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Combined discrete event and discrete time simulation framework
for the improvement of shipbuilding process planning

Ju-Hwan Cha+ Myung-II Roh- Kyung-Woon Bang- Kyu-Yeul Lee

ABSTRACT

In this study, a simulation framework, which can support developing various simulation systems for the improve-
ment of process planning in shipbuilding such as the block erection, the block turn-over, and so on, is proposed.
In addition, a simulation kernel, which is a key component of the simulation framework, is implemented according
to the concept of the combined discrete event and discrete time simulation. To evaluate the efficiency and appli-
cability of the proposed simulation framework, it is applied to the block erection process in shipbuilding. The result
shows that the proposed simulation framework can provide the consistent, integrated development environment for
a simulation system, as compared with existing studies and commercial simulation systems.

Key words : Modeling and simulation, Simulation framework, Discrete event simulation, Discrete time simulation,

Process planning, Shipbuilding

2 o ]

£ AqoNE 24 3 Al 1 SE S st thst AlEFlolA Al2El) RS s AlEEle]d =Y
YA (simulation framework) & ARtoHgitt. 12| AlRRE AlEH o) ZH|UF9] 4] FEel AlEH ol AES FEH
o} EE AlETold Ad2 oil Abz(discrete event)it oAl X|7H(discrete time) AlEHo] AT ofu} o] 50| S 3
go] AEF oA A7 7Fsoles slch AR AlEHold Y UYF 0] 58497 5849 Bkl Hal, ol 24
Holo] £5 g 57(block erection process)ol| 2855It 1 Ayl AR AJEH oA ZYAYATE 24 FA AZES
gt ot AlEFlolM Al RS ekt At oR AME £ 9SS ERIGHT
Fa0] : mdg] 9 AEH o)A, AlEF 0l Z AR, olit A AlEO1A, oAk AIZE AlEH0lM, T4 AF, A

*E A @) AW YA AR FE Aa Bl BK 21 FfjF7] A R AI T b) A Skl o) bkl A
FEEA 7 EESAE SM-11T}HA] =% ToXﬂ—J AARAA 715 2 45 *]%Eﬂolﬁ% {et HEYA 7|8k
Z}AH(Virtual) 23 A] A8 T e L2 (Architecture) $17°2] x| 3} 2008 & AR A Y801 A ALY R AL RAIAF
qu)oz shaslLATATe] 1AL Hro} o 7| Q)& (KRF-2008-314- DOO494)% 'gko]n%, ololl A=}

2008 10€ 19 A<, 2008 11 299 A=A

Vgedieta 24 Ho 35t o5t

2 = =)
s LA L

.I

JHEAHYE) A7 FATs A2
L RS LD S DA PN TN

= A A s
WA e
E-mail; miroh@ulsan.ac.kr

HMi72 ™45 20084 12¥



L

1.1 ¢ g ¥ Ee

2T 24 374 Al (process planning) oFoll A= AR

o ofg 7FA] tiekE HO| AR(“AlEd|olA(simulation)”)
slo] B} w2 AZF Qtol] W2 ook AEs Fest ¥
AL skt st girt ok =] o
o=, dYolli= 3 AL AlEH oS gt AlAH
= AAH o2 TIsAY A8 Aol AlAEE o]
gato] 34 AZS st Slok 1y ol B
8 Hoprt gEbd wiuic A2 A|AEQ] st
F} QIZe] AnH|, 7] AJAEQ] AARE-2] o]
A|2H| 9] o] gof wE F Q| thaFst gt vk
o] oA TEHo|A] Holrt EFE 7]E
1 AYAF HE(CAD A=, 34 9 44 AlE Ju

& glo] i AlEg o] E83s7]7} ofHrk
Fopo]| ol ¥z ¢kar, 710 A 9 YA A
S 2 88 4 Qs g B3 AlEEolA
Al2Eo] A FAAEF o)A ZH ) $IA(simulation
framework™) o] ZjRHECHA 7)o FEst 34 ALS

YT 4 9 Zolck

—_

0x

Y
ofo

L

Al
I

N

[
E

o>
°
>

1o 1o go & rlo o
NIRRT
ofi ya o
ol

2 o

= A0

o o o
1

oo

il

1.2 3 A7 g

T AEYOIH ZH UYLt T=E AT Fuyie
o)A Z&E 1} )} Prachofer(1991, 2000, 2001)= o]
Ab AF(discrete event: 3 AR(event) 2] Ajo] what
o] AL Mstels Zloz 34 9 B AlEdelA
A2 So] oof| sjdghT} o)Ak Al7K(discrete time: Y

