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Design and Analysis Integration in Initial Ship Design Stage

Joong Soo Han'™ and Young Choi™
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Abstract

Tight integration between design and analysis process and data representation in the ship
design application domain has been studied in this paper. Multi-Representation Architecture
proposed at Georgia Institute of Technology has been carefully investigated for the
application in the initial ship design stage. The prototype implementation shows that the
application of MRA in the structural ship design domain is quite possible and can be
extended for other design and analysis views in ship design.

¥ Keywords: MRA, Design analysis integration, FEM, Ship design, Parametric

1.4 = . Jedlt O BHEIA et™oZ & HEE gt
ESOZ GIMES 861D |s RS MEN M4
oiOF ok= SMIDF QUL st X HAO| LMot

HZ OHE =D) SHAN RIZEQ HES Alsst = B8R0z Z8E UAl &dotl) o 2Es
H RHE 5t KHIZEQ Jis, A, B2 2t DY, M A 1510 HIoIE &8 ChAl SHok 8t
K= & 2SS HASE FOlgt £, AE(6HN Ch. Old4et SH= A2tel =7 84 £ oo 2
ol AlE)E Sl XSS AH ZUE A=[) OHIMGE 2AE 4 UCL =ol, Aol X GiN

AAEIOL JHE0 JUNHA= SEARC ZEQ| AlA

4 20044 88 259, £01Y: 2005 38 16% B2 IEol= 21 ER6HILH SHAEEIL A
+ XX, E-mail: hana@wm.cau.ac.kr HEZ ARE £ Q1 HAZNE HiEez &
Tel: 02-436-2761 HEHE0| OIFHE &= A= A AIAEIe| S8



]

X
J&
B
0o
IH
Hu
=
>
Ot
@

NEA THAHOMAML SH  SHA

=}
)
r
Q
4
o
O
o]
Q
EJ

9!

1

0

._'(_’_

A

rz 0

2
o
X
&
oY o
b
o
~
M
1o
Mo
I

0
J

D

(==
>

BHAL0l QUOIAT
20| ME M2lst=

cos Ny

l

e M o
) )
B 4o
9'11
.

>
>
> i
xd
Yo

=2
FOH4
=

[
e
J

0¥

i
Q
o Mo

e oM
0l
—
oY
=z
0
I
]
ay

O UL
Ol

%
Jx
o c

A
=
wl
J
2 q
I8 om mo
[e]]}
HD
m
0
Q'Q
=iy

10
o
o =
I
0x
o

o K

5
g 4 0 B
%

o b
(@)

Nz
[

o

=
-
H
0
H bl

ng x
o
o &
fo =

{0 U
A

H 0y "

L ;9
i

>.

0X

X ©
o

Xl Ok

=

g

i 0

0z

0x

>
40w Jn =

— ol
-

e
=2
Mnrom
>
Ol
>
o
£
oY
il

HT
A
rn
0
KT
i T
o JA
2]
bl
(=)
1
2l
o
X
1854
1
o

(]

"o

CrAl ZHABHOESE Bt
20 &H & &
%0 XtAlote d 0

ot BIHel E=0] 2D U= 2EoH

;

i

o e MK
s

iy - W
>

T
— ol

a
O
=

0x 12 Mo 0 & H0 J
s 0

no "
4
g0
rir
J
o
=}
FO
4
o
o
o
o

5;].
SZANID| Rloid= HMBZES

@

>
- =
-

\_—"__J ob
o
oy

>
o 2 M0

A g 4 00 BCL B,

2
8, Ocld iAol

U oy
10
40
0r N

>-.
ooy 2T

]
vl E? FL 4T o
>

-_
O
1

A

TR ooy oz 0 |0
ool
i
K]
30
fr
>d
1
0
1z
fo
4]
S
[=)
S 04 1T e 0y

Ak
IR
%

X ]
an
1o
0
ol

o
fr
=
ko
L o
o
H
12

2 o
0z
0z

o
oy =

o

Qb B O

40 Y o

Y

et

0
o
0
oo M

0 9 2N [0 04 O [E N
0
>
Ly
~
on
10
".I.I.L
02

b0 [
ol
a

=
FHMAL SEHQ Sg LYHE HYIIILH

HOj| ®sct0X}F 8t

e s B C

SErEH ZZ2AHAN 28 SHIMS A=
Z4& CIMS(Computer Integrated Manufacturing
System) =0 48t 2721 X2l ED, A ¥

