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Development of the CAD Modelling System for the
Submarine Digital Mockup
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ABSTRACT

In the countries of USA, UK, etc, which have the advanced submarine design technologies, the
digital mockup actively applies in the naval ship and the submarine design, because it has many
advantages such as the reduction of shipbuilding periods and costs, the potential of easier design
changes, the combination of visualization with realistic behavior and so on. This paper includes the
architecture development methods of digital mockup system and presents the S/W and H/W
architecture scheme and the methods of 3D CAD modelling system of a submarine hull and
machineries for the conceptual design verification.
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SIMULATION-BASED DESIGN- THE VIRTUAL SHIP LIFE CYCLE

OPERATION) pssons ™= operationaL | PLOYA
k LEARNED . &LOGISTICAL | SYSTEM
. SIMULATIONS . |
WARFARE --~°-—--—*-—-'~ TRAINING
ANALYSES/
AN _; SIMULATIONS

REQUIREMENTS OPERATIONAL
‘ SYSTEM

THE PRODUCT IODEL BASED
SlM BASED DESIGN VIRTUAL Wi S SYSTEM

SHIP ENGINEERING

VIRTUAL
TESTING

‘ VIRTUAL WEAPON:
PRODUCT

e MANUFACTURING| w¥” SYSTEM
ACQUISITION

VISION: CONCEIVE, DESIGN, BUILD, TEST, TRAIN, AND
OPERATE A WEAPONS SYSTEM IN A COMPUTER I
(32 1] o] sizel AlZajold Z|gt HA AIAR T4
(=

(728 2] o|= NSSNg Z=&el CIXE ¢ AlAY

goldel A o] 7 A T B AHe 7t

o] wom OIE F83n f\ﬁm 27
3 e Jusk) daE 71 AR B

dolo] g Al Aesta e Y

N
>
=
e,
oT

&= =7 =

- kvld

) HIS O sk 2

L) His =

[ 3] Z==g Design Spiral

Al2E AA 71ed gEe A AXFY e 4
A7ie B FAL A 7] 7PAA|(Virtual
World)olA] SFAAA 2 ASEMS wEyo g 53
st |7k Ao A4gke A
#lo]d 719K Simulation Based)®] #4=38t 7
&S Adske Aol Bas”

A5Y WA 29 3% o] HA - 45 ¥4

it

g 4 e AE

===
e} 7
i1
o

— Hre gl W s FAAALS £
8 Wbl Hh olEd AR W53 AAwe

UAE BY - A5 AR — 88 ABHol
Woz THE Agdold Azge
* 9% % 349 Y A CAD 24
A Wy AzEle) BelE sAs0] A9E FHE
A T A AR £ H9F FUA B
AN 339 348 9 WA AA7)S 52 gl
A Ao A% 0 $8 Aol wdE 229
NEHold A% % 2 AZst £7EA £89 2
olek

2 AToIE B4Y AdEA 2 7RAA B3
§ =724 0188 tAY 29 Az 7R A
2 74 WA AL 53 DAY 2Pe 4

$3) 29y

A7 |aes) A Al A1E2001E 79) /63



EI M ZE SARIAT A STEM
I HELE SETHEH e FrHEs
‘ FRds 24 E I/ SR =28/84l4
=} ey
B ECE IR

(28 4] oXE 5¢€ HEx

shedl Sloix d4lo] s 33 @48t Al2Ed
el A 74 R Y s =S8

2. CIXE =Y AlAHS] 714

A5 b 34 52 Al2EE Ad 32 A%
At MAlg 78, AR} BiARdE Qe
A5 3 AEE 58 A 3 A Ve A
°F @t ol Hel & drelMe A 59 A
~S A TlS e, 343 28, Algdeld
©E, Jeln doleols #e) BER tprof 74
Sttt
A dsedd 25 Tt Fedel Adol
THRHA e A 27 AN A L A
Hee AssA dAstn Ay Pedel Ald
5 | 7rste) A 52 Ads]
Ak A =7EA o] YAl Tl 271Ad 3
A AFEE st ZeolM FASEARI §
TEE ATYe A 942 AH Al
TE] A Re2A UAR 54 ARHS A
she APk 2 S8AE AAle] Fed R 879
TY E fARK] dNF 5 xS TEEE 715

o

1 S /\_—_
4 A5e A&

64 | = AL S 7|23 A Al AlLE001d 7Y)

[ 1

H#/ 85005 PN AlBa 0l & GIOIE 0] A
MODULE MODULE MODULE 2l MODULE
— —
. o121 @ & s
e | Ko | L BES | e
- MODULE MODULE
X h m
A8 [ anzan | L] 555 5= 2z
MODULE MODULE MODULE MODULE
FHE HEY
L osas L =84
MODULE /MODULE

oy A

CAD S/W 245 Algd DB % DB
I}é{l/vflﬂi_’ (Tribon, 0ld s/w e S/w
Catia §) (Envision ) (Oracle §)

?.

