 160 180 200
ERRE

2 IRMRERT o Tk
Fig. 2 Inertial Weight Factor @ Variation Curve

FERRERL T RESIE T, o Mo 2 STy, 0%
W EE . 2o kT A B 5 D i hr B
FAMBES s FEAW T e MR T A4 R e Uk 72
IIREST o FEFEPUTIERE S, 22 ST 1 Mlle, AL
(BNl SRR 3R AT T AN AL . D9 sEoiis 1 0 2
P, B LR R BRI R IR A S A e
BT, A e UK, o BUVBUVIME, DAL 772
SRS B W BT 2 R . MAESIRIAUER 2
RS E] EFNEIEAUS I, N L
VERE . KL Tl HL R M I Sh 3 4 Rl e e e B
i, N BUB/IME, e IUBORE, PLBR AR
SICH BERMRACHE o RIBE, AR SORf o W36 i
SR O SOy (AP S LR LB B IS O i BURSIEOS K
T U, SR AL SRR AU T RE
AR Y R BB, R RRISAUR I RE PRI HE
FSCS BB . o IR ILIES, =%
2RI N

) k
¢, =2sin’ {g(l a ﬂ (5

k
c2=25in2[2[7; j (6)

— 172 —



PSO #) & & gLt A%+t

2.0
1.8}
1.6}
14}
1.2}
1of
o0sf
0.6}
04f —
0.2F =

3R T

20 40 60 80 100 120 140 160 180 200
IEAREL
B3 FIEF o o THEZ

Fig. 3 Learning Factors ¢, and ¢, Variation Curves

123 BARTHEHUMEE

BT R SR SR AR L 5 M N R e e, Jst
FEFRIBENLYE 2 S 8UE BRI St o A2
—RAFIVEAE R J M ORI I RR, A SRS T
WALV T RS, bt @il g S
B EAMIE S, BEE b R s A5 48 ) A

RARAFIRIEE 5 N FATIRE . BFATIRARM
RN IR AIFIAL ASCRAMARIR S 1%, T4

W — b oo B VA B AL O AR RN 55— Fh i

VNS S = RN AN AN = Bl AR AR SS (£30- R7S
o, RIS EVERR S, SRR Z IR
FIERHE R B FEIERIRAN FE T AR
Ui A EEAEH .

BB E IR 7. 5 T XA R,
R R LB RR 0 2 A AR, AR S B AR iK%
PR3 L AR T R e B2, 3 B BB ey
VR B30 MR O, A5 6 & AR B,
HMERARA
f(xi)
> /(%)

I H AR E = B AT X HERAE, KL
THF AL X« ZIEFHE TG, 2R FARTEIE
JE [PORL T BEBEALIE B — R B AT 2 X, Bk
FEILE4. Bard: dNRiT4%; A, B, C. D)d,
d+14ERRL T PR NRLT . R FERd, d+1

b= 7

HEH R AR X,
Pn Pn+l Pn Pn‘l
1
2
X

d —_—

d+1
D

4 XXET

Fig. 4 Crossover Operator

R TR R e R B PAT R REAE, &
RN X TG, R AR, MEEYEEE—
EHEMAEIATR R, BAELELES. E5Hh:
mA R YER, KT ERm . a4 E R ER R .

P P

1

3

A5t

N

o

5 BRET
Fig. 5 Mutation Operator

1.3 RUERERET

AFET R AR TR SEE, DLEFTEFPSO
HEEB RGNS HINA N TEZI AL . L
W MR A T v [ R i U AE It FE R T O R (R R R
FPSOMENiF AT 6, B SR RSB
A BESERB XM FEiEs) AT R
SRR T, BOH L DD REZ R Bl i 7Y,
LB RGN RE B IR ¥h. AE, ARCRESL T —
NHZ BRI, RGOKEh A E DL
W AR N — K BB, Xo, X5, Xy, Xs, X,
Xp)o MUSHASE: REMESREY, (REEAN
B X, (REEBMAED - X3 (REEKE) ; I
AL E S5AEX, (RERME) X (RCHEE
B 5 BB S EEX, GFEIIRALED X (OF
JIBRIEEE) . WLE6(a). B FEHM FIMATLABKY 2 1
e R TR T SIS B A S, I i A
Orcaflex B HEAT AL« ARIEIA RFTHAC SN, 1535
EUEF Y BER R RSB RIS, i
NSEBR TAEN IR AL B4R T, BRRAE L& 6.

