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ABSTRACT

Augmented reality by knowledge engineering and
convergence science for concurrent engineering and

constructability in design

Kim WonJung

Advisor : Prof. An Gyu baek, Ph.D.
Department of Naval Architecture and
Ocean Engineering,

Graduate School of Chosun University

Recently, the development of convergence technology has advanced.
Convergence technology is widely disseminated and spread in various
fields. The shipbuilding industry is a comprehensive industry and requires
application of convergence technology. The shipbuilding industry, which is
a comprehensive industry, applied various technologies for collaboration
between each sector within the company. Through many developments,
each company introduced an excellent system and built it independently.

This study examined the situation in which future large shipyards, small
and medium-sized shipyards, aircraft manufacturers, and drone startups
collaborate through convergence. In the era of convergence, the knowledge
sharing environment that can occur in the process of collaboration among
companies was studied. This study also studied the knowledge sharing
environment among each division inside a large shipyard. Constructibility
in design, which occurs concurrently through knowledge sharing within
and among companies, was studied.

With the recent development of digital twin and smart ships, shipyards

vii
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are preparing for future ships and advanced production technologies
through smart ships and smart shipyard projects. Digital twin provides a
design production environment that matches reality and virtuality based on
product models. Ontology is used for product model description.

In this study, a method of communicating expertise in different
industries using design drawings was studied. To this end, an ontology for
knowledge sharing was studied. In knowledge sharing among companies, it
is difficult for the questioner to know whom to ask. A study was
conducted to predict who might be able to answer a question. A method of
systematically accumulating and conveniently using questions and answers
in knowledge sharing was studied. Through this, knowledge engineering
and convergence science among companies was studied. A method to
promote the participation of intellectuals and experts in knowledge sharing
was studied. In this study, a classification search method was studied in
consideration of location, space, time, and participant composition in
knowledge sharing. For the convenience of users in knowledge sharing, a
method of using augmented reality was studied. A user-participating
augmented reality method was developed in a simultaneous situation for
constructibility in design. It is implemented as an augmented reality app
that can be used on popular smartphones.

As a result of this study, an augmented reality platform architecture
powered by knowledge engineering and convergence science was proposed.
Therefore, augmented reality by knowledge engineering and convergence
science for concurrent engineering and constructability in design was

proposed.

viii

Collection @ chosun



A A&

ALY A72A

= AFs A= g8 A 2opoA ddshs te &5 fEoA AAEHES
£¢ 25T HEAA0 282 U AT §RY PP B Ao}

AL AALAEE 3xFY CAD 2HZ{(Modeler)ES o]8st A|Z2 3 (Product model)
e et g

gotal ot AlgRd2 AN A dE AlE 22 A2 AREAY
S A

=
(Digital twin)= of7]o] shggict. AFLLo] Yo BWast Lol =Ag Wa)
7 A 4 ok ol§ F1 EWe it Aiolzin dtl gt MAEW &
ol AERD Aol MPslojof 31 T ol Fo MA=AEG F7t2 AN &
goluz 49 UL 053 Soluth 22 Fo| =9 ¢

QARG AR AQsitiete AELD A x}xﬂ o

o) |27t &

8u3 AL o]7]F CAD 7t 84 BAPL 9n Az e Fopo] A T
A olsstel o=g molslr] YsiAl AEHE] EAZIAE ofFs] AAxjsic. A
A 2R QAR ALEAL AT Mol e Fo| 9o WeAe ofdsir)

olo ¥ A7t owoz FIstel, Fo| £wo] HolHo] 7S4S S W
Yoz, F2edo] AELD] AHE0R BAELE stuxt sttt FAEU ME
welo] ©ga} Uepdris ojojg o2 Yol “AERY geter]’ety mdstuA}
gith. Eo] WS wulY ADLEZ|Z|R ¥lEo] BYl Sig MERDo] Ueht ez

1
=2 sk Zlojoh. @A Fol £ glo] A% Ut 3R AERo] feet 57
250 Holeg st AAEW F3AMolt,

B AP ACEY]ZS AMSSHE AW FPPAR 28 A=) 3Rt
AERD AL Rolstnat Sk o2l AAEHS BAED 1 Yo A2 =
T BE R 6&@1@% 8|5 aAt Atk oA HH AR o2 Hol MEANS
U L2 9¥o] E2o| golste] USRI L stuxt dict. ojet Ze Aot
Sble) B3 A AHeAel S48 Rl BBl BUE fEdt o
g gk of7lo] ool MAA] PHo] ARG YL Rolgozn 49U AS

Collection @ chosun



T 7RA o]

.

L

o

M

[9)

N
(o]

o] 7}

oju

=

—

S

o

S}

[9)

AlRr

=

=2

o7 el

A28 A3

oju
7ol

2 7

N2

2 AHEEA ot 23

AFA]
&

=

O X ut

s TTT

ZAlof| o

=

]_

o
—

o} AHARIE ofu] g

L golAln westelol sha gck.