E
_I.

[T 5] DX S =& Alx

D

BEolt AlBdold BEL 33 CAD A2 E0]
S/W)z 788 28 dAg 5de 7oz 3
Zake] 8A] WA= 712 ALE 2 ZA] AH|A
S= AARE AGECE MBS st Hot
a3 o5 RESHA oozt dAE AW
(CADH|o]E]) 2 w&As} AR (X4 22k B4 S
2 dolEolz #e) 25 olgdle] A7 tﬂ
olfHo|l2z FE5HT:

é
rio
o
0|l'
_HH'
Ho
s N

(1) 27|He o8

E’_Er% 282a Yagule B4 58
rael AAS APHoR o

£ wzoa %s_ Sspasl 24 9 A48 5o

Z7]1414



SHX 28 g o=
EIIH& Z23E MODULE g
BEAZ 0| BE Nuero Fuzzy Ol 2% 0IE 8t
ZI M S & part ZJI M & & pant
+ L
+
J' Fuzzy 8 Z2 ¥
=% 08 =% 23 *
MM BE EH Functional Weight &
J' Volume Ol =
RN
JlE &M A A P S U
201/28 s 201/2E W=

H1

(28 6] Z7IM¥ 2" 28 74

S AR s e dx 44 9
Foll thet E=r} won oy H4is Ad %
ol 279 Fa3 257t Aot weky 2714
& & AN AgE Fxshe P
S ARSI ol A AEAE o83t Al
£ 4 Fuzzy 0128 AH83l 284 gz
e HEslE 2B WAO0 el 2us
g 283 71 2% 9 AHE A5elE mEol
AR dF 2 HH o432 o83 Balance
CheckE 53 A% #4& AAA €k

ZJIH& MODULE <
EIHE (&M %éi 20 &

N8 <

{E

85 015 MODULE
He 45 Ha o203
=8 8¢ Strength Endurance Power Heioht
Balance
Hull form Intact Service Weapon Dynamic
calculation Stability Power System Stability

@M 74E

(22 7] MsoE 28 74T

(E 1] As5WE SW M2 A Is +4
Y ¥ | 784E T T R MBT
718 L2k A4k
Offset MM A 2 AdHAA offset
7ls Ag 2 g) A

Het HESN | 53 2 252 F5A A
A% 75 | 33 % 2008 AL

Bg kond, wee 2
t?jl—zl:] ] Ea E.A—] ;‘])‘&_]_% E
& gAY An

J%

HHozs NS BEF
“_éin:“:l‘jﬁ"scé 01__]:]-"!0 _}OF’_ 0\_]_- E—
2 T <
B s U TYREY Y
Mo o
d AT

Asds B8 sk AT A
o

B H5dE S/We am EE Ee golHad]
Z

S TAEl 7|2 eE] 2] Al Al12(2001F 79) /65



A2 A

23

rlr
d
O:

].;(1— %&

HAg 249 3249 CADRY
ke ZeEA A/
A Aol & A% 52 )83t

e 283 3

ol FAH= +
AD E4S Adse 28 J23 3 7
A B Tl Aulse] A4 viAslE T
ez TEHRIY F43t 3w
A Ade UAE 5 AeE 2

7V AgAIe]

£ 2 B0 wlgo] 2o WE Axo
B2 WA tAE 29

|

Al2sle) b AR A

-aﬂ—f o 343

Nz 74 2
2 399 Ry

=] O F = =
Alggeld EEe 48 B5g T 449 o
o = )=} o)
g 54 CAD E2dg ol§8 g A EHolde
8 48 MODULE W
[ i |
S s RAE Hay HA 21 4
MODULE 22| MODULE MODULE
e — | — — = ]
SNy owe ETEH B
— " lere e Swa MODULE
f
Hiles ag HHEE Se e B
| (R Fubi | TEE MODULE
MY DRHE G SIEE =5 e plR-F-]
(A T sa oy MODULE
L 8 5y
(e Hish s
L SMEA TRE il thxl &2
(RS | MODULE