~m— /
) | R
o R
AT
\} ‘g X Xy X,
At ﬁ}/ K 3 I il
X X,

(a) HALEA
6 MEEH/RUEE
Fig. 6 Dynamic Cable Optimization Algorithm

— 173 —



HE AL

MATLAB

4

= s s L o L L] i
1 ENAATLSHERE AR ﬁ

L

Orcaflex

(b) HAFH%E
Eo mMSERMAEE (8D
Fig. 6 Dynamic Cable Optimization Algorithm (Continued)

AR E BN K2 HARZIR @ (21T
fi A 90 mFK) AN A TBLF » W2 [ IR A2 AR H A
1) TG B 5 Kl i) 3K AR T AR, 7T REFRA
%5k 77; 2) SRATREmVNVE i A, LABE S5 N 2S h
R SEHWRRL 3) RIEERTA T T, REMN
ik IR KT 0.

SR, I A AEAE RE RN B AT H AR ESIA B i
PLifg. Jvtt, NodEd 2 Hasfiierrik, £54H
PRZIAIBEAT BT AN MR, IS 2 — L8710 AE S
fif, RiinRICRAOUELE. Al iEd, WRyainRIE

s, RS S A v R O
— Rmin /28

F = —min/ <%
FI"HBX/49O (8)

R Ry WEFAERN S s 2809 7F I 25
s P WEFSLRORHHIET AT 4909VF FIHIIS ).
HEOCHIRI AT BN R

EYIN W RRAR AN, T 3E— 25 el 5 S P 3
Fi i o

RS HE T o 1 R A A v ] P e L R
FPSOF & . FPSOF & 1EN /KR A330 m, Mk
KL EAAANT2 m, EHRESN82.8 m, FEFGR
B N0 m, JHENZKN22 m, HOaE B AR =
20 mo WATIZ/KE T ELIN1075t, S5 EN3.6
Jite EHE—BRIEXNLII T, 4 %ERAO, FPSO
f KAmFe (A H90 m. BhaE 8K 25
SRUGA AL, R ORIV RS R
Bigk SRS il AR ER, i REEL RS
5. BT EEEFPSOME F 52 mik, B
MEEFPSOH O /K FEE R A30 m. HH KR
950 m, H A HE A KRR 8650 m. BhES
B TP EIRSENSHILRIMR,

=1 ERAEH

Tab. 1 Sea Conditions Parameters
WIR TR (m/s), h A7KIE 330 m
Hyo/m | T/s | #WFHEUTF Im | 0.1k | 02k | 034 | 04k | 0.5k | 0.6h | 0.7h | 0.8k | 0.9k | ¥FKLLE I m
23 15 1.99 1.80 | 1.61 | 142 | 123 | 1.04 | 0.81 | 0.76 | 0.71 | 0.66 0.59
E: ORARRIE), IR AT LAT 5 WK,
=2 BEEHR. BN REHRESH
Tab.2 Dynamic Cable, Buoyancy Block, and Counterweight Block Parameters
TiH ZH HE | miH ZH Bl |WH ZH ]
4%/ mm 142.2 BAEFESIPEKE/m 1.11 BAFESRKE/ m | 0.7
5 il WU E/ kKN-m 252 F M E/m 0.864 fic EIHLIME/m 0.34
I NI/ MN 375 Al Ekg| 350 f—EERTES P /ke 450
e EEI%;}ST“‘ LI | BB | 3es || s | 00s2
B | AR R KR EAgm| 388 S| BT SH AR/ 0.7 |tz
SH | KRV /KN | 490 | H | s AaEEhE Tk /AN 490 | %
A REE AR 0.8 A REE AR 1.05
RN 1 RN 1
LR AES 0.04 LR AES 0.8
1 B s B R B 0 1) BRID T B R B 0.65

