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ABSTRACT

For thousands of years, the ship has been an important tool in the
process of human progress, ship technology, but also for economic and
social development has provided a guarantee. With the energy supply
becoming more and more tense in recent years, the study on improving the
energy efficiency and energy saving and emission reduction for the ship has
been paid more and more attention by the academia and the engineering
community for the sake of protecting the environment and improving the
economic efficiency. The ship line design, as an important part of the ship
design process, has been the ship designers’ eager to further improve the
link.

Many different methods have been proposed and realized i order to
realize the optimal design of ship line. However, no matter what kind of
optimization design methods, are inseparable from an efficient and
reasonable optimization algorithm. As the link of optimal design of drive
line, the choice of optimization algorithm determines whether the
optimization method can find an optimal solution, which is the ultimate goal
of ship design. Therefore, the research and development of the optimization
algorithm is very important to realize the ship type optimization.

On the other hand, hydrodynamic performance is the key objective in
the process of ship profile optimization, and optimization design requires
repeated iteration process. Therefore, reducing the forecast cost of
hydrodynamic performance is also the optimization process must consider.
At present, mainstream computational fluid dynamics (CFM) tools often
have high demands on computer hardware and computation time. This paper
explores the combination of high-efficiency numerical prediction tools and

approximate model techniques, greatly improving the prediction efficiency
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of hydrodynamic performance. For the future effective and effective basis
for ship optimization.

In this paper, a variety of optimization algorithms and approximate
model techniques are investigated, and the basic characteristics and
advantages and disadvantages of each method are summarized. Then, using
the C++ programming language as the basic development tool, the single-
objective genetic algorithm, the multi-objective genetic algorithm, the
response surface method and the Kriging method are implemented
respectively, and each method is verified to achieve the optimal algorithm
and approximation Model module.

On this basis, this paper integrates the optimization algorithm and the
approximate model module, the ship-type transformation module and the
ship hydrodynamic performance analysis module to form a new software
OPTShip-SJTU for the ship hull line numerical optimization design.
Through several optimization examples, OPTShip-SJTU software and
validate some of the optimization results to ensure the reliability of
OPTShip-SJTU software and its optimization results.

KEY WORDS: Ship Optimization Design. Optimizaiton Algorithms .

Approximation Model. Computational Fluid Dynamics .
OPTShip-SJTU.
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WARE: 17 R

L3 IE R B AR E R IMA S R

AU R AR 2 A K AR B (AR AU T 550 FR0 3 P, TS TE N AT A
Lei. T ERE R CFD R/ ZOR R T SR A LA A, IV AL AR
SRl sz B AL 2 N A, BRI 35 R 32 A 5 e R T A A e AR
JIEWER Sy, N IERRE 7 AT A



RSB EPNE2 TR =2 DATS'E

1.3.1 X8R AE

I W72 N T FAREE AR TR RAS, (RIS R UEREAS BEAAR (A
FE, B SGEH5 0) A B e e et 7 SR — AT

S HIRH DR, V2RISR T T AR AN, H A ATmAT Y
AP Monte Carlo fifiFf. 1EAZETE FEALH T 7 wcih du T 70t BLEARAE
i T 7S Horh, ik hr T O R L R AT A IR M, A O
G RSS BT TR

132 LR BMRE TS A

VT ACAME AR AR Oy IR A R IE SRR R, PRI SR B SR RAS, FrdR
A, R R A T2 BN o AN [F) B3 ALk e RIS 2R o 25 ol
BAEAF RGN, B WL R A A = BB, o M TSR (Response
Surface Method, RSM). Kriging 581, 125 0 28 A58 A A7 m) Bk pR AU LSS . 762
AT )22 B DI Fe, Kriging B8 2 DA A B R4 3 A R AR

Peri S50 [R R 2 i PRI AR BINFE T CFD [RGB A S 523, AT
(R Fefid i T BUETLFEIN K . FE S B, % RSM. VFM., Kriging. RBF
ST A3 AT TREAE, 193] TR T 45 R e Kim. Yang S5247E MR LT
U BBl b, PR T — BT AR B R IK S teRe A TH, %6t
FEFH T H 54298 (Data Mining) FERI AR Z AT TIRA 0, FHRIATT
22453 #T (Analysis of Variables, ANOVA) AN % 11728 5 A1 H s bR 2 98 RdAT
TIRANEZ . Series 60 MTRE BT, MIRPH I1E 9 B dnek Bwsiz T 2Rk
A7 7 ARA, T ASE 2R PR SR T DR RO 7 HSR ARSI S T B R . 1B 2RI
— UL VR TR ZRAESE NSRBI MY, DA e tiAk H bR
Bi%L, 7F OPTIMUSS.2 t4LF & HXt DTRCModel 5470 #H4T T & B2k B4 fAL, JF
AR AR IR IR RS R FE SR AP IS iSIGHT AL &, 454 FLUENT
R P AR BB AR ALL KA AN UG B A, R R MoK 1t ReEAT T4t
WZMIT TR AU Y T VAT 1 A0 AT o

RN T RAR A Bt A ) SR AR A R R, X T
FARSL[FIR R T AR et Ab Bt A i AR A B B . 383 0 I IR R 1) & g
SINTRE, FETHEE R RIS BB, B BEN S R A
HAR RN, B H AR RE N R BRI BS e B AR B4R, 456
U R ) 2 H AR AR I H i = 2



IS 58 iy N2 (T = DA
1.4 BEBOE L% 1T B0 OPTShip-SITU #EZ2

AR T E N FRMA TR R BORIT &, G R AR T VAL
NMShip-SITU KA#E#ESIA naoe-FOAM-SITU RARARE, FL[FIZH AL T 3T /K307)
P RE TR A AE AL AL 302E OPTShip-SITUB , BRAFHEZL NI 1-5 AT

B 1-5 A% A R ALi% i34 OPTShip-SITU 4E 42
Fig.1-5 Framework of ship hull optimization program OPTShip-SITU

15 KX FETE

A SO AEFTIRTE FEILR B b, IR 5 % 5 28 A i b iz i
AL EIE B TR, LRI AR e . RNk s o PERE it 456
RS AR A B T B RS 2 A AR ISR K BN 3P RE A Hrisi e, SEmbiAs [A] DA AR
PLR A TR S A B e85 (i Ak 15 THEEE OPTShip-SITU H#E AT & TAE.
FER F AR T 2B BB AL B 1T 3R1F OPTShip-SITU, X 2 AN HEAT AN B H bR HING
IERIZARA .

AR EAARTAENE T :

1. R T86 B 71 R e A 502, X MR B 2 vt A Tt fb . ANt
SCKR 3T R R (Sequential Quadratic Programming, SQP) [
SRR NG o ZITIAI FEAR S, IR, ARG R
ATICP ER P 71 W NSRS /W 8
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2. IWRERMACEIERRR , MRV BT /R A . FE TSR
Hbrigt £ 5H 7% (Single Objective Genetic Algorithm, SOGA) Fl1£ H bpigtf:
532 (Multi-Objective Genetic Algorithm, MOGA) . A& 3K 3 Ek A
NSGA-I Hi%. T A& FIEA S BRI, 288 P15 2 1) i AR A el i A
ERA R, BB THRA/KSN ) R AR e B e, 127 R
HRAIR o

3. RN R EETIEAMER 2 R R, SEBU AR B2 1) = 2% 4 i
A o AV SO SR AR 23 S8 77 S A0k A R HASER. FH 1) )97 TR A% 28 (RSMD
Ave B4 (Kriging) 771, 856 2 BFREAAEIR, XA ERA KK P )
PERE T AT ARAL, TR PR AR R HEAT EL B, X A 2 it AL
OIS . RIS 7 250 (ANOVA) F-Bt, WA 285 11T
1M

4. KRG AR ARG AR 7K 31 3P B 23 BT AR 5 A AR R B A Ak 2 45
HAE AL BT B OPTShip-SITU. A8 300 F-#27%. RBF Jj% 41 FFD J5
VRTINS, AR X Neumann-Michell 2 8F1 RANS 7572 3R
HAZK3h 77 % 0] @ AT I 5T, 456 NMShip-SITU #1 naoe-Foam-SJTU, 437l
S T AR I B R AR T A DA Bt

SR T R N AR

BB T AR A R EE S ENSN RN R, WA SCRE
WFFCH) 22 A SR AR LS 1 R EEEA . BEJE 4 T A EEE T H ks, DL
ZECHLIWE T AR, IR T ARSI HEZRE o

o B MO FE A R BRI AL, 200 AS R A A S AT AR
ISR T A A, X ANFITIERIIL sk s IR, JEX A SCH R
SCHLR B H AR IBAL A M 2 B RIS SRR AT B . RIS SR
FLH BRAN 2 H bRt SRR FP AR 34T T 50AE,  PRIE 1 R S TAR RIS 1.

BEEEAHE T A KX EIR) OPTShip-SITU K FH 1R B AR A5 H FHK 30 1k
REVEAG AT, XM B A RO A 1 R rh AN AT Bh R . 0o A LA A 7K
21 3P RE VAL A A N B 2 AR DG A R 228 1 ) B ] AL

BV RS . =TSR MY A L K K S Itk BEPFAS BRI AT
Hehiti b, Xt T Series60 ARERTREEAT YO T, TEERH TR TARE NS
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RN AN BEAT LA 2 AL B, PR 7 AL B s AR IX AN LA 15 SIesi] o
BIE PRI, FIRAIGUE T A SCR AR ATAT M, XRE (AR e A T

FOEAFENRAIEM E, A TIEUMERER, [FRX A B ARl S mk
Z Bb5, XAE—E R BRGNS k. RN, ARAAREY B B A A —
EWRE, 7HA DTMB5415 F1 4250TEU, A 25 %6 U0 BUSE R FIJE T RANS ARG
TR SR fif e M B0k R 1 i — P IRHIE

FNTONA SO TAE RS AR L I R . B 5 bT T AR SCI BT A
AR, SRR G S AT BN BEIRAMIBF 5 W T .
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BT MUBESEMEERA

2.1 5|5

AT IR BB I AU AL SRR I R IA T, MR 15 7 v H Sk B A L
PACTIE T LU NP — FGR AT SRR I ALSEE, SRR TR
It fe s, ArE MR AR D KAGE D RSE S (B ter), K
REAE BUERINS [8] Py SCELS AR B SR aR e DU, (H L AEAL B 20 AR A 1m) L B — €
A, BHBANRERLM: FEUZLTRRZAL, EiL)LHFEAMEIF
SRR, A2 R AR MG R K, BN A
EEFIR, R R ARG AERONE RN 2 R R B R R IUE. %M
FRERR S PR IT .

