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A Study of Musculoskeletal Disorders Risk Reduction

Scheme in Semi-block using 3D Simulation

Chang Sub, Song

Division of Ocean Systems Engineering

Graduate School of Korea Maritime University

Abstract

Welders in shipbuilding yards often do their job with squatting postures owing to
the complexity and limited space of ship block. Especially, welding conducted in the
head of the ship block, semi-block, and block assembly depends on welders due to
low rate of automatic welding. Because of this, welders are always exposed to the
risk of musculoskeletal disorders.

Simulation can minimize waste of time and money according to improved working
environment and changed progress of work. Therefore, to prevent these diseases, the
author evaluated welders’ postures with digital simulation. And the author not only
improve welders” working environment in the virtual space but also assessed the
result with simulation. RULA assessment technique was utilized to analyze welders’
postures.

This study has modeled modeling of simulation using the concept of PPR which
is composed Product, Process and Resource. And the researcher compared existing
assessment techniques with current assessment techniques of human engineering to
examine accuracy of digital simulation. Because PPR was saved and managed by
the manufacturing hub, Product and Process were modified easily besides various
data were easy to manage.

Additionally, graphs showing major physical movement of welders were presented
in this study; these graphs allow us to objectively comprehend the effect of welders’

posture improvement.
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5 AdA ¢ (Upper Arm), F¢H(Lower Arm), <5 (Wrist) 28] il
(Wrist Twist)S H7}etal(1~4 ©A), 5TA YA Table AE ©]&3te] AT1HFS A

(Score A)E ZFeth 1A

6~7TAA NN 7} Z8ALT Fo|u}
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ATE Ao gt 8dAA 3P H(Score C)E Table CollA Fe=th 19
O, 1A &, 553 d2lE Briste], 1297, Table BllA BIFS M
(Score B)E =t 1B3~U4TEA A= w7 A 2 F71 & /\}49“31]' Yol szl gt
TE BaAFY A4 vt H5(Score D)E Table ColA 2 . A 155A o] A
vz} 2rEE 259 HASE Table ColA 2 %<5 (Final Score)E Zro} z} A 7}
22 A S H&31A @t Table Coll dFste B7IW &S FEZE Table 2.1 Y

Table 1. Final Score of RULA(McAtamney and Corlett, 1992)

Seoe 5ol 1 | 2 | 3| 4| 5| 6 |7+
1 I | 213 31 4] 5 5

2 5 2134 4|5 5

3 3 3 3| 4 4| 576

4 3 3 3| 4[5 ] 6 6

5 4 4 4 |5 6|7 7

6 4 4[5 6 6|7 7

7 5 5|6 67 7 7

8+ 5 5|6 [7 7 7 7

Table 2. Evaluation of each score(McAtamney and Corlett, 1992)

Final Score Evaluation of level

1~2 Acceptable

3~4 Investigate further
5~6 Investigate further and change soon
7 Investigate and change immediately

5, A FolrEe] =5 T AAAAY 2EAAEE AR =oklu=
A ouigtt. Bl 5, IZte] Fo] Hasta F9 &G4 a4l A5 wW2wA
T 9FS Bol 7] uiol ojo] gk ALkl sl FAAAAML A FilrEs
Yetdtts Aol tha FA-EARE, RULAY H7P7F 249 Feleess Z/E ste o
ANA= st AF (Guideline)o] 2 4 JtH(McAtamney and Corlett, 1992).
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A3 F EHAY A wdy @ HA HAS

3ak AlgdE ol oA AP Rl a 2] Ao A JheAd B A4S
A7) A AR7] A} ot BT ERHAAE HWFer 7|EY A7HEEHH
A7 e &AM B RULA ZAMRE o] &3t AAE &4ttt 28a 3
A AlEE ol AE o] &ste] HPAte] AAE RULA 472 4% 2345 9
Azbgetd A7 M@, BAs o AFWMLe ¥ A7 dgdAw ol
9733 5(2005)°] 244FFelA Human & Simulationg ©]&3 ZAxAEA 2847}
A AT HE7] SHAAE dFe®E AFES b 3L