FEOrcaflex i fFHT, B0t REEDE I Y 5 A58 45
SEA R . AL TR I TEFPSOT &, KA
2 ¥t (Line) MIERE TR, E IR YE 24
HFPSOF 4k, A E /IR, MR AL

O RN s o SR, R 3 XIS AR AL X
77 AR T FAE R o KB R 7 94N B o0
Forp R B SR TV S0 AN f bt BE BT AT FS 50 mifg X
IRAE 0.1 mffg B TC K BEEAT A, R AR >R

— 174 —




INRE, A FAEERA PSO A F ik ikt

1 mif R TR s REER I Link S HGE AT @245 775
B ER ARSI EE, @
Attachment#SiHUE Rz . Horp, % 71030 30,

e BB 10 BT o F e, B fr
B K R SHOE T BRI . A AT
B A AR DL SE PR L, HEAT S b L S AR A A
HRMSHNES.

FPSO . ) Wes RIT IR
T pvaN

//
Ty B

A
/

R B
/

‘ filg it 3

A
E7 HEREE
Fig. 7 Model Schematic Diagram
x3 MUSBKEETE (B: m)
Tab.3 Optimization Parameters and Value Ranges (Unit: m)

SRR ZH/m A
Ak A mAIE X 600~750
B Ak B L E X, 300~450
REEKIE X, 8~40
FoE i E X, 100~250
fEE
FER e LRI EE X 2~10
o IR E X, 300~450
IR T IR X, 2~10

2 fiteidiE

AL H T EAL] 38 JyMatlab2022b, 18
i+ APIH% 1 B Orcaflex 10.3, ¥i 74N ¥n=100, i1
A Em=7, ERIRET=200; )45 MR E R T
©s=0.9, KR E RN Fo.=0.4, #H T o
WIUEE 5 AR IRAE 2> B2 0F10, 2, 28 XORIZR S48k
RIH0.8.

1) AR VR 51 A AT a6 HeoRL 1 1 B A7 B
ISR AL ESR AR CHAIUA T B9 2 F kL

¥, BEEIED

2) MR~ A SR (G N EAE, HI61
B N A LIRS, R R R AT R B A B
NI RALE, k74 R R B R E AR
NEREAE (TRAE) , B4R,

F=6.41,
6.5 %

6.0}
5.5_. : . . ‘..‘ .
= 5.0,
45k & ¢

40b °

330770720 30 40 50 60 70 80 90 100
piA
B8 ¥R EENEE

Fig. 8 Initial Fitness Values at Starting Positions

3) ARHEEC (2) A (3D kLA B AEFE

4) HEHFHEA AR HEN A, IR S
Jey Bl e e A B X L PRI S A o A5 7 AE L i el
LB A RL T, BEA R A0 B A T 2 AT
TN PR WK o107 BAE 93T 1 R A e s

5) EARB AR T I N AR S 42 R e L B
TN AR o A7 A7 AE 2 T 42 R S UL B SE A PR
WAL T (38 N AR DL T 4 AT RE L AL, A7 1%
KL AL E, FH iR 1A BAE R & R A E

6) K H i £ AR BRI T 38, KL T 2 AU AR I
MERPAT R X 5 e, Hp a2 W54 R %
¥J°50.8,

7) EESERA) FBIES) .

8) HIWTRL T ik B i KIEAIREL: F e 5%
fF, W2 EEAR, BNGREDEER3) kAT .

