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A Study of Improvement of Productivity by Change
of Welding Facility and Process Variable using

Production Simulation Technology

Dong-Hwan, Choi

Division of Ocean Systems Engineering

Graduate School of Korea Maritime University

Abstract

Digital manufacturing technology innovates the production system in the various
industries. Shipbuilding industry also obtains the improvement productivity and the
cost reduction. This paper aims to optimize the schedule planning of shipbuilding
assembly process. In this paper the facilities and production process of panel line
were modeled in the virtual environment. The variations of production simulation
were investigated by changing the capacity of the facilities and the order of
manufacturing process in the digital shop. The Simulator of Discrete Event base
was developed with the tool and general development language The simulation
results gave the detailed analysis of the given schedule such as work time and
productivity at every stage bottle neck stage efc. The optimized schedule was
found by comparing the simulated result for the various cases. Applies this
simulation model and it will be able to confirm the evception and the alternative
plan of flow. Also when change investigation of ejuipment plan and understanding
the whole situation of line in the management of a corporation, it will be able to
apply a simulation. This paper also showed the web-based user interface to use the
developed simulator easily.
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Fig.5 NC Marking Scene
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Job Stage Area(Breadth)| ¢ ¢ ‘lélock oJ 8 Block | 7]¥ ¥
(m) A 7t AR | FA AY AR (%)
T/W 23.0 x x 5
SAW1 42.5 O O 3
SAW?2 21.7 @) O 3
NC-Marking 21.7 O X 2
Cutting 21.6 O X 2
Fitting 21.6 O X 3
Welding 21.5 @) X 2
Finish 21.5 @) O 5
Table 1 Characteristic of Job Stage
-84 (SAW1) FH8H(SAW2)
+ 7l (mm)
Speed(cm/s) | Speed(cpm) | Speed(cm/s) | Speed(cpm)
11 0.444 135 0.462 130
12 13 0.462 130 0.462 130
14 16 0.48 125 0.48 125
17 19 0.545 110 0.545 110
20 21 0.545 110 0.571 105
22 23 0.571 105 0.6 100
23 24 0.612 98 0.632 95
25 26 0.8 75 0.594 101
27 28 0.8 75 0.619 97
29 31 0.857 70 0.6 100
32 36 0.8 75 1 60
37 40 1.333 45 1 60

Table 2 Table of Real Welding Speed used from Empirical Data
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3.3 QUESTE 283 4 A&dolA
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{50 o AFzA 2l AutoMod, MAP/1, SimFactory, PROMODEL, Taylor II
oF o] Fgioke EgE AlEHA dojr gtk W& doj= C, Visual Basic,
Pascal, Fortran &3 #o] %2l7}F &3] ¢ e F/Y AEdoss AA T

£ A= Delmiarte] QUESTE #-83to] Panel Lined &4 AlEHAE +
gad k. QUESTE &% “HIJ dojotx2 ¥4 525 gz 2y
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(Flexible Object-Based Discrete Event Simulation Tool)¢]t}. QUESTE t)3}2
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AR 2 23 FaHAQ 2MES AT 5o ool o] AlEH|H &
3ol o},