& 2-1 K T H R RN Efe g & 5 Ak Sk

Table2-1 Comparison between gradient-based optimizaiton algorithms and stochastic searching
optimization algorithms

SRR L R A RES AL R RIS %
EES B — M
e Sk ek A s
I R XE L B B
figt B BRI Tk SEiS =47 ESEELN

Hitk, ATRUEH, TR AL B A & A 5L % B L5k
HHE . REXFTE IR, Bt R 23— “ 0 g, JRENH
ZLOE R B R R PR B BB, (EREX T RZ RN =, B
THENTE A AR R A “/f” Mg, BRI N YERE R R BETE. 1E
TR E, M ROICEEA %20, R, TR R
AERRIPERREZE « BORBAR, E LASS AR s, I EASC R 27K 30 7]
P RE SR AR HRA B )T SRR AL, IR —F JE mC o e

AR TR AR IE A T A RIX P J 12T 52 2IWETC S JSER) Rl 7E
— AR v, T BENE R A IR AR A, AR T RE S B
HEEZANAFBME, b B bR R, K R EeR] Be 24
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WA TR o RAERT T — 2l UK SE B sz 30 3 ORI 1A, XA E
FAEAUA 2R ™ F A (7], B T R AR B g irl i, JCH 2 M AR R L
REFRI R BINRGYE . PR AR BRNE r) e, 8 2290 0 SNEE ok Se et et
HURAG AN T, XA AT IEARME R 32 2IUR A AR A R TR REAR AL, th
ARETT R S HEF AR, KPR E S EUNZ R i g in
FITHR A I A B LIRS N A AL a5 R ks a1k, HE 2RI RS R, Ik
PRI, — MR e R AAL SRR SR BAF IO 2L

B 2-1 5] N Aose Rl eg A5 BRI AR

Fig.2-1 Flow chart of shape optimization design coupled with approximation model

B SR L B e AR BB R A B AR RIS 2 KRG, 1 H TR FE A 258 XA
KM, REWS KM B AR TSR BAS R AR R AR 5t m] DAL AR X — TP J o 24U
THNERRE) UG Tk, TR R R R R TR SRR R, g TR
7RI, RENEIRZAET, EFE T EREREA S AT BT R
2N RIS (DesignofExperiement)” | [AJF R H T EFREHI @ A, 2
R IR R (Approximation Model Construction) ™.

A% 1) E AT H BRI R AT DU SRR AR 5 AR PR,
RERANF Y SE AR R AT 5T, 08 2% 2RTERIIL 55, RN I SR LA S
AL AR A 3 AR BEAT SBT3 -

22 MMILEE

AT AR T BB R E A AL SR MBI R & R k. Hrp, 2
TSR R AL A, B EAG AN ZE R A 51 — ORI k. BEpLE
R RCEET, EENERHA. ZHREEEE, B REEIERL A
B K SL
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221 ETHERNERMLEE

X T EUE AL R R, FE 6 BE R AL SR oy B AT 5 . TR
AL S PN O DL SR A F 2R R i ) R A R R A R
2SR T L 5 ORI

22.1.1 B4ifsi% (Simplex method)

FERUERACBEAR BTV R FH SRR B M R Kl ] st ) Sk At A T PR 7 V%
421, v R HEEIZEE 2K George Bernard Dantzig 1 /6 #E i .

AT I AR — s ARREAR, HERARAER : JetR — D2 in) R
HRTH A A N I ATAT R, SRJE B T, i — E (R R 21 5 — A SR (A,
RS R IR, B EERARE] AR

2212 FH R MXIE L (Sequential quadratic programming algorithm)

JF 9] ZIRFIRI 7 — Rl 2 . B TR R R R AR AL SRS, % T
R.B.Wilson 7E 1963 4E4& i /] Newton-Lagrange /52 AbTI>K . HAETRE LS
WEMNH., HEARBER. BdEERALAHEIE D KK (Quadratic
Programming,QP) - [al /@, ITBAEAR S LAl @, Kz 1 a) AR S
— AP REIEAR AL AWHEARHR AT 2 R 2 H i

ZEEBR T EAER S WL R MR LR, & & EM AL
WA, AR SCE SR A Matlab H11#) fmincon BRECH AIZ AR E, 456
FIT & H) NMShip-SITU #y 2 | EA AR ACHESE .

222 BEN RN BMLEE

1T A ST BRI 7 32 SR AR RH K SN 2 PERE AR AL, T — Il AR Ak FH —
WHEE AR, HE R BRI E R ERL, FIRETHE R
ARAL I 5 AR AR B — AN H BT AR B, (HORARMERR B — A4 R
WL T 53— J7 1, H ATEFEAA TN V2 TR e E K E,
AR RS 2 g AN W D0 A E50dE, DR I AR 2R AU Tt BEHMEAE Jr 28 381 BE 4y ) it
AR SOHA IR 8 N 24 B 22 G AT LA R ) 4 R AL R
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IXRPASIL AT LA Ja R AR S, BOVEl 220 7 — S8R aH
IRFE Y S B AR R, RS2 B e RE RN R, B
ARG BN BEAA 2K

2221 #EPLURNESE (Simulated Annealing)

BEAIR K 742 HH Metropolis $gth 1 i - BEHLALAL SRR 41, HARH 3231 T
Gt I G R R S A, R iR AR IR K FE AR R, AT R
v & )4y e L . e — AT I NS, IS AR T, BRIl e BL
H A BRI BRI ) B 2 1R s, A MR H IR 22 1) L, S R 4 R 1) ) A
BT YRR T 22 . MR IREM T RS, BRI T %, i
T4 1% A Metropolis #E N -

1 E(x,,,) <E(x,,)

P e Hem By > ) e

2L ] U 08 G B N R BB i R S O AEVF 22 T2 Il @ R ) 2
IR, % EI&R Metropolis #EN], A 5 2 B A 5 i .

2222 BHIRREEE

— 7, TR R AR AR IS IR B ST N B Rk s AL b . i
JiT, AR EG AN WU Rt i SE A R AR S A R DRI, AR
14 RO SEE 2R N T IR AL Beit . AE o AR & /i ik
—, BERLCAPORI N T2 TR R L. Btt, A9 E e C+Hf
FIPR TR BAT AL OMGEAL ) H AR LB AESIE o IR 1 ol S AT T 5

WAL BE R 2 B A YA B AN A 2 B S A M SR 1Y, AE3g 1% S
Bl T AR FAE YA I R . 22505 T BAR T B AR FEAE AN X
BAL R, RN H 2% B AR FBENLIER RS £ 2 — RN R REMIBEN LI R LA

N AL FIR AL B SR AR “ R (A e
it e 130 s BRI U — S ATAT R, 277 25— AR S S AR 2L R —
MG, BRI A RE (055D, FRIR T HAME— T & v
fH. PEREHRFS ME, HERPER L4 N RO, SR R AL
IR AR B AR B R AR B H AR R 1A XIS AR
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a2 T VAT

PRRN— IR . G TR 5, BRI T MR S L AN,
A HMRELE XS A ) B rT AT AR Ak 2-2 Ffros

FEAERIAE T
1y

THACE R R AL

| wmmmte |

B 2-2 #AF H R ARAL
Fig. 2-2 Flow chart of Genetic Algorithm

N T RRACRE PP I T S, AV A E AR P 34T 1 RSIE . — A
A IR P I Y 2 06 pR B e I BR BV B i A SIRAL BEALEY
IEROISE GRS PR P ASE S S U WAE

_02 }x2+y2 cos(27zx)+cos(27y) (2_2)
f(X,y)=—20><e V2 e 2 +20+e, -5<x,y<5

ZEREREARON Alckley BREL, J&— NEA IR ME. XSRRYE, HAR 42
PR, CHEYZRERIME, HHERES (0, 0) ABESEFER/IME 0. ZEEUL
fATRFAE I 2-3 .
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AT R A e 2 AR S

B 2-3 Alckley ) # & B
Fig. 2-3 Alcklek function

B 2-4 i AF H KRR B AR P A ST AR B
Fig. 2-4 Convergence process of Optimization Proble solved by Genetic Algorithm

K 2-4 R A SCRILIEAL FRERE AL Alckley BR i ME B ALIEAR
JORE, BI9% S RIAT SN By B BUE RS AR . ARIUESEIR A IS X 0.85,
AR 0.05, FHACFEEIAMASCN 200, LA A B AREOE E] 100 5X
METRZE/NT 1070 220 52 R4 IR BRI B x, y BRIERT 0.00488759,
PR HE A S 2 00289106 AR R E I LALES ROV HAR. Bz, A0
T F 8 A% B0 IERR AT EE Y o 3R SE U AR AL IR R ) DR Bt

2223 ZEMEEEE
WAL BRI N 2 5, —E3 B 90 AR, %A B IER N R £ HR
etk @i, 3T Pareto [7 A2 B bRist L L ONIT FUINE 1, i L
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Pt TAKET Pareto JRHIREAAE S, W2 E—E E. B INEMN 2 Bkt
FERET 1985 -4 David Schaffer #&H1, BEARAHET [ PPl I 4L 5%, 1%H
IR EIER X LW 2 BARBEsE, B R RIS T R — Xk, TikERIeE
MRS AR . IR R BT DR AR SCRCARER I 2 BRI B2 1995 4
Srinivas A1 Deb 2, AR JyIESCHLHE g% % (Non-dominated Sorting
Genetic algorithms, NSGA), 1ZH %2R Y5 A4 B PH PR 1) SCHE 5% S H1F 7 58 Bl 5 AR
BREURME R . REZEERB Y], AR EERE R, R RS
SERR AR, EIHIRTE T2 RN . 2000 4E, Deb A ASF NSGA J5 VEA71E [ 0]
figh T, R T NSGA-IL, Z5 kIR T ECR IR, BON 4RI N SN
22 Bbrg R,

FESEBR MR R T B R T, BT AR TR BAN R, TR %ELR
A H BRI EUMESTZ TR, ER L, 5T 2 Bt
SRR T 2R T E ik A A A L . AN SCTE B H AR SRR R P R L 5
ANETIHRIL (Pareto) fEHFHIEAR, #E—PH &k T £ HAritE Hi% NSGA Fl
NSGA-Il HIEFET

NSGA HiF i 5 A AR 2 BT A M AR SR 7 ST, KR 7
FOIE M FERUE, RN “AE5 5027 £ NSGA Y, N T ERIEFERI 24
PE, BINTIZREGE, TR IR, FE G b gL Fk AR 2 R
P 1 i i

SR, NSGA MRIRAFAE I WnTH 5L A B v+ ok =K < SR 55 S ) @l , NSGA-
I I3 H A2 T X e o) @, 3 SRR 5N T B ick e, s
ATISIAL, (R B SR % FE A v A SR SR Al v R A R B, (L B 1 /NS
S8, GRS TS, R TN RAMEE B R ER. BN T H RTEIAT
WATEE 2 BARBME 5L . AW SCRANZSANE, S —3UE MR 20T 7358,
SEIRANPE 2-5 FioR, %R EH NSGA Al NSGA-II {3 H % Deb 45 Hi:

minf; (x) = x,
minf,(x) =g*h

g=1+10(n—1) + X% ,(x? — 10 cos(4mx,)) (2-3)

()
g

h=1-
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B 2-5 A it AL i H 45 R 5 ARRAL Fp 23 R4 L
Fig. 2-5 Comparison of results of MOGA program between present work and standard programs
MU EBUERAESS RE K, AR SCRAII 2 Hbrigt A% 5% nT 5Ery, AT
TR R AL it 2

2224 W FEEEE

i HEUA R R A 2 B 5% R 2E 11, Eberhart #1 Kennedy1995 4F
WRIE SN EITARE T IZEE. RS, G5 5HAE SRR
AR EEAR . MRS, ARZAE T, BANMERE e — A HEM
IRE ATHRL T, SR —E 72 MR iR A E A R i LA BAL TR A,
AN S AMA AL o

WL RERE AL BRI L, A E S B O ARRS 5. 7E P SERR i) @i
R, BB B S B0 BT AR 85 380 4 SR 35 B () 520

2.3 IR B A

1 ks B BB A T R R ERE TSR RAS, AR MEELRE N B 2
ok, GG BOR L ook B AL, JRIEG TRZ M B, A
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SCHTIR BT AR R R AR B 45 A 1 300 8 TR AUV iy 2 1 e B0 7, RIS
HI7 7543 AT ) IR
231 R AE

WIS e N T AR BUEAR IR tF A R B RS R AR AR B AR
B, MBS S B 0 T R — R k.