W BRI, b R A B HCIR A 12
S TE R LA B T, WILAHT B L kAR 1009 f5 Flik
REHG IR TR E RASED W9,

o VIR

460 -
ol Lt oEe L 260} =
a0l o elgeda .. T . 2401 e Sl
: LGN T I 200 NN %
%T:] 400 F . ’. .t e .'. é?i 200l T e . :. . g
£ 380p & = 180[ A ®
= 360f ’ Z 100l odre  ow
2 340} 2 140} R W&
320f ¢ P 120} : i
3001 * 100}
23 4 5 6 7 8 9 10 0 R T

VF LA EE/m

(a) BFFAREE, Mk

RLTE S B/m
(b) BEFREREE, HE

740

ABEATLE /m 300 22 g Rt i1 /m

(c) BFABEE., KA

B9 #ahiE. &R 100 REMERERENFHE (BzxiE)

Fig. 9 Initial Positions, Particle Positions after 100 Iterations, and Final Particle Positions (Solution Space)

— 175 —



HEITAR

3 HRath

SR FH OSCE PR VR R A A AL S 5 bR v R
RN BB E SR SEAT IR, F 8 i
I REE IV 0L B A7 W10, FRifERL T
FEHAE FIMATLAB 1 [ rand() B8 04 104 Bl AL 2L
RAYMEWRL T MRS P A B AR ST iR A
R SR 5 VR i A RS TR ol 4 53R4T 4
Wtk 5K, BT OBENEC %, T
RE/EfR=S (R HAT R iz R RIS M &,
ARG T R R B B AR DO R A, LI 10(c).

460}
agof  ve e el
RIS A -
. 420} . . . . .u o.
i .., S f
fmo- v At t g s
X380F .. Tt P
360 : o
o .o : .
340} .
320F o HRifEPSO R
S0k .Iﬂil&H’J«ruullSO | | |
2 4 6 8 10
¥ JJP ) B /m
(@) HTEFEAZE, HE
o bRAEPSO
260+ * ORI A PSO
20 T T v . T
“h St .
g220- A S
= 200F ¢ e Lt Tt e,
B8 . . . ®e < ¢
EUB0F wgtel e T
pa NN Y1) SR S T
= 140} 3 am o ‘
120 e et o
oo ¢ : : s oo
80 :
2 4 6 8 10
Mie A7 B /m
(b) BFEEHRMLEE. HE
FRHEKEE/m
440 397
£ 420 : l35.8
i 400 L 319
=380 WX o] W33
3= 360 e ) 2012
5 340 Rt g %
& 320p 2 o " Mi2a
) S ALy X
580 600 620 640 660 680 700 720 740 760
FREEATGALE /m
(c) 477 PSO
. X %9&7/ m
£ 440 Biss
& 420 319
400 <2 280
= 380 aus 24.1
2= 360 R 202
@ 340 o 16:3
8 300F .4 : 124
Mg 300 2 . ., . ., Mg
580 600 620 640 660 680 700 720 740 760

AHEAAL E /m
(d) #HegRA PSO
B 10 #7AE PSO SRR & PSO MR EXfEL
Fig. 10 Comparison of Initial Positions Between Standard
PSO and Enhanced Hybrid PSO

BT Bl R A BT B BE 45 R AE S
it fEd, Ak, MESRS REESHNFLEE
EHIEOLELL . NEIHRTDUE H, 7ERT10000EA
ST R R T R S A R o A AR
W Fe L, FINSEE T BEFILMIER. X
53 584E, DRERSEMNBIEE . MBS
AR GIEEE B R L 11 ()~ E11(d). E11(g), T4
HEBNEE, RINSEEHE L ILE11(b)A
K11(c). E11(g), FAAFRI AL F TG E AT 4
JRRZ . TEJG 100005 H, 4275 21 B Fe, A A
B, SEIRGIRE BT, SN
BN IR o B AL 02 5l R S
PRI WL 11(e)~E11(), BEER¥IRNTFHE
FF, RGABEKE U BB LR R %R
NE, BERAAE TR RS s g, R s
FE SR I F A WL B T FRAR AN S 350 e A0 1R AU

— BT

- LK T

60 80 100 120 140 160 180 200
IERIREL
(a) KFFHrEzE

0
S
.0
S

0
5

0

5

0

"0 ZIO 4I0 6‘0 8.0 100 léO 14‘10 160 léO 2(I)O
XNV €/
(b) T LA

0 20 40 60 80 100 120 140 160 180 200
IEARIREL
() BTFEARAZE

Shhouwououno

R 1 Y Y I, I
0 20 40 60 80 100 120 140 160 180 200
AR US

(d) BFFHEAE
B 11 4SRFRFEH. SHREEHE
Fig. 11

T AL L S/ (m/ )