1 2AAS §RAA 2

W

B AFA 3akd AlEH ol AFS fs AEd FHAES SHAAME AR
SRAA 107 O}Eﬁiﬂ %Xéxvﬂ 7L AEEgTh Fig. 7()e B2 URoA 9x
NAAE EH4ZYS 3k Ao, (b)e olRE7IAAZ FHAAS e Zgolth

A2 SARAE FAAel 92 A AARD W) AL Y 4 BIEAS A

1 FEe A% S Hdsordth ®£9, §4L e FUd FHAL FAHI 93
o ggo}l Ak WA £3, B, o7, A, B Fol Fae Foh ojginr] $44
Al B, a3 go HE 3 AAS) SAS BHAA 442 sof shuw 5

go} o] 2 AAREE F= AAolth

(a) Overhead welding posture (b) Flat welding posture
Fig. 7 Welding work in various postures in the block

WA, 9 F 7 $HAY ANE gon 49

A FraledzAst el e AR AN Aok= 5}%4%}41 B7b=T $olA RULA
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AR o3 BABIIE AAetaL, 3xkd AlEd o]l o3 RULARAH7IE Hlal

3.2.1 3l & A xA}

AN SHAske AED SRS AAAS =
FHol dAS AU A, APz, 2EAALS A

HAWYAA A3k AL 50| RIFHES FajadzAs AT

RR NEEMNE

5 WWUEE ¢ W B E TNE AN M R BN AT S
T =F - TAiA Sern [Amacn Tol - W )
O fanmiss wes LR LT LR TLL
I s o LA [
Cwed s SuEE B TEPd =4
"o Frpe WE o T FRRAEE A m
U T R A L R L LA Y]
wE pam A ]
EEE N LT L] == J'.'.J_... - Jus]
. | o [we s
CR - R PR TR < 77 ' TR - 1
*-...-- LAY
S £ E T IEE L : }'_'. 'i A Sl
as B IR -
o e T = |
7w 3 | . T
i feme <8 g s [2nvam|
1 e g TEF WA AT N W i -
UE SN e R b A — e
0 gl A P . 1 | = |
o i
: |
L e L L L] BN LALE w ve WAS
CRCECH| ] T e el T
AR —-~| praasan
= - || dine agw Aua ¥
' Suand we Y [ews| (Y390 S48 a4i9 ene o ;
I | [LIT ] SR HE BY [=a=]
| ans 1 TR Y
= F NN = WA Wl aea Tl Jq:!quil |
B EAREE S8 FY o VWE BV 8 * . . FEITTeS e |
!.,._, . 3 3 vEeesn wEwYs Sans [ ERITT A S TR T
T - a6 NE N TF MAR AAELE &5 | ik L LR R R PR
[E LT prisgts o Tim: min nenl WEA Aa sEd e LR W m
| b oagies Rasw @38 dn gind ¢ A3 fhe Sdn RS 85 WEe oE|
! JLASK i —— § SWf §T yup suy
T3] [ - B SEE BN R o— |
TR TE L LET LT i” LE] LR L PP
EAEIA BN | mg seee ST $REA|

Fig. 8 Checklist of Real Workers
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Fig. 8& A4old SR49e 89 2 242 Fa) 448 faladzsuold 9
w7 $RAAG ol SHAM B e AUNSE AN dow 8AF o4
Ao AYUE £F ¥ FEOE Utk foaclow ns) §PAAE v
2 9o gARoR A8l B9 2YH BL =1 Asloris PHe AR AL
W, ol SHAAME FE AYFUROR 8] 2 HelE FF Adslor Yom,
w0 ge AAZ Q8 thelel Pl AL Aoz Yewt