AR A BIRLS Wt AR T i vt ik, i 2-6 fios. B
JE7R T 5150 A BENLEL T 7 Wb RARAL R T 5wt =Rk ieve ot k. nILLE
W AR T O RIS BT A IS HE A S A AR T, RIS BT
B2 R T AR AR PR A s B, TR B T3 O A RS

B 2-6 = AFiXKIN it T ik 63t bk
Fig.2-6 Three types of experimental design method

2.32 I IMRBIE SRR
A RS DU 7R g e AR 00, 458 i 7 T A DU PR 5, B < DA AR

2.32.1 Mo 7 AL DR R

Wi B2 [T 7V o 2 I BV, B B T /D BRI R B, AT S R
BEAT I ADARED G ) —Fh 7V 27 VRR) By R R . AR B, RHMIRPrARZR
P 1] R I A R AR

B, AT LR m T A Y ik S A M B

y(®) =2 a;90,(0) (2-4)

Hrb, @) N IR E, ¢ e [¢b, VPRt SR g AE. i

BRECT URAEERY, — UG, RAEH —Be B s 4
Pi(t) =1xy, Xz, Xy (2-5)

Qi (1) =101, Xgy ey Xy X1 Xy eeey Xpyeq Xy eeey X2 (2-6)
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AT IR, FEEER G BT IR B P(P>N) AN Bt 2 A IR g
(=12,....P)
XRE, BT LA BIHUE R P AN A, IR T EAEAERE T = (5 Paseenp)
AR 5 EAE ) iR 22 AT AR IR
ejzj’j_y.i:j’j_zai@(tj) (2-7)

f B GRSFTTAL, IR R/ R SR, B RT A5 3 SR B R

E= Ze —Z[~.f—Zaicoi(rj)] (2-8)
A=(¢"9) (¢'5) (2-9)
B N4
Ho g= S
Olp o Qulp
AT R A, SERTDUEAL )7 2T A
>(r-7,)
R =27 . (2-10)
>(5,-7)

R2MREIT 1, HANAHREE R,
2322w B iR RAY

5 LR P T S
y(x) = f(x)+z(x) (2-11)
Cov{z(x,), z(x,)] = °R[R(x,,x )] 1<i, j <n (2-12)
N, v BBk, () B M2 TR, R A 4
JRIEL, ZHER R, )WL AL For; 2(x) A IEA /M skl
BULRE, HIERNE, FENe, hiEEE, HREch:
Arfr R —— A S
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n,xn, —— S FRIE e AR E (n, FEREA A0
R, ) ——F 2P RE A 5 %, 01 X, 2 ) A R B
55 P E G AR 6 B Bt

R(x,x,)= ﬁexp(—ek\x,i ~xi[) (2-12)
rp k—— BB EA
0, —— A B I R IR R B 5L
X =) —— X HIx; 55 k N TLR B
% B B 7 BAJR 3P AEE S7. () FRISEE AR E ) 26 R0 x 125K,

I W

px)=p+r (R (y—Fp) (2-13)
ep Y ——n B, LS A _E R E BRI R AR
F——n 5, 2 f(x) Jg— N o i 1 A o gl 6

F(o) ——n, eI, BRI X AIREA A (™ ) 2 AR
H kAT
P () =R, x, ) R, 3, ) R, x, )] (2-14)
o) B — %50 B i Rl Adit, B
B=(F'R'F)F'R"y (2-15)

& fe T I, IR T IRAS A4 R AU B B R A R 2R T 22, R
e LM IR AS Rl 2 (1 5 22, HERAR (i h

. _(—FP) R (y-Fp)

& ; (2-16)
FRZSHL O (i KRR Al T X N IR AFE], 6 >0:
max " ln(é'z)-zkln(det R) @17
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Horbr 67 7 detR #0520, HIRREL, ATAT— 410, HREM R — BRI, &K
DAL ) o HL e AR mT DGR I SR A b P R 1) k 4EAR 2 T 20 s AL 1)

o B A BB G N, TRAT 2 F AR A i A 2 i) R4
& (EAFAE RS RO AR

2.4 REING

AT EE M FIRAL AR EAR AL, 20 B ANE F A SRR AT
RS SARA T VELHI Y A0 AT, KA R D5 IR LR s il IR AR, R ASCE
S SEDLA R H bRt A SR AN 2 H bR L SRR AR AT TAEU A . RIS
18 H s A 2 B bR AL IR R AR T 1 30IE, ORIE TR 8 TARR AT SETE
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E=F MBTH]SKNDERETR

3.15|5

Fir R AR HA AN BB TH AR, R MR R 2 A T R ) B AR 70, S
TR o R AV S S S R AL, BB S ST 1 AT 5 v
IKENIMERERI R R IR S G AE L, BT U@L e B A W i 28 5K3)
JIMERERI ELR R R, RaEBUAE AR

Vi jding = f(xdesign) (3-1)

Sob, g SRR PR TE KON KR, xR
LT BHG MEREERR [(x,,,) WK T ARTARIZE BT BN A T BE RIBU <
Ao

AREHI AN H AL T IR O¢ &R, B I R AR WA KB Ay I RE DR
PR S, SRR AN Bt 280 O R R K Bl PR BE IR G R

3.2 ARBIEHRAR R

i 70 A i s i LA AR HH 1 D% B — 34 AR T AR S E R U
REHCRE R AN, IR SN AH/K B I BE PG BB AT SRAR VIS, PP
g Rt — B M L RO B AR B R IR R

AHPREXS OPTShip-SITU LA K A SC K B i R A2 e i At i B2

321 E£#%&

“F#%7% (ShiftingMethod) J& —Fi & §2 ZAT I SEA @R T i B DATAREE
A M 28 (SectionAreaCurves, SAC) NHEAEXT S, Wit 5] A& ek HCRA G
Pt S i T AR th e AT B 0, OB YRR TT ) E 7T 8 &l B 2615 28 L
AR AL
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A 3-1 FHETER
Fig.3-1 Sketch for shifting method

N T AL TSRS P AR e, JRATFINAB R 2L g

0.5
Q {0.5(1—005272’ e )} , x,<x<a,
a, =X
0.5
£=1-q, {0.5(1—(:0827[ 1% )} , a,<x<x, (3-2)
o) =X,
0, elsewhere

Horpih RVUANAE R xr, x2 70 3 M A T 2SR X SR L AR B, o AR
B KIERE S oo A HIXIRAANE AL E

PARRIRRRS KOS RO AR R, ARACR R, ARRE R T Al (4
B SEMD RUBRES I HAZD5 3w A R Do BT e -

322 R REBE

N T SEBUN A T ) R AR R, A EOR BTN R AR T, B A A
FXFRLERTF R T — 225K, o, Boer“S 4 T — P T 43 1] S R K 1) o T A
AR T35, SITIRAE AL BRI AT Tl AT R, DRI b2 BRAEHIE E 3 IOORTE . A
SAEHHAT IR SR B AT, & SR A Ak il T B HUscs T =B e, AIAH=
TR (AR, S A AR T AR . T R EEA R P SR A
TR B (CAHERE. Bk MRS, RNy 7 A a1 REA Y
SR RFEIE ,  FEA AR i 1 R =2k
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1) [ ARl E ] RD;

2) Wt it S BRI BRI R (B ahE ] =0

3) BEIEH] AR B AR B B Al

FF I, € AR R s(X), FRER I RR IR X =(x, y, ) A%

KN
s(0) =248 (|x - x|+ p(X) (3-3)

B, sXOBEERR N N MR ZER S A 20 R, K, N2
B A fa i s N8, BOFE I e s il i AR s 4 1l i, X =(x, ),z ) RN B MRk
BRI N ARG AL RS, R @ B AT — A X 5 bl
X; IRK IR B BRI, A SCERRan T B S5 PE 1) Wedndland’s 5 bR 5 :

#(Ix1)= (1= 1x1)" (4)x]+1) (3-4)
p NAKE 2 3K
p(X)=c¢+ex+ey+e,z (3-5)
RH N AR ¢ T LA P S5 ) s B SRS SR AR A5 21
s(X,)=f, . j=L2...N (3-6)
B, SRR R N AR AE, RPN 20 -
szp(xj)zo , j=12,...,.N (3-7)

AL R 0T e R

G- ) -

/\E':I’
A=[Aidonity s c=[enenenc]s F=[fifomte] s (3-9)
Mi’],:¢(||Xi—Xj||) , i,j=12,... N (3-10)
P,=p,(X) , i=L2..,N, j=1234 (3-11)

2l FATAFRBLNETTIEAG-8), MAHEEKG3)PREDNRE, i
AT WS 9 R ABARARN(3-3), 3l AT AAS 2 AT S 5 s (AT DL, AT Sl
AR 2T IR R A R R A FR 7 RS T AL BN A, il R T R
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BRI BN ()4 (B 7 v SR A ) Y R AN AR AL RS o 2OV R, W R
B, ReE SO AR R R A AR, AR 5 T, Rtk C &S 72
INAEER
323 BHT®EE
FFD J5 %72 H Sederberg A1 Parry4717E 1986 4F4i HH 1 —Fh I 4% B HH AR TE 774
‘B2 N TR LT EAE N B & . HEE A AR
1) ik e — T (Lattice) , T HIR/NSALBEHE T A2 TE X3 H TR/
50 E, BT (B ANIX T
2) TEMEF NIk — RN, FHlEid Bernstein 22 WU ARSI TH miAk
i 2 1) AL AR ] IR 2R P00 R 5
PLFS 4l s r # oA R AR &, Il B sh st S E, RS IR
fEiben A E AR (CBERD, AT S IR A4 Hh i A2 7
HoE, A MUE TR ET MR K T R G R S AR R O°-STU,
ZRF AR R U 3-2 s