ID [date hull_no [block _ |bay [seam [lona[L_[B [t1 [ [8 [w |5 [6 [@]wme

0 200402130 1488 SSWLS 5 @ 7 1941053 6 6 0 0 0 00

Iz omaip 1489 sSSP B 2 W 19410515 2612 0 0 0 00

13 200402130 1483 SSIELIS B 2 0 19410515 12512 0 0D 0 00

4 200402130 1517 SS1BLP 5 1 5 18578 18 17 0 0 0 © 00

15 242130 1517 SSIBLS B 1 5§ 1578 18 17 0 © 0D 0 00

16 200402130 1488 SE4P 5 | 4 PAML/ M A 0 0 O 00

17 2oz 1483 SEas B 1 It 1 00 0 00

18 20040210 1517 SBITP 5 4 1 515517 0 0 0

13 zmamio 1517 SBIDS B 4 L 5E 515517 0 00

1o zoaon 1517 SDUITR 5 1 2 |ibay 00 0 00

11 200402130 1517 SDNITS B | U [iblock 00 0 00

12 20040213N 1466 551 5§ 2 | cun_seam Y1F 15 1750 0

113 20402139 1485 SS1S B 5 2 v date 17 15 1750 0

14 20040213 1517 SDILS 5 1 7 [ hull-no 00 0 00

115 aoguozian 1517 s 6 30 1 el 130 0 00

116 200402139 1517 SDIOLS 5 1 [ %Ion 00 0 00

17 20402140 1517 SLISC 6 3 1 B i 150 0 00

116 20040214D 1461 SE4P 5 2 9 [Flseem i 0 06 0 00

119 20040214D 1451 SE43 B 2 9 [t i b 0 0 00

Je0 200402140 1453 SS1HP 5 2 1 |vie i D 0D 0 00

121 200402140 1463 SSHS 6 2 | [t i0 0 0 00

]22 20040214D 1451  SSMLP 5 2 i (2 '8 0 0 00

]2 ez p1 ssus 6 2 1 f® A ST T

J24 2o0ao2iap 1518 SEAILLS B 1 o [Sig 00 0 00

125 zdoziap 1517 sBiTTP B 2 ¥ I wme 0 0 0D 00

|26 20040214D 1517 SBIITS 5 2 |4 6 0 0 00

l27 20ao21ap 1483 SBIP B 5 { P15 1B 1450 0

J28 200402150 1488  SBITDS 5§ 12 19 183 155 155 15 15 16 1450 0

Fig. 12 Input Data & DB Architecture
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@ 7} thicknessZ ¥ FZ4¥ 37019 Cycle_Times 7t & #& FE3H}

® AAAZ BF SAW &4 gt

® @A Machineol 9% BlocksS 2133t HA Seam 9 23 Seams =
H] 235t o] Blocke WHRW Ftf.

@ #E vAA A Machine® 7t decd] £A4 #e 002 %73 ),

©

(4) Stiffener Welding Stage =&

r“~

@D wait_deco. ZRE 29 A Az=2 7

@ wait_deco2F¥ dARE BlocksT RS 73X

® Machineo] £ 9°]2 Block?] A H.(Seam, Length, Longis)S 3} 2t3kt},

@ Machine®] F ol wel 2715 2k 7 Cycle_ Times FEdtil A4S
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Get temp_thickness

temp_thickness > max_thickness ?

Max_thickness = temp_thickness ROUTINE ThickPlate_Check(the_part : Part) - Integer
£ & Var

returnvalue : Integer

max_thickness - Real

temp_thickness : Real

i : Integer

thickness_str - String
BEGIN

Fori=1to 7 do

thickness_str="thickness'+'0"+sir('%g",i)
BCL_Sir = 'INQUIRE PART_CLASS ' +
BCL_Err = BCL(BCL_Str)
45 67 temp_thickness = val(bcl_msg)
if(temp_thickness » max_thickness) then
max_thickness = temp_thickness
Endif
EndFor
defalt switch max_thickness
case 45°

returnvalue = 1 returnvalue = 0 returnvalue = 2 | returnvalue = 1
case 67
returnvalue = 2
default:

returnvalue = 0

endswitch
return returnvalue
return returnvalue END

Fig. 13 Flowchart and realized SCL Code for confirms the Thickness of the Plates

@ Request/Create Table

Data Base

—
@ Response message T

@ Select Option

User Submit DB

Interface

Request DB &
Save Result

@ Simul. Result

@ Request Operation

Simulation
Model

»

@ Response Message

Fig. 14 Information Flow of Simulation System
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Fig. 15 Layout of Panel Shop Simulator using QUEST

34 Mg AxAold A% F4 ABdolA

Ak g7 QUEST 2d S
A A3 A Dol oty A= A
4 Moz AlEdoly AAE
QUEST® F8 AxA ot A Alggoad Ees 1t
(Microsoft Visual C#Net)2 o] 4 3}% o QUESTZ} e = %3}