= AT 4 e 22 9 AEFol

RFslaL, ol& 7IHe R AlEdeld ZH|US

35 /NESIT SRR A AlEdlold ZHdeA
o

£ Qubel gae] B Algeolde] 28 Fof A
stg7lel 241 o] = g7t ofel g, E4)
249) 72 A L AN HRE ABold] Bgal)
7} otk W] itk

SHE2005)2 A4

AEH|o] A E<1 QUEST(QUeuing
Event Simulation Tool)E 7|HFO & 31 A|EHo]A g
QS Aol ol 41} 2z o] H83ick o o
TFolaf= AEE AZ 39S AlE(production), 5-74(process),
Aul(resource) PO BAT T, A A% 34 9

3 A Edo)d 249S IDEF(ICAM DEFinition)2} UML

=]
—

St=ZA|E 20| M5t

=X

(Unified Modeling Language)S ©]-83}o] #2554t
gk A4 7|20 YA AlF JRE AlEH ool &
B3l AleE skgith shA|vk 7 AlEdold =9
U= 8 AlEold &5 7WEOR 317] ol A
& AlEde|d So] WAE A AlEdold ZHde=
£ AR Jdeliofr shar, 2440 7]E2] AA E A A
H F kel CAD HEE AlEgolAde] &-8517]7} of
Rtk ko] 9.

2 Atoll A<= Prachofer”} 7idet Algdold Z2HY
91219} A oAk Allat |k Alzto] EgkEl Al
o4 RS MR 4 ol 24 BRE Aol 2
Q19]22E ARLeILT, o} 24 2 Eiblock erection)
Aol ol 288l ot &, ARt AlEdold e
UHEE 283l £5 FA 34 A TRD = e wA
& vl ®AIstaLA}; sk Zlo] & d9 2F

olck

q

by
N
£

2, Ox =&d & Al=Z0lM

2.1 2EE 3 AZ2o]89 JHE

s 2= 5ot 2y 9 AlEgeldd] Mas
A EAL A 23 “t)7] uREol = AR A1
st gt} “tf7] whe AE WReshe 9] Hat
7] AZES 2+ o= A5k SRt AR A9
£ AAstar gick 7 s e AAE 23S A
ARt %, uAe] et tf7] AlRke wEste] A ERE 429
AU w2k Aok of2j3t S Fo =EE 4
Th= A AlF o] oyt ANE A7 W Al
Zhrp ul-go] g%k E o S AEdE AR
ARE 7PFAR1 ARde WHEAL o] 7HEe] A S ol8sto]
Ao} Hat 7] ARke TRl AR AU 5
Aoz Zloftk. ARe] Wi HAte] R E Tt Alzhr
Hl-8-S o= A & Qlok 2y 7 ARe
AT} fARHA Thsofot AR ANE de
th ofe} o] AAS] di it FARHA BEshe 7t
AFS “mE(model)’ola} 311, olefst mElS gl
A4S “ReEg(modeling)”o]2kal 3tcl,

WAL A ke 2 EASH= /] Wa(state variable)”,
T3 s HAAZ S <A 9 fE] ael, aeja
1 aglEo] ofsl A vt Wslkels Wile Hefet
“Are] H7 shax(state transition function)”2 FAJECH
g 5o 239 17 di7] Rde 179 7] FEE
oIzt e (7] o] 4, A A AP 5

fll

N

T
o X

o
1o ¥

5

T



B
rx
Ok
0
>
1o
I

ol Hele] 4, e 22| R A2 7k ofe), 12
of o] kg WSl 92 % Wy el =
2, e Az g, o), 24 @ v 291 o
A s YuE B 4 97 B

TEh

0471*1 mejo] e WE wAAT = 94 9 WA
Q091 717} @7 AFA(external event), W AFA(internal
event) Ol L Tt} of2fgt 9t Ut Alglo] T
2 YASl= ZE oAk ARA(discrete event)2tal ek 1
2T S W s Abe] ofs) wele] Ape) WAt s
Sk IS EE50he 2, S A wste] wheh AH] ¥
9] M35 AAsls & “AlEd o] 4(simulation)” o]
21 i