K
s

Kk

B84

stet.

boje}

[9)

AR
T

7’(_4‘
A, ZAzo] §2)

Ie A2lz2=2 SA[9 o

Hzo] @70 ufet

=

(o]

Atol7b 2 4 Qlrt. whatA

1SS

AlE 2AZE obdR|2te RAR=ZE ok A2A,

A
Rlete A7}

]_

Rete st o) chol A 2
=

T T

L

kel

ol APt =a 1

VA%

ol

Collection @ chosun



Smart Ship
Eco-ship

Green-ship AUV

Container DFrI;ISI:;up
cor vicc LNGC
Bulk carrier

Digital—
Twin

H2 AARQ o4 RAE AP EMSE TAYIT, 27k AT GGoA o
Feie Pafstol AAF Mol gt a7 BA FAsE F45] F/1n Ak @
FAI5(AD, Woo|El(Big Data). 2¥8} AHEUIEH(0T). 247 A, OAE EY
(Digital Twin) 5 2 4%} ALY ATl AojAl= FAY U714 Hgd
AOLE Au{Smart Ship)o2 ZMAIIS] 3PPe AnE ek o Yoph xia
o] F(Domain) 718 AYst: AOLE O|$A| §2E Aot Felw ook A
b P30 g8, AFIUY RESE o2 Bolg WA ol21 gick A
g730] £M4(Ship Yard)Z Hold Tl o2 Zlolch. ChPEMAY FAEMA

u
A, OrlE B9 Ao 9 Soe HAEA uHos SR A ¢
olstn girt. ol2i3t nla) AurEare majstatel Aub Aate] Akt Awstn

_3_

Collection @ chosun



P1eret EAgEA AR A AABE §EY X i
ChuAb ek oje) Aute] gEd FEAL WAl glold §8Y Fdl Wa
3 2o oo} 2o guE ¥

o) B2 A4, A7) AR AL 24, s @
4 52 mYst: FUAIIOICE Cifgt CAD, CAM, CAE % 92| 4AxEQols

cQste] AL&sH €t £3] CADE: ofulth, Azl Ao} =z Enjc)
E

n 53 AT who] UAIY, 7 A8 CADE

=

MEore] 1eat 54 uhRo] YA so] ofPck. RMAYL §EYC] T of
:
H

>

OfE of=ef e dkohd AHH7|s
Adzat Lol ZAl, A&, Azt o] RAXA Hedl, 719 EW Y50 AE A
oM AFEE {59 JETF= vA gt ol =AEQ HA|E EY AULE
OfEE A&t A EAAE Abset] Aol 1Y¥d 371 k. ATHE oA &%
& Altioll B Fofet FAolA BANoz HEUFFO FAIZE @A Aoz
Mz g AFERY, ol 50 olF CADE AEE 4% Alel? JE 2384
Ao WA AReith 28 o]7]E CADOA A/dsh 2 otdg 5 =% o=
HEksto] Add & QAR ojmf 7]& CAD £3t 2@ Jurt wate]e 2A|7F Ay
gyt o] g FF FAM= o 7HR] AZArgo]l A ot} = &
ofE WA Atolz= Yol Tt FEIT wHH AME AXZ 4 fle FRoe
A 270t oJojR]= Y] AR S TS 4 ot TEbA ojm AEAR] FE
A 20 =99 Heido] et =W
XA 4 ojE HEFoA ofH ©HS of
ol mety AR Age] Zehdo] dapAlrt
(Moulded Dimension)®] 74%-of A¥lo] X=Z(Extreme Breadth)y} &=
Breadth)o] 72t #8& A2 C}2 Rofo] Afo|dg & 4 9lok ol Hulolut
WY Fore v

=HO| W(surface)2 F=2 Fgste A A= A} £ 8ix] &

-

m

r

_4_

Collection @ chosun



o=

S

L

EH Y

i
=3

2o} Apolo] HEA|

=

o gEet A

i

=3
ojmj M= ot

Al

12
o},

]

S

VS
[e]

al

5t

AF

sh
=3

tof x18%ic}. of
ga] 2

[9)

Bol7A|

Aol FA

=
s

(o]

|

g Zolck. of7lo] o Uobrt ZHPE 74,

87 5%
NELER

| w L
: K — 1o [=} (ML=
T o m_m.c T ol o on
o) B Mwﬂlwﬁcx_ iLA_ A of i
o ronu T =
= o T oo T o WE TED
Kool o X kv
o o fozn = & iy o S
o ~ = & & o WL_@L GO
~~ —
o 5 amz S e Z
K T o B < N = wl e
o0 5 oo L Rom oo W
H 2 o w <ok o® Ry
Hm T A = RO oj o) ke T o
" Py x4 gw
5 0 Y S-in Fdg=Th
(i px B E T o T
o 2 v ok % 9 — o w X
o] N == I N A il w0 %_o 25 K
om_._ °© C-a Mﬁ_ 3 < o _ ol <]l
,_m .@l ,W A __o,._ H.__mo o \__1,_ 2] Y .A_ ,m_l
T W 9 o o Fohoow o ME M S
A4 A iy o o Ko =< e oo 2
o _e n_lﬂ b o_ o~ L X %
1o H A.._ _A.._ ;A_._l ﬂ_bﬂ ol _mlL H__I .U:w_ Aw* st
of ., o7 T T T mo T = K
o B < T b i Ko o
~ N M T o~ ook Tod e DR
r e NI e S T
= < N w__ﬁ_ T oz 5 [ ul % Ho f - &
0 BN = T w5 Moy B
< el of® <] o o — = B <
Ko T esl S U uo— CI
T oS oy B % o 5 T < om B =
T G _._u T 2 4w A_ﬁ%%m__u
| ] N 120 - - il
o & Em%mﬂ%]mﬁM%%Hmﬂ
i o vl = . K 0 xR K wl =
[— O 1
= M < wmouw T O Wl w=r T o ] K
o D = % o T T — oy T
W N o R rJ 3 A = o w4 K oW
w = CENE T KT W TR T
T o o W ol U K D T M T K]