3.22 RULA &4

HAo A o]Foj A} Ao g RULA EARE zZtzt At 9u7] &4
AA e HEAFE 78, olHRy] SHAANE 6Ho® HUMHEHAY HAFHSFI 7HS
SA AAE RS Sk, 632 Y AAE Thed ¢ Wl npFoloR IS 5
stk SR SRHAANE & FRAA =& HAFE AU, Ry SFAA M=
S HEdAM =2 HFE T2 ASE UEEH. Fg 9= 4 A4S #7718 RULA =
AlRE HolFE,

B
T
o
L

|
| T ] I FI';%; :_'-Fri —
amn nwawnwn
i K K. B
X 0 B8
EFT TN TR
] 1 ]
{ L ]|l
==y |
TELRITEL - R —
T T e |wme e[ ® [AFTRT-M AT e ohE o] * fw xme] §
FLFTTE T 2 PEFTTETI
I-J ! ﬂ o T ELLT H o 1 4 A ¥
_]Il ]| sHBEAs 23 [asT %] | .i h _: " E S TEe | T |
T FERTTRT
T ——— Yoo e el A |
e TR T ETeT V=™ AP
= F R EEEE B =il (T = P | me | |
mam | — BT I‘ _,_i Ea gw | L | |_.4_i'"._=
| i i—lii"r v ]
Ceeme T 7 | [T g T O R =R —

Fig. 9 RULA Sheets of Real Workers
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3.3 32k Al EH ol AS o] &3 SHAA HU)

32 AlEF oIS fste &F 0] o]F oA e AP AS BAYIATE IHEH
Productdl] &|%3lE EE23 Resourced| | E3te &HALS}) 22 AETE BE

t}. ResourceZ #F ¥ &FHAN= Digital Humano] kil ] 3} o).
331 7337 =dd
ARG S Fdste FholA B AT HF AAE He 558 Fig. 109 2

o] Rdgste] 7pFagtl #53AT. £5 2 Digital Humano] &34 AAE # 3}
A 2 F3ho] HERZ AA AAAF 2z Rdsojol e ol Fasit.

Fig. 10 Product of Block in Virtual Space

332 fAE F9H 2dd

AA -]} 2o ’\]iﬂi]—’,‘—i Digital Humans REH Y37 98] dFNA o
SRAL AAAFE HASEAT AR7] 73RS FHes HAAAA HAST A
A X|= Table 3.7} 2T} Digital Humans Human Builder ZEZ A3t A,
Fig. 113 % Human Measurement Editor &S A}&3le], AZ3F 214X 4=E Digital
Humandl] 4938ttt #AS5eA X 2 o AAAFe IR HSATLAN 53
& IR JAASHZAL AT BHE £F F=aA AP S "ok obdf Ry A
< FYste S AR 22 BHE H&eiH
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Table 3. Worker's Anthropometric Data

Body parts Measurements(cm)
A B
Stature 162 170
Span 156 168
Bideltoid Breadth 42 45
Chest Breadth 32 28.6
Wrist—-Wall Length, Extended 75 60.3
Radiale-Stylion Length 23 24
Hand Length 19 20
Waist Height, Omphalion 90 97
Knee Height 44 46

Fig. 11 Generation of Digital Human Using Human

Builder and Measurement Editor
3.33 3xd AlE# oS &85 RULA &4

Human Activity Analysis =&-& AF8-3}e] Digital Humane] §HAAE Al EH 0]
Astal RULA %7171 o2 Digital Humane] AAE #4390} Fig. 12+ Digital
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Human® YR 7] &HAAES A EH
Hr7] EHAMNE Al Bl Asta

o r e

Side! 7 Lo @ Right
Paramoters - Duetaits
Pty : | 24 Upper Arm: 3
o Static O ktermiient O Repeated = Forearm: Z
Flapeat Fraquancy = Wiist: imm |
@ < 4 Timesdmin, O 4 Timoes/min :_-_j'w'rls! Twist: | mm |
[ Arm sugnorted,/Person beaning s:::lr::h. : =
(] Aerrvs ame working across midling Foroe/Load: oo
[ Check balance Wrist and At 5 mm

| Hack: 5
Lyad: (I ] , "'_uJ Trunk: 4
~Scone | Legt | .
Firval Soee: 7 - £ Posture B: &
Invarstigate and chango immodiately Hack, Trunk and Lag: 6 mm