2.2 OJAF AR AlZ2|[0|M(discrete event simulation)
T8 12 oPA AR dof|A, A W=l “ti7] 1A
9] =71 9 F U Y7 Abfof ulEl Wk BG5S U
ERfar Qlok 7] A e] =7 1Y wff to A7kl Aj=
& 7o) mH(QJE AR)SHH 7] Q] 427} 27 o
& HAECE E3F 4 Al 2g o] =R Q)R A}
sk 7] aLZ4e] 7} 3r o2 WA E|AL hAgo] 1L
Z49] ?é'—‘? A7t SR(UWE AP EE 7] 174 5 3
l 2 Aot =B 7] 49 = 23oR
ole} Zro] EAFF /\}7‘1(517“ LA A5 A

% ] uet 2Eo] A HpE HAAIZH AR
EA4E 2 AlEdleldE olhk AR AlEE o]
Aolgkal gtth(Zeigler, 1990, 2000). oAk AFA AlEH|0]
= Hdlo] A HEE HAAY = ARIES T A
7+ A2 Jdske] ex1zoz A)sit) & Aol
2 uf HAo) Ael WaTh AR AlEe o)A ARt

é_;

Num of Customers
a

Customer
Arrival

Customer
Arrival

Customer
Arrival

Job
Done

VIR S SA————

AR N SR ——
e ———— b

¢ ——— b

>
>

Time

o+
S
e
-
N
-
&

1% 1. Example of the discrete event simulation: bank
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O|AF AFZA 2 OJAF AJ7H B5H3

(b [ Ho

AlE2fold 3o

ojxk AR AlE o] e AA|S] ti Tt FrARHA vh=
AlEdolAd EE(simulation model)(7Fets] RElo]2tal
%= bt AR S B AIRE Al whet I Elo] s
HRAA7FH AlEd|o] s HPA7]= AlEeolA A
(simulation engine) 0.2 A%}

2.3 O|AF AJZH AlZ2[0}M(discrete time simulation)
A 0] FAPE WA HZ(bungee jump) Fo] 717
£ AASEID Tk WA AR ) 8] A4 &
St AV AN LY 2 2. o Bo) 7179 &
o ARHE 3302 T ol 2%39] T2ko] o]gat 4 Sl
o] g Qo] 117iel Al 15%0] gt HA 1o ¥4
o] i Aul MRS AT WA AIE 2 4
SJaiHE 152 it} o] 7le] Helat 92 Jmo}o:l
70e] Qe YA 1L 2 9l hlehE WAl
7o) FasIch. TehA] “A 0] FAPS o wg) A7
wheh o] 7ol A2k GAE Aste] Tl 4%
3 2 QES o BAIE Aol sl dek. olXe
Qe Az 2A(15%) bk ko] Aol 7)ol
A2 ANl ABoIAS oAt AZH AEold
(discrete time simulation)©]2}al SFCH(Zeigler 5, 2000).
oAk AIZE AlEE oS A2E9 AfH HeE AT Al
b Ak Algkslr] wiizol] ek Al 2418 AlE
oj ol F== AREshE ol

N mlo

2.3 OJAL AJZ4z} OJAL A2t 281 AlE2{|0}M(combined
discrete event and discrete time simulation)
B BRAE Bl A el B 19
5 AR $J3] A-SE 27 7] (bottle filling
Argsiar gk &, 29 2 gE(liten) &
sk=7b7t ol

