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Optimization of Oil Tankers’ Transverse Structures by Response Surface Methodology

by Taito SHIMIZU, Member Makoto ARAI, Member

Summary

In case of optimizing the structures of ships, designers often select one of the responses
such as weight, stress, cost, etc., as an objective function, and consider other responses to
be constraints. The reason for this is that the multi-objective optimization considering sev-
eral responses simultaneously is very difficult to perform. Thus, we applied response surface
methodology (RSM) to this problem together with the concept of Pareto set. RSM is com-
posed of design of experiment (DOE) and the least square method. One of the principal
features of RSM is that we can obtain response function with minimizing the number of re-
sponse evaluations by using DOE. Another advantage of RSM is the capability of displaying
the performance of designs as a response surface that is represented by the obtained re-
sponse function. In multi-objective optimization problems, the concept of Pareto set is also
very useful for trade-off between candidate designs. In this paper, we propose a method of
multi-objective optimization using the above mentioned techniques and the concept, and the
effectiveness of the method is verified by the results of optimization of oil tankers’ transverse
structures.
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Fig. 3 Model of tunker’s side tank

3.2 TEKEDRE

BEREEE 2G2S, —RNITIIMRIBRASE
D BEEOEIRIEIZ N U THEERTERIC & 2 ikt
2T, MAESEN TR MEER L TS I EE2RER
L7 TSN, AUFETIdRat 2l d 5/-9H
EHFERASBREES V) THESNTWAIERE (KE
HBIRGE 2 S, ECIRE 2 BB NS ARMRE 4
. BEPRE) oFhs, FigdiRT/NT X MFE
REE 1 #. BEU Fig.5. Fig 6l MRENRE 2
EROGE 3 EEOWERBICBWTEMSY > U O
EERNCRAE T BERIICN LISEERERHT 2. 2B,

BAMREIZOWTIE. MRAVHR S REEREE 50% 3 D
SETBEREL TS,

R
— Qﬂzzz

PHTTTIIIITIIIIT
20,090Pa

CL

Fig. 4 Loads and boundary conditions
(ballast cond.)

Fig 4aDREIL. PRY D, BHY >0 EHLEDY
BOWERET, BKENTX MNRKELIZEHDTH S,

> 4

1 U
£ 9.0m
>\l /
120,540P4)]
o1

I

C

ﬁ- 90,405Pa

Fig. 5 Loads and boundary conditions
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Fig. 7 Design variables (PATTERN 1)
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Fig. 9 Design variables (PATTERN 3)
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Fig. 10 Transverse ring structure of the
reference tanker
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Fig. 11 Example of FEM analysis
(PATTERN 2 : #1 full load condition)
(z1 =3.9m,z2 = 0.7,z3 = 1.0)
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Fig. 13 Respons surface of weight(ton)
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Fig. 14 Pareto sets of max.

stress and
structural weight (ballast cond.)
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Fig. 15 Pareto sets of max. stress and
structural weight (#1 full load
cond.)
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Fig. 16 Pareto sets of max. stress and
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P ED & S IZEPIFETIE 3 BROWERE S MEE
BED/N\L— MaihigEB OO T LicgkLiz, &
NS O/EREM S HEHI NS BBERIIBREREB LT
FIRGHIC L > TRZRSDM, HEREN/NT X MRIE,
WHREBIC D 5T, —EREREEOE 21 OB E
(PATTERN 2) 2BAREHDRN S b ERO [0
S5HERTH D ZENMERTES, ZOXDITHOERD

Z&. BRZEO/NNL— MROBENBRTES Z &
Iz, BEHEEIZIE X SISO TOEREMD
BN S35,
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4.2 ZEMBERRDER

IXL— NMRERRO PN S Bl 2 BN T 5 F kI 4
Hb, TOFTHRLB—BRNNAVSNIFEIL. HE
DENEERIREE L. TORGTTROEFIELZ/N
L— MR ED S ERD. TORUITHINT HREHEK
DA SHNEIRERET D HETH S

SEORFFTE 57251, BARHOEERROR
KEEFRRMGETHHEETH S, FIRIE BEdESR
SRBEE D TOT 24 AT L— b TORBDOHEIL
51 (175MPa) ZEKIENDOHIKIGREET2HE. &b
EVEEEEITIH TV S Fig.16D/NL— MR 5%
BRRERERRT DI EMBULEEI SIS, FIKSk
#M% 175MPa LATOHE. Fig. 160 SO 24 FrD
#5fi (PATTERN 2) WWERITHBZ&Mn5, T2
T. Fig.16> PATTERN 2 @/\L— MRihR ETHIlK
SITHRT B RERD, BEEROMS T EEENT
&y =42m,z2 = 0.55, 3 = 1.0 £/&D. Fig.17iZ
TRONETARERD 5 Z LAtk 3,

Fig. 17 Optimal design
in case of Omaz = 175MPa.

WHRIZAIS . HIKRENEE S N/ & EEHR
13R/IZ-TL B, PIAIE HRERGTHEHERHMN
EHEDOBERT 175MPa M5 160MPa IZEEINS
HenspsdEdhd, KBEERZVBOE 34 O
ii (PATTERN 3) 2EFIIC/25. /NL— MEihR Lk
THIETEHERD. BELEHROMEEZHEHT L
T = 5.9m,z2 = 0.65,z3 = 1.0,z4 = 1.0 £720,
Fig. 18R HNEARERD 2 T LAk S,

ZD&E T — MR E RO TR, HlRRs:
MEALL AR ETHESICSENREREZEI T L
MTE, HHECERBESOBERIZ & DHRENELT S
MG ORI LICAZITH B,

5.8 8

FHERTI L — MROE X HZE D ANISERIE
HIC K SRS ORBLFRERRL. TORIME

Fig. 18 Optimal design
in case of 0max = 160MPa.

WER T 27D IZ AR > 2 HEREEER DR BB
{LZFNTRET U7z, REBTORER. EREEETH > 7-Fm)
MR DHEROIE DR L & SERIMN DHRINITA
B EERLIE, ZDI EMSEMTERITHRENRD
SNBHMEEDBIBLIZ BT, BBREOFEENER)
TH5 I EMmERE =,

28, FRLTIIBECFEORRETORIMERER
ZEBMELTNSH. BREHEHCHEREDRE.:
BEHELTWS, LAt T, EEADOERIZEEL T
i, TSITEHEAREWNETH S, FEREEL TR
KibHh EEEROA % BB S LAt MG T
ERINSHEE (BH) M HIREOER. X M
BEEET D, % IhSHEFUL/NL— MRES
NEShNE K OEANRLERNEEEIMTASEE
ALY g
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