B 3-2FFD 7 & B3R & 4R %
Fig. 3-2 Local system of FFD method
Horbr 078 R AA KR R R 5L S, TU AR ARAR 28 R IR = Abr il (il R A
SR, AT RIRAEPR R O-XYZ N BT — i X AE R ERAAAR R HIARAR N s, 1, 0D
JUESE
X=X,+s8+T +ulU (3-12)
Horr Xo 9 R ERAL bR Z IR A s, 6w 2 A AR
_TxU(X-XO) t_SxU(X—XO) S_SXT(X-XO)
- TxU-S =~ SxU-T SxT-U

AR s, u HUESIS T 0 A1 1 2208,

(3-13)
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FERTTRNRESERITH AL Qun = 00liE S, T U =7 AT T O'TU,
O’SU, O'STTI A SRS 0'S, O'T, O'U%HH L m, n KN, W Oy %
ZAVAE

(O :O’+£S+iT+ﬁU
o I” m  n (3-14)
i:(),l’”‘l; j:()yl’"'m; k:o,l,---n;

XA, MEZRAER R R RS X ORI BRSO

X(s,t,u) = Z i Zn: Bi,.i (S)Bj,m (t)Bk,n (M)Qi,j,/f (3-15)
Hr BfYE Bernstein Z IR %L, & K-
__n! i \n—i
B’*"(”)_—iz(n_i)!” (1-u) (3-16)

H1 (2-14) XATH, WIAAMEL RS 7 2 BT 12 1) 7 sl 2Rt i 8. FEESE T
R LT s SAEZR Z IR DR 2R ST, FAT TR DA 2042 115 sl A A Dy ot i Az
B, WL AT RIS R AR B H AR o KR HIAEZE A BAE— R X HI8)
RIRFRAAAR Y (s, ud, FEHITT R Qu BIALEARS 15 2R B 320 5 Qe T
MX B 2] A X

/

Xp=2, Zm: Zn: B, (5)B, (OB, ,(w)Q (3-17)

i=0 j=0 k=0

AR T R M B B, i1, RN, RIVATAS BUANE R 4 R o

3.3 /KRB0 J114 gE BUE TR IRIR IR
3.3.1 ZF Neumann-Michell 321 893438 BE FIF0 R

T SR T AR T AR 1T, IR 2 2R T SRR R K3

I RE VAl T Bt o A SR H /2 B Francis Noblesse %5 2% #i2 tH 1 Neumann-Michell
(NM) HFEipl48l, 1ZHS E1E Neumann-Kelvin (NKD) Hig FFEaE & MR,

ISR I ZAAE T BIEZE T NK B R AT (A 7K 28 i AR 23 33,
W T E A A EN AR K ZR T LA AR 73 . T NM 3R [1RE ) Pt sl
e, RN HEAE —E R, IR & T AR AR A1,

NM HR I e &R IAHN:
$=g,+v" (3-18)
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o: v oF

b, ELHGn'” da—LFGﬁ" dxdy (3-19)
7" = [, @d. +¢,t.)- Wda (3-20)
Hra,, «, ¢, o BRSIEMUIR AL R E, BIRKEW 5w ke

VxW=VIW KR,

AR T NM g R #s NMShip-SITU SKIHRM AN H ST, AT
BUFIX —SRARAR AT FEME, AT HUF AL Wigley REAFHEILIEE (Froude
Number, Fr) TWIDUEBH AT 7 iFE NS, FFBL 1957ITTC 2 20iH5HAH B 1) BE
YEBH 77, 3t 0 3 A AU A = B 77« NMShip-SITU K fif#% B B A vt
25 R 5 ORISR AT L. ¥ 3-3 P

HH & 3-3 Al %0, SiREG(EA L, 5T NM HIg X Wigley M FH 7 i) Fiidkors 2 mT
PLUE 2] £10%. R H A mAG B R FE A TR VB AL, 3XFE B 45 SRR A R e
Ho EXTARRMAN S, ZiRE~RS T UERZH .

K 3-3NM AR B A & 45X Iafh ey b4
Fig. 3-3 Comparion of resistance coefficient predicted by NM theory and experiment data

3.32 & F RANS Bk ttaE= & TR

N T HEAT EANRE G MK 3 A RE TR, AIRSOR R B 29F R ) RANS
FERAAZK Bl 7157 3K fif 2% naoe-FOAM-SITU #£47 2T~ CFD BT B 2R A1 1L it 5 naoe-
FOAM-SITU 3875 B H B sl BB ANAE G i i, ml AHERA R AR 7K 2h 71
PERE, BIRPRENE . MRE S #RNE, FFal LSS MERANTAT I R TR ISR Ak, 2L
AIFEVEATHER R CAER 2 0F 50 2495 21 55k
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naoce-FOAM-SITU

6DOF Module

Numerical Wave Tank

OpenFOAM
Turbulence Deforming

B 3-4naoe-FOAM-SITU #2 - #E %
Fig. 3-4 Framework of naoe-FOAM-SJTU program
FEREILA b, ARSOTR 1 — B8 TR IR AZ I ) CFD R i Lttt
Wik EId 4 B AR MR A ST E snappyHexMesh,  SEHL T H 2h5¢ ATAHZKS)
JIVERE CFD 1F4, HARIL LB R Ry . 1X 95 Tu & hdk § RANS T2t
TR R AR BT AT T 1 S A

3.4 KEING

KEEANE T AL M B OPTShip-SITU K F (AR AR kb Al K 5 /71 BE
PRAGRRER, X PRAREERL SR AR AL I FE A AN T B BRIP AR B . o i 2R AR i A1 K 5
F1MEBEVEAN IO T & N FH e M RSN Ak 75 5 FE ) 2R )
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FENE ETARMMIEEIRGERIL LA

4.1 3|8

B VR ECENH T AT KB B R
R T AR 7 VERK B I ERE TR J7ids0 AT SRR AT T 0AE A, BRI
R FAT S

AREAEM P N AR B, SERPI AR et . AR AR TR
T RIEN Series60 FRiEMEY, 40K P 51 RIS BARBE R E, XA
HARBR L (45 5 BN FRONEARTREE YR, 3H T T Ak it AL sl
JE T MR R BAA RN R EA T . N TR SRR, AE RN RET
Neumann-Michell B¢ ) NMShip-SITU 3R fift £ TR AT AR 3 BH A7 .

4.2 ZT 5 2R AKX 8 Series60 AR AL 11

PERAR SO — MRS, AT LEFE 1 2R Ry R 2 05 B A AL S0 AnEL
DN T B R A 2R D R TR

APACTBI AP T 1 i NP IR B br ek K, X brifE A 7 Series 60 BEATL
WBETT. Series 60 &l WIARHEMIRL, HoKZh /15 VERERS 21 1T 2 SR AL
{E TS B AE AT 550,

B 4-1 Series 60 A5 & AR (KT 364
Fig.4-1 Model of Series 60 Hull (Underwater section)

KA BRI R AT 1A P RE AR ) H ek Bk, KB kR TR AR
HF Neumann-Michell #1£ ) NMShip-SITU SRff#s, AL FER T 51 ok
FE, 2 RAEEAG, 53] 1 1R IR O X s AR,
P Es REEAT 1 73 #fr o
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421 BFrERE

A E AR B bRt AR /K3 771468 - Neumann-Michell BB 15T
AL T — PR PR TR AR AR BE B 1 vk, e AR E= i AR R ek v v 3 ARG AR Y
e FH 71 B2 8N AR A B R

AR ST WAL 0 B bR 2, BRI ST R Serious60 FrERLA [rIAEAN
P BH 1 R EL, WTERR N (4-1), REFERHBRAEE RS S AT
POKRIEYE . FEFEMRE, AT ERAA R SN ERRIS, AR
SRR I F AR AOE — A2, PR et 503 FE H Serious60 MKN 1m, HABAG
BSHAUNER 4-1 Fis.

fob]. =min Rw, Fr=0.20 (4-1)

% 4-1 Series 60 #& & £ %
Table 4-1 Parameters of Model Series 60

fii KL A% B WK D
Series 60 1.00m 0.13m 0.05m
& 4-2 74 Series 60 MiKIRH NS, HTiHERE AR M ITIHIZE L&, HAEM
TR MR BRI AL B TN A B, [RIB AER A R A T B A
[FIISE 9 1 A5 30 B H OSSO, AL T W 4-3 WS SN ) B T A% .
ANV DA A R T 0 R, X A ) — AT UER i, A2 )5 T
By, WAEGERH] T IXRER T,

B 4-2 Series 60 A5 7K & @ [ 4%
Fig. 4-2 Surface Mesh of Series 60 Hull
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B 4-3 Series 60 45 1k &\ M A& & 8 B @ FA&
Fig. 4-1 Surface Mesh of Series 60 Hull and Mesh for Free Surface

422 I EE

ARSI Series 60 MR ZRACA LT & 34T 2 =3 v AP AP A2 AR 80772
SFREVE AR 3 R BT VAT, )\ BT AR & g, oof, Qia, 024, 1, 12, 13, f4o
HA air, o2rr 01ar 020 AP RVE T IR AR #0250, T As £ACGRIARTIRT
FAk, a REMIRIGE AR £ =1 2 3 0 MR IE T2 [m) 22 R BUOHE 7 70
BZH, AN sh it s 2 e s, X DU i g i) s S0 Tk
EAEME, K 4-4 frox, HEBITT AN I, HAh 7 [ PRFRR [ 5E

P 4-4 JE 42 i) 5 R B B V2 DU A% BI%
Fig. 4-4 Four Shifting Control Grids of Radial Basis Function Interpolating Method

T B\ AR, HAFS AL, DLEARHIEH, S E5IN5R 4-2 Fs.