BREER TS
“Eq SRAPE A&l

°olE siasl7] sl

statlon)g
Y % U= S

Ao

Position of the Bungee Jump
A

At m>
>

Time

At : Time Step

19 2. Example of the discrete time simulation: bungee
jump simulation

M7 M4z 20084 12E



He olgsem BTk 2ae A 2le] 25 B
chem 2tk 22 917k ¥ w4 ol Sof $8 1)
(“Bottle Input”), 5 521 =4 o] = AME|(“Stop™)
ol 50 & FEF e Wt AHI(“Filling”)= 7
gtk ada 24 F =2 Wo] 7ks A HH
(“Bottle Full”) %] & =4 o] gl AME(Stop) =
sk ¥l SR Ho] AR fizbx] I AHE OX]
ek ol ) F2L S ol 715 A of
R 89 AL oI g9 on
HeAlE gelske Zofth I8 32 A
Zholl mhE &= FU719] AFHE AR Alolr) 119 39
YERY} Ql%0], &8 F97|+= “Filling”1} “Stop” AElE
7HAAL gle, o] Al “Bottle Input” AFAL} “Bottle
Full” ARo] eJ8) AR 28 oF 4 9lk o)A
“Bottle Full” APA-2 S724 ¥ U9] 57 oFZ 9 A
Zilet ZARlE} 1S 2El7) E9e o) WA, o)
3} o] g F317] AlgalolL Ali) nekul o
S gEl 224 7Y 98 5 BUSE 299 4
EH% A7 AlEd o] de Rldgsh, mdlo] 4 4
B(Z® T4 a2 B A Y de 99
AZE ol 2Eo] A M-S ALRste] AlEEoldE A
et weta] o] Alggol e o4k AR /\]gaﬂovﬂh}
o4k A AlEd|o] o] E9kE AlEdloldolehs A&
o o= Atk o]2fdt AlEeoldE o4k AP of4k AJZE
o3k AlEH o] 4(combined discrete event and discrete
time)©]2}l g Prachofer, 1991, 2000, 2001; Zeigler,

Wi

EIO UlO

2
ol g

H‘I

ZF
A1

O

State of the Filling Station

A Bottle Input ‘
Event

Bottle ‘ Bottle Input
Full Event Event

Bottle ‘
Full Event

Filling

Stop

Time

Level of the Bottle
(liter)

1.5

t Y t, t3 Time

13 3. the combined discrete event and discrete time
simulation: bottle filling station system

HEINEE PSR

=X

M e (1) &5
porter)E °|gste] it EE5S =9t A|%(goliath
crane) Ao A &1,
Tl EFCR o5l (3) &
Adste] 5o &9 %, ( ) £59
o IHE#FO}OF gt} g, =
5 59 293 %ZH HXI A] O%ﬁ"% 555 14134
=2 o EE Y3} AL, 2 7Hd(interference) 5
o) Ay} uIME] HPAIE] el Belor ejeln} 2
Aole] lolo|(wire) 2, BEo| 74 o} Rg ujAlz} ot
l_oHO]: sith webi B2 g 243 Zo] A Fofo)
292 aREo AEolH s7] Pk o4t A
I} o4k AJ7Ee] &7 AlEd|olAe] Hasith
3. O[&F AR AJARTE} H&E A

= AMEH oM = -?—El

3.1 AIZ20|M =39 FEE

TR 4= 2 AtollA ARERE o4k AR AJARIR AL
A2 ofet £y Aledlold Zada(TE 49
@, @)} 0|5 7I5toR 3h= AlEH 0| AIAEI(TH 4
9O, @, 0, D) 9L vehdct. 13 40 YeRt
L=o], & AtollA Akt Algdold Ze U= Al
H@ojAe] mdlg 9 XY HpHL Aolst A[Eo)A A
Y(simulation kernel, 13 42] D)} o]& o|g&slo] %

Application-Specific Simulation Systems (@)

Block Erection Ship Assembly
Simulation Simulation

‘ ‘ Anchoring Simulation

Application-Specific Simulation Components (3)

‘ Dynamics ‘ ‘ Collision Detection ‘ ‘ Reporting ‘

Interface for
the External Database

Extraction of
the CAD Data

Geometry
Information

‘ Application-Specific Model ‘

.......................... .l Simulation Framework |.

: | Basic Simulation Components @)
: Output Component

Utility Service

Coupling Scheme and Control Strategies

Elementary Model

Simulation Kernel (1)

E ‘ Combined Discrete Event and Discrete Time Model ‘
E ‘ Combined Discrete Event and Discrete Time Engine ‘ H
NN NN NSNS AN NNE NSNS NSNS EESESESEEEEEEEEEEEES *

19 4. Configuration of the combined discrete event and
discrete time simulation framework proposed in
this study



A 34 AgE AlEdolAd Ao B8 7Fs3t Tl
Algdlold ks BAdshs 712 AlEeold 8ax(basic
simulation components, 13 42] @)& LA} o]
Tk AlEdo|d TP ol 85t Aok oz 5t
L t)ekst -8 AJEdjold Z&E 13 (application-specific
simulation systems, 13 42] @)& F&g 4= qlch o]
23t §-8 AlEdlold T2 AlEd ol Hagt
54 AJEYlo|Ad Ze(application-specific model)S 2§
K31, Aol wet dolello| s} AABAL Bt
AR FE AR T 4 Qe o BES RN 3
AL E3) 7-38€ 4 UtHiapplication-specific simulation
components, 1% 42] ). o5 Z{z}o|| thal Hok AR
sl Al cheat ek