AH15], =W HA]

=
Collection @ chosun



B
2
Mo
@]
i)
@)
o>
)
e
ry
re
-4
Hu
i
c
=8
<
w
W)
U
~
r
lo
hu
w
)
@)
>
)
a
i
hu
=oé
o2
Ul
=
|m

v RUEY A5, =AY CAD &g A8t i ARsuix] A-H17] Sol At

ZAEoF Algdold wE A+, o =A 24 s Aleold AH16], 2AA
AAE 739 HEd a4 AlEdold AAAIE A-19], 2da Ad Ax 3, &
b EiR], ROl e AlEold A-H22], 2AA ARF W iRl S A Al

A4t Ax o]y mRAE 9lojA MAYREH24] SlM T2 9tk
=9 9 2 BA AR, AAKES AE UM OAY =W Y A7),
CFDZA 27X2 ABAEOE A5 o] OpenFOAMOZ AHE S|Mshe A7(4]
(@]

—_

So] gt

853 Pol LRw YU O4R7] Y3 AABI VY ARE, AE PAM £
q eE2x] 29 9 AETE BY A2, OEE 94 B AS Bu 2 Ay
(18], oloF7]% HYE ol§ TR He SSTA AR[20]. AlAHo|A T vA
A2 o8 MM 22 BY A7[21] Sof AL,

A4 A7EY

02 §2% 244 WL A A £ IR WAoo HYT 4 Aok AR
sttol 7liol FE2 A §9E AAES MY ARsH WAlolch £ wimE £
ool s chE wob AE/I%e] =W OFE glol BASL B L ol
20 g2 AAES FEAL A PAolh § ool s1%o] FUstizte
Fedo] st 7]io] AT OhE /UL obgaiol Zustoid A WA WA
o]},

5% Alt) o]He AL Aol Aol Felsk £AKolo] Aol A
o2 B DAY, §BY AN WAL AAE Wy Zo| Fojxoz A
Hotn ojgx 23 BAldl AW o AT 2 SAW o2 Y YWY 4%
ZaFo] e 2o Bast

B AP IS §BY AxEA g AF AAS Mg wHos xYst

Collection @ chosun



1

S|
=
O

Fct. oleh A
A& CAD =}
Ml =t

9

[9)

2
2

ol
=
ol
=2
ct.

]_

—

l

o] ojyrt. mety o]
s7jolM Mz Aol B

o]

T+
a

(e}

FoAt

[9)

St
=]

3D Solid CAD #H3(Kernel) <Xl
AA|

Holo] i @Yol
3y o]t

=29

=
[e]
=

R
I &=

9
o

|y

| .

oHal &

xedal
0715 CAD dlo]g]

|y

L=

o

1A

Feie 47 )

1 ¢l

AZE At 47100 o

o}

=

9

gl
123

o

i}

(=}

=

L d(Product model)

)= CAD ©A

A|A <}

A

(o]

L
=3

1=

tH
12 oz

+
[e]

Al

7]¥te] welei(Modeler)7} F&o|ct.

(¢}

s}

A =AE=

f

o

3 A

gyojultt 7] 42 AL CAD £ZEF o)
CAD=

(Save-as 7|

= °]

& A

[s)

*

i

K

AL 701K 25 790t 9o HEete 1 ARl of

el

.
—_—

K
op

A

<13
i

o Aoz

]_

-

. olm AntE7]7]e]

ey

Zolek. A7) EAIZ

BART ArAE 9ol A

9] MZ7](Product life cycle)S 0]

T
=3

b Aferolct,

LI

AdReto] ek Zlojo

off oA A

T &8

100

Fol FAIA QD AHE S5l

[9)

g

R4

(<)