% 42 KT B 7 RALX) H k89 Series60 A8 A AL E &
Table 4-2 Design Variables of Ship Hull Optimization Design of Series60 based on SQP Algorithm

Frs Gkl IR LR LA
1 of -0.005 0.005 /
2 Ot 0.1 0.4 m
3 Ola -0.005 0.005 /
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4 02a -0.54 -0.1 m
5 fi -0.001 0.001 m
6 f -0.001 0.001 m
7 f3 -0.001 0.001 m
8 f, -0.001 0.001 m

423 L ER

Sk Fe 51 ORI 360 IEARTHERL, 1A USSR B B2 1) B A ek U
DU, A Es RANEMT

% 4-3 KT B3 R ALK H ik 89 Series60 A5 A AL R
Table 4-3 Results of Ship Hull Optimization Design of Series60 based on SQP Algorithm

PRI R B(X 107) MR A (n?) KA ()

W AE R 0.3900084 3.40952 0.00424552
B 0.2074481 3.40645 0.00424401
AR -46.81% 0.09% -0.04%

M BRI R KE, ATLLRIL, 1930 RL % B 58, HHEE
WIUH T Series 60 M BaE — FIIRAK . 5 BRI, A2 VRER TR AR AT HE K AARFH,
AL 0.1% LA, FEARFEAAR, XUl T I R R B T WIUaAR LT
TEARFFAE SR b, 8 AR R BN TR AR A, SRS T AR s
BH TSR

NT X — g R A M — DT T, REL A MR AR LR
AR R 77 B B T4

K] 4-5 F11& 4-6 5% Series 60 ARRMLALHTfE I BG Rt L. MEIFRATLUE H, AH
X THIUERE A Series 60, e PLATAL I M 15 ORI G4 R i #AA AR 15 58 I AR R
i, T A S AR A BN /N

B 4-5 Series 60 A5 & AL £E R Hh e A &Ktk
Fig. 4-5 Design Optimization Results of Series 60 Hull — Comparison of Cross Hull Form
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B 4-6 Series 60 A& & A 42 R -2 A &3tk
Fig. 4-5 Design Optimization Results of Series 60 Hull — Comparison of Longitudinal Hull Form

& 4-7 RAGREREIE A0 AT XTI, RIS, AT it s s T
A5 ) 225 R R B IR VA AE A A B B0 1R IR R AR BET AR B e
LIP3, DR BT PR A A4 15 5000 15 A ORI & 4-8
P o AX X Lol AW A, AR s o A TR e te, &=
FEAE T R BB e e DM AR X A AR A o L rP A 1 S v s DX 0 s
R, T H e R XS A — @ i/ o [RIRHIG S X AR A A B AR I
T3 PSR S I FEL T 7 9N R AL

B 4-7 Series 60 A5 A AL LE R -k & R /) A At bk
Fig. 4-7 Design Optimization Results of Series 60 Hull — Comparison of Pressure Distribution on
Hull Surface
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B 4-8 Series 60 A5 A K ALLE R AR B IR @E 5 H 3
Fig. 4-8 Design Optimization Results of Series 60 Hull — Comparison of Pressure Distribution on
Hull Surface of Ship Bow

B, BATRHATAR I B H M e DU T I S B A X e, 1 4-
9 NREAR B HHTHE BT L, ] 4-10 MR R I X bl RT DAL (5
R B p T IR AE AT AR W1 A BRI, e R P s A, RIS,
HIGR AT WS o RIS AR SR T X R LR A i AT Rl (1 %5
A2, R4S AR A A AR T 7T 0 AT

g5 ERrik, X§T Series 60 MiZY K ILALAAT R (7K Bh PR RE P HT R W, AITIAA
DAL SRAZT & FoK B TIERE I 1, BIRXAERI DL ALEE RARME O TRIL e LTk,
ERA ST DS 2 — AN AL AR, R R A R B AR 1E A T AR Ak i
THIIAI G B
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B 4-9 Series 60 A5 At A 25 R -AB 4K B W 8 S 3 L
Fig. 4-9 Design Optimization Results of Series 60 Hull — Comparison of Free Surface Wave

Elevation

0.25 . - .
Optimal Hull ——
Original Hull ——
02 t

015

01 r

Zim

005

01 i i i | 1
-0.6 -0.4 -0.2 0 0.2 0.4 0.6

>Im
B 4-10 Series 60 A5 A4 25 R-ABAR K @348 & & ATk
Fig. 4-10 Design Optimization Results of Series 60 Hull — Comparison of Wave Elevation on Ship
Hull Surface

43 BT B BFREEE AR Series60 AREML 1L Z T

EAeR, BAEE A R T WP ISR 1A SOR % SR
A ITERNK S FIVEREVPAL A R AT I, xS+ SR AR Oe A vt Bl 14

-37 -



RSB EPNE2 TR =2 DATS'E

B AR AR AT s st n—J7m, %R AR ATE
THAEESIEH, MAESTUE T 2RI EZ R .

AARAL SZ) & FE T Neumann-Michell # i flist4% BT 10, CABRIEAG Y
Series60 AWIIEAINT, TRV #5542 )k ek H02 42 ot 4 il , 4 2% PH ) &
HAEARACBH B AR s, Sh@fiE (Fr=0.30) N1 Series60 7Y EATRIZAR
kit ZAT 38— AN Re Al AR LS E WUHE T H A R NG AEEL, I
BN LA B T 58 UE 53 4T

431 BfRAE

AT EERA BT B A AT Neumann-Michell FE ¢ TR i AR M8 FH
VARS8
AREF IR B AR g, Nsiud T Serious60 BB AR AAES
BB ) F 8, IR A (4-2), AREAIR F AR BE 2 5 = R A i B H it
BB . WITEAIAE Serious 60 AEK [FIFEIA—1 4 Im, HABAGEI S WK 4-1 iy
s AR TR R R X AEATI SR [RIPE 4-2 Fl 4-3 Pl o
fobj =min Rw, Fr=0.30 (4-2)

AARA AR FH B 2 By b — AR R RO IMAKE B D 30, IKE I 1ES%
PEARREREOE S 36 £, RIFESER 1080 NAMATHEE, BEHUNE 4-4,
% 4-4 KT ¥ BARSE A SR 49 Series60 AB AR AL 45 A E
Table 4-4 Ship Hull Optimization Design of Series60 based on Genetic Algorithm — GA Settings

Mt FHRFACEL BRI
30 36 1080

432 TR

AP Series 60 AR AANAL Bevt 2 2T 58 =5 b B Fh A2 AR 7 v
SRSV ANARE 7] 2 bR BT VAT I, A LA T AR B o, g, Ok, 02 f1, 12, 3, /4, f 0
Hrb i, o2 as 020 AP REE T K IIRRL AR 280, T bR AR AIRRIHT
Al a FREBMRI G AR £ =123, 4 5 WRARTRIE T2 1m) 5 2R E 48 7 V2 AR Y
ISHL, HA L o1 254 30N 14 DUASFE Sz il SR aeE B, 1% DY/ M) A
P SN T AR AR EAEALE, W 4-11 For, BHHEBI TSN T, HAib
i RFEIE 2 o fs FoniEhla S MR B, H AT 7 mfs sl .
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P 4-11 BET-42 i 3k o BHn (B 75 500 T RE B A% 1 A
Fig. 4-11 Five Shifting Control Grids of Radial Basis Function Interpolating Method

T B RIHACE, HATS AL, BLEASHRIEH, 5% 4-5 Fs.

% 4-5 & F ¥ BAREAE H k49 Series60 A5 A EAL L T &
Table 4-5 Design Variables of Ship Hull Optimization Design of Series60 based on SGA

s linei IR R <R VA
1 or -0.005 0.005 /
2 Oor 0.1 0.4 m
3 Ola -0.005 0.005 /
4 O -0.54 -0.1 m
5 f -0.001 0.001 m
6 fz -0.001 0.001 m
7 f3 -0.001 0.001 m
8 4 -0.001 0.001 m
8 fs -0.001 0.001 m
433 MIEREDR

2ot AL BV 36 FCIEAR, FEit 1080 YRITE, ARALKETL DL FH )y B8t
AWEL, MRS REOERB I 4-12 Fis, AL RN 4-6 FiR:

% 4-6 K T ¥ BARI A H k49 Series60 A5 A KA 25
Table 4-6 Results of Ship Hull Optimization Design of Series60 based on SGA

P BT R (X 107) MR A (n?) HEKAER )

VU AR 2.00236 3.40952 0.00424552
SRR 1.72281 3.40546 0.00424318
A -13.96% 0.19% -0.06%

M ERKIACEE KT, ATCURIL, 13 2IR) AN L R B 52 8, AL
WIGE ) Series 60 MALATL) 14%1098AK . SUb[EIR, AEALRR R ARAHEAKAR,
BAEHAALE 02% AN, FEARFFAZ, XU T 2B R B 1 WIAGMALR
FEARFFAE R EAE 1, 385 AR R NI ARAR AL, A 1 AR R/
BH AT HRIRR o
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AT R A e 2 AR S

R T — S R A BN — DT A, RS SRR I B AR AR LA
MR RIT R 71+ A B ST

4-13 2 Series 60 MRUACALHT G RO ZE XL . MBI ATBLE H, 2RT 42
WAL B, AT HIAEHE T Series 60, At AR T ATAA 1 # 8 AN BB A a0
SN 1) SN =B TR % N R (1B VRS 3 ) 7R N 31| S 1 e i P o~ 2
AARAL G F, AARE I T — /R RS IER BAE S5, X — SR S5
WAL AHTT -

0.0026
0.0025 P,
0.0024 p
0.0023 s
0.0022
0.0021 MeEn.
0.002
0.0019
0.0018
0.0017

Cw

0 360 720 1080

lteration
B 4-12 AL EAZ Pag SR ) & &% K
Fig. 4-12 Iteration Process of Wave Coefficient in Optimizaiton Design

B 4-13 A T 4% H k49 Series 60 A5 A A ALLE R - B & 3 b
Fig. 4-13 GA-based Design Optimization Res%;c;;f Series 60 Hull — Comparison of Vertical Hull
2, BRATTRH AR R B BT S AR T M = FEAE 7R b, B 4-14
NFRARFR T B R XS B, 1 4-15 ik B i Xons b TRABIR &, M
A B H T Y PR AE G 1R W R B ARG, HIOB A e A I 2 g gl o [ I AT A SR
TP R R, FLAE R B M o 0 E0) e v P A S A1
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0.015 —
i Original Hull ~

0.01 \ Original Hull \

0.005 i ‘
E L
N 0 N

—=
-0.005 \/
-0.01
-0.6 -0.4 -0.2 0 0.2 0.4 0.8
xm

B 4-14 Series 60 A& F # % H A9 AR AL R-AB 1R K @25 & BT
Fig. 4-14 GA-based Design Optimization Results of Series 60 Hull — Comparison of Wave
Elevation on Ship Hull Surface

B 4-15 2 T 4% H k49 Series 60 A5 2! AL RABIR B &y @0 3 1L
Fig. 4-15 GA-based Design Optimization Results of Series 60 Hull — Comparison of Free Surface
Wave

K 4-16 RIS /0 A LE L, [, i FAS T A i@ 3t 1
A2 ) 225 PR R B IR VA AE A A R0 1R IR R AR e, DRI AR AR B
LT AT PAREAR B AT ISR BR SRE BS54 . NP EL AT AR5t
PRI A 73 A TR AR, AR P M4 R i s DXORT o A R XA
ARAL o FL b A S e T DO (RN B R, i H R B A — g e . [F
A X AR AR B A WA SR AR 3 RSN A M BT 9N R T A

g ERTR, BT HAREME BIEN Series 60 MR R ZARABITAF B THRL
FEARALER
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B 4-16 A T 4% H k49 Series 60 A5 A A sE R-k @ B /) 575 3 1L
Fig. 4-16 GA-based Design Optimization Results of Series 60 Hull — Comparison of Pressure
Distribution on Hull Surface

4.4 KEINZL

AT SR TSI RS DK 30 7 A VP (1 F SRl
E, AT Series60 FREMEAT OB, TR T AT B0 5o
B AL 2R (P B0, AT R AP AR T et ety
PBL, FIRHIE 7 A SCRF I TTATPE, MR R P T K
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AT i
FLE FEITMERAMRBRL A

5155

FERT = AERRACETE . BRI R . MEBAR 7R R K 30 77 14 B TR
JIiEFERE b, LR DY 5E A A R B AeA S ], LR BRAIE T AR SCRA 5%
FAER AT, AR RS R RSB, AR,

AR TR LIRS b, SR SR MG B AL, S G U R,
%o 2 AW BT B ORI 2 BAR AL it

AFERTPIA LB, B BRI E T Neumann-Michell i/ NMShip-
SITU RfFE#% A1 TR iR RANS J5 21 naoe-FOAM-SITU SRff%%, 45& WALHEIE:
Lvd B U AL, X DTMBS5415 A5 BT AT R eit. 38 =AMk
SR U)X 4250TEU MR ALEAT 2 A0 T IR 34k ok, fEXT 4250TEU (1)
AL, B T ZE0H (ANOVA) HIJ7E, R E ) s T
T .