3.1.1 AlEFo]Ad Ad(simulation kemel)
Aol Ad AAZ QL Aledold By B A
Algshs Aoz Aol 2di AlEdo]

T Alggo]d el ASA mdl St
M= odsh, Alggo]d xS Hazke] A
(event scheduling)3}al #2](event handling)
gtk 2 Atolld= o4k A, of4k AZE
| =3 AlEdlolde] thelf 919t 2 715
= AlEdold Ade skt

BN o
2 o
ol ™
e Lo Lﬁ
ol

)

o

(o3

e ay)

1.

o o T

"
ok
tlo

d

| e)

"
[*]

4
o2
]
ol

3.1.2 7|1&2 A[EFo)d 84
(basic simulation components)

71 AlEelold 8= AlEeolA Ads ol8ste] A
A= 712 AlEdle)Ad Ed)(elementary model), 1 2
st 38 AlEdold EEls e H¥(coupling
scheme and control strategies), A|Ego]4o] &3t o}
et Ak @ 4 Qe FrEEE EE(utility service),
T1ejar 71EARl Aol AnE EEdle &Y Be
(output component)= A% th

7z AEdold BEE ste] EH 71
T Sle 9] AlEdlo|d mEls wRith o, £
A AY F il &5 594 3= AlEdelA gtk
7HdsAL Ald WA 25 5 30N Fat 9T
Sk =2t A elE AlEdlold g A osjof gtk
oot 2eQlE BdlE ok S AAE she] =Y
2 297 k= Wy} ol 7x AlEdeld Rde
Lol HElE] Sk WhHol EAgTE of7|A SAke) vt

r>~ fl
ot ngt

k

% ik ol B B30l Wholct. o), 2

2 ANE SIS I3 O A 2 Ol Azt BE AlZ2i0lM THelela

2st 2eQl9] 75& 50l Foise ol © 7]
3 i &5l = AR olEsle A M &
S0l AQE SAZ olFAIA HAlsk: Aer Us
ek wHeba] ZEjot e Qlef sfEsle AlEdold ®d
= 574 Yol s A=E fsl FHlsks olF 2
(moving model)} 574 Y=of Qs Aaxl US A efst
= A2 2(process model)o] Agto = AJAIE 4= itk
ojuf o)F Hely} 2| HulE 7|% AlgdolAd Ko
AL g olERl 7|12 AlEEold REks 3-8 okl A
oA HYE by, 88 AlEeold AlA]e] FHS
o3t Exel 3-8 AlEY ol Rdl(application-specific
model) = 05 7|2 A&l RHS 2esto] AT
4= Qlck wpA] avpAel AlEdeld AlAgle] s
el 712 AlEElold ndS x3dte] 3-8 AlEH ol
HeS vies W 9A] Fasith B3 AlEYelds
el 71220 At 71s(re] A7 7%, dr(random
number) 2] 47 W )} AlEHo]de] Mg A 2
A} 55 ARAROA HolE7| ffei= &8 70l E

93}t

i
il
i
1L pe 4> o 4o

=

313 3§ Alggold 8
(application-specific simulation components)
2F A &8 AlEdeld AL AlE ol
of Ba3t 5§ HHE Ak, Lol we dlojeH|

g B 4 gt 2Bl Besi. £Y 22
o] g2t B8l A, B B4 $o) Gug @ 9
S ofol ohet AR} Aelo] e Wi dolep]
oo} sk mE| Basie). of ol B2
A ARE 0|83l BE AE Tl B Ane| 23
9% CAD mule] 23 B8, 34 RS AL
25, B4 JRE olgdlel 35 AT T 5
S5 Uedlch S8 Algdol aat ol
FHIL, 3§ Aol RS olgalo] 2
S8 Algeold TRING TUY 4 U ek

om
Ir

¥

rH e e
b

ofN

2N

o M |-

)

o =2

i

3.1.4 3§ AEFOIA AlAH
(application-specific simulation systems)
Aol Ze|dfl=aet 58 AlEdold aaE o
goto] Rt AlEdold AlLgo A HA| AMAE

