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Abstract

Shipbuilding is a highly integrated technology and belongs to fabrication
industry. A ship is a bulky and complex structure and consists of hundreds of
thousands of members. It is built by a lot of material processing and fabricating
and takes a long term to be completed. The verification of design, schedule plan
and production is necessary before beginning of fabrication in order to confirm
the optimal fabrication and high productivity. However, it is very difficult to
apply this process in the shipbuilding because it is impossible to make a
prototype of a ship.

The 3D simulation is a high technology that can realize the entire
fabrication processes in the virtual world and verify the highest productivity and
best quality of them. Object modeling technique is also an useful tool to
implement the shipbuilding process into the computer world.

This paper deals with the 3D simulation of assembly process based on the
object oriented information modeling technique. A lot of information of
shipbuilding, especially assembly was analysed and modeled in the view point of
object oriented modeling technique. This information model was constructed
graphically using 3D CAD system, CATIA. On the basis of this graphic model,
the assembly process was simulated using 3D simulation system, DELMIA.
This 3D simulation recommended optimal assembly process and could show a
possibility of the next generation technology of shipbuilding.
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2. A1 EHolA 71¥t FA(Simulation Based Manufacturing)

2.1 A]Edo]A 7]¥t A A (Simulation Based Design)
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Appearance, 12] 11 Real-time Response ZWol|A] A zte] ZAL wHE3HX| vk
A I Ty, dyrelde] A e doAe ATl A
Tk AAIZE -] SHel A EA7F e B E Virtual Worldeb= A8 7F L
SBD+= 7|24 o2 Product and Process Model (PPM), Infrastructure, L2
3 VE (Virtual Environment) ¥ VP (Virtual Prototyping)® T/ ¥t VE&=
AA/ NIl ARPAA Resourcegol| AAZPe =z HFsta A = Qe
A&t VP= VEWol A4 ¥ += PPM9| Subseto]™ A%
o A% EE&FAANAY] AFET oyt 2 AFY Ax B ZHIAAHIA
14 & 5 Ak webA AAOPEARR stos Bl d 9 AlAlEe] §lE
Mtz s AFS olald = de Fdol Ak VPE Este] L A
w2 A3 E¥(Representation)dt”] flaix = 2 Fojd PPMe AH&S 53l
salth. PPMol@ SBDE %8 AA//Ndatsoe]l FAse b AE 2
SRR A olth PPMoll= AlEeolAd 2 AsEA, AF] Bojo 48
gk blolE et olES AEsty] 93 w9 T2 afEo] uyAlHe v VES}
PPM< Infrastructures &3 &2 wWrt F&3 F8&35tth. Infrastructurest
AA /ol Fojstis AL ES] PPMol AA ke =z HstiA dd AdE
S FTH/38s F JAEE gl Ft=do] 2 AZEY o9 FZ(Architecture),

AAAY S8A 28 VE, 1A5/1s] £3 UEYe x3tH ) [8][9][10]

oo

1__

b
o,
=
I
&
jam
3
mlo

2.2 A1 EdolA 7]¥t AAH(Simulation Based Manufacturing)

Ay ABabel = AlA| S (Prototype) @] Al #te] A o2 E7bssith. =3 o
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SBM2 AA 2 AxyAel ZE AU(Resource) 52 AA7H 49 3HA %

Falol 9% AFY J1%e) Ao 4% = Ak

SIMULATION

PHYSICS

BASED  IyISUALIZATION
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Fig. 2.2 Dependencies of SBD Elements

Fig. 22 + SBD % SBM& 7337 918 47«3 &4 7|9 AT
Uehla ek ageld wE vleh 2ol ARUolAe J1Ee] smdel ¥ &

ZEY o] AxdlEo] 859 9 (Operation) ¥ A Y (Support)S A= s}
ATh 1 Yol AA L dxyoly AZE ol 7)dle] FHi= Fu|9} A]~HEl

% favold, MEY, AW 2 FRgAEe] Aastth ols st xS



S 743 SUlEE Edav], LAZEY /Al F AREALe] 9ol mep A&
Mo Hewn wAWA Aok A R FkE 918 4F CAE Z=1+