Aok THSS0IA A0l B dMZ2Ee sy

Ch

o

|

o

'3 =238 H423 HI3& 20054 68

269
Ol BAZHA ZEAJAIZHO! CSDPAIZ I 2
St APAISOIA O 200 CHBF HFIF AIEZIRL
3
L2(1994)0 "I REXE9| CAD M2 E8i2
et 245 N LU B 222 CAD &
£ SEE s HHXES HWED NS 220
[ PINE £EIH T, QIFTH(1993)= "Object
HEe8 s o RSN FEM R4E e S§
AAEISl & 9 70 9t AERGHA"HA 2/
XIgre) HES A X dH-oia AARN &
otol 2xrd o P2 ATEIR L, 0|22
B Rxold H2E M4ol= HRE SIUCHL &
Bt O[=EH(1993)Q] "MH X A2 st ot
@ TSAA Program JW-BulkCarrierg® T4
oz2"n H2=4(1993)9 "SHMME Preprocessor

e <HMPTHAE  CAD AAED A= SH
£ 2=(Block)g xgez m&oll, 0l 78lst
Il ot A8 PIGHA Package?! ANSYSOIA
KiEok=E APOL(ANSYS  Parametric  Design
Language)Olct=s OHAZE IS8 AESIGCL 1
2l KRISOUA=E &HPZeHA  AlAEC
SASMO(E+E &0 ABH1992)2 JHESISCE Of

A8 IX M= HEE 0|80 &X =S

S0l fIXI8 oiLe) LE2 oz D

Al
o
ol1l, |EIRANMK MAADIE AIAEOICH 01AH
2 TankerLl Bulk Carrier, Container0fl &% =
UCts HEH0| UL

=2 =20AE A2 ide EEel SES
It LEIEOl YWHEN et ZAE 8o,
Setol =J|MH WHEOA DR Metsr ) L
oA Z2HIAS =& HHEESE MNE6IH 1 &8
8 Y EIZAES ZESIOAL B

3. Multi-Representation Architecture

HIPNAH= SAHS oid HHE S2Fe=2
£85t0 NSEGH)) fIGH0 Fig. 11k 2001 Ch
gt Tao| PHRAE HHRIGH ZRalols X4t
o} AAHE ItXl= MRA(The Multi~Representation
Architecture) JNEE& T3IRUC



270

@ Product Model

i
o
+
m
0g

@ Product Model-Based Analysis Model

PM
Frirted Wirng Asserhly (PYVA}

PBAM
P_M(DABB

| TScider Joict e |
PRE

Co it
-

(2 Analysis Building Block

(@) Solution Method Model
ABB SMM

'DesignTools [

l Solution Tools |

Fig. 1 The Multi-representation architecture{(MRA)

0=  =XI0l=UH(Georgia  Institute  of
Technology)Oll Al HIOHSH O BtHe CADSQF CAE
MOI2) S0 RIHQ! AN 2 ZEHE S
Moz siCh &AHIQ o2 A02] Y Fet
& OAMAH D12 S0, CADR CAEZIS) &3 2
TE BEEAIB|E 20|l 2HOICH =, o«
Assh S AOI2) 24, A2 SHie WAEel B
&, 020 HME 8H ¥ HE o S0t 2Qst
HASZEel RS SHO0| ACH O gEEs 0

ol 20X ot A2 CSu 20h

1. oi& FEIQ Xisst
2. 2%t did2te) AN X IFES A0 2
HE B

3. MBS Cierst oM 2aol |

i

(=]

Oigt 22 E3ES JI® MRA ESEES 0|26t
Of &H 22 s T2MAN =235 RA5HH
Fig. 11 22 4J4e Model(building block
constructs)J|812] HEA OIOIH ZLE Mot
UCL  BMH  JIEIF &= Solution  Method
Model(SMM)2 IJi& Y2 oiHoll, S3
Solution Method(+=XIald, FEMNA)E SRH5H|
L8t OI0IEI(Mesh, HIZIOIE)S LS CHAI
3, SMM2 0E T(Tool)E AHEE 2001Dt%t
0 S30) 2= 29 2 T2 s

S
e 2 EHZ22E £3E oA ZUE

b o

40

J1 flgt Z0ICEL S8 20 & i8S HE6t
A &

gt SMMit= SEHO0ICH A CHAHO
=lel ¥

an
2
a
o
o
o

[l

ol
ol
4

ABBES
3

n
Fz i
[

=
ol
ol

J
e
=
O
0
1o 1

rr N

[}
Q
o o 7r

B
¥,
A

SO0ICE MRAOIA AlZ
2H B4 59

2, Jeld FAHRAS

>.