HMi72 ™45 20084 12¥



of Algdlolde Al AR AlAEE e, E5
A Algdlold AL o] oo st

3.2 AlZz2lojd ZYH=o| 71

&2 AFolAlE CF AdofE ol&sto] oA ARkt AlE
dolyl xe9las meeEele TR 5
Fx). ok AR o4k A7 ZRHY AlEdlol A AE(
% 59 D)2 AAH o2 Faslgm, 7|2 ABdold
Q4 F 2 BEOY 59 Q) A4 sl 221
THE Algdold A e dssh] el =41 =
59 £5 GA AlEeld AAR(Y 59 ©)F +
Fsiolch. olul 48 ABAoK 22 % ofat BE(Y
59 @) = HAF HE(OH 59 @) 348 221
2ol ODE(Open Dynamic Engine)(2008)-2 o]-85}%t})

A AZYo|M =Y UAIE 0l
=4 =25 B AlZo1M

3

o] 79 Aol 320m, H2

i
)
ilud
il
H
¢

!
P

ol

o=9] 27 EE(building block, 4
SRl welu] A A4S e Ak T9l 4
25 5 YSYER WA L3S 22 2SR %

d

Application-Specific Simulation Systems

Block Erection i
‘ Simulation @ ‘ H

Application-Specific Simulation Components
‘ Dynamics 3) ‘ ‘ Collision Detection @ :

] Simulation Framework [ -

: | Basic Simulation Components
: Output Component (2)

Simulation Kernel @)

H ‘ Combined Discrete Event and Discrete Time Model ‘

: ‘ Combined Discrete Event and Discrete Time Engine ‘

19 5. Implementation of the prototype of the combined
discrete event and discrete time simulation frame-
work

HEINEEMESES

=X

300,000 i F2A1Y] B oF 200710 EEEE
#3Hg), o] ERES thAl oY HY A Heh & gAY
E-Z(erection block)E2 TFHEA Hth A} <5 300,000
E UE F2A49 A5 oF 0719 HA EREE 49
1 % T(dock) HolA o] B E555 thAl IS
AR BAste] skl Auks eMdshA Hrk of7)A
122k PE#(Pre-Erection area: 5+ 7] 0|49 29 £&
= OA s & B 55 Wee B2 99 37D
of ¢ B 552 =09t A ¢l o8, YA
A& s SolA] =2 oAl Aot Sele AS T
thadg 6 2Ax).

ols} 70| B2 WA THL 9l
olgalo] FHoR AuHS SFIch Zu
Az BN Fag ov|2 A 6
A Al Az 3719 Ads sk B ZA7H
SRSl Qlok oAt SEfot A|%lo] 8-S &AL ©]
¢ wi(ZEst 2 E52 efolo], AFS(shackle),
2 (lug) 2 A2, 19 7 312 E59 =3 249
of o] E5o] FsANE 89 D) 3 HA ==
E50] =2 oA A3 gAE &5 1hde] (L

>

19 7. Wire, shackle, and lug for the connection between
the goliath crane and the erection block



B e BN 3t 01 AL 2 O ARRH EBE AIB0IN Zajela |

asd o .

o 2

a ‘\‘s 2
R 1)

1% 8. Examples of problems during the block erection
process

i

% 89 @)3he 5] BAE A ok & Aol
L AR BAS Ape] WHE] Slak B w) AR
dlold L2 1S AUtk %, o] Zeagle Teot
Fd|le] B8 5 o5 o ojojofe} 2 Ao]o)
A2l ZtE(angle) S A ANSHIA o] gho] 17} 518
AR gjolojo] FRol et Tt 38 2w
(102)8 2T5H=AS AASHA Fiek

