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Study of the practical application of production planning method using shipbuilding process simulation

by Yui Okubo, Student Member

Taiga Mitsuyuki, Member

Summary

Shipbuilding is one of the most complex production systems in the manufacturing industry because of the incredible variety of
parts and highly complex processes. However, production plans are currently prepared manually depending on the experience of
expert workers. In this paper, a production planning method based on shipbuilding process simulation is proposed for use in actual
shipyards, which simultaneously satisfies the needs of both production managers, who require on-time delivery plans, and field
workers, who aim to minimize waiting time and improve operating rates. Specifically, the authors developed a hybrid method that
combines backward and forward simulation for planning front-loading to meet deadlines and reduce waiting time. In the case study,
the method was applied to a sub assembly conveyor line in an actual shipyard to demonstrate the validity and feasibility of the

simulation results.

1. #

AR, HAROEMEL, PESEEOZE LWRBICZ LY b
LVRILIC S 5. dTBEE & DMk BRI xS 5 7o ITiT,
WAROREE TRICKRIT 2 M EREEY X VA v M FIEOR
SEEATV, AEPEVER B AR > TS T ERARRIRTHD. i
MnEE D AEENM FA BIETEERER L 2 D00, FEF
BTHD. EFERIE &1L, ERTNOR NI AFEERZ k-
TR, WG 8 T ERITE = 2 F Tzl
HWLTWL NEFHET2EEDLTHD. LLRDD,
AL — I D X8+ RO & KREOR i - 1EEH N+
NENEHECBIE L CEE SN 720, 26T TORIR
PEEZE U AR B OERIIRECH 5. BUR, KbEM
72 TAREBE UL OVEZE RN, A2 pE B AMERK L 72 #0
A ST R ED 2 ARG E % T2, (FEGOBENEED
RBRANC D W3 2R R R Z N2 TR 5 2 & 23

* P RIS RY A N N i S/

Fhaszs 5449 20

2. DT, EFEE A IIBG O EREG I &R
Z EfEICHNE C & 7, iU 2R B BROFH B R TAM & SEhE T &
TWRNEW ) BEDPFET D

TV AVHENOFERIZE, BAME ST ISR O A ERE
BEBICK LT, v ab—va R i R AT L
IR AR AT RENBEL S MV HEND LI
o CE FIWB[-3)E, AFEHENEOXELHNLE L
T, BB FREET T DI ENTEDLNRY Xy
k&7 V% O CEMFT O A PER IR Ok % 721K 2 18 L
TSI 2 b—FEMELE. RIEOM4-511F, 7r v 74
M TFE%Z Max-Plus fREICHEES SIE L AT LA TRILL, E
FTATRHEIEE NS FHEZL ST, V¥ A U F A ARE
WEhd7my ZHSBBE &R by 7 B2 T3 5
HRZ BN TE 52 L &R L. KEFL[61IE, Mo
AFEEH L AT LOBERFEZKHY, 7 r v 7 5EOFHE,
FOVATAOT w7 b7 a—, AR G
(LR EFHMETIEEZREL TWD. Ex RKB[TNE, HilkT
A v a b= TLGHIREZNET 1 7T 5Tl L7z
N=F X V7727 N —ICKDEEHB AT LEHFEL,
FHBRFHEORFREZEMET 2 FELRELTVND.
Jeong 5[9] 1%, Lee 5[8]43#2% L 7= PPR-S (Product, Process,
Resource, and Schedule)iZFESWTERE SN-HERET LI
* LT, IEMFTD KPI(Key Performance Index) % &8 L7=7"
BEAPLOVI 2ab—varET) T L—AU—7 & ff



116 HABIIE:E T 2w sUE 5 37 =5

KL, vAZ—=TF (FREFE) OMIEEIT>72. Krause
5101, DES(EEE(ES Y 2 = L—3 3 )& v Clfinar
ODEEEAr Va— Y T oXBETHT T r—yva
— L& B%E L7z, Woo HIIITEMATOENA T I 2L — 3
VETNENR—RI Ty VAP RAT 47 AT AT L
TR L.