52 EFZ BirREE XK DTMB5415 AR B4 15+

TESEBRIARAN B R T 1 R, T HAR A TR A H AR, LR
HHISEIEKEN 15 GBS 27N . ERtk, 3ET2 H bR
RN T 2R W 1T RAA% AP B AT RIS — B H 2 B Ass I,
GEG PP AR T BT AR 1A R BB B 5 AN B AT i, X KR
SHIRFERR R DTMB 5415 #EATH AR TIZAR AT, DTMB 5415 #ARA1E] 5-1 Frs.
FRFBRIIBR BN GEINER) 252 8 RHOKB A PEREM BB R &, Toriada
LA 72 Ja3 3508 AR T 5o Ak /K B 3 P 1 52

B 5-1 DTMB 5415 #& &
Fig 5-1 Model of DTMB 5415

AT KA B bs BN 22T BRI BB ) R AL
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5.2.1 BFREH
A% FARR AL R AT LA AL F B T

Min f([x]):{falbj, aij’ 03171'}
[y, =C,, at Fr=0.20

O

f2=C,,, at Fr=030 (5-1)

0

f3=C.ys  at Fr=040

0

[x] = [A17A29A39xnx29%]

Hrp, BABERRRE () #RR TESEAN R UEEF=0.20,0.30, 0.40) T
DTMB 54158584 I 260 BH 1 R 8. AT ISR 2238 — SN 4R 2 B
WAL FE . MIIEEL AL ARDTMB 541 55K FIAE IH— 4 N Tm, HARAE S 8N R5-1 0
TRNo

% 5-1DTMB 5415 457 A %
Table 5-1 Parameters of DTMB 5415

JEARLL! KL M% B 1Z/KD
DTMB 5415 1.00m 0.1342m 0.0433m

A SEI R P g A% Bk b — AR MARCE I E DY 200, B 2L
FAF AP EELF] 200 A4, BIFL5ERE 40000 MMETHE, BEENE 5-2. H4b,
ARATEBIRF T 100 AMRACHLT 7 BE IRIREAS sUR 5 L A8 Sfebe) i R AL 72
IR P it

% 52 AT % Al HE S L 2R maRA 4 DTMB 5415 A5 R R Lfi e ki B
Table 5-2 Ship Hull Optimization Design of DTMB 5415 based on MOGA and Kriging Model - GA

Settings
MMAEE AR SIS
200 200 40000

522 TE

AL BB 2R o G R AR R e . ARSI DTMB 5415 fik
RYZEARA BT A 55 = 2 P ) PR AR R AR v s 38 T4 1 3k ol B A 1 712
A E A RT3 T2 3 RS E R VR SE B T AR ER S (R
Wy 28 ) Kb FR) SR S AR B, T A A T V2 S T A IR BT I 21 A4 R0 4 Fh ) e A AR 4
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AL AN B E: ALA,L, AL XX, o FeHTA LA A RAREET
12 1) 32 R B A 5 VR R A e S 0, =AM shdssl i Bk 5-2 fios, 15
i i R BV G MR AS 2, 2 Sl s R e G RN s, 3 58laR
REMT A MM M3 . XA T2 9 T B iF B A Bk il (FRINERD =AMy
[ ) R SF AR % HE BT BRI x4 x5 v, ARFE B RS T VP = AN ARG
KITARINAR T &, Hor AN 2000 B0 SRR RE AT AR 7 7 A BEIR AT AAN [ #23)),
AR KT R R AT LIS 3 . T LRV TR RN, B b g
BN, ARSI R T ASE T HH LA S 077, BB iR £ R
ITAWR, 3k 5-3 Pox.

B 52 AT % B4R H k69 DTMBS415 A R ALt £ 2
Fig 5-2 MGA based Ship hull modification settings with RBF and FFD method

& 5-3 AT % BAREAH H 509 DTMB5415 A5 A R AL 29 R 544
Table 5-3 Design Constraints in MGA based Ship hull modification

JUMAHFM 55 ARE (%)

SRS L, 0
M oE B 0
Wz 7K 7 0

HEK A AR \ 1.0

R A S,. 1.0

523 ik ERSH R
5.23.1 T 2 FEFNAAMMKIEAGEY

FEA0000XMALIERZ 5, 133 1 it 500 e RIEH AR, A=A Hbrss
AR KR 3 ) 2 B U B 5-3 P 7, SRR A SR FT RIS+ o0 W Gk, T IR X A 23T AT
NS BRI =A AAr R B E LT GRS F, A A B =~a)
PAEAS B b R 808 B S DU AR AN — AN AL T3 FHeRES 10, R HARTE T 5310 IR 2R
AR W S
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a) LA A £2 AR BT by L A AR BT
a) Paretofrontin f lbj and f 2]. b) Paretofrontin f lb]. and f; 3@.

o) LLLZ N £, AR R TR Q) ULFL. 2R £ kR I ST
c) Pareto frontin foij and f(fb/ d) Pareto front in falbi, foij and f Sbj

B 5-3 & T % BAREAEH 509 DTMB5415 A8 R RAL 2% - b B FeaT S Rk Ao
Fig. 5-3 MOGA based DTMB 5415 hull optimization design results - Pareto front and selected
cases in objective function space

BB B DM IEAE RS, 104 Case-1, Case-1I, Case-III, Case-IV. % 54 J&
N T EATRAIIE NG DTMB 5415 HEKAATR. @R CL & BAr %, BI=AM0
R BB R B . WNERAFATUUE B, PUAMICIENS B AE A R T T
YBT3 5% LA A, 1 HK AR L EI /N T 0.15%, @R AR
= AE 0.10%.
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% 5-4 KT % BAREAE 09 DTMBS41S A5 A AL 25 R - A oA R A AT 1
Table 5-4 MOGA based DTMB 5415 hull optimization design results - Comparison of

performances between original ship hull and selected cases

RERIHE Case-I Case-II Case-III Case-IV
HE K AR FAS AL 0 -0.14% -0.07% -0.13% -0.07%
TR 0 -0.08% -0.03% -0.10% -0.04%
U g e 0.001056(9  0.001091(6.6  0.001092(6.5  0.001070(8.4
foy (BALHE) 0001169 7 0 7%) 9%) 79%)
2 gy e 0.001688(8  0.001603(13.  0.001633(11.  0.001631(11.
[ (CEIE) 0.001851 81%) 4%) 8%) 8%)
3 gl 0.003110(5  0.003086(6.6  0.003027(8.4  0.003045(7.8
fo (BALHD) —0.003305 ™ g00.) 3%) 1%) %)

B5-4fos 7z DU An BT EE R B B e BUg L, wT AR, DALk
MR ER S CFRINERD (ETRE FBEHT W38T, MAERE A —E4i/h, FRIEMN
A1 — TR . R BRI, kA case-TIE 2 ] FUFATHEOK, X EIRETE
Fr=030f0E T, BREAE CRMNED A O T A M BB A 5 B AR5 A
5-4(e) M FIZERS LUK, Case-IVINER A (FEINER) U R A 2 (3G R

a) Case-l 5SHIUMHE  b)

FI L% b
a) Comparison of
lateral view

between Case-I and

original hull

Case-1I 5B}
T 22 06) L

b) Comparison of
lateral view

between Case-I1

and original hull

e) Case-1V 5EPRITINH Lonf L

¢) Case-IIl 5EA  d)
REHI 2R L
c) Comparison of
lateral view
between Case-I11
and original hull

Case-1V 5
M 25T L
d) Comparison of
lateral view
between Case-1V
and original hull

e) Comparison of longitudinal view between Case-I1V and original hull

B 5-4 AT % BAREEH k6 DTMB5415 SRR EER — R (L& R&R) 55844
(B eRg) 69A &tk
Fig. 5-4 MOGA based DTMB 5415 hull optimization design results — Comparison of Hull Forms

between selected cases (red line) and original hull (black line)

-47 -
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5.23.2 EF RANS 3K fi#Z22 naoe-FOAM-SITU X LIEAREY case-IV BYIEIE

N T RIS A B, b DR R BUAE AN [R A0 T 14 3 TR M AT
TP ERAETT, RIS UEHARARR , AT KA RANS SK##% naoe-FOAM-SITU
B T PEM T Case-1V 7E =N THIUE T BIE /KT . HAE =M ITE 1
B H S EAE BLAnE 5-5 B

a) i Fr=0.20
a) Speedat Fr=0.20

b) A& Fr=0.30
b) SpeedatFr=0.30

c) Mk Fr=0.40
¢) Speedat Fr=0.40
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B 5-5naoe-FOAM-SITU #UR 494K A5 A Case-1V & =AM ALE T &\ @34k b & A 569
Xt b

Fig. 5-5 Comparison of wave pattern between original hull and Case-IV predicted by naoe-FOAM-
SITU

M 5-5 /TULE Y, =ANBEHNTE R, JLIERTR Case-IV 1 B HH I M EAHELRE
RUNMGERAT — s IR RS, JUHRIH M RN A, A IR AR AT —
SENRAG, AN R ARE, HEoitha @ mas. Xzt e =
AMUIE T A% BE 7T 1k BE S A R B

5.3 54 RANS KR 1) DTMB 5415 SR B4 i% it

BT B R g 51O\, i A9 25 T B mpohs B SR s T /K 80 711 Be s B4k
WO RE . ARTEAE LA BUR A SE B 26 AL L, $RZREIET RANS FHE
naoe-FOAM-SITU K fif#s ST AR BE 73R i) f. o SR 5 e, A
FRs ) R A0 A B H R AR R R
5.3.1 ¥R

AT Z B AR BT AR ] PLR 7R AL R BEA I

Min f([x])=R, at Fr=0.30

[x]:[Al’A2’A3’xl’x2’yl]

H A5 BB R 7R B THTUE (Fr=0.30) N IDTMB 5415524 (24 B 1 & 8. A
SR R AR A SR R B — A AR ) e H A B SR WU ARDTMB 541 5#5
KFEFEH— 1 N 1m, HAAGRS LRS- 1R,

AARA SR 8L S — AR MASE B BN 200, W E Zb
AN ECER] 100 48, BPEEFERL 20000 MM, BEEAIEE 5-5.