4.2 25 X AlS2o|Me nEEY

22 e Bl Slet ABAold Wl 1
99} Zith “Block Controller” RE2 2 =% U4
Vet S ) 2 22 ) ARl tet 2S
“Crane” Wdlo] Ashs HT-E o1l “Crane” HEo]]
ojf) S} SE BES e won, thg w) 9
o whel S $5: “Crane” o] Ahe o3t o
o} B Qi BE ) 0 2 B2 e S} Fol
A Ao 7151k “Crane” 2dl2 “Block Controller”
md 2Ry J=E E52 9] A8 diw £59 o
A A¥(area code, EF2] ol5 A A2 o5 &
223} A4S Bk D23 A2 4R F BB
A AMEF olF & Y7 olFstal E52 HA
olg3dt & ogE B22 “Block Controller” Hdlof| X
W} 3 E5 HA 1 S efolofet L Afolof A
SR Ayeln} ojololst 21 Afole] Zheg At} of
Qo] 217} 51 el o g IS o) Belok 2
ao1e) ol 7Kg 71A)7)i ofghe Ttk et “Block
Erection Simulation” 2 E-2 “Block Controller” X2y}

o

o o

0O

Block Erection Simulation:
Coupled Model

Block Controller: block block
Elementary Model

Crane:
Elementary Model

block block

18 9. Simulation model for the block erection simulation
system

“Crane” X9 Agkste] 7= 2 ¥)(coupled model)o]tt
Z, “Block Controller” 2219] £2{Q] “block”S “Crane”
2E0] ¢J240 =, “Crane” 240] Z242] “block™& “Block
Controller” ®dlo] olgjo g A5}t

olgjof| 4] “Block Controller” H23} “Crane” ZElo]|
sl Het dAls] A AL

4.2.1 “Block Controller” =g
ok AnslgSo], “Block Controller” RE-L E=
g Aol wet E5S &tk gt dEd £S5,

= g% B2 A7sk}. “Block Controller” HElS &
2 Sske A Work”) 9t B e £55 7t
2= AlEl|(“Ready”) 2 33T = It} “Block Controller”
SRS ol A7) Al B4 EHSHRL Lo B ol

& ot A7l Aol w2 gelslofof gtk WA
“Work"e} “Ready”e] 94& 7= oWF Al Afel w2
OBt 1 109] D). L §, eJFoflA Ygo] Eof $
< o ok AR AE) BiE M= oF B
2 AoJst 1% 102] @). “Block Controller” X o]
oI W7 e FAVE 9EE E20] Y=Y, d4
FE7E 255 7IvkEe AdEi(“Ready”)d ¢ R
555 Agska @4 AHE theel 3 £58 &9
Sh= AEi(“Work”) = AT

1 3%, A7 A8 3(time advance function: Tha-9]

3 Apzlo] MRk AIZKS AAERE §49E Helai)

(3% 109 B). 2, o] Pt BE T DAL AL

o thgo] HAE 52 e ARte = AJEFold A
e ARAIE Qg Aok O E5 5A AR

l
29 2 AR

HH E5S 99 5 e
109] @). &A &2 £33 & “Block Controller” &

o] S, 2T 4R E5S 7Ivkehs AEi(“Ready”)
2 WA= W A 48 FRith 2| 109] ©).
o] I epE ol 85l HAY 552 “Crane” o] &
W12 “Block Controller” ®&-S gx7} 27%E7|E 7|c}
.

Block Controller

External transition —
When blocks are inserted,
if State is Ready,

tate change it’s state
into Work.

Output

(@ state variable

block
——|

if State is Work,

block
| DIOCK
tate ={Work, Ready}

Time advance ——
if State is Work,

Ty= next block erection
schedule time.

Time advance —

if State is Work,
State change it's state
Ready.

| ——

3 10. Configuration of the “Block Controller” model

HMi72 ™45 20084 12¥



4.2.2 “Crane” 29

“Crane” M2 B £559] Yeof upet AAL] GA
IS Feai(olAE ARDsh A 2y 5 U7 T AIRE
afct efoloje} 271 Ato]of] A-gash= et ojojet 7
71 Atol9] ZheE AR o)A AlZhgltt whEkA] o] AlE
ol M2 oAk AT oAk AI7F T3t AlEH|olA
T2 Holx|ojof gich WA “Crane” Hgo] 7}d 4=
U= AEIRHE o4k A A Hre} ofAk AJ7E ALl
Hg AAeict “Crane” BP9 113} o] g
E59 ¥ ti7](“Ready”) /I, HAY E5 A4t
7] $18} ol'E5k=(“"Move to Lifting”) 3, £5& H2
3+ £5& 501 &9=("Hoisting Up”) /JHl, &5
B2 2744 o] EFH=(“Move with Block”) AHel, B
Aol =25 & 555 Yj2li=(“Hoisting Down”) /e,
ofojofel 271 Ato]o] A Fi= ofolofel 1 Ao]9]
27t 818 4hS 2 49 ZEst AH/19) o)F 7t
&5 Hsh=("Emergency”) JE{2] 67F4]9] S
zh=ch a9 113 22 ok AP A M-S “Crane”
wdlof Agolstan 1y 129] @), YA w9 ARttt of
ojoje} g1 Ato]o] A, efoloje} 1 Afolo] ZwE

Crane Model

Ready
Block Input ‘\\Erection Complete

Move _State Event State Event Hoisting
to Lifting g """ Down

\ ~
. < » /
Move Completg
.