Cloza |
-

Fig. 12 RULA results of welding workload in the overhead welding position

Sidel O Left @ Right

. —Parameters

Posture a 3
@ Static O Intermittent I mm
Repeat Frequency I mm
O < 4 Times/min, | =
[ &rm supported/Person leaning ? —
[ &rms are working across midline PO e 0 mm
U Check balance Wirist and Arm: 5
: Meck: 2 .

Load: | B | Trunk: 4
—Score Leg: i

Final Scare: 6 L 'I Posture B: 4
Investigate further and change soon Neck, Trunk and Leg: 5 mm

Clase I

Fig. 13 RULA results of welding workload in the flat welding position

A7) §HAAE AFAFT THOR HA AAE WA

Exnci

T 1y

3

Eo|A Bl o A

aEa B v
HEHGF7F 62 Jhed W AAE

=
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34 32 AlEY ol HE JeAd HIF

AdE AR7) SHAASL ol R SR ARA ] el T1Ee] AtEEH EA47IH
 frafadx=ArE Y, RULA 4 Z#e} Digital Humans ©]-83F 32k AlE# o)A

of oJgt A¥E wlustt

T A AA BE fFalzAbd e vEhd ARG ZE AR E a0
Digital Human®] RULA &4 ZAx}o] wg=o] vetgton, dxdoAe] RULA FHZF3%
7}¢} Digital Human®] RULA HZF %717} 242F 7483 6oz 98 AL &
AATE BEARE, AAFLE RULA #4434 = 91k ztol& Holal Uas gelst
=3

Ar 7 FHAA L AS, A 8HALSH Digital Human®] 3¢hat A ¢ke] Eo]217}
oFZF AR, TAl AA SHANAANE B 5 Y &5 w4
Digital Humanol| A4 4315171
AHY At ApolE B B A4 A mEe oK &8 &3S AR,
Digital Humandl+= &% 3]3S 3 Axvk
o iFste FEFEAME Y Ha T AN (Fig. 143¢=x).

obef B 7] &HAAMEY B, AR Brle HAA &HA} Digital Human®] B7b=
zolE HolA Fdnt ont, AA &HAE FHY 534 sl A=E P55 v
Al Z& Digital Humanol Al A2 HE&E =] o} 3}AF H 7} Score BAA HF7}F

] =

rO
o

,ﬂ

> 2
Sl
=2
<
as.
2
an
jen
3
D
5
Lo
o
N
-z
=
o
N

ozt Aolus AL FAEATHFig. 157F). £ HFole dtF A FgkAw, &
THY AETE 1 Aol WS FAT & AT

sA W, A Ao 2 Digital Human AlE#o]A9] H5E &S nhgh FFolzhar #t
AFez Fristddth. AA SR ] FdHo g Qs gos] #F & 5 %A
o xejyt £59] 2-o] Digital Human?t 2}o]& Holal 1S W, AA Q] A4
£ o] B Digital Humano] 1t #&o] HOo =24 RULAC 93 HF H7te &
datrta A& HE F AATh
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A. Arm & Wrist B. Neck, Trunk & Leg A. Arm & Wrist B. Neck, Trunk & Leg

Analysis Analysis Analysis Analysis
Component Score Component Score Component Score Component Score
Upper Arm 3 Neck 5 Upper Arm 3 Neck 9