2o
Collection @ chosun



X0 Eﬂ iy m_.u_ T K < oF s
o = B o
__A____u K- K Hﬁ_. w0 o ° Hp
- Lo B L e ) o ™
5 ) o B U m) 58k = Hn
- ~ 110
foll ) oM — v <0 1
Tr S ok _ 2o ExiXT w2
it ) % O x._o ! K.._ O_ K X _’1_ o/
ol o > Moy o} (U] B '
= ‘ LTI vl
S Zww FHERT Pn
5 |rO ) o i i el T o
= = s E W g 5” of =  gp T
5 . ° = J_% Ty C L_ﬂom [
2 & I m i W_.ln_ R~ T G M & oju il ﬂr.;
5 a 5 Kk Ko U. CL i — T
o + — N 2 - = o <
1l = = = Noge Joo oY SRR N
M_. £ 2 mA_.,_ — o ol = < Mm o
._O.._ © = K B o ) T ofu ] T
Ly Qe o M_ﬂ v ~o Hio o =2 o — K
70 ﬂ i i H_._.._ ~ H.A m __o.._ ,_L‘.uA _n__:._ H_ﬂ_
o o - iof M_m . T i y - ol o i ol
29 = , OF
2 = ADn ___i CILL o ) 3 Wu. I ro (N
= £ J [ - Sl o
= ) o] B ] uk m_m_._._ q =T
=3 o F o e o TR o
10 = °© ok 4 K T — KoEn o= oh Ho
o = Mo T oo o 2 o & =z
KR = T g % m.e Jo & XM
—= ol X oH o & o o N g K
~ =< = A3 oo T e ToD o
jol LHo @ p of OF wm of & o = m & oI
(@ ,m D _lx_O ﬁo O_uO K
Mo S B < ~ T &= & U n
L, & IS N T U T,
<r ~ n = 0w e XX o o
— o B W B g o= BOX g
K o ¥ 5o m BE _ oz
i ~ o g MR A R
o X ow oo o XE O
T o xdobw° Lo P uE
S T RO S N S oY oF

=2

7IEA 0] FoFd a4 7l

Collection @ chosun



ASE AFLE

2 AN = AAES 5 50 2SS o7IEA 42 AQtstl
710 At F¥S AFshe YA

A718E SAlESHA AARE AAS
x|, LAYl AP(Wireless Access
ULEZ]7]19] GPSAlZ] 2 AP EE &

TR B AULES]] SN SR WA

Q.
=4
afu
i)
Im oo
ol
o
2
o
I-'\J
)
19
U
ot
dn
ol
ol
kI
[~

24 ANZT

AnEo] AAIE 2 ZeZ A]AH GUI 7o Visual Studio 2019 C++,
AOLE 9 2 IYo] Visual Studio 2019 C#, Al&7HY =2 I2f™o] MATLAB
R2021a, X|Alx& J&3to] Python 3.10.1, AODIEZ|7] ¥ 7iEo] Android
Studio, ©]u]X] Z2X/Jo]l OpenCV, A5X]s F2{doll Keras, AULEZ]7] S7&
Al of Jfdto]] Unity 2020.3.33f1, AOLEZ|7] &73dAl QlXlo 2 vuforia, CFD 3&ff
A AnEQo]g OpenFOAM, CFD siAZxt mAJof] ParaView, AZ2E mE=lo]
CATIA V52 AM35}%C).

n279Y stegol $
32GB, Windows 112 A& S0 do] AR&SE AULE 7|7]= 4/d Galaxy
S20 5G(SM-G981IN), Qualcomm Snapdragon 865 SM8250 Platform, 12GB
LPDDR5 SDRAM 128GB, Android 12, AUtEE& ARE5HSICt

A62 7o &t

= [e) o 5 5
331 242 PR 0|5

Collection @ chosun



4 Ut J2HA Table 1o oj2jf Ad=f

AFAISH
oa=

5

R

l

9

o] ojoje} 7}

]

T

ojg] a3

=
=

=
Algr 71

—

o] 7}e) el

o] FAl=

Holstact.

oju

AR T A&

5

1 548 E=

VS

=7} o2 sh olyel &

=

al

Table 1 Definition of vessel in future

Haro] =g o :

paA) -

]_

__Oﬁ_

#

S

Il

Al °ols

E}
=]

S

.

Al
=

Al AL of

2

IS

fl, Bl

|=1Ke]
s TTOTT

fl

I

00

o

s Auto] A

of

A

T
a

Q7t= B&AL

o

=
al
s

T
a

[e)

xt

P R

=

]

1o

T+
a

T+
a

23 A Ed Aldid= AE Fo] &

i
o

o Al

S
a

HA o) A

0

o ~}F O
w9 1S 5

o

A

T M
.
T

~
Klo

~
__OH_

Tor

7150l

5t

o] =rof of

B/

|

o] ol 7t

_‘l

A
e}

_’IO_

AVHE AlE AHAE AAES fres it

=

R4

[<)

o
Collection @ chosun



Tor
o
o

]

)
o

i

_—
10

o
il
ol

)

o]

A 7hx

al
=

AL TR 2AEE

o}

A Ajjo] 27} weole]

2 A=A 2

]_

T+

b BAlY Al4g0R ALgRe] A4

135

(e]
=]
=

A

olo
==

[e]
o
CIESEES-]

o7HA

k=3

QU bR}
A

2717

2
g gAY

AA <}

o

&P

]
B

-~
;01_

=<V
B4

Klo

00

Tor

o

L

Aol A=

],

KA
Ro|c}.