Particle Number 4 Particle Parameters and

Optimization Speed Update

— 176 —



A E SR AT

£10

;‘ﬁ 9

::_%1 8

E _4BRT

X 6 - IRk
4

0 20 40 60 80 100 120 140 160 180 200
AR IR
(e) AFELERNIE

S—= =N

0 20 40 60 80 100 120 140 160 180 200
IR

C L B ] 2 573 P (m/ )

() AFEREREE

— 4R
A~ xi
0 20 40 60 80 100 120 140 160 180 200
IEAREL
() BFEEHRMEE

= 50

E s

=10

2 0.5

=0

0.5

1.0

Z-15

&Kot LI s N
& 770 20 40 60 80 100 120 140 160 180 200
= IERREL

(h) BFEEHREZL

— 45K T
- R

AU
() BFREABEE

— S—=—=
SN DODUNO DD

N —_—O

0 20 40 60 80 100 120 140 160 180 200
IEARIREL

F kAT A B R L (m/R)

() BT FEARRE
B 11 4SHFRTFEH. SHEEEHE (8D
Fig. 11 Particle Number 4 Particle Parameters and
Optimization Speed Update (Continued)

0 20 40 60 80 100 120 140 160 180 200
EARIREL
k) BTREB®EE

X

£ 20

= 15

E*; 1.0

205

m 0

g 03

=10

=15

B _20 n 1 L 1 L L "
£ 70 20 40 60 80 100 120 140 160 180 200
z AR

() BT 74 BamkAE

—A4SR T
-k T

1607730 40 60 80 100 120 140 160 180 200
IEARIREL
(m) BTFTREKA

£ 90
£ 15
1.0
= 0.5
= 0
= -0.5
#-1.0
ﬁ—l.s
e 200730 40 60 80 100 120 140 160 180 200

IEARIREL

(n) KT RERE

1 4SHTRTSY. SHEEEFE )
Fig. 11 Particle Number 4 Particle Parameters and

Optimization Speed Update (Continued)

BT IR AR TR AL SR RO T REAE AL
W55 45 AU 138 S AR 3 DL 12.0

o VHEHRCT
8.0r o SSRGS

o

Bossl T L e oL
4 R
50h, evaze v LT

20 40 60 80 100
o
12 ENEEFESERANEL
Fig. 12 Changes in Fitness Values at the
Beginning and End

— 177 —



HE AL

WG KL 13 B A A BN i, EEAT
3.5~6.5; Gnthik, FTiEMNERERTE, KElE
EHRTET ST, 2 MMz ARSI G X
— AL BT R PRI S S e iR AU
FE P i A B AR, RSO R A kT
HEREA A SRR E AT E R, A
TERAS B AR AL S8R

FRAEPSO. AT 4L 7% (Genetic Algorithm,
GAOHI H SR A PSO K AT GA J&5 1) VR & PSO
()3T 7 FEE A AR Ak 28 DL B 13 JE % B i, T8
HLLT 4518

T APSOR O
760 7" FREPSO
7.4}F

72k LL
E \Y
.]2(7.0 .

=P}
@ 6.8

55 60 65 70 75 80 85

6‘6@'7_2-515555:::55:/ ------ J&“Aﬁxﬁ(
641 7.4; 6 18 20
6ol EREC o
0 20 40 60 80 100120 140 160 180 200
IEARIREL

13 FUENFRSRERRAR FREERITIEER
SERIEIE M AT rZ
Fig. 13 Fitness Value Variation Curves before and after
Genetic Algorithm Execution for Standard PSO and
Improved Hybrid PSO

X bt Bt (VR B KL T R SRR AT 1A% BT
UGN AR 2R W] WIRGE BL, G NEAE Y
6.68, UL VR kL7 B SRV R A RTSUR L BOR
R8s e SRS e Y S e S R A VAR A A
A, WSCE R BT 6 LR 81K
IEAR, AR SRR PSRRI AR AR A
bR, bR TS R, S T RIS AR

Z

g =00

et s

—————

Ak —.