El= PM(Product Model)
SOICH "4, ME, otE

fo
Ml

v

ni:

o ¢FE2 HES5l= Product Model-Based
Analysis Model(PBAM)2 EXs&t dis SHIE 2
Jl I8k =S8 ABBE2 MHE Siottd PMOI oA
SiCt PBAM ol 2= =R F=&E2 2€E 8l
AOILE HIE SHUAM S& dildel REE A0l
Ct. 22 20| FE o8 T2 MRA REE |
oz atS KICH PBAM2 Z=HIE il 22
INEEIE MASH), & HE2 A3E T Al
SBICE Olgt 20! AISPEE HSstold 018
HIECZ ZYE HOISHL 0|2 22 2
HIECZ AHUERH oA s e =A2

o]

SEIS g = UCH

4. &9 OOIEE I8t MRARE

Journal of SNAK, Vol. 42, No. 3, June 2005



s

Tupi

{Analvsis
»>CFD
" “» | >Slashing

L>Structural

271

PR (o) |

>NoiseAMbration  —» Equation (Engine) — " Variable(Engine) I

S

]
> Part Modeling

< »
> Detailed Modeling

> Analysis F111

I Design Tools

sk

S

Analysis R%%g InEzation
ip Modelng !

Bogtionlization
> Condition ialization

> Ship | .

> Bulkhead ! e

> Hold r
> Stringer i -
3> Girder i

:g::lzk 5 Meshistuctums) |

| Analysis Tools |

f ANSYS | DICCES

Fig. 2 The MRA for initial ship design data

1 0lR=ZE d2o AR, M2 ga0lL o
SE2 Q76| Blhis |AH &FEe IRE HHE
CZ As Hul HES 0l&dt= 20| 20 &

DEOID| 20, LFE dhe FESE SELE

_O'ﬂ
r
2
0z
it
o
=3
w0
1
Qﬂ
W
=)
I
i
2
o
JT
Q

m
o
o N2
am
30
(w]
1J
ay|
x
%
>
Mo o

|

<2

2

o

Jm

0

op

=

0z

%

ujo

40

%
o g

rm

S

0z Hu

Q& g

NoOx

o
X
=

2
2
>

ple

H 0
oy
o M0

ufo o bl
=

4

mo Mo = m

30

e [0 r
R
o
%
o o
™
o
iz

@ > Jx §0

J

TS|

w
=
g
=
H
]
]
b
o
Bt s Lo
o
;
4w

2
f
O{H ) [_ﬂ

BI3t5t 0, col=2edelst ot =E
2 dIuAMe HEg AR
(Deadweight) 300,000 VLCCOIH,
Fig. 30l LIEILIZOl B EHIRE
20|
=J| dMel RxE= L3821

= o

L
[on o
Tt

o

tar o
Ho rir o

1
p

my
[wl
2
>
w
2
0z

x4

(L

CH

il
]

3 =2% W42 H3IE 20054 6

=
ES
|

so2= I AMPE 2T ot M2 HL-
= Fig. 40l 20|= it 20| SLECHHT
ol 9, O uE=2 Osn 20 &3
(Longitudinal bulkhead), 2IEHshell plate), 2
(deck plate), HC(girder), WWAXEHinner bottom
plate), SIH(hopper), AEZH(stringer) & g
8 BAM S0l UACH, B eez= 2HY
(transverse bulkhead), BIZcH(webframe), 2
ct2l(oracket); = Y&

o]

gk 22 M(transverse
stiffenen) S22 A QUCH

=
=
=)

Ofor

<

A=)

B\ ém‘m(gm
L~

g%w gu\\d&?*

Fig. 3 A ship design data for experiment



o
ol
>
b
08

272

DM Q7 B U A AE

ol ¢ SRACECLATS ;
N MATCE'S i
[ TES !