Position Position Position Position
Lowel.’ ‘Arm 3 Trunk Position 3 Lower ‘Arm 3 Trunk Position 4
Position Position
Wrist Position 3 Legs 1 Wrist Position 3 Legs 1
Wrist Twist 1 Score B 7 Wrist Twist 1 Score B
Score A 4 Score D 7 Score A 4 Score D 6
Score C 5 Score C 1
Final Score: 7 Final Score: 6
Action Level: Investigation and changes are Action Level: Investigation and changes are
required immediately required immediately

i T Sl e g
LS o Ll LS LT Dwtals
& Sl 5 Fas = tingar Aem
| I; e ) ey ) R _: - -:: ey ) Agpaed ‘_:Ijlr:"_:'__' I -
Rapaw Pregaaray ) | r
'l ‘, - - | ! =
T et Earpn wanng 1" A e Parion ey iy :
L e p———— : e Sy . - ::l:.q".l:r: | :
hech Batwes 1 (R ] Wit ged dyrn ¥
Ly [ ™ -|- Loae [IENN E] ﬁl..:: i
e Loy i Ecom Loy -
Pl Bowe: | - ki P Finad Sesen g ix P i
P Tennp——y —! :.,-. hli_} wod Lot b s atgatn Lefan and coangs sren o Nk -.rd_\J e
‘“ i ) [T
Fig. 14 Comparison of RULA Fig. 15 Comparison of RULA
Analysis in the overhead welding Analysis in the flat welding position

position
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Al 4 7 Manufacturing HubE ©]&3 &5 A2k A

2 #39 yAEs}

= AAAE P ajlo]l =L EHAAME 7HFEABAA AEHl 7] AAs 374l
A] Process, Product®} ResourceE Ed 3] AlEHo]Hdst ¥ RULA
A3 AYS v 2 ZollAe the @AZ, Digital Humane] 2 d 3 A&
M8k el &ERAAEE Aol A 3 NS AR gk o] & 93]
22 Qi 34 2 349 tAYss) olget e £42 JP AT

2
& RS R %Xé(ProceSS) A
d7d 3789 Product$} Resource Z4
M

anufacturing Hub< Process, Product, Resource(PPR)Z T3
41 Manufacturing Hub %

£ AFolA AHE-$ Manufacturing Hubs= DELMIA Co.9] Process Engineering©|th.
Manufacturing Hub= AJ4tel #3 =& Holy % 358 Jﬂﬁ}h Aol EZFo|t},
webx t X8 3 A 9 (Digital Process Planning)< Al$-11 HE % H7}3t7] {8317
E Hojgler DELMIA Human AlE#o]4 2 DPMASe] AFS 53 A 34 3
7he} HSo] 7bestth Eg Customizings 918 UlF X5 7FA3 glo] A2 dlo]
HE AlEdoldd AHE&3t7] Hesid. X3, Manufacturing HubE AME-30 Z A
Digital Human®] §&37tA¢} £5 4k T4 Alg#oldS 3 Process, Product$}
Resources E&Z 02 AT F Uvh(Fig. 167 =) wefa EH4E 2 ALt T4 ¥
Aol Bty A o]Fojd Ao E dAdHTH
Manufacturing Huboll Process, Product, Resource T3 W2 Hub A x}9] A
dete] el FFo] AW off 4114 FE 4.13%71A] Y¥bA o F PPRoO| 55
x5+ 7xo e Atk

0t
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Manufacturing
Hub
Process

Product
Resource

Fig. 16 A function of Manufacturing Hub in the DPMA

41.1 Process Planning

Process®] 7%, &y &l #3 FF9 Processs Y F3tZ Bl EHE CycleZ
He 22 UE § AdtFig. 1738X). (Plany °]E% IA] AAALA] 9 9] o]
Eo] Fo1%t}) Cycle Timedl 93l F5%+ Processt= Z+ ¥4 At #el7F Helsh
o= ZFHo] Sl