RO TIE, IR O E DR - TR 4%
GLLTETMLEFEBL WD, £, vAX—T T ¢
EOFEYRIE %5 L LEZEIEg Vs, ERICEEE D
2 2 XD b EOVEEFIM 2 x5 & LBl 7. i
ERTUIal—va il EEFEYERT DI
L FEO LRI b LIz ET M v Iab—Tavice
EE o T LA AT, ERFTo o TR THET /UMET
X DI BRHE AR TH D, FEHF D1211E, &R
HOBMREEY AT L EBE LT, HROEETEZ
Product €7 /L, Workflow 7 /L, Workplace &7 /L, Team &
FILDADOPRANRET LV TET Y VI THI LT, 7R
T2V I ab—2 g UERAW T AN LR a
HEICYVRTE 2 PEEBE L. B, k7 ey 7 25
ETHRBOEMITE R —ARAZT 4 #EMT 52
EC REFIEDSEMEOEEHBS Y 2 Vs 7 MEHIZE
FOBRREY =V E LTHEBNTH D Z & &R L. K
LT, EEO[RIOBRETHLI T rEAYIab—va v
ZRIH U2 EER NI R TR % EBE O ST ~EH 2 2
LERDRD. BT, EEOAERL CIEHT 5720121, #
HINESF ORI %2 KD HAEEFEHEMN &, FRELER DD
7 LTBE@=ERN L2 5 G EEENOmED=—X%
BT HENHD. 22TV H THEIEST O m] &
I, BICHE L D ATNcHm Z BT 7200 b0 TRV, #
BIGIT(A Ny 7Y — MOEBEI RSN TWDHEEIE, L2
PLEICR S BN ERT 5 ETEEIRZ ORISR 5. X
ST, lx ORI EDE T v 2 A XA L TH
WL, EHERA A NEIAZEEE BET. AFRSTTIE,
INLOREBETDIEDITH TRy a—V v 7Rk
DRBEMA T EBHFEETHD.

AL OWRITROBEY THDH. 52 FTHL, EHE L
BRORFIZE > Tl 2B E2 LR TE DH 2R Y
22—V U RERRET D B3 ETIIREFIEEZ /NS T
TMIHEA L, TOEIMEEZRT. 5§ 4 B TITEBEOEMAT
DAEFEBIGTEA L, B5EHORENEA R, 55 BT
LSBORLAIZHONTELET 5.

2. REFE

ARSI, WEMESE 2B IMEE 2o 72 3 % R 5
ERERETREM L, R L A2 R DL DR LTEB=RN i
IS BHEEE R OME D = — X & AR =T 7201, F
FbHaERDHNL D LTBRB=N EE2M) 747 — Ry

2023 -6 H

L2 b—va UB]EMBESFOFEA NI T H Ny 7 T
— Ry alb—v g V[41510OBFEFER LA T Y v
FoIalb—3yg o FECE > TERESMZIETS.

2.1 WEOEEIFEDETIVEN2

Fig.l I\ R OBETREZTT LT 720 A LY
AT LET IV EZDOBROWEZ R, SATIFIE[12] & FER
2, B4 A %9 Product ©5 v, 1EENA %3 Workflow £
TV, (B L3 &£ T Workplace €7 /L, flfk & 1E¥
FHET Team EF LD 4 EF L TRHEOEETHREET
MET D, FETNAOFEME, ETNVERBRT D 0ICNE
2T — B OFEIZ OV TREATIHIZE[12] 2 2R S iz,

( Product Model

- Product Name

Workflow Model

- Task name
- ©-@
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( Constraints ) 4———— - Available Facilities

Fig. 1 Proposed System Models and These Relationships. [12]
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Fig. 2 Proposed Method Overview.
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Fig. 3 Modeling Data for Toy Model.
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Delivery Time Info 16:00- 13100

Fig. 4 Backward Workflow Model for Toy Model.
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Forward Workflow Model
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Fig. 5 Forward Workflow Model for Toy Model.
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Fig. 6 Forward Simulation Gannt Chart.

Block A Block B Block C Block D Block E

Delivery Time Delivery Time Delivery Time  Delivery Time  Delivery Time

Task1l_A —>
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i 1 I ' '
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Fig. 7 Backward Simulation Gannt Chart.
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BlockA Block B Block C Block D Block E
Delivery Time Delivery Time Delivery Time Delivery Time
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! i !
100 1120 1200 1220 13:00 1320 1400 1420 15:00 16:00

Fig. 8 Hybrid Simulation Gannt Chart.
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Fig. 9 Target Shipyard.

B, RS TIIBGEHZTIRE L TNDo, $REL
TWHENALT Y v FU 2 ab— g Ol b, fEEE DK
FRFIC RO E 22 EOBME L T VBT B B R L T

Delivery Time

W5, BRAYICIE, 8:00 205 17:00 Z3EFHRIE L, 10:00
5 10:10 £ TOFFMAR, 12:00 725 13:00 = TOREK
B, 15:00 205 15:10 FTOFBAKBERE L. £, 4
ENE20224E1 A 6 HvDH 202241 A I8 HETOY I 2 L
—varEEBLTWHTWNWDED, 20561 H 8 H,9 H,10
H,15 H,16 HIZ L HBLH R0, fEEEZEmLARAVBDE L
TyIal—varz LT\,