Sk
]

ol =

- Elotz Atz E O,

Ae MER A7 B0,

_’I’I_

m
=

a7} 7]l ut

o zcwg
2

THA] O o

E|

105

|
Collection @ chosun



M2 AR S5 YEE

A2 AAGRS =HBEI S

HBRACA Y S @ A An2L olojwol At Uz Ay
AVE 2R A AARRS MHRANN FHRAR ofo] MAsAA £7]
718 SHolA ANEY, BAEROR gAstEo] itk LuHoz MAR} £H

sLgrtel SAlojet, E43 73% AR 29 AR o 4 lnk AP E
AU AR £E HAS vtk £ A7 mulAbgo) Al R

o
%t‘ . 1o

MR b

Fig. 3 Drawing information inquiry (from following department)

_’|2_

Collection @ chosun

FATEAE S D AR WA ool A4 £
=



S,
1Al =]
Zolc}.

o ©

1
L

ofo]c.
1A Aelsh

[9

2 54 R0 3

ot

ZAAX]of o

o=

A A

=2

2l ol

pSN

LI

P "o
A

[9)

2]

AHAl =

o

A+
A

R

o

A7}

a
pLN

ook, =Gl o7|A

A

[

olL.
AN

HuA e 4

v

il

1Y

0]
A
=

=
L

=

JEfo]7]
24

Al A

=2, 7]
Az Freh FHIA HH A of

sig AL O

3| Xt

F

o
2

ol
<lo

_’|3_

A At

Fig. 4 Drawing information inquiry (from preceding department)

Collection @ chosun



w9 A2 AR, sl Z2s R0 dish =EgR Aotk A, AAE
B skt oAl EAIE MAdsE HeAl 518 oF 2oolot. A, olAle
HA wofAl AEsior steAl v =AW dA Aoold. Ml w2 549
A g A, ol 2AdME Fo7F Bact 48, AAIE &5 MEA 7id
St= 4% Solth Amio] 48 AURE o|Al 55 AR ARet dd 4
o2t RS melshs AYRA, 4574 FEAE A €2 9% oY

[
ot

24

Fig. b Classification of query contents of drawing

2 AARAoE dAe) F8s} chach BOUALE A Ao oM =H
AYALS Aot A, A9AIE ST 4 ool ARl gel Yadt ate
AL 5 ¢ 4 AUCL Tof, AYAL G FTO) AT AFALOIAY o] Kl
AQolth. Ex AR 289 7JQ Aol A ARG T A2 4 9k oHY P
A s ol 9|2 ALY et Aol @ 4 gt

ol sAsky] s =RAYALE YAMo2 PAstel ARl YL FYAL
olRAlE I BT Bast Atk FYATO IR We) 9H£E AFo] Bas)

R

A% Aol ot Alde Eotol |AAL AL 4 9tk Fig. 6014 Al 4, AlY
5. Al 6, Al 70 BA] U AR mayo] 9t l2jolch TiolA AMgAAt
- ’IA -

Collection @ chosun



ofl
ol
1%
-0

KA K}

=

ot
0o
.

t| Ol™A |4

Fig. 6 Who to inquire about drawing (Direct)

g FA oAM= siEAS e o iOE AAHeR RE A A2S

7 Aok 2R of7lo) SEs] sl tiv1E e V1ol A SRHVIAN 2F

s
= AedoR 4T & es 74Y 2 o Fig. 7oA AAHAR 1)olIAIA
de] BoiA s A 8, Ab 9. AR 10, AR 11 AR 122 A4 SRO7IAE 2
ol AR Anm S-S0t AEjoltt. Fig. 7oA APIAHAR DoliAIM 2l EoiA
e 2 AR Aol 22l =4 dee Qluletth Fig. 7oA Atd oie] Hofl &
AE T & Y A2 AMSRE 29 ARl ZRIE ZAaS BUkeh 250]
o AeAle AMERE FASH] At si=oltt. Fig. 7oA Abd 30] 7MY w2
g HA5dS HolEt e AR ddol ddet g@¥e 47 AR
WZ Ao o=t Fig. 7oA At 129 FeAH P A4 SR07] LEOA
NS 98 ALw Qlch thut o9} e ALAES QF&sts S oYshr] s
de WA ZRIE MY Aoto] LRSI Fig. 7oA A 99k Ak 100] 23
[t ARs M= BEHoR Fugton IES A= Jl2 Aottt 2aoldt

g 7oA o]F9 B AYY L2 A=otl UAl(Relations)E A7sh
of g 4 Atk

_’|5_

Collection @ chosun



7

C =

s
S %f

g9 FA9 Qo] dR F AAZE 2fojE® Aolo] FHstr] sl ti7|stalyl
A v Yok ol HAARCc® wE Qo] nRRAIY wheba] 7RISl o {AIZE
of +27F Bag Zo=& of7|= A|AZ ulg] gojgHolAo FAG| = Zlo] H
2|5ttt XAl HA5h= HlolHylo]AE AT A|AH|o]A(Knowledge Base)2bil 2
20 A7 AN [F85H AR&She A aaoln sEAUAQl weoltt. Fig. 8
oA AFF 70| R|AHo]Aof AFale] HEAIALS FASH: B52 UEHUL ok &

otk T AL ARl Y

Mg &5t Zo| ARANI B golsit),

e
ez
0
rr
djm
oX,
>
>
)
=
=
I
>
2
Mo
)