(a) e TILTARAAT BRI G 69 R & A

100K )5, KM ESE BT, R R
AR R e U T TS5 70

XoF b A L~ B AR Sk PR VR B R B R
(R3S A AR A T 2 B« s R~ FE B v ) [
TE AR E A1 02 2 R VA A SO 2 R R
SRR AE S, WSl B AR g, HAEZ 25136
UOSAETE LRI R . BT 17T EAT,
FH T SO VR R TR AR BT A B 4 )R
HWREES, BeBk R EAL: PRk TSR G
AR RS R AL . AR 100005, BUHERIRE
KL RESE B R A R A BT R, JORE
i FRHERLC TR EIRAE S 66 OB T AT HEN R
T, AR

i LT, 13 i B i AT R R 22K
BRI R SIS I L 2 5

& 48 AR R T R SR 5 O R SR T B
V21E Orcaflex 4 O vH & B % LE L3R4 . 7E Orcaflex
WAk R R G bR R TR RS, HEER A LR
FEREAT A, BGOSR AN A . SOt fR SR
THREEVEFFIMATLAB R JHAT TSR OL S, T
FIFAT I RACS o B UGEARHRBE RN 7] 2 A7 1198
R, RAKIR 7Y Aok

F4 IRENTFRESNHTR AN TRHE A TERHITE

Tab.4 Comparison of Computational Time Between

Standard Particle Swarm and Improved Hybrid Particle

Swarm Algorithms

SRR THERI
PRk THESE: | 20h (ntel i5 14 AL HHED
i IR AR . e
B 6 h (Intel i5 14 1% 8 ZRFETHED

G I S A e AR R I B 4 R AR NG B
LE 14,

p—

oA
A ki

(b) & AR LI T HACH 5 HAL G 6 AL KA

B 14 SERSTmmIRREEIELE

Fig. 14 Comparison of Profiles Before and after Optimization Under Near-Deflection and Far-Deflection Operating Conditions

AT, BEo AN 11410457 kN, /NS il
FN3.83 m; MiAbE, B8 AN 10519 kN,
B/ NS R E4.56 m, &N EM6.413REET.59.

MERRTBIEAE Ui )m e S RC & AR 5
fr BELME TR, BRRSEEEH,

— 178 —



INRE, A FAEERA PSO A F ik ikt

4 #ig

AR SCER X A R LA v H E B TR FPSOF &
K St (VR AR T B SR K Bh S B B HTF
Poo BB RESEOMAT T Ak, EELE®
W

1) ASCRARA R FREEE, 8R4
BRI EEAIAT B, B R P A 2 18] 3 A 1
By oM & N o AR M A R IR 2 S TR T
WATHEN R, Sl T e2RERERHERE
HISPr, AR0R S T BRI R . BhAh, G e A
%, AT T bk G i N Rl s A -

2) #iFMATLAB 5 Orcaflex ¥4 SIS H
P T AR R T RESN S IR AR AR, seBl T
40 TR AT U, B T ERCR A
A 3

3) AR R e SR R BGE B EAE, R AT
REPRARAE S Rtk At e, DA SR8 25 i
IR S BT TR AL, RN AR REE 5K T4 24 K TFo,
FRIAT T 2 BARAL, SR (8) e iE N
i, AR REE. BlEH, 5B H0E N EE
M6.A1HEF 27.59, 1T 2ZI1K18.4%. REESHL:
(642.86 m, 35025 m, 21.75m) , BLEHRSH.
(244.68 m, 9.25m) , FHRSH: (428.03 m,
400m) .

i LT, RXIERKNEEE S MM T
R TR R, TR 0 SO R AR TR
TEYSIOME . RS SRy T RO AR R, 8K
UMb T B KK 1 S BN AR TR 2
WRZR, N TRENARETERES .