%= SBD/SBME] F83F @40t 7]Ee] diiiEe] CAE Z2af&52 717}
YA oA i A& E I 9l oy SBD/SBMollA = AlmEEe] F4A
B 2 SR AHEA AAE Physics Based Analysis’}t Z 23t} 3-D
CAD 2dg A2dE5e 7Bz o7 7}A3H(Visualization)7] 52 Al&3dta 2l
ow AA/NEAN AlE FE8] fr&etth. 1y #E] AH(Manager), A AR A A}
(Production Staff), &8 A Operator)E°] AAe W&S HESL H7FsH7] 9
A= By A A 7HA 875, & Virtual Mockupo] &%t}

upxjEto 2 AA 7] @AA A/Ax E FEEAY ANEAS Frtst
7] §13F AlEgolde] Hadtth AEdolA Ve AFEdSs EgE 7HA S
71«3 Z83 A% Ed(Behavior Model)S 233+ Virtual Prototypes %38}
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Fig. 2.3 Relationship of SBD/SBM Software Elements
Fig. 232 SBD/SBMe] FA Q4 mda 4 7HA3H AlEdolAd 2 #H
dlo]g o] ~ko] #AE ez Fdg Aotk [5][6][8]19][11]
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Build Strategies
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Product Engineering
Fig. 2.4 Framework of Simulation Based Design
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N
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A7) we, 2HEA 2 A BE A% sevgEn 2o wolsetd 4%
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(2)7] 5 24 (Function Model)
stz o7 on 9l Virtual Prototypeo] 7] 9siAE Aol AE3] #%
Awolof s}t & EYHAS 7|22 3 Aol Hoof st} Virtual Worldel
o

A TR Ve s AEYCA & sd Al="e] A5 (Behavior)S XS]
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SbFol E84S AZsid, Ve Rde bgE Alad RUEZRY JEs s
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(3)A 22 4 (Construction Model)
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7
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st Axrdo] AHL AS & ofF A I
Prototypes A 34U oW Prototypee #|12HS 98] ofF A3t 4S5 A
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=

ot oM Tagt

(4)7}4 = 2 E€ Y (Virtual prototype)
Virtual Prototype A|F R, 121 7| sE2dgA £dE HE As 4 &=
g4 HAE, 283 FAHA TAE Fu de AxEES ZFse] Virtual
%!

Environmentell A A €t} Virtual Prototypeo] AA|//NistZo)A Q7%=
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AAE REES whEE] 98, HFHE AE 22 3 s 7Sk 3

=
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(5)7}438 7 (Virtual System/Virtual Environment)
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HdE3o 32 AlEdolAsty] Ys ¥x9 Virtual SystemE

dag g Zojtg o5 A2UELS 2 7HE VEATS d g9 wEA]7)
7] 918l AlEeeoldE 3 el AHAd EAS MY EA4 AFAE =
Al ]OJO? stoh, 18lal 7]E9] A]2~®S Virtual Environment Wjol] 4%
A37] s, A 2 A" EL Virtual Counterpart® & Fojof 3t} 5
o] A%k dg BAtxo] 9= Alx®w A~ s (Representation) 5S84
AL BAF dg2] Al E e o] A (Distributed Interactive Simulation)©] 2} a1
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7IHF 7w 2 A &89 4 th[10]
26 7H T2 EEOY J&

7h Z 2 EEFo] ¥ (Virtual Prototyping) 7142 329 CADE o] &3fo] A
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B, a4, Aelets dolth oel @ 4 ZREHeY /%S BarE dES
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N
N
0%
[

L2 EEfolg 7]E2 M&S 7]&el F7F8ke] Electronic Collaboration
7155 7HA =, o= CAD, M&S, 7HA3} AFE4, 7HMddad & Ade=
LoEe ¥R oide, EYy wdol §&§, HHe 3 39 (Video
Conferencing), E-mail 59 7|&S 53 AEE Aol &S 9wt oy
g Fed 7MY ZEEEE Ve ML AAHES, M =AY
2e AR NS 7ss Adsks 7Ivte]l Hnh 7S Y AAHES 7]
&2 AAIZF 3D Ship Model®] Walk-through, Interference Checking, 2 At <t
Ak Al EA ol A8, 7Y 244 S F38] Multi-yard Load
Tracking, Yard A7), Finite Capacity Scheduling, #]3% t]o]€l e} AAkd] o] E 9
g Fo] 7Featrh(l1]