% 5-5 KT ¥ AR A D L 2 AU AEA 69 DTMB 5415 A8 AL £ % B
Table 5-5 Ship Hull Optimization Design of DTMB 5415 based on SOGA and Kriging Model - GA

(5-2)

Settings
ANARCE AR AR
200 100 20000
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53213 IE{AREY

AT DTMB 5415 MEABIZRARA RIS TR B —Te 4 —8, g
TS = 2 R PR A A T AR Ty v R T AR ) 2k R B AE 1 AN AR R
AT, A T A% ) B pR B T VR S T AR S RN ERD AR R
Apde, T EH A AR TR S T A B RIS AR A A B A AR e

AL SEFN I AN E: AL A A XX, 0, o FeFF A LA, A RARRIET
A28 1r) 25 R BB 7 VR R AR M 28, x, x,, y, ARGE I F AR T i = AN AR Y
KT E. AR 75 E— R LTR %44, BT
RERE#HATAR, 5L 5-3 Pr.

T BB A S AT R R A L, AR AR RS R
AR e, DL R B AReR£E, BPEBRY), ZIRWTT:
% 5-6 AT ¥ BAREAE kS A 2 A2 MAEA 69 DTMB 5415 A5 A EALAE AR B Aeil i A

Table 5-6 Ship Hull Optimization Design of DTMB 5415 based on SOGA and Kriging Model —
Sample Points and Approximation Model

Design No. A, A, A, X X, Vi R,
1 0 0 0 0 0 0 24.4679N
2 0.008644 -0.00153 0.011593 0.005254 0.006407 -0.00814 24.5282N
3 -0.03 0.005593 -0.00142 -0.00492 -0.00254 0.003424 28.5204N
4 -0.02695 0.002542 0.004678 -0.00186 0.010508 -0.00478 30.0867N
5 -0.02288 0.010678 0.008746 0.007627 0.004542 0.004915 27.8651N

6-48
49 0.009661 0.009661 -0.00631 -0.01 0.001186 -0.00441 24.3238N
50 0.028983 -0.01373  0.00061  0.002881  0.00678  -0.00329 24.1049N

533 MMERSHH

234 20000 KARALIER, 53— FE s/ N, A AR
FEIME 2R 5-7 Fias, L SEFRYRR 285%) Lhan B 5-5 B
257 A TR AMmEAEED EE MR DTMB 5415 A5 B R 48 2

Table 5-7 Results of Ship Hull Optimization Design of DTMB 5415 based on SOGA and Kriging
Model

A, A, X, X, )2 R

4

Original Hull 0 0 0 0 0 0 24.4679N
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Optimal Hull  0.0211 0.02061 0.00978 0.01082 -0.0083 -0.0127 22.0422N

g E TN L 5-6 AR & e BH Jixf th3k 5-7 >kF, DTMB 5415 I
W RAE R & (IMATEARD A KIS T, e Kriging B8 Tk 12 8H 7
TFET 2 10%. WTLAEH, HEZRTUAE TR IS, BREM (HNEE) 48
1950 HAE 2R M — e Tt

F—I7 T, ARSPEARE R AT T HUERA, i U R Z A
RUBEAT IR o FL B BH A1 545 5N 22 3408N, AT AU TR T 1) 45 SR AR ZEA K,
11712 B 77 AH L BR8N T 20 9%, 98FH (k) RORBIE.,

B 5-6 & T ¥ BARIE M k49 DTMBS415 A5 B R E R — A5 A 5 A4 A9 A &t 1k
Fig. 5-6 SOGA based DTMB 5415 hull optimization design results — Comparison of Hull Forms
between optimal case and original hull

DN EEDRAL AR EEOR HEAT ) RANS BB AOURT B AU B BUE A R,
RSS2 A0 5-7 s MG E R, DML & 3R 7 Ve AT B S o e
6, i SR R PR A v T X ARG B /e MRS R, FER A JE
HI TR ZAANK, FE J) o0 A LA Bl 2 AR AR B Ho Rk Sl (5
WD fHE .
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a) FEESKIE S ARt CEMDTaaRE R, A Mo A D

a) Comparison of pressure distribution on ship bow (original hull-left, optimal hull-right)

b)  FRJEHR I A 74kt b

b) Comparison of pressure distribution on ship bottom

B 5-7 & T ¥ AAREAE H 509 DTMB5415 AB A RAL 2 R — AR 5 AR B89 & /) 5 At
24
Fig. 5-7 SOGA based DTMB 5415 hull optimization design results — Comparison of Pressure
Distribution between optimal case and original hull

5.4 EFZ BREEE AR 4250TEU R B 1 3T

AT I IS UE A SCAT OPTShip-SITU AR BYARAL AR R 776, AR
— NEONSE A B RS AR A AT B AR T RIS, AR SE R RN T
— AETFHUE T E R AL 3T (Simulation-based Optimization Design) H 4= SRR
BFE T E AR &b E. IR, eSS R IR IR .

AR AR EE A 2 B AR EMEE S, R R A T 5 77 A
B RIRRIE, MR AR R F AT IR oK B S B AR TV, KB T RE VA
% H NMShip-SITU K25 .
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BB R 3
54.1 BfRRHANMZITEE

AN 12 L R SRR A 8 T HAE=AME (Fr=0.17,0.21,0.25)
T RIRE AR DS BE 71 220, R B bR pR Z0N NMShip-SITU TR [191Z = AN D6 R
B[R, SRAXAEAE R AR 77 JORA R TR 2 Ve, Hrh, L
Koo M TEFNZ KR FEAAS , HEK AR BURTIE R AR AR 10 LR AE 1% AN o AR
1 B AR LI R SR RN T

Min £ ([x])={ /o fois fo}
[y, =C,., at Fr=0.17
fi.=C.,, at Fr=021 (5-3a)
f3,=C.., at Fr=025

[x] = [AI’A29A39x1’xzsy1]

stt. g =L, —L," =0 (5-3b)
gZZTopt—Tori:O (5'3C)
g3 :Bopt —BON :0 (5'3d)
opt __ ori
g =V <y (5-3¢)
opt _ ori
85 = SS—S <1% (5-31)

ARSI ) 4250 TEU MR R LR AR AL v i 3 28 = 5 A g o R R A 72
SR 1A 3k R BUHE 1 D7 RN B AR D5 IR AT Y, e B AR 1A B e A
JIRESEIL T MR BR NG AL R AR e, 10 H AT IR s Bl 1 AR A HiTJm Ao
SRR AR

ZRASEBIFEE AN MR R ALALALx,%,, ), o SEFA LA A RRFEET
A2 1) BRSO 1 T VO AR e 2 8, =AM sl R A B ] 5-8 (a) s,
15 S AR E AN % al, 2 S nl A R E ARt iz s, 3 -S4l
A BRI E AR TE MRS 5. ARGy 1 S A SRR S =TT TRl R
AR FL BB AT 520 o x5, v, AR B AR P =AY B AR K5 1
RIS, Hrp A2 ) A ARRART S5 B AR T R R eV A N #2l,
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MR TR R AT DR MVA R A2 80 . 9 1 QR B R, Bkl AR,
A LG EFE AR EREBAT AR, W3R 5-8 P

a) RBF J7iZE M
a) Control Nodes in RBF Method

¢) FFD J5iEH o A mz i s
¢) Parallelepiped and control nodes moving
longitudinally in aft-body in FFD Method

b)  FFD Jy ik Al A izl s
b) Parallelepiped and control nodes moving
longitudinally in fore-body in FFD Method

d) FFD J5 ik 4 AR 7 B4 i s
d) Parallelepiped and control nodes moving
horizontally in FFD Method

& 5-84250 TEU #5 & 4k 4L RBF A= FFD £/} 7 ik~ &
Fig. 5-8 Control Nodes Settings in RBF Method and FFD Method of 4250 TEU optimization design

k 5-8 AL R A A
Table 5-8 Optimization Design Constraints

JUTLIHR 755 & (%)
@wBEK L, 0
iy B B 0
z 7K 7 0
HEKAE vV 1.0
BRER S, 1.0
BERAN Hm/ME EKE
A, -0.002 0.002
A, -0.002 0.002
A, -0.002 0.002
X, -0.01 0.01
X, -0.01 0.01
» -0.005 0.005
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IR e PN R AAT e
5.42 LA iR B2
A SE] BT AR T R TR T 5 Wi, A T00 M FEA T, BAVFE
AR EW S DRI B EU RS- R SR S AR AT 43 751 F) FINMShip-
SITUK fife a3 3E AT M3 BH ) TR
% 59 Ak T S 4RI %t

Table 5-9 Experimental design of optimization variables

Design No. A, A, A, X, X, "
1 0.0001010  -0.0004242  0.0002525  0.0093939  0.0093939  0.0007576
2 -0.0014343  0.0005455 -0.0009596 0.0001010  -0.0023232 -0.0019697
3 0.0008283  -0.0007071  0.0006970  0.0083838  -0.0053535 0.0022121
4 0.0012323  0.0009091  0.0003737  0.0061616  0.0007071  0.0028788
5 0.0008687  -0.0010303  0.0000303  -0.0097980 -0.0065657  0.0008788
6-98
99 0.0013535  -0.0017172  -0.0005152  0.0067677  -0.0035354  0.0012424
100 0.0007879  0.0013939  0.0005354  0.0075758  0.0075758  -0.0010606
PRI R F I AR 36 5-9 TR A A r i o o FE A A A
543 HESH

N T TR B A BRI ARKS I VERE RIS, AN ANOVA 1175
20 P REA AR AR S ES RK B i PERE CHARBRED 24T 1 087

K 5-9 JEox T ANOVA 7T %, e 6 AR BIZE
(A} Ay AL XXy, ) R 3 AN H bR e& AR, X BLURZ 6 D IRTHR B fRTC Y VI~V6.