SE M-

[1] LT S, NGUYEN C. Dynamic Response of Deepwater
Lazy-Wave Cate-Nary Rise[C]/DOT-Deep Offshore
Technology Innternational Conference. 2010.

[2] RAMOS R J, PESCE C P. A Consistent Analytical
Model to Predict the Structural Behavior of Flexible
Risers Subjected to Combined Loads[J]. Journal of
Offshore Mechanics and Arctic Engineering, 2004,
126(2): 141-146.

[3] HOLMES S, OAKLEY O H, RAGHAVAN K, et al.
Using CFD to Study the Effects of Staggered Buoyancy

VIV[C]//ASME 2008 27th

International Conference on Offshore Mechanics and

on Dilling Riser

Arctic Engineering. 2008.

[4] WANG J L, DUAN M, HE R. A Nonlinear Dynamic
Model for 2D Deepwater Steel Lazy-Wave Riser
Subjected to Top-End Imposed Excitations[J]. Ships and
Offshore Structures, 2018, 13(3): 330-342.

[S] KIM S, KIM M H. Dynamic Behaviors of Conventional
SCR and Lazy-Wave SCR for FPSOs in Deepwater[J].
Ocean Engineering, 2015, 106(Suppl. 15): 396-414.

(6] EVAMS. MR E GUK T IE B i 4L [D].

TR KEH TR, 2016.
GONG Z P. Design and Research of Underwater
Buoyancy Module of Marine Flexible Pipe and
Cable[D]. Dalian, Liaoning: Dalian University of
Technology, 2016.

(71 T, Zse, &, BEB RIS E T IS
Ak BN FHD). HERE AL, 2014, 32(4): 18-23.

DING P L, L1Y, LIU Z L. Parameter Optimization and
Application of Steep Wave Flexible Riser Buoyancy
Block[J]. Offshore Engineering, 2014, 32(4): 18-23.

(8] Rz, #hz, AR, 5. G20 I 46 45 K i B

K2 BRI RS v, 2015019):
109-114.
SONG L J, HAN Y, FU S X, et al. Structural Response
and Parameter Sensitivity Analysis of Deep-Water Slow
Wave Umbilical Cable[J]. Vibration and Shock,
2015(19): 109-114.

[91 Fskl, Mk, 5 P8 BEARARL L ) A5 it B % 57

R A o BT T FE (0], PRBh S b, 2018, 37(24):
189-194.
LU Q Z, YANG Z X. Accurate Analysis and Research
of Umbilical Cable Fatigue Life Considering Friction
Nonlinear Stress[J]. Vibration and impact, 2018, 37(24):
189-194.

[10] =¥, 2=k, RK G2 WL AR ZAES) /173 87 (0],
rh & M, 2014(2): 92-101.

LIY, LI X. Nonlinear Dynamic Analysis of Deep-Water
Slow Wave Riser[J]. China Shipbuilding, 2014(2):
92-101.

(1] 57, o g A o R R e 5 87 BRI 55 (D], B
. PR A B, 2002.

ZHOU S W. Research on China's Offshore Oil
Development Strategy and Management[D]. Chengdu:
Southwest Petroleum Institute, 2002.

[12]¥ 5, w]Bam. JEEE-F & KRBUIR S 51 S04 [T].
rRE TAIEE, 2016(9): 50-57.

LENG D, SI Z Q. Analysis on the Current Situation and
Prospect of Offshore Platform Development in China[J].
China Industrial Review, 2016(9): 50-57.

[13]1 &0, HBXF, EEW. W& RBERAKED].
A AR, 2010, 39(5): 75-78.

LIZH, XU X P, WANG H L. Development of Offshore

System[J].

Machinery, 2010, 39 (5): 75-78.

Platform  Mooring Petroleum  Field

— 179 —



HE AL

[I14]YANG H, WANG A, LI H. Multi-Objective
Optimization for Deepwater Dynamic Umbilical
Installation ~ Analysis[J]. Science China Physics,
Mechanics and Astronomy, 2012, 55(8): 1445-1453.