4 \

/

/ N /

'b'tate Event Statg Event /' Move Complete
N

b ’
___________ . Move
Lifting Complete “\ith Block

— External Transition

=== Internal Transition

I 11. State diagram of the “Crane” model

Crane

block block
—_— —

P
Rate of change function
Set Speed =R. @ state variable
e o i
alculate Tension and

13 12. Configuration of the “Crane” model

St=ZA|E 20| M5t

=X

LB o]k AE ATE W4 Tension” 3 “Angle”) & 4
ofgitl(1¥ 129 @). “Crane” Hd-2 “Block Controller”
LR RE g 552 g o “Crane” L9
HEHE B £59 Y ti7I(“Ready”) AdefollA EAY
=5 AZs}7] flel o53k=("Move to Lifting”) /JH
2 HAARICE o]t IS o WA oA Az

Hci1d 129] @), BA 223} Ads] Y8 ol%Est
(“Move to Lifting”) AEjol | £2& st = 2=

£ Eo] £8](“Hoisting Up”) AEHE 23 =E]7] )4
= B E59 A A7 2ot 2Hgle] ol
o 29%= AR Aok 3t &, olFshet] &2
E= AZE o] Fof “Crane” 2d] WHA R o]F 2h& At
S A2ste] dA| S HAARIE o= Wi HA
T 129 @)eF ARE XY T2 129] ©)E
goJsto] A2ldt 4= otk E3F £5 AL AEREHIS
o g7 SRE E5S EYcte 29 dE HORth
(718 129] ®). “Crane” O] 6714] 8] 5 ©AT
E£59] 42 tf7|(“Ready”) 3, HAT E53 A5t
7] $18f o]&8h=("Move to Lifting”) e, E5& A2
o & 552 50] 2¢=(“Hoisting Up”) A, 552
A A17EA] o] Sh=(“Move with Block”) /Jel, &)
Aol =21t & 555 We]=(“Hoisting Down”) /€l
= Q5 B o, WiE WA Sk ARE A e E ol
85t AEd 4 qlrk TP efolofel #I1 Ato]of A
2] = ofolofo} 2171 Ao Zrt 518 g 2k 7
£ =0t AHI91Y] olF 7S M7 SH=(“Emergency”)
= oAk AIRE e W] AL Aol Jgks e
b2 ok ARZE A W7 SE ol8ste] Aesliof gt
o wepa] Th9] Alztatck ol ik AIRE Al Ba(“Tension”
I} “Angle”) & AKFBIAL A2 A1) HAEERE o o
£ Aefsks 5 Astdt1d 129 @, @), ©).
o714 ©+$] A|Ztolet “Tension” ¥} “Angle”2 58t
o olgste] ALRRITh

I Algfolde| Zat
Aol Alket AlEAlol4 Z19)a
Pk 52 5 Aol AlEIo) Al
. 223 39 14k o] ALEIS 0)8F
A AR Ao| M S AT e, 2,
A7} el wet efolofel vl Ajolo] el
7} ojolofol Bl Afolo] 7w WskE 217t Lhetdh
22 g =5 gloloje} 21 Apole] el 4
318 ghe ZHste] AR} Felok A1) ofF

r @ fo i

H”mlmr ﬁug

gy Mo oo ot
>~[gt_fm'l=r}m|lm

J&

¥

QWY o
© o

o & &

o



2 ANE B2 I O A1 2 Ol Azt BE AlZl0lM a9l |

139 13. Screenshot of the block erection simulation system
developed in this study

\ v

coodbooooooooooooooooad

50
Time(mie)

i
a3

I
2746 B 10 12 1t I8 oA 2 A BB DR A BB A L M b G
Time(min)

1% 14. Simulation result of the block erection simulation
system developed in this study
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