(1) Process Plan : 2%} W&o @& FX (Operation T-4)
(2) Production Plan : 2t} F-3toll @& Cycle (Time 715 74)

Process " Production |

Work Plan

Partial work plan

L[ overaton_|

Fig. 17 Standard structure of process

Process= A2 4S5 fJal FFoly FAFe wxyoly £HS Tt ALks)
ddeo] HAHE L3h Processd TAE3+= Process GraphE ©]83te] H, & &

= =3
= A 73 #AE HAASIA Product®} Resource9}] 7| (Relation) A4S 53t
=
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41.2 Product planning

Manufacturing Hub®l|l Products 7%3t= WHoZ= IA td5d 22 F 7FA W
ol ek
(1) Engineering BOM : A& A (7]1%) T4

o
FAo
(2) Manufacturing BOM : A& A £A4(Z2H ©A) AL

~

Engineering BOM2 AAFAoA @3] 31T Productol] &8 5= 747e] FF0]
U HAE AAStY 53 Z o], Manufacturing BOM(M-BOM)< Product”} A 4+=]
AU 2HEE 45 18d Ao BEolu BAE ER/AA 753 Aol tHFig.
18%%).

Product
|
[ |
Engineering Manufacturing
BOM : ... Bom
ik | l—{ Slltl—!sgﬂmt:hr |

Support material | i Part |

Support material |

Fig. 18 Standard structure of product
4.1.3 Resource planning
Resourcew™ A|FS AAFst7] 98] D83 EE 7]AF(Machines)?t =7 (Tools), A
Ak 2k<l(Production Linces)¥}t XLﬁ/‘“(Workcells)% o]2t}. Hubel #+&=4H= ¥+ %

2 ok F 7HACF e 3 Fx+ Fig. 199 JEh Atk

(1) Resource Plan : A& @ 2ld] W& Fx

(2) Site Plan : Process’} 3 &< oo e 72 (37-4-24-2H o] A-2R], Al
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e =
ST == Process”t FAHE Faol Wt BRHC FHHE TRE LAY 48 B
o], 2449 A, AA AN, A, Yol He & HxH, JAFHE B3 Fo] 9
of sl3dE 4 Jth Resource Plan® vl7FAZ HubE F33le= AAAY Az @
ol o3 RFEo|zit
Resource
5 s
| ]
Resource Site
Plan Plan
I L
=] Lm
o
s
|
Fig. 19 Standard structure of resource
4.1.4 PPR Relation
PPRE T3 o dolA J7 A5t AAR, MEZEe] 37| (Relation)E 24
3l = 4 Ut Product, Resource =5 ProcessE FallA #AS Lolx<=H|, 1 9]
= “3h49] Process’t FFHFH wEl WSO A= Producte= FololW, HQadh

Resource= W3 AEo] Att7olt) o]& A= ol Fol A" AXH g
rold glow Ztzte] oWe WEstw itk B8, Hubs FE3tE 27|29 A7
oz ¢} ddhel| met uRoEs debd F Aoy, £ HiAe AT HF o 2AFE A
8] 4} 3}o] Table 4.9} Table 5.2 YER) AT



Table 4. Relation between process and product

Process®t Product?t2] Relation

Product is created by Process

Hx BA =& R3Eo]l A Processiol A

A
=]

ol

Product is firstProcessed by Process

P
BN
i)
febut}

Product’} @A ProcessolA]

Product is processed by Process Product”} @A ProcessolA 3 =H%
. Product”} @A ProcessollA kA o] L7}A
Product is removed by Process -
Y Buffer =2 Rackl @ o]F
Table 5. Relation between process and resource
Process®} Resource?te] Relation A
34 Processel a3 Resource’} AM&E 7]