_16_

Collection @ chosun



N A - Knowledge
S0 ) e

=0
of
ofl
184
40

3]
E=2 314
Aaxt [ =ax |[ =ax
NICEEEE

EURRE AL AL D] PR ASIAL A8, Sarl vt 2
S8 SAol oJs) A0l Ak AEDolE MY 2 5

e swd 5ol tel weel Sl ge WA, Hud A
o, Myl paL WAl A2 4402 Mojstid] Fadtel 1A 33U UA
(solid)2 71g5k7] th2o ﬁ% Howﬂ gol chzct. AEAPlE ZH7to fwe &

B xﬂm AL xﬂmroﬂ ot =

>

Al ’5“1]’5:171] %“J*e”ﬂ LK*HP—J., LA, ﬁ%ﬂﬁﬂ, %‘”&EJ KP‘HJ*EJ L

3R 23, A 23 x QR REED
SOR Ukol ¥ 4 9tk =R ABEEO] wat Lol BY AN AXAIAE
MFE MG, HF 298, MFA 9AEAE 502 Us 4 Atk £We| 2aA
of wje} Uiro] MW £MA AXAE, AF MBS, MFA ARG TYSH 2
U4g. 248 Sol Wt 2] SAR 5S40l e L 4 ok 53] SR 2
of FEE 49 =W pore QurAel =uiu 0B Sosfob dch aPe A

Collection @ chosun



ol

ol

==
wTT

14 AL

5

Pl 9
= Mg oje) A0tE o] EA

25 e sl AbYy

o5

}

[9)

Q

1
=

of 1 =opr}

a

-

b wrebd ERAR AFE BE A

[9)

< || %0 || =

k- || || 2

2 || ur ||

I
<k
Ll w
N O_u
|

TI= || (| @

||z me 7l

= (| = || =0 || o

<0 [ 20 (| Fo || <F

I

T [

ME =

~ ol

[ [ 1

~ 3

Ao || o || s

100 k-

2X =

x|
o},

FAIA A

AR

o]

SH

18
o] A
=2 T

==
Zr|s

MNE
7| bR

AL
TLE

Al AA| 2]l=Et)d(Lead Time)s ©

AR50} A0
Pl M= wobs

=

A
=
als

f

&80 71535t Algtl] o

o

o},

b 7]

o Yot EAZEe HETAR A
- ’|8 -

AR

o]

[9)

o]

S
-

Fig. 9 Drawing classification & management

LIS

Aof =

95171

st

NFoL gutEA wHE 4 9tk o2 £
—

Collection @ chosun



AAE 4 et ofRh 2 o4 ofojo] o) EsiEnt FHof et ZEE 4 fle A
g= 7ot Al AT e o A= w2 A2 SFAEA ST
I ARFE SHEH. Lo AAYRSE VI 2AVE GAstE L A
o/de] AR7t AMtdt. metA Aojidol At AlFQM s AAITAER a8d=
=4 2t ok 2AR]L EEAL AREA. Z71EAL 7128A SAIEA, A
A ZF 9AY =AY 1 71L° =izt Zavt e Rk VR 2 E

o 2o 5 = g )

30 2E worol HATTAGM GO VUL HUT 4 Uk el AL AE
2ds SABSA MAYEHE o2t TAR Hol Atk o F8a] sl
4 & i SA3UA AAURAR Nate 9aA NRY2G TR

2 AotTE. AEH, ARA, AEREE Tt 3
ol AFEEE Y BBlel BE A e 2] A

A, J8chy 2@l S taststd 77 BAEe degt 7 w3 g o]
of thxIst7] YA A AEZRAS FISHA] L HEo Wilog WxFoz x|
dste ZF o7|EA7t Qs

D5 AAGANAN L3t CADE AMEE 4 glth Tt A=W 71E FEw
gt F7toteg AAeHo] SAEE AANFS AEE SUAAME Boreh ot
7teX &Y CADE dust HHst uists Zledstes 722 uidAle 7P’“ CAD
Dol A é l AER QIEE lOliﬂ isﬂﬂ(ﬂ é | A4 ]

rr
P
o,
e}
_ﬁ
olv
o
_EL
_\,‘L
I:I
r2
\1
o
2
i)
ot
e
j&
rr
o
fol
Mo
o
» O
r
X
>
-|m
D)
=
)
ofm
i
i)

T

FARRE o217t A& Fooll wet FAs] thE oJul= ARG HT. EHE 0 ofefd
7]E ARRh ©ofot ofolg 2 ARESH] RO thE Zobild =¥ e Al
oAl QallE o71g 4 Utk Table 2= U7 &3t ©olQl ‘current’©] {ARSH &

i

_19_

Collection @ chosun



do] Mz o AZZofflA &3] g on2 AHEEH= ARE EoEt

Jon

Table 2 Homonym

£ o = Of o] 1
Current Iy (A1Zh) =AxH

Concurrent At 55t A7
Current R7]5-t (A71) A=
Current e85 (5H) =%
Current 3 A e (BA) 8%
Currency =837 (&) &%