27 249 g AEHA &9 H&

24 R FeTs Zokls M&Sel Wid A4 B A Eo] AR AyH
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Aoj9} ENVISION or IGRIP Al Z~®lo A A F3st= GSL(Graphic Simulation

gatel 7A & Ak

—

Language)®} CLI(Command Line Interpreter)& ©
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A 3 A AF 2y 71H

3.1 AA X3 mdgy 7|He Ao

rlo

MA Ak 2= 7] (Object Oriented Modeling Technique)
doju= A8 FAES AMER JIEY 2" gAels o] &3
dsts 7oz, AAAC EAets oA 7 dAolu AbEell thste] A A
(Object)et&= 7IdS =48t Edsletar 3540 &4 (Attribute)s 7FX 2+
zkel A E] st shte] FE A~ (Class)®= A Jste], A (Link), a3}
(Association), "3} Generalization), ‘< (Inheritance), % @3 Aggregation)
o= ol&dte FHxe FUa 52 AAe AATHY BAE HYsteE AR
kg g vt ol g AA AFF 7HE FAE oldfst= & Wy ofy
g, FAE A e AR T AdErrEAre] AR wE A4 s
el fapel el vlo|Eulo] ] AAE 7]Ee] md
S & AMEE T AA BdY 7S ARgste] AAAe EAE S| AT
+ #A2 Fig. 310 Yetd AAH 47419 dAZ o] Fo] Xt} o] thsjA
LA 8] Ao R o3 2ok [4][161017](18]

O

il
o,
N
1 ok
=2
=
:(I)l=

i

AAA L FA 24 AAel e
Alege] a bR AL

Fig. 3.1 Stage of Object Oriented Technique

A oA, AAAe EAE BAste] olsistn A4l BAE sdsE A
FA JHs4 W FESE B 5o Ud AU St wARA, dg
Zeaglor Axde T AAA, ou A=delzA AT AAA

£
o
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of tate] ARsts GARA 2 AH A2~
A Fo] o F

L
A A= Al A AR o] 3 RElYg e AAer S &
4, 71, BaEAE olgste] HAAL ZAE HEEd -

st=slols FAsHAl dr4118]

A md

(Object model)

54w

(Dynamic model) (Functional model)

Fig. 3.2 Three Model of Object Oriented Modeling

2dE dA oA olgy+= EdE2 Fig. 3.2 YeErd A Zo] A =d
(Object Model), 5% X = (Dynamic Model), 7]% X9 (Functional Model)®]

ARGET A A o] s Au R AlsEo] glojA el AAe] 2

=, Aol Aol AelH AR Aolel WA, &4 ° J5E A&e ALY
wdolth ofeld AA mAL AA HL FYHAEL wFels 21U thol

=4
=89 5537 7%

we Azgel ghe Agol



g, @5, 8 5 %] S8 Btk o RUSS Awon oo

AAA L ZAE AT Alads ZdgeA Aok[4]16][17]018]

3.2 AA g FH=

Torch {Tarch) Tarch)
%Type:string YWelding tarch Cutting tarch
&s0ia. integer 20 a0

(a) Class with attributes (b) Objects with values

Fig. 3.3 Example of Class and Objects

M-S Torchel™ Z+ Torch A& “Type’ ¥ Dia'gle 2719 £A4S 7}
A ew zZhzk e fEs 7HAL Uk olek ol AAl= AAZr M=
T2E 5 Q= 54 AT gk aey A4S mdgshs ByelA A4
o Adge Fue 9k 49Ut BTG Luk=s) A 2dYel 5
ATtiE B 5 oglok

(Torch) (Torch) (Torch)
Welding torch Cutting torch Welding tarch
20 a0 20

Fig. 3.4 Example of Objects

olelgt o =A Fig. 349 #o] Torche] A Fof Typedt Dia’t ‘Welding
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torch’, ‘20'<]

5 7F A& Ak olEg A
e AAE fFdst= 49 HAE Sdiste] AAe EAdS S = )
L= &foF gt} Fig. 3.5+ Fig. 3404 F5E AAY /& 543517 15k
'Weight' 2= £4& F71sto] md &g Flolt,

(Torch) (Torch) (Torch)
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Fig. 5.8 Product synthesis and analysis
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