Process attaches Resource

ks

Process detached Resource

A ProcessolA % Resource’} T oA

PosA 2

Process running on Resource

&2 Processoll A Resource’} 55 9l&

Process uses resource

A7 ProcessolA A2A Resource’} AH&%

4.1.5 Manufacturing Hub$} DELMIA V5 Human¥9] -5

Manufacturing Hubw SHA ARSI =

PPR &7} 8 E%<9] Hubo|th. Product

5 H
AE g8l gael BAAL ste] Hubs o]gsje] Aanels RHes s

o mFe] dokn @ & YA webd SHAN BHE 99 H
#18sl= DELMIA V5 Humand <-§o] dFHolth. 2 AFolx  AE3
Manufacturing Hub{! Process Engineer<
< 3, HubdllA 7%, 1" HAHE V5 HumandA QU oEX+= AH

=

At PR Z V5ol £, HeH JHE Hubz HYE o] Hubg FH IA] 5

uman Al Edo]AS

¢

PPR AR E V5 Humanl & HUYFE 7|
< 7HA

Rofr

o

g o], HolH e FHA4S 7HA ok
Fig. 20> Manufacturing Hubol|l T5% Plate®} Stiff.©] PPR &35 AHKolth ol &
DELMIA V5% LoadAlZl 7193t o & Fig. 219 R At &3 Process’t 1UE V52

Loading® %1 2™, 7} Process®]l T&¥ H

A} 2} Resource®] FHRE w37} A| 2 Loading
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Aok g AFFHE V59 4= DPMA(Digital Process Manufacturing Assembly)”]
T O.% Plates} Stiff. o] ZHAF S AlgHolAToR2N ZHAYS AST & Ao

mﬁ
B A ]

bt | e CECCORT C T ]
=

Joamass oo

BEn
Tt
4
§
5
£y
)

FETEEE
T

T ;
{5t
¥
r
¥

i
i
1
[
H

¥ | PR A AT
" ¥

¥

4l

{

I

5

4

& - i
| ) - o
F‘ﬂ"ﬂrar;—Lr—-. G ey
e

i

8

ES.fC =

4
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oLt

L 1]
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Fig. 21 Loading example from Manufacturing Hub to DELMIA V5
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42 7} E5F EHAY EHAA A4

SRAY A AL 9 TAED A 3N ARl AL AT &
AA 274 slel okl SHAA 1748 o AU weby B A7l 4R
@ RAAE AME Fig 2004 BE uhe} 2ol SR7] $HAM 17449} olgnT] §
A A4 2744 o] e,

o)

e

(a) Overhead welding posture (b) Flat welding posture I (c) Flat welding posture II
Fig. 22 Selected awkward welding postures

Fig. 22(a)¢} (b) 1@ F-H M AAlaQle A 23 niol o, E52 FX
Y B = AHlYA Mu] RE 36718Z0lt}h () 1P E=2] Shell} Plate
AARES &H3H7] 93] Bracket?} LongiAteldl &HAMZL &8 HUg #3 Eoi7}
A RS star e Adolth ol&2 &, &AL H3 oz meja e, el 2
FAARF] Bo] e AYAANE werdt. E5L H U Adn B 3401&
Eolt}

N

4.3 Product®} Resource = @

431 24

ZF i FA ¥ Product$} ResourceS CATIAZ E e &3te] Z}Zt Table 6.3 Table
7.2 YEH AT Productel| T 3t= £5F2 Girder, Frame, Longi., Stiffener, Bracket,
Plate 522 FA39ctlh 183 Resourcet SHAFA AlEH oM & L3ty I
@E= AES UERW Y Digital Humane 3.3.28 4 Awst upe} o] Ao &
AAEY EfE Wol AAAFE AL UM A AAXFE EF A AT S

e},
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Table 6. Product models of block

Model Product name

#3671 E=
#3401 &=

Table 7. Resource models of work

Model Resource Model Resource
Welding Welding
Torch Mask
Feeder
Human .
Machine
Semi—Auto
Welding Ladder
Machine
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4.3.2 Manufacturing Hub =