Qo) AN A= 4 A e

o
mYE HIE =20 ARG ERD ESUH
w52 -+ - DA @) Qan merw Fuon @9 W - HE

2 (D) [&] htp//localhost/PanelSimul index, htm

Naterial Select
Run Simulator
Result View

Sirnulation Pregress Rate

IonaonG i
Simul A|ZHES) A E Semulatior e 6750058

elapsed time 5lsec
Distribute Optionn — 3 Welding Option
& Schedule Distribute Head Mum Welding Speed
35Bay [E =l B4 35Bay [110  CPM

€ Optimize_Distribute

36 Bay [ = Ea 26 Bay |10 CPM

Fig. 16 Web Based Panel Shop Simulator using Development Language
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A2 Algdeld BdE AR el E o dolAd HET F OAEY

¢ 2L A4S Aol ARdelHE 44 AAAA Ak AEeolde] Euw

A3E 9 A FE(EAE, A=, Hel®)E 4R & A Adedrh olgelw

$AY W AESE S, $ASE WAE TS W) AY AAFWH opye

AA Bl WAL GFE 2T F AES FArh ot ehelo] Fulo F4, A
% s 7ol

gl 718re] Applicationd 714 2 AP o== 4
dnk ¢ B AN w2 ds 7he itk Aotk idE § ZrIafe 7)Ee
ASP7} obd ASP.Net 7|¥Fo 2 A &= Qlth. ASP Z &

], ASPNet T2 132 FAud wHo AsYxr] uio L=

th o]elo &= H[AA A ADONets Ab&ste] HargE AA AAsta, AAAF
zzagol FgH Aol Fa EAolth Y FS X FSHE Behind Codet CHE
AF3F 9 ar, Server?] IIS(Internet Information Service) 7]Hboll A A FPEH T = w0 9]
th UserZt §§ Beb%-A FAFd A7t e A2E g8ty wd o] 43
i, AlEd el o] 7kt Al A A E

o 7HA AlFTAE A5t olslietz] i, ARl de LS 7567 9
stol  AAALE A 7IHE  ALESAT AAAGE A W (Object Modeling
Technology) Al2=®S AAACZ EA3tm MEdozy Alxwe] Exdo st
ol & o FH, Ad Al=d el gloja AlzFle ALAHE SR F e B
o] th(Shin & Shin, 2002). ¥ SFoJAE AR ALS 98 UMLS AH83tel 7}

Add w4 2 Aol e RE Y (Fig. 17, 18)sk3A

Stage
+ utilization : int =0
+Stage ( ) Flow_Simul_Events
+Stage () - obj_ewnet
- stage_Tick { ) + event_workstop ()
+ stage_check { ) +event_Requre ()
+ event_Push { )
class_SAW1 class_NC class_TwW
+ work : bool = false + work : bool = false +temp time : int
+ work flag : bool = false +work flag : bool = false + work : boal = false
+ occupied area :double =0 +occupied area idouble =0 +work flag : bool = false
+worked seam :int=10 +terp time : int +work delay : bool = false
+weld condition : bool = true + pass ok : bool = false + dayworktime check : string = "
+ temp time : int +num worked block @ int=0
+ pass ok : bool = false +area :double =23.4
tdelets num :int=0
+ test ; string = " +class TW ()
+ num worked block : int=0
+area : double = 41.5 +elass NC () e Tl
A EIHEE) 5 Glal 18 55 5 ] + class NG () + stage_check ( )
+class_SawW1 { ) + stage_check ( ) + PUSQJJQV’LYD,E*‘*Wl &2
+ class_S5AWiL () + warktime { ) ¥ warkdime ()
+ stage_rheck { ) + precheck ( ) + precheck ()
+ worktime { ) + push_part_to_Cutting { )
+precheck ()
+ push_part_to_TO ( )