Oxe

S HHXSE M- |

66 = EA8L7 14537 A4

g8 st 2= FHE

A1E(200149 7Y)

Fastel 23 3 A A B84, 0 B84,
AZ3HL 0|2 Fat] 27 YL =

§510 34 2 4 PR 37
2 SH WA, 9% 24 S A8
AW 2L e, o8 2 4% S §
AR A9 A, B W w52 ABeole)
of Fulu) 2 2R A4, Felae

24e WL 98¢ 9gdd aen

JdcHE AlZciold

MODULE
oIzt e 4 7S
INFH /B e2s
MODULE MODULE /MODULE
] ‘ T
HERH HHES 21 & MBT28
Hptd 24 ' 2y | 24
SRR | ®e FUSSH
| =24 2 [ =24 2 e 2
|
ol Bor Of 21 T IUASE
1 =4 2= 2g 2
3N CIXE =< 52X A 25

(23 9 2 AlE¥old 28 FH T



(28 10] CXE SLS 0|88 1aiH AlEdold

A 2o 38 102 A4 Algdold +3) Auos

Ve OlEEAAAE AlEHoldate] ofFTae] A
Ay 3 A wRE HSe] A% Aold (he
CIC 7&uje] Bulujx] 3 QA & Brishr] 9
g Alggold FRAHoIt:

24, jo[efHjo|A 22| MODULE
Holelol2 Be) EEe A5 tAL B4 4
ATl Qolxle ZE HolE(CAD Td, ¥,

4 dolg e Y A T2AE Es 4x

CIOIE H Ol & 2te]l MODULE

SDM
(Submarine Data Management)

CIOIEl HiOl A

(ORACLE &)

o
0
0
tob
o
i

&H, ZHl || AlEd0lA
CAD 23 ook |

ZIIHIE

0x
ol
AL
X

(2% 11] dlolgjolA &2 28 T4

THEE FEdl BT AYWAT A5 =&
o At /W 2 Fd3t CAD S/W 2|3l AlEd
ol S/Wst @7ls|o] Zhzke] S/W &AM HolH
Hlolzo] AAE 5o HA, I 9 &8, AFo
7Fedte= A=A

3. CIXE =S SAlS AJAH

31 gt Alage 7Y

st Al2ElE a8 129 2| AY/AET AF
2EA EFE A8 2 HA X dHo|HE o] &3t
Ag A4, 44 2 78 CAD =4 A4, F83
CAD =4 A4 1ejx AA4E CAD Rd=8 3aKd
Tl WA PAE AT A3 o
MAAlet gdl CAD =] A4S Tribon, Catia,
AutoCad ¢ CAD S/WE A831A i HE )
A2 3AH e AlEgold S/WolA F3)3)
ot

s A4 9 AlEFold AYE Fds] A%

S FALEl 483 2] A4 Al F2001E 79/ 67



2/ SfueE #

r

Mo

stEslol(H/W)e 28 135 2o 748l 7
H/W Al282 MEYIZ AdHo HolHE F-h3t
3 olg HolHe HeoleHlo]la AHd e o]
Euo]2of A7 o] wloefulol e
3H wefsolth /W A4 2 Ase Alghlgat

450 wet 2l 4 9lon tAg 299 3

Al2wlof o]

H¥/ds

Hz 2

- =

E|K|E‘I 2= =

2 HAE AL

ol

3Rk 2K CAD 8/W =
. —I“HOI(:I 8IW {‘_j‘
a' Tt
) E =2
_ | HEWA 4N sw |
-
23T ABYOIH NAE /L

(T2 12] cxE

204 aiAI-§_|. A|AE—|| .?gl

TH oo

a9

EWS

Algaold s/

NT PC

pC pC pPC
CAD S/W Hesds S/W HHXI& M S/wW SEEH S/W
(32013 SAs AR HW TS

68 | =oAL |23 2] AU Al 52001 79)

2 gadoe] oS mEE A3E H/W A
o= AU o]8F F U=E A2HE HHIE =
Qo] 275 od Aojrt.