(1) Product & Resource planning

B d7ode A SHAA HAAS st E59 £H £AME FEE A=
E Product 75 W & £H £A9 v|E E£Fsh= M-BOME WRlE dd skt

H
olef 7] SHAA 119 2L U S E Fig 2304 HE upel o] M-BOMY T+%
Hubdl #+=3t¥9th. = Products A Avto =z 3
Fom, ut2 oty 9 FEREZ E5 WIS E TV Wi, ¥ AFdA YR
P

Z ProductE Manufacturin

aQ

g 550 obd & EFo= FFE & = e FEAY. 28 £EFL
A Az, %, 222 Ur3lon, Plate, Longi, Stiff., Bracket & ATy golx Het
Hol, ZHAOE S8/ L FHE EE FAE Piecett= HoHH JHES Fol ol
== WEAT Fig. 25w olR 7] §HAA 119 EF9] Product®} Resource’}
Manufacturing Huboll 758 EFolth. #55HE A% 4 ARE d4AA AHE
She A = HJHE FxeF oM Girder$t Frameold 719 HAlE0] Y=
BEE Fig. 249 YEhAAH

ResourceZ AEEHE &4 Ex|, 4 nlx23=3, 9y 7, 9zxts 847 5L Resource
G T8t e Fad wel Processet BA A= sFTh

lil

Ship {

L| Block Number [

|~1 Large Assembly }
—1 Middle Assembly |

small Assembly |
Flece |
—1 Small Azsembly |

H Piece |

Fig. 23 Structure of E-BOM in the block
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Fig. 24 Diagram of real production planning

A ELI AR mY T
TP el oo e [ bt | o | B e e | IR
=y e T - R Ry p—r
. |
5 4
& OF memy,
w WY s
BT e
& OF maie
e
-i;n
:

1}

Fig. 25 Structured of product and resource in the Manufacturing Hub

(2) Process planning

E5 29 #Ho 40 dasita ddE Fig 22()9 E5 ¥ HFE 4
stk &4 W2 IDEF WHES AFSsHY. @AY =4 Ay B33 8%
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Fig. 50 Process graph after changing process
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Fig. 52 Change of simulation in 60DK
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Table 8. Change of overhead welding posture of score

Overhead welding Before After

Upper Arm

Forearm
Wrist
Wrist Twist
Posture A
Muscle
Force/Load
Wrist and Arm
Neck
Trunk
Leg

Posture B
Neck, Trunk and Leg
Final Score
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Table 9. Change of flat welding position I of score

Flat welding [ Before ‘ After
Upper Arm

Forearm
Wrist
Wrist Twist
Posture A
Muscle
Force/Load
Wrist and Arm
Neck
Trunk
Leg

Posture B >
Neck, Trunk and Leg
Final Score
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Table 10. Change of flat welding position II of score

Flat welding II Before After
Upper Arm

Forearm
Wrist
Wrist Twist
Posture A
Muscle
Force/Load
Wrist and Arm 10
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Posture B >

Neck, Trunk and Leg
Final Score

O |O|=H I Ww O

Ao === ool == |w| | e

ST S RO T IR NS

_50_



A6 T AN 23 AAHE 3

2] A S S A 3-SR mEl o7 mEe AR S
A F At agERE 9 Al 7HA 3 WS dEdeE dAA AL ARESkaL
A= A A Wl Ton base®t Joint length, 12]31 M/HoO| thsf &olrE i
Table 11.2 YeRHAT &, AiHl= 2dLvig 2ol7t gle 2

Fojusiral webste] o 7|4 A= B8 AAHH] S o Folwt FH
o o9& Ftl Ton bases £ Z
lengthe shbe] E53 xdst=d oA &3] T Zold wet HinE AT
Aot viAlte. 2 M/He stue] &5
29 57k wel Az A H =
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