Fig. 17 Class Diagram Modeling of Job Stage in Panel Line
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Fig. 172 7zt #9444 vt} st 42 vg=A1
Stage ClassE A W3l

st A vhAEA R 77t e] APA M E Timer AEES

mel o o|wMEE WAty AAE AHsA st £ Stage Class Lineo
2 o4 A AYY FE, FEAHAAY EF o7, =FS FHst= A} 2L o
HESS X33t Flow_Simul_Events ClassE ©]&3to] o]t AlAS A g} o
Stage ClassE FAFH=Z &85t 2zt g dAvit) AdEdolx 7|EHQ 75 F

B o #A9 QUESTS Panel Line RE& C# ZTEIYHPoZ &7 ¥ Architecture
S Hol Fu. AEHOJHE AWty ow 58 x3sle

Simulator Class$} Panel Line 2 ZdFE=Z &2 2 7 g3 9=
. = o =] = .
Cal_Routine Class, #d ZF# 25 BEF X 33E Panel_Simul Namespace’t 8 W
o o 1] [}
golt} o5 RE ZY2E5L SPHor £dsE FIER o]Fol4 glowv o
= 5k © [e) 2~ = o =
Fe)29) Aot FF FA wa ZHAA fgat
Stage
ranclolll + utilization : int =0
Aow_Simul_Events
+Stage { )
Cal_Routine Simulator o aR (. ) “objewet | event workstop ( )
2 stage_TEk (k J + event_Requre { )
+ Cal_Routine ( ) W ey +event_Push ()
: D nt = -
+ Mum Thickness (3 e Al o e b
N =

tCyile T ()

:E E:E 'IITJ ] -push count: int=0

¥ Cyrle WD36 | - total count @ int=0

+ Cycle WD3S5 { + bool_distrbute : bool

Y Cycle Finish +weld speed 35 int=0

¥ Cycle Cutting ¢ +weld speed 36 tint=0

¥ cycle Fityp 35 ¢ +head num 35 int=0

+head num 36 . int=0 + ohj_tieid3s]

+Cycle WC () F— . -

te ;Ie bC + utilization : intf1 = new int[12 classPWwnas

£ Thicklate Check () + rewision value ¢ int = 600

+'Weld Speed () -— + work : bool = false

+ SAWM wiorktime () + Simulator ¢ 3 + wrork _ﬂag : bool = false

+ SAW2 worktime { ) # Dispase [ ) + gcuglid are_at: double =0

+ Optirmize Distribute { - Initiali +temp time : int

el O +num worked blods ; int=10

A
/ eresides

- buttonl_Click ¢ 3

- Simulator _Paint ¢

+ push_part_to_Field {
- buttonz_Click

- Main_fimer_Tick { )

- Simulator_Load { )

- Simul_timer_Tick { 3

- crd_resultsave_Click

Cal_Routine.cs

+ area : double = 23.4

+ class_WD35 ()

+ class_WD35 ()

+ stage_check {

+ worktime ()

+ precheck { 3

+ push_part_to_Finish35 ( )

class_WD35.cs

Fig. 18 Class Diagram Modeling of Whole Panel Line Simulator
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UserZk AEelol4l staa b 38 ddein, A39s wolfe REe AW
AN A7t shsetA T AA A B o] H
W U EYI Fae elo] HAU, mym )
o delAE FeheldE FolA AAsE Ao) o FwelA ogth olF 9l
e WEHIAN Trade W wop 2 AAE 7t wete] BAYE
ActiveXE TEot7l= Ar 2 =AM e Au e FgkoldEZRS] Application

AZE 3124 334 Smart Client 7| &< o] &3 9t}t. Fig. 177 o] A2 27} Panel
Line A& olg AWz A =

o
=
Framework 7]Hrell Al A& @ ol A4t Fdgrt. AlEdld & F9 A3 gk A
JAE A

o N g
(ST

i

A HES FYToEZAN AW Z DBl dulolE "t 7 Felo] 13- Elo] A2 E
doAE EgHoz mxsA fu AYHA2EY TF FZ)IAY AF54e 4
°olE 7]%-& Smart Client?to] o] do]m o] &4 Applicationo] Ao} Feto]AE Aol

oA ¢ds] el d

—

HTTP MyApp.exe

MyApp.eer
Client Managed
runs Exe?
aps Update

cache? F_———
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