[15]PINA A AD, ALBRECHT CH, LIMABSLPD,etal.

Tailoring the Particle Swarm Optimization Algorithm
for the Design of Offshore Oil Production Risers[J].
Journal of Food Engineering, 2011, 107(3-4): 215-235.

[1I6]TANAKA R L, MARTINS C D A. A Genetic
Algorithm Approach to Steel Riser Optimization[C]//
International Conference on Offshore Mechanics &
Arctic Engineering. 2006.

[17]AIL S, XU Y, KANG Z, et al. Performance Comparison
of Stress-Objective and Fatigue-Objective Optimisation
for Steel Lazy Wave Risers[J]. Ships & Offshore
Structures, 2018: 1-11.

[18]SUN H, WANG D Y .Sensitivity Analysis of Buoyancy
Modules Parameters of Lazy-Wave Flexible Riser[C]//

32nd International Conference on Ocean, Offshore and
Arctic Engineering. 2013.

(191733, BRStis. SRK BT 857 0 et & A A Beit 7).
A AP, 2018, 47(1): 28-31.

WAN B, CHEN J X. Optimization Design of Buoyant
Block Configuration of Deep-Water Umbilical[J]. Oil
Field Machinery, 2018, 47(1): 28-31.

[20] 4% . Szl AN B 4 5 o i 5 AL i [D). #a
IRV MR JRIE TR R, 2016,

XU Y. Analysis and Optimal Design of Slow Wave
Steel Catenary Riser[D]. Harbin: Harbin Engineering
University, 2016.

[211YU Y, GAO S, CHENG S, et al. CBSO: A Memetic
Brain Storm Optimization with Chaotic Local Search[J].
Memetic Computing, 2018, 10(4): 353-367.

[22]DRIEBE D J. Fully Chaotic Maps and Broken Time
Symmetry[J]. Nonlinear Phenomena and Complex
Systems, 1999, 6: 118777295.

BUESHAMREME LRE AN A RASERMBINZE
AL &%

2026 4£:3 19 H—20 H, SEPUJREEAMAIIEG T3 & VARG R R SAETL IR M2 Kbl “F
R« RIAE” N, M REUT A, A EOMIT. BMIREERR 2. 28T LAV ANE B
ZRIN T LRI 2 YL R M TRE A2 EIRI K bo SR E AR LU L2 2r RARBITSE AT AIEUA
AR KAV ARG A 300 RAAES =0

AR REEFA 5B B REMAREOAR R P VBN RIB RS R SRR TT 1A, SR EASTA. )
RSP AR TG, &0, TR NTERY 2 TV EEM TR A ML, JERZHEAT
R BE R BRI AR TR I EEOR BIRTRE, B EHEEn N TR B SN TR & R M & . Kbk
Al VM 2025 SFMTANEE TR FESARERRIIHIRCR, FENZRNMANEE TR s rE Qs . 52
BITHGHARGH B R, SO RS O BUB RN, TS TR R BRI,

FERETAREIA,  CBUFTARE ALIRRE——IE MR IR ) MTIESS . BORTMY. SRS,
YR TN TR RERRERT) SR R R A i S S AT, ATV L R T BB 5555 . TR
H b, CHRERARRIERT AR N BCEFBRFTRITFL) - (A0 E EAUT RGEORTITTY - CHEMZA AT 5E
FRAfF L BET SRR (U B BEAT R B bopTiial) S5k, FEISERTREIRN A BRENTT ATk .
PR SO T, 3RO T RV BORIR S ST BORIREIRTT, S LHRESHCFEM, L
ALFT. ARG TS DT RBAR S, R VATl R R S IR MRS Tkl s R
SICRATWRSR, AT BORMEE, T 5 5L R BGEOARNSG L, bR R B 51
REGHFRE F R

ARUK 2N TSRS AR BT S L AR Tt i T 6, ARdest 7R TSP IR SBERR
SbrEA R IR S, SHESA TR R AR R A R S

— 180 —