o
rfo
fufm
fu
a)
1
-
ox,
H1
i)
ko
o
2
2!
o
)
rlo
T}

(o]
olo
el
ofo

o]
S

o}
Aot cyo] A7

2E R
AARES 2 4+ Ao

Fig. 10 Ontology class of knowledge sharing product model

T2 2 oItk 2 B selo] ko] BobRle ool

Ao o& S50 Fig. 112 o]&A AA|2 Double bottom solid floor&

_20_

Collection @ chosun



E2ZX 2 235t oAlolt}. 24| Double bottom solid floor of2fjo]] Solid floor
plate 13} Solid floor plate 22 =Z3$ITh Solid floor plate 12 th49] Added
plates®t h40] Cut outs® Z s}, Esth Solid floor plate 2-& th49] Added
plates®} Tt}49] Cut outsZ =Zshsich J2]1 ZF Added plates= %510 th49]
Added parts@t t+49] Cut outsES Z§HSIC}

iy

| Double bottom solid floor |

Solid floor plate 1 Solid floor plate 2

r I
Added plates | | Cut outs |

________

1
Added parts I Cut outsi

Fig. 11 Ontology configuration of knowledge sharing product model

Fig. 125 AAlRS 2E2A2 2ot of5A MAY Hud FUdd

£9] Typical Double Bottom Solid Floor A|ZZ®9o] &Ato|t}t, 7|2 1A
35wl Ef2 W wyse sl ok IYdel AR 8

e 71573 FYs0l HEol ZAA EX|o] Fx5ta 9t} o] AlEEHE
of AAgE 252X F&g WoluAl Utk o|F Fig. AAFH LERA|Z

shake 2akgl WA sH T,

(Manhole) F+x9} HAAE mo]lm Fup ALGo] Qlt}h. F3fet #+Y&= Aot 18
1 O %
A

_2’|_

Collection @ chosun



|, Double Bottom Solid Floor

Fig. 12 Product model (Double bottom solid floor)
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Solid floor plate 1

Solid floor plate 2

Fig. 13 Double bottom solid floor (Plate 1 & 2)
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Fig. 15+ Double bottom solid floor A3HA| ofefe] Solid floor plate 1 4
Ao} 2E2A] JAAHAS YUEpdHCE T ofgfjof] BIHAE AIARIE Q.

B+ o8] 7§9] ZF5 Flat bar (stiffener, end snip, ends snip), 37§9]
Collar plate, TZ(Manhole) ¥ 245 B7HA] Solct. AdA 7S Sl= &
AL 279 BIHAIeE stAl Attt 7] 2-oME olshE w71 sl &7t
A2 A%adsh] & 4 Y% FHU2 FUY ol 12D RS Reo=

o] b 4Ye 93 oL AdlRE J9 2 WY B.8e okt
A= st 7i9] Wi=(Manhole), & 7§9] Scallop(h+” Drain hole, Air hole
o] 4%

7

%

A8). o2 7§e] 2% Slot hole, of2] 49 75 Air hole Solck. PAIet A7
HE ot AAME 77to) AARet shpH AAFICE MRS wof FREE Y
- 24 -

Collection @ chosun



st F2o2 BAISH A2 2-HA olsiE F71 HsliA{olth
Fig. 150 U2 H2]®7l =& Flat bar stiffener 1~3, Flat bar (Ends snip)
1~5, Flat bar (End snip) A~CQ] B[ B % 519 QIAEAY} 9188 LeRACH

| Double bottom solid floor |

Solid floor plate 1

| Flat bar stiffener 1:L | Collar plate 1 | | Flat bar (End snip) A:L |Flat bar (Ends snip) 1{L | Manhole flange |

| Flat bar stiffener ZJ_'I | Collar plate 2 | | Flat bar (End snip) BJ_‘I |Flat bar (Ends snip) ZJJ | Manhole hand grip 2|

| Flat bar stiffener 3:L | Collar plate 3 | | Flat bar (End snip) CL |FIat bar (Ends snip) 3{]_1 | Manhole step 1 |

|F(at bar (Ends snip) A{L | Manhole step 2 |

Flat bar (Ends snip) 5
]

(I !

!1 Manhole1 | ! Slotholel | ! SlotholeTL | | Airholel ! ! SiotholeA | |

ATl N oottt S st S SO Aysgugn i Ao .

[ e i PRSI SRSR, | SOSEIRIR R S |

L E Scallop A E | Slothole2 | ! SlotholeT2 , i Air hole 2 i i Slothole B | E
| PP O UL S UNO VPRIV | -SRI OO ITUPRUURIU | X OOV OO OO UOS ST S <Y OOO RO OOppov | | |
e e T i A A Y L PR S e ey A 1

Il ScallopB ! ! Slothole3 ! ! SlotholeT3 | | Airhole3 ! ! SlotholeC ! !

.

Fig. 15 Ontology instance of solid floor plate 1

Fig. 162 U& #mnal®7}
NS UERTE oFy QAA
Scallop A+ %-0|t}.