et

Fig. 4 A typical sectioned drawing of VLCC

5. 82 OIOIE] Dlgt ol & 2 E

2 AN PEiE A 2 aiE Al
o

82 Fig. 50il WSR2 LIEHHRAC Fig. 5 The system synopsis

Hiotel AABZ 2B Kot Visual C++
6.02 AESI F8o6I%0, Mg LESS It 51 AMAHE 28 ¥ HAE
AMBIED| 26t OpenGLE AMESIRICH X2+3E 2 AR0AM REE A2 die SE AIARS
O] DURE MK FHE AN UMLE AIE 3N S2Y 220 Gl RPECR LR M
301 £3GIMCH, ERZA=Rational Rose = AL QY FE2 COAl 0l2 HSHX
20022 Ar=olCH PBAMS 21 PBAME 2HED[ 2Icl CADZ & X8t

2 HAP0A RO AIAES] FMEIEOl A 2D TH(OXF) 222H 2 S0|1HL A 22
A= 001 EMSEH Uz &H StdXtols & g 5t TICHDIEIE Hllok= RE222 U= #
b SAE AESS IS OIOIH M&EE HeiiE QuCH
2l QEs ANARN H =2 = X Y X el dids 28t 20| MACApSH, Of
SE XEolE $HoR igs 2U=6H 2 Qa2 sl aXiol= Al REIS MM R8st
S YA DAS MASHE 2110 sHe LeE O 0A Holst UICIOIEE 0l&oto MeiHE
E Q| et |etes DEHH)E s o 2 QUHE S & FAHITH L R
St 1 |5ies G FEE [igg =0 (mesh)E A4S 0] REIRAI} MEZS THY
W2 2 W8S A8 Zz)20 ANSYSE 08 HAOZ HHAELEE ESoIHL A8 T2 0
ol BBt 019 2001 & AlAEE D2l &l A HIZ SidE =3E 4 AT
S SOH0ILE OIS DBERSH AU S0 of<sl 2 =20AHS PBAMOZ AEo] REHHMS
Il 28t FERABH MK LEE =NE T ?iet DHES HOBIYCH, ABB= HEtg 45t
i = & £+ UEE LS00 AHZ0[ & = 28, 5 YIHY, Trans.BulkHead, Girder,
ZiotH ofden, 24 2¢ & Ho= 2 =20 Stringer, Hold & &gf Z22 XHZ A
M2 aiid Oissr ¥2E UESHD UCHL HX2 1, SMM2 PXIoiAE AE T2 1801 ANSYS
d2 PGl 2 EMES HHZE HEOIR2H, £ AMEDP| AN {84 (Mesh)E MASIH
Ol 2 2NSE NE2 dHEHE Sl6te g4 Ct.
L Ao B SO HHE RXIGHOF SHCY,

Journal of SNAK, Vol. 42, No. 3, June 2005



o8y ZOIEA SAHMAMS X % ot ZZ2HA EE

5.2 AlAEIS Bd J(2 JIs

2 HAR0A HeHst MARE D2
Jis2 JIX1 UCH CADE Ol=sl0d £H St 2D
CHOZ2H 2XEt YHsS FHOGH| g
Mirror 21501 U2O, 0 AZHAS
BHXIBIH SetE B0 28t Copy IS0 U
Ct. &8t 2DE 3D 2= F2l6t)| S8t Extrude
Jlst HMAH J1s0! Substract Jls, 22l
& 2 oiXIel Fillet 21s0] QUCH

e
Hd
o
{0

53 2YY WX
Fig. 72 DBRSE 0l2] Fojg ==(Ta)
2 Z2C 50 M22 fiA Rus ss= NEg

2eItH

gtel DBOIl Olcl 22l = ABB, = (
)0l S M HEAZTE MBI &2
A6t1, 0 SH2ZRH 2 oreloIeE 22
SHAHO

[
[El

-l[[
HI

il

tO40F BICE Fig. 82 EEZ %'01 oreHiiHE &
o] 8= WHOICH
Olael HES

HAY 2 2Eo| H2I0IHE Ho
g &tk Flg 92 &e

N+ 5 JI2HIE HC
Fig. 92 TransverseBulkHead % Hold
HEXIGHA &9 SIEARE Q2 SIRICH O
HEE HHM of&slnx ot Hes 3

1o
o
[

YA AOE NE AR B
> M UB A WRE DAAT
AE DA R0 NFOHNT.

| S— j

vy Py

3 Il
2 N TR T

Fig. 6 The first stage of system

KA

g Al

ol

s =238 M422 W3S 20054 63

2
o

J

273

Fig. 10 The example of MidShip-structure




Qdiz] =13 _J|\_ OI|:|. Flg 109 Si=13 C]GIIEIQ_I Dl.