r

(1) M MM

e OAd 2y d43E AT A WA dAe
3AH S AN AR AY/ATdS ZER
FE =&d A% 2 A4 A%/do] HoleE nig
o2 HY A S/WE o|&ate] A5l 2 &M
Aol 3xHd e s gk AA PAER
AlzEoM A AdAle 7|1E ARHEY HA do]
H 2 %8S I =y A4 439 A &
TFHAAE B3 AH/TY R ozt 34
T 2 ASEA T o 7R A5 24 34
7b Jeug % 7h Fopd A 2 dolgrt ]
A Eo| A3 A} o]R|AEE FAHE Ao
ot Mdo] AR ekl APEAH S/WE ol 8l
39 149 2 3A K A 2dS Sl Ha A
Ad Ay 242 CAD /W2 A4S0 surface &
T solidsh A& AA 3xd CAD 22 $Hix o]
ot

23

@ MA 2 T3 MY
T A SAe Y A HolEE ol8sty 9




(b)
(32 15] CAD SWE 0|88t 22414 M

AA g Al 32k CAD Rulg ANk
Aelch MEAA /W= A4E A3 CAD ¥

HA(IGESEA $)0Z CAD S/WE HuiA|x
BT TE o83l CAD 2= HEHrhk 18 15-a
MgAA S/WolM A4de Ad¥xde CADEE
#Hglek sHoltt WEkE CAD Zdle $4/H%
2 2 surfacedt AHS S8 218 15-b &
29 CAD 2d2 9hAJE]ojzith

GEAA Y5 79 2L A AAA 79 i
A5E ol g3tAY wix A BES o83l o]Fof
AA S FEo] AAEH CAD AollM 7k ZAd 2

HN RV %11

rr e

tu

(22! 16]

ol2{MA| T&ujx CADSY

DeckE CAD Rdslste] &EdAE 4A4JstA Aok
I 162 CAD S/WE o]83] ¢844 £ Uy +
3g A4 spHolct

01

HAE B F4st Al2"e] Al dA G e
g Uite] 8 AHES 17 177 20| CAD Bd

2 FAsle dAoltt mdysEE Fule) Alge
HlojElulo] 2o AAHE AHAH #u| Holg F 44
o gl Aee de 2 e Al Aol
ARE) CAD Edujde 25 A3, Hx9x] F
o @ygh guet 2% AA T WYY ArE
A AZE  Jom AREE AR, EE 5

]

£ CAD 593 $4)

d WA B A48 44 2 2%l CAD
2SS 33 WA B AR SWE ol§ sl
AREVS IF AN BAolek Al
g 9 ) W A AH49 BAS FESAY

_%_
XA ZEX E2E ajARME w2A = )

A8 7158 8] A A4A AL 2001 72) /69



E_
S
0
or
=
i
o
b

Translator 715}
(Ges M 0RO
Format )

||
(Catia model Direct Access )

[ Agaloie 28 (Envision) |

(O 21] &ast AlA8o] CAD Hlo[&f Hgh 3

OH

2A dloJe] &AL Bk WHle ARSI

42

2 drodMe e Ad=E 3 4s%t 2
du HiAEAE FPse HAE HY Al2ds o
A =4 Aol dgdas 4t A2 74
2 ke AAsgt EE dAE Y Alx
e g B e At 2 s2dY Rz
o A B4 T 2aRH AACA sl ol
A= s =9 A 752F A /W,
z34 /W, FAENY SW 5 A5y A4

5 h48 S/WSE 28] 3T 5 A 3

O

4

a%

72| =oAL E]A] Al A5 (20016 7Y)

#5E AT =7EH 869 Zolth 12jal Head
display, Motion tracker, Cyber-glove % T3}
VR(Virtual Reality) H153 445 343 T
el digt 7hdeE 7 Al2EE TS g A
oltt.

=g

A
e

1. Otto P. Jones, etc "Using virtual environments
in the design of ships”, Naval Engineers
Journal, May 1994.

2. James S. Boudreaux, "Naval ships and
simulation based design”, SNAME Transaction
Vol.103, 199%

338, A, TPIEAE o83t FARAA HY
2 Ay, AR ] dR AR, 1998, =
Hetd A

4. Patrick C. Hale, "Computer aided conceptual
design of submarine”, MIT, 1984

5. HF9 o, "wEHA RdYL o]§d 27| Fa
85 24 2 A% A, dEsREA|, A2
#3%, 1998

6. Ar9, B TRMAEA 2/ 2
Modular AA71% A7, =8HEALA B
2000

7. "Envision online documents”, DENEB