2o B71A|(Flat bar stiffener 1) 319 QUAE AT}

A= 3t 719 Flat bar plate 1 B7t23 & 719

i)

Flat bar stiffener 1
1

Flat bar plate 1

__________

__________
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Fig. 21 Ontology instance of solid floor plate 2
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hole), & 7]9] Scallop(5lt}#! Drain hole, Air hole 7-&)
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Fig. 23 Sub-instance of flat bar (Ends snip) 6
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Fig. 24+= Solid floor plate 2 ¥7IX|9] Esj=S UERJACH HIH= & 1282
"ol Solid floor plate 2 FAMS W75 =Q HIlR= 5 LREA|S W76}
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Fig. 24 Explored view solid floor plate 2
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barsE 7|14 2L 8719 Slot hole T4~T110] Qit}. o] 87]9] Slot hole & 671 A}t

ojof AA3t 7tAC0 2 L}eks] 6702 Air hole 4~97} Qic}.
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Fig. 262 Typical double bottom solid floor ZgHA| X|Al5S LEZ X9
AAR Z7F oA]l& UERd Zlo|t}. Typical double bottom solid floor A=
Double bottom tank top, Intercostal side girder, Continuous centre girder,
Bottom shell, 72]31 KeelS 7AAIEZE F7}stSG T

Double bottem tank top —

Intercostal side girder |—

Bottom shell —

Continuous centre girder |—

Keel Double bottom solid floor
Solid floor plate 1 Solid floor plate 2

. I

P I

Added plates i Cut outs! Added plates | | Cut outs !

Added parts iCut outs!

Fig. 26 Add Boundaries to Assemblies
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Fig. 27& Typical double bottom solid floor A A|AlZS 2EZX|9] o

o
AR HEBEE FUrE Rage UER Zlojnh Al Rgo=z = m Typical

double bottom solid floor A= Aol Double bottom tank top, 50|
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o Keelo] =240 9l
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Fig. 27 Boundary topology
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etz 9itt. o] 3% Double bottom solid floore Xl& A9 A TS q©F
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FEM (natural frequency) . 8t Mode 36.7134Hz 9t Mode 64.7891Hz

Fig. 28 Expert answer (vibration domain)

Fig. 29% Typical double bottom solid floor RIgrA|S] A ASHA] o
o YERES Uehj glct.

Double bottom tank top

Intercostal side girder —

Bottom shell — Hull structure
Continuous centre girder — [Typical transverse ring structure|
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Solid floor plate 1 Solid floor plate 2

- 1
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Added parts ECut outsi

Fig. 29 Superset & added penetration set

o
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o
[‘Il‘

F|Acho] Hull structure Z8A7F 9z 1 oo
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transverse ring structure R2HA|7F 91tk Typical transverse ring structure %3
A offiof Typical double bottom solid floor AA|IZF At F|A4H Hull
structure AHA|2} Typical double bottom solid floor ZgHA] Ato]ofls= FLAR9]
A8 Tt sty ol e AgAIPE EAE 4~ o
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I
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Fig. 30 Product model knowledge sharing ontology configuration
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E
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o] Q&A list =3 AQFett}. FAQ listoll= Aol F3® AZA|A 0] Ag2lE]o]
of. T3t Q&A listol A LERF 94 MRa} ww Algle dMsto] FAQ listo] AFS
SAst] AEES 71HE 4 Aok AAFA 259 FAQ liste} HAIE Ho3H 2
9 Q&A list= HEJu[o] flojEjHo]lA URLE 32 g 4 ot HHU|Y
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< Searching index

Fig. 31 Ontology configuration (property & network)
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H, Aegld, 25274,

X| A E S (Knowledge expression)
A E M (Question sheet) A (Answer sheet)
ARIE Question ID EH3 Answer ID
HZXAEE | Questioner CHRIEE Reply Knowledge
R BEEXL Nominee | M} Questioner dataBase
EMALE | Attendees 3| 2R} Attendees
il g g Project I EE Project
ARHE Location QAE™E Location
SEE Space SUEE Space
AEEE Progress AFEE Progress
FIE M Department Z=aE M Department
A2 Target CHar= 2 Target
EMEE Document 2EME Document
EHEE Drawing ZHEE Drawing
HEZ2Z |Product model HZE2Z [Product model
2EZX| Ontology Z2X| Ontology
AEHE Questions | EHHYE Answers
T T Fast
1 1
e T TP R < Searching index
URL
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Fig. 44 Explored view of AR product model (screenshot)
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Fig. 58 AR answer related product model (screenshot)
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Fig. 63 Validation data of aerofoil sketch
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Fig. 64 Sketch pattern of angled duct for CFD analysis
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Fig. 65 Train data of angled duct sketch
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Fig. 66 Validation data of angled duct sketch
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Fig. 67 Sketch pattern of axial combustion model for CFD analysis
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Fig. 68 Train data of sketch of axial combustion model
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Fig. 69 Validation data of sketch of axial combustion model
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Fig. 70 Sketch pattern of forward step inlet for CFD analysis
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Fig. 71 Train data of sketch of forward step inlet
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Fig. 72 Validation data of sketch of forward step inlet
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Fig. 77 Train data of sketch of square bend
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Fig. 82 CFD analysis by using aerofoil sketch
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Fig. 83 CFD analysis by using angled duct sketch
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Fig. 84 CFD analysis by using axial combustion model sketch
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Fig. 85 CFD analysis by using forward step inlet sketch
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Fig. 86 CFD analysis by using backward step nozzle outlet sketch
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Fig. 87 CFD analysis by using squre bend sketch
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Fig. 88 CFD analysis by using wedge sketch
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