e =20
[

RAS0 o= 2t 4t

A 2EE MSE 9o MEE Y L8E =
0

o A S& oL, U
g s =20l
3 Tz)gE 0lZs6

1T
Ae JIs= HSBeh oAl ot

o
>
=
=
[jies
ol
[

0 »
o
X

s E S =+

HUlid= ME S4XE WY FEHcolE2)=2
23 & & UG LS iAokl RSt P
I Y SIE 22 UHGIH S ~HE =
UACE oIULE. HdoiedE  Fot 25 =2 &
otz &S cloj=cels oto Jojg = UL
H30IA HSots AN Otk steXds &¢F
offOF2t SHCE M=ol F LEELZE HHE 2
H HyBtCh S8t Ohsdt 22t TS ARt Gl
HE, Jiet A= &2 HHE MESHALH
Gi#el Fole 2 220 Ok ZE01 Jt=sotH
I EHZ HHEEE M8 = UATH

R
ro
s}
fO
2
g
s
rx
2
r
é
=
&
ol

2 %

o .

X
s o

g £ ACH, EF B2 oM Znete 48N
B 4 QU= D5 E8t HIZEHE Fig. 112
O

2 0o x |0 >
mo mo JE Hu 02

OfH

x0}

ron
=R

ik
ne o

".','{‘_
Eoge Lo

I3
> &

rpﬁ o
ol
=
=

g

J
OIE35I0 M2t MM E SHast ZIE EHECH

2 AF0ME I MS 2H € HES
fioh 22HOZ ABHD U= &3 & oA B
BO W2l &8N0 4+#MoIEE o= &
offs ZENAS SBE gt AIAEES HQ
. Sol, A2 21 A SAA ZH2F off
Aze=z Seeh)| fotH MRACZKE 2
Aol RDIEH WEM HESIULE 0IE

o HZZ=ZEE HSZE2ZR 2R/ 012

=

0
uio
L

x
to

ol
0O
o =

M Jx
mo mo 38

10
ol

ror
ol
+
frall
02

MHXIBOI00 UMLE O|R510] EEIUCH T
S BE = 2D GpOo2E

240/Lt 3D 2= M46HL, 2

D
%
x
S}
]
]
o fir
mn

Ol 0= HZH0|D sEYES & & ACH, 0
£ X oI4Z flol DICHHEES 22E YHE
SO0l ME2 ZEE Mo, RERLE =
Boz MGl mEo A 2 HEHS

HENDIS0l SH Z2H0 S=&= 2HE of
ZISIRUCE LE A8 IRMOZT 40| Dis

Ol218F EIADIEES JIol MAK BAZ JIH
2 200i01 Ol DIl FMAS I £Y 22
2 M

n 2 8

L

0y
Y
¥

1993, &M M& Preprocessor M

TE old CAD AMAED, AS0stn A

=2

CH, 1994, B RZX2°| CAD & &
HHIXIEE B 22Y, SE0iEn o

d

>

> A
o X

N
o g 9
v do

[
HO J

Tl

40 f g

M. 1993, Object HES TS & 2
3 FEM 2229l SB35 AAH 7E
00 olft BE oAl MSCHED A

=
.

e
]

oy

Journal of SNAK, Vol. 42, No. 3. June 2005



&gt

ALE]

e
i

ZIOEA TAHOALY A & ois ZZ2HA S8
BAE, MBH, 1992, "FEH REoHHS A
e 24 =8 s T2 oNe, et
xEES =28, M 29 &, H 3%, pp.
149-156.

Nsa, 2=, 0l7E, 0172, 1994, "HRX
g M SRS s 2O U= 2 H W
£ HMel 280 e g7, digtadeE =&
&, M 31 A, M 33, pp.1-11.

Ol=%, 1993, &Xl =X GH&S |IE Fa &2
=
=3

gl s MA Program H2-Bulk Carriers
S, MER, 899, 1995, “AtAl 2= A

S3IE s HE CAD AlAES 887, &
Sk=13

ZHEs =28, M 324, M 15, pp. 17-24.

3 =2& M423 M35 20054 6%

b
x
5

275

« Peak, R.S., Matsuki, R., Wison, MW. and
Koo, D., 2001, "An Object-Criented
Internet-based Framework for Chip Package
Thermal and Stress Simulation”, interPACK'01.

+ Peak, R.S. and Wison, MW., 2001,
"Enhancing Engineering Design and Analysis
Interoperability”, CFSM.

<BEA> <3 @