4.2 WRIBOETIVVIT—4
TERRAT CHUS FTRE R F eI S 0 R 2 b LIS, B
EFNMMETRHETY T —F EERR LT

4.2.1 M-BOM 7¥—#%
AEIOHERR TH LR 7y 7 D M-BOM F—#
% Fig.10 {2754

Sub Assembly Shop Block Assembly Shop
- RBGP - RBGS @
« RHGIP - RHGIS Due date S .
+ RHG2P - RHG2S  : 2022/01/12 Q

Bisuy Large Block

+ RFAP - RFAS =
+ RFBP - RFBS BYH3F
+RFCP - RFCS
xeoe < s D el
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AN
 RFEP -+ RFES 5
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@
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Fig. 10 M-BOM data for Case Study.
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4.2.3 BEWER - FEEFER

EFEBEHRS/INESL TS VA 7 U M ESEIC, i HE R E
VEZHE# A Table 1 & Table 2 D X D ITEFE L. EAT
By DR - FiE 2 > I 2 L —Y 3 VEFIATERT S
7291, LTI RT T REMATCT —FREEIT 2o 7=.
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Table 1 Workplaces Info for Case Study.

AR 3T 5 2023 4 6 H
‘Workplace Facility Target Task Capa Wozlr(;‘;;lce Wo]:li;:ace

N1 Tool N1 Distribute 1 N2
N2 Tool N2 Install 1 N1 N3
N3 Pass 1 1 N2 N4
N4 Tool N4 Auto Weld 1 N3 N5
N5 Pass 2 1 N4 N6
N6 Tool N6 | Manual Weld 1 N5
S1 Tool S1 Distribute 1 S2
S2 Tool S2 Install 1 S1 S3
S3 Pass 1 1 S2 S4
S4 Tool S4 Auto Weld 1 S3 S5
S5 Pass 2 1 S4 S6
S6 Tool N6 Manual Weld 1 S5

Table 2 Workers Info for Case Study.

Worker Target Task Target Facility

Tool N1
Workerl Distribute

Tool S1

Tool N2
Worker2 Install

Tool S2

Tool N4
Worker3 Auto Weld

Tool S4

Tool N6
Worker4 Manual Weld

Tool S6

Tool N6
Worker5 Manual Weld

Tool S6

4.3 YESalb—va iR
FRETER LIERIC, ST ORBRER A BN L TA
TV Y RV 2 b—ya U EFEIT LR % Fig11 12”7

BWJIBF BYDC1A BYH3F
N i ] =] | )
N2 1 I
N3
N4 1 | I
N5
N6 [ | 1 mn
51 n I
s2 1 1 ] ¥
S3
54 (3} ey |
S5
6 [ n 'm i (]

b had a 10 Jan 12 hald n 16 o 18
m

Fig. 11 Gannt Chart for Case Study (Break time considered).
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Table 3 Result for Case Study.

Forward Backward Hybrid
Large Due
Block Date | Start | Finish | Start | Finish | Start | Finish

Time | Time | Time | Time Time | Time

BYT3F | 01/12 | 01/06 | 01/11 | 01/06 |[01/11 | 01/06 | 01/11
11:57 | 16:20 | 11:57 | 16:59 [ 11:57 | 16:54

BYDCIA | 01/14 | 01/07 | 01/12 | 01/12 |01/13 | 01/12 | 01/13
08:01 | 16:26 | 15:32 | 16:59 | 15:32 | 16:57

BYH3F | 01/18 | 01/12 | 01/14 | 01/14 | 01/17 | 01/14 | 01/17
08:39 11:55 | 09:32 | 16:59 09:32 | 16:53

Table 3 TE&TDT & v 2 @ Finish Time I2E BT 5 &, 7
FU—KRYIalb—va T, 5 ERYERA LD AN
BRf o OMESLEM AT 253l & 25, —FHT, Ny
U—FRyIal—vari A7)y RvIialb—vay
TIE, Bl & EY ER B ORFTH OKERZ] 17:00 % 58 12 5F -
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72, workerl \ZF H 3% &, Fig12 Tix 1 A 11 H 8:46 12
T 54FEE, Fig13 TiE1 A 7 H 8:06 IZIX&K 2T 5.
UEXY, A7)y Ry alb—ya rOFFTIC L ) MmEL
2FRFBRE 11493 HIR S 4L, TX 2RV AiEE D Shic
FHENEIESNTZZ b5, K7 a7 BYDCIA

& BYH3F IZOWTHRIBRDFER AR T Z L AR TE .
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Fig. 12 Backward Gannt Chart for BYT3F.
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Fig. 13 Hybrid Gannt Chart for BYT3F.
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