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A Shape Optimization System of Ship Structures Using a Function Recognizing Structure Members
— Shape Optimization of Double Bottom Part of Ship Structure —

by Mitsuru Kitamura, Member Tetsuya Uedera, Member
Kunihiro Hamada, Member Akihiro Takezawa, Member

Summary

A structure optimization for the initial design stage using FEM of ship is under consideration in this paper. General bulk
carrier is selected for the object of the optimization. Shapes of a bottom structure of ship are taken as design variable. Individual
mesh-subdivision technique and multi-point constraint method are introduced for making this optimization possible. However,
creating FEM data sets for them requires a lot of human power. In order to remove this drawback, PrimeShip-HULL is used since it
has a function recognizing structure members of ship. A FEM data set which can be applied individual mesh-subdivision technique
and multi-point constraint method is made from structure members of PrimeShip-HULL automatically. Five design variables for
shape optimization of ship structure are considered here and a numerical example is shown. Genetic algorithm is used for this
optimization in this study.
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Fig.1 PSH operate window (Direct strength analysis)

NI | -El ectronic Library Service



The Japan Society of Naval Architects and Ccean Engineers

282 H A T

B7HD FEM €7 VT —Z BNETHY, PSH ZHMAT 5
WAL, MO FEM 75V ERT O LERH L. F
7o, EEEREHE AT AT, WEORE & #E R 2 2h
SHNTAT 5 72012, FEM E7 /0 LOF 238k 5 AR
T 5.

DD RIEMSFL ORI EFE L, A5 CTIIEEZED
BMETH - IS EESE T VOERE X UMPC ORE
DHEMLERA S, BEAIZIE, FEM A v anElEEL

cRIRIIOCEAEMET VA EM & L, PSH OEHEE
TEFE T AT ACHBE SN S REASE A IEIR LT
SNERZFET NV E BEVAER L, RETEHIE T THERIC
FEM E7NVOBREEZITH) FIEZERITLHZ L2 L
T 5. oI, AFROFEE —EH2E RPN
AL, RiEEE _HESOREbEEET S Z LTk Y, #
RFEOREMEERETD.

2. BIAROME L RE

2.1 fei & Bk BoE

FEM % #& & 3 D E R L E I, Fig2.a)—b) ITRS
NARRIT, WEEFE A L U TRk sETT A HER—
REITH D, ZiE FEM OEREE-CH A EE DA R % 1
DRVEDTHY, STkl & FEIEN 5. )7, Fig2.a) —
o) IRENDRRIC, WEMOBIRER &1L % EKE I
DR D B IR EE L & MER B 0. TRk i, B
S HEEND RN, HOVEHBIERSE Y LY
FEM &7 VEBRICIERT 2 2 & NAREREHSZEIZR N T
T2 TV 22, & EME R ASASE O KEEMEY (2B
WIS BT TRV, T, REEROFEHICHED
FEM €5 AVOFARNBLIEIC /250, HEY OBaRR
EHER KEIBREEY) CIk, BIREE 2R L, FER< FEM
ETMCRIT D Z EAEHICHECH D Z L ICEET 5.

2.2 MUBRSFIE MPC 2F A LEBRESLOHRE

RIE Gl <7 A 2 AR 5 72, BERFZE 7Tk, Hid
W ORREGE LRSI B SR F & MPC & iV % &b
FHEERE Lz, BLERSEI LT, DEEDEEES L —
TOESRE L TIRL, FHBESN—TEF M LIz—D2D

b) Size optimization

&
a) Original mesh

c) Shape optimization

Fig.2 Differences of Size optimization and Shape optimization
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Fig.3 Structure members and individual mesh sub-division
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Fig.4 Structure design using MPC

a) Initial design
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b) Individual mesh sub-division group

a) Original structure

Fig.6 Original structure and individual mesh sub-division
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Fig.7 Original mesh and FEM data
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Fig.8 PSH division groups and their data
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Fig.9 Re-divisions and connections of PSH groups
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Fig.13 Design variables for shape optimization
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Fig.18 Individual mesh-subdivision at BTMSHELL
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Fig.19 Individual mesh-subdivision in the direction
of ship height
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Fig.22 A result of changing design variable (X4)

NI | -El ectronic Library Service



The Japan Society of Naval Architects and Ccean Engineers

288 H AR TES

Table 1 Range of design variables

Unit[mm] | Lower | Upper | Pitch
Width of the Lower Stool 1 | X1 400 | 1100 | 100
Width of the Lower Stool 2 | X2 800 | 2200 | 200
Width of the Double Bottom | X3 | 23600 | 25200 | 400
Height of the Double Bottom | X4 | 1700 | 1900 50
Height of the Bilge Hopper [ X5 | 5500 | 6000 | 100

Table 2 Results of optimization

Unit[mm] [ Tnit. design | Optim. design
Width of the Lower Stool 1 | X1 865 1100(max.)
Width of the Lower Stool 2 | X2 1695 800 (min.)
Width of the Double Bottom | X3 | 23800 | 25200(max.)

Height of the Double Bottom | X4 1700 1850

Height of the Bilge Hopper | X5 5930 5500 (min.)
Weight of the analysis section [t] 3524.4( 3509.1
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