M 5-9 ATRAE HE, 12 6 DB ES, VI(A) XX =" Hirsm A ER
IR AIREIT, T VI (A)FEZGE T EREAERR AR, wT DS R 45ie52
BRI A BEAMAR ARG 1 = AN T R % B A B L 52 . 221 534k
5 AR, EAT 3 A FAR R B R a5 AR TR AERRATE R, BRE T
PRIEREARR BE I THAS B V6 (1)) ERETE (61%) 1ER], TAERSPIATE T, X
—AERBIR RN THRGE T BRI PR B BT AR V3 (Ay) R EE T
XA B BE AT EM E 2 o A/ NI T A DG IEIE 100 MREAS fl i TH A
ANOVA JiiL I, SEME I Ak E LI RE 2 IR HEAT
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a) BIFARRE £ Hgn by WEHAERRE £2 KR
a) Effectson f 'b]. b) Effectson f i}.

o) VAR [, M
c) Effectson f(fbl

B 5-9 & FH A L4 TEU 4250 K5 77 At 69 ANOVA 24745
Fig. 5-9 ANOVA results of hydrodynamic performances based on sample points data of 4250 TEU

544 fALER

PRAEAR 2 IS, A RIAE AL . AT R TG R 2E B 5-10 2eh, 3t
PRGNS FRAAR R A G F AR B R AT LA, % Pareto HTIYTT BABRA0 S
PR Sy: S—H A ERE 5-10 (a) TPHER A T RERRIR . 53— 355 B3 (T
FRIRHL. B 5-10 (@ I=SEFonh DB B, AT #HEAZER — “TH” W, #
HHEREN £, MAEE 5-10 (bc) 1, IX— “Fifi 7 BAEL T —E Pareto HI
WS R TI “LRBL” . BRIEZ AN, TERAXR P I Pareto SR AR M 2 SR £, 0 12
8, ARG £3 5 X BRI R A HARR L £, S RTHA B
X 53Tk, BHITRAL H AR £ AN BRRER R A — St X vk, g
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BT AR A UOE S RSB TR RE, T RE A A i R AR IR
B T ATERE. Sy — 7, — MERARATE T BB PEREARGF HOM Y, AT RE(E
E L RIS .

#A> Pareto HIVEZTH 1T 900 NP FH /AL HIME. Ty T IRIEATHITUAL
gh I, EE T = AN A, Sl dr 4408 Case-1, Case-2 il Case-3. X =
MR B T AE = ADANFERTE N BB /ISR AL . BT N A AT
FNEAGZE S 53 AIAE IR 5-11 FIEE 5-10 s

a) HARERZEL 1,2 1) Pareto B b)  HFre&% 1,3 () Pareto Ay

a) Pareto front in fo‘hi and foi] b) Pareto front in falb]. and f:b;

¢)  HFREH 23 It Pareto RIHY d)  HArE% 1,23 i) Pareto FIYS
¢) Paretofrontin £ 2]. and f 31;,' d) Paretofrontin f, Ilz/' , 02], and f:b]

A 5-10 & T % B ARE A5 H &3t TEU 4250 45 49 £ A 25 R -Pareto AT 75 Foth 4572
Fig. 5-10 Optimization results of TEU 4250 hull based on MOGA -Pareto front and selected cases
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a) Case-1 MIJEMT AL IR I XS L

a) Comparison of transverse cross-section plans between Case-1 and orignal hull

b) Case-2 AR MY IR HIL X EE

b) Comparison of transverse cross-section plans between Case-2 and orignal hull

c) Case-3 LA IR TRIZE %S LE

¢) Comparison of transverse cross-section plans between Case-3 and orignal hull
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d) Case-1 FIHIIAERGRL AIHNFHIZERT LE

d) Comparison of longitudinal cross-section plans between Case-1 and orignal hull

e) Case-2 FIHIEEREY FIPFIZ T L

e) Comparison of longitudinal cross-section plans between Case-2 and orignal hull

f)  Case-3 FIAIUGTR I FILRS LL

f)  Comparison of longitudinal cross-section plans between Case-3 and orignal hull

B 5-11 & T % B AREAE H 3 TEU 4250 45 49 11028 R-PE 245 B 69 A5 AL & B A 4645249
2t
Fig. 5-11 Optimization results of TEU 4250 hull based on MOGA -Comparison of hull forms
between selected cases and original hull

% 5-10 & T % BAREAEH k3T TEU 4250 A5 89 AL 25 R -8t K S he bk Al 34 1L
Table 5-10 Optimization results of TEU 4250 hull based on MOGA - Comparison of design
variables and performance between original ship hull and three selected cases

Folyiy kil Case-1 Case-2 Case-3

A, 0 0.00154 0.00152 0.00181

A, 0 -0.00021 -0.00028 -0.00002

A, 0 -0.00089 -0.00079 -0.00041

X, 0 -0.00459 -0.00123 -0.00959

X, 0 -0.00107 -0.00072 -0.00092

» 0 -0.00041 0.00033 -0.00075
HARERAR N E (%) 0 -0.14% 0.07% -0.13%
BRI E (%) 0 -0.08% 0.03% -0.10%

£l (B %) 0.000561  0.000298(46.7%)  0.000309(44.9%) 0.000354(36.8%)

obj

f2 (AfuE %) 0.000711  0.000504(28.9%)  0.000496(30.2%)  0.000563(20.8%)

obj
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fr, AL %) 0.000942  0.000878(6.87%) 0.000878(6.87%) 0.000824(12.6%)

M 5-10 FTLLE H, B TR E V6 (1), R4 5 Mt g a ik
AT BB OREE— B IE S . Horp VI3 23 Bk 245 1 RBF A2 5 1A%t
s, MRS — Bk A R R A B, B T o B B AR ER
Si. XJ Case-3 M, V2~3 (A,,A) A ELE Case-1 M Case-2 HEE /)N, X
ARG AL 1) 2% U BHL 0 DA 75 22 SE Y AT SEAIR A BRSu A, MY, Case-3 HACKHY VI
(A)EWRAE SR T RSB PR A 75 2 A A IR LA

M MR FED i5RE, VA~S5 (xp,x, ) eda fil Mk A B i 47 B A1
BT &, T EATE =M B & e . X ARGRAGAR & 1 J5 R 8
A, R Ul % IR BH ) AR, 75 2 5 R AR B R 1 i~ Ak i STPITIA,
V6 (y)iRE T RIS RLEE, & 1E Case-2 FONIEAH, E Case-1 A1 Case-3 HN
TEAE, IR AR — A SR AR 7 A5 e AR R T T AT 58 4 1) X I BEL R e
(EAE R A fTod T JIR b it 38 5-10 HPIEFTUIBIE A 1, EAREREL [, A 1), BOf

obj

WK T £, X JriE b THEUELE £, M £, BN, e s a2
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5.4.5 FLIZAREYAYIE IE

N T BGAE =M IR RSB RAEENMEALEE B, AN 5K NMShip-SITU #
naoe-FOAM-SITU iR eI /KB F11H:BE .
NMShip-SITU F1 naoe-FOAM-SITU 11545 AN L 733l /R fE 2% 5-11
K 5-12 4,
% 5-11 LAY Eé‘iﬁ-NMShip—SJTU #2 naoe-FOAM-SITU T4k 22 E 2t kb

Table 5-11 Verification of selected cases - Comparison of the optimization results based on NM
theory and RANS solver naoe-FOAM-SJTU

Fr 0.17 0.21 0.25
BH A7 R 73(<10%) Cw Ce G Cw Cr G Cw Cr G
LB NM 0.561 3.125 3.685 0.711 3.005 3.715 0942 2922  3.864
it RANS / / 3.899 / / 3.927 / / 3.989
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NM 0.309 3.125 3.434  0.526 3.005 3.531 0.877 2922  3.799

Case-1
RANS  / / 379 /3879 /o 3.89
NM 0332 3125 3457 0505 3.005 351  0.887 2922  3.809
Case-2 pANS / 3804/ / 3.841 / /3913
NM 0373 3125 3498 0561  3.005 3566 0812 2922  3.734
Case-3 pANs / 3864/ / 3.877 / /3875

a) NMShip-SITU ik fIFH 71 R %L
a) Resistance coefficients predicted by NM theory

b) naoe-FOAM-SITU ik f1FH 71 & %4
b) Resistance coefficients predicted by naoe-FOAM-SJTU

B 5-12 £ it A5 A 4938 7E-NMShip-SITU #= naoe-FOAM-SITU 4k 25 & 31tk
Fig. 5-12 Verification of selected cases - Comparison of the optimization results based on NM
theory and RANS solver naoe-FOAM-SJTU

A LUE H, NM BSR4 B A S 5.4.2 15 i A DU R P 1 )
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& 5-11 A 5-12 Ha] DUE H, EMHTE T, NMShip-SITU 1 naoe-FOAM-SITU
SRAAAS TR 0 25 RATAE — 8 I 20, e AU 1 Tt &5 SR be ezl o

FAh, B 5-13 FIK 5-14 7R T NMShip-SITU 3R fi# 28 TR KL LM T Case-1
R GE f B H HH DS P AR R I S MRRGI I A BERE, Lkl
Case-1 7E =/ MyTE FHEA T/ NEIE, 1X 32252 B ove A K Bk S i)
PR DS o

a) Fr=0.17 b) Fr=0.21 c) Fr=0.25
a) Fr=0.17 b) Fr=0.21 c) Fr=0.25

B 5-13 #£ i AEA Case-1 6932 1E-NMShip-SITU 4R 49 8 By & 5% 0L AR 25 R 2k
Fig. 5-13 Verification of selected Case-1 - Comparison of the free surface predicted by NM theory
between original hull and case-1 at three speeds

a) Fr=0.17 b) Fr=0.21 ) Fr=0.25
a) Fr=0.17 b) Fr=0.21 ) Fr=0.25

B 5-14 £ 2 A5 A Case-1 8932 1E-NMShip-SITU 4R 49 A4 & & 8 2y TR 2 Rt bk
Fig. 5-14 Verification of selected Case-1 - Comparison of the wave elevation predicted by NM
theory between original hull and case-1 at three speeds

EFE ) CFD K AE#% naoe-FOAM-SITU XFAREREHY Case-1 f) [ T M4
R SRR RTEE 5-15 . BIFFATRUE H, ToiR M MR e 26, A
o EE T A BRCRIR E , IR Case-1 F 4R FE AEREAMIEE R #0A FTRAAR, 1%
— S5 RAUE S T HH BRI 4t .
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a) Fr=0.17
a) Fr=0.17

b) Fr=0.21
b) Fr=0.21

c¢) Fr=0.25
¢) Fr=0.25

B 5-15 #£ & 45 R Case-1 #9352 E- naoe-FOAM-SITU - H-#9 &9 & v &y S48 TR 2% Rt itk
Fig. 5-15 Verification of selected Case-1 - Comparison of the free surface predicted by naoe-
FOAM-SJTU between original hull and case-1 at three speeds
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