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Table 5 Evaluation on Action Level.
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Fig. 10 Example of Chaffin's study.
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Table 6 List of research objects.
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Fig. 13 Example of real equipments and equipment models.
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Fig. 16 Layout of overhead welding in sitting posture.

i .

Fig. 17 Posture model of overhead welding in sitting
posture.
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Fig. 18 Layout of overhead welding in standing posture.

A .

Fig. 19 Posture model of overhead welding in standing posture.
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A A 2 xe DHS] RULA

A4S B3t ¥ Table 99 2ttt

Table 9 RULA score of overhead welding in standing posture.

RULA Component Hoore Detalls
abste] 93] 3 Upper Arm: Bl
o7 E= 0 - Shoulder elevation Auta: Mo = |
= O
- Armn abduction Auto! No =
] 0 0 = | Forearm: 1 1 =
2oL =55 J1E a - Arm rotation [Buto: No =
| A= 93 1 = || wrist: 3
= | M2te] &7t 0 = Wrist deviation Auto: Yes = |
Al ==9 317 2 = || Wrist Twist: 1 -
:__ = e = = Wrist twist Auto! No |
£=2 82, A< Y 1 Posture A 4
i e B | 1 Muscle: | =
agaEAED 1 Force/Load: 2
= ™ - Wrist and Arm: 7 .
A/ Zo] e Ape 2 2 Nk 4
59 914 4 - Neck twist [Auto: Mo =]
=2z = HE 1 - Neck side-bending  [Auto: No ~ |
2 0] 7] A i =1 Trunk: 1 ==
| 2249 g3 1 = Trunk twist Auta: No v!
= =2=9 24 0 L— Trunk mde—bendmg] [Buto: Mo =]
eq;
B|gsda sHy 1 Posture B! 2
il =] 3 1 Meck. Trunk and Leg: 5
E:"l‘ 'E‘R.:-.‘E 1 Score
Bl 1-1 s = Final Score: 7 =
= =l = =l
FALH et A 0 Investigate and change immeadiately
AFz+ K
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Fig. 20 Layout of lug bracket welding.
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Fig. 21 Posture model of lug bracket welding.
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Table 109] RULA A5 uluws] & 4
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&89 3do] A @A 449 W 29L& FetA Hol 9, DHM

A4 A AdAE B BlEdo] ¥ @2 AR RAY FojA oAy

_34_
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=74 A S wAd 9akE Qd] xbolrl wAyE Aoz AlmE L)
W oA Fol7] gl A 24 A AUE 4 £ A
o] dasty, PRt AAAAE Tt &St Q1A X deoly
b agstth 2eg 2 0BG 18 Aol @A WFE P
© dlells I9FS vXA S Ao R e
Table 10 RULA score of lug bracket welding.
RULA Cormponent Score Details
atste] 913 5 = | Upper Arm: 2 I
= Shoulder elevation Auto: Mo =
=3l T e e n S e e S e
oA S= l - Arm abduction [Buto: Mo =
Aol Hofd a _-_] Forearm: 1 .
Zolu =5 149 -1 - Arm rotation [Auto: No |
| #s] 513 1 = | Wrist: 2
5 = - i iati 1 - |
= :ﬁ%}ﬂ z:"]"l-]'?:} 0 Wrist deviation Auta: Nao ol |
AH =20 ;-l_'] 5 = || ‘Wrist Twist: 2 R
= -~ = = = Wrist twist Auto: Yes = |
&5 88, HE Y 0 Fosture &: in
=z 2] FH A 1 Muscle: |
2gaeHED 1 Force/Load: 0 =
= 2/810] Tt APS! 0 Wrist and Arm: 4
—— =] Neck: Z N
e | 1 - Neck twist [Auto: Ves ~|
o g = Hy a - Meck side-bending  [Autor No =]
2] A 1 =1 Trunk: 3 = 0
| =2=9 93 3 - Trunk twist [Auto: No ~|
=229 7= 0 - Trunk side-bending |Auto: No -
— Leq: ] .
B| s s 298 0 Posture B: 3 =
o 2 1 Meck, Trunk and Leq: 4
= Score
ogale A
=fic T" 2E I Final Score: 4
Aot Atet 0 Investigate further
=loe b 4
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Fig. 22 Layout of pin jig setting.

Fig. 23 Posture model of pin jig setting.

AA Zdzpe] =+l ZAet DHE zHe] AAZ RULAE H7te Ax

= Table 113 7t}
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Table 11 RULA score of pin jig setting.

RULA Component Score Detalls
Argte] 913 z || =d Upper Am: 3
o = 0 - Shoulder elevation Auta: Mo v!
== - Arm abduction Auto: Yes = |
] 2od 1 = | Forearm: 1 .
oLt == 718 0 - Arm rotation [Auto: No  ~]
sIECEEE 1 || =t wrist 3
S| Heko] 2rpare T —Winaoaten | Auto: Yes > |
Al == 92 5 = st Twist:
< A7 = Wrist twist Auto: No |
E=Zo g5, A HE 1 Postire A: 4
gl el B BAR ) 1 Muscle: | ==
SgatEALT i \F;fc&'nga;: _ : F=
= /g0l T AR 3 £ ARG —
= o o - = || Neck: g
=2 HA 2 = Meck twist Auto: Yes = |
=2 4, + 81y 1 - Meck side-bending [Auln: Yes v!
== EA 1] =1 Trunk: 3
| 229 95 g - Trunk twist [Auto: Na = |
2| 229] 33 1 - Trunk side-bending  |&uto: Yes - |
= Leg: 1
B|zgaa ¢ uw 0 Posture B: imm
Chal 2] 3] 1 Meck. Trunk and Leg: 7 mm
SRR AR 1 =2l
inal Score: 7 =]
=] 1 F
FAAA W A 0 Investigate and change immediately
== i

Table 11914 RULA FA4E vlud B4, HFH57F 78902 AA
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Fig. 24 Posture model of short wire pail pack
transportation.

Table 12 RULA score of short wire pail pack transportation.

RULA Component mcore || Details

Abeta] 23] 1 =1 Upper Arm: | .

o7 =u 0 - Shoulder elevation Iﬁutu‘. Mo v|

= - &rm abduction |.ﬂ|.uts:|: Mo v|

argte] Woig T — | oM

L a - Arm rotation |Autu‘. Mo v|
mIEEEEE 1 || =g wrist: 2
= | M2te] &7t 0 = YWrist deviation !Auto: Mo -|
Al 229 913 5 = | ‘Wrist Twist: | ==

— — - Wrist twist [Auto: No =]

=59 82, B2 HY i Posture A: 2 mu

el e P R 1 Muscle: 0 .

ZRAEAE 0 Foane/Load; !

= 5/Eo] e Abe L dﬁ;‘:&_aﬂd Attn: -

SAMA ! - Neck twist [Auto: No ~]

=] F, & HE 0 - Meck side-bending |P.utu: Mo -|

2o F 3 i} =1 Trunk: ¢ W
| 2E2 f3 o - Trunk twist [uto: No -l
% 2E o] #]H i L—E;.mnk sivl:is*.—tuam:lirng1 |2tu: Mo -—|
B|lEsda sy 0 Pusi'ure B: T -

o 2 1 Meck, Trunk and Leg: 2 mm

oz 18 Score

:-q- !-]D DE_ = ! Final Score: 3

FALH et A 0 Investigate further

= e 3
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T AFA F, 2FATE Eg5E0d e, A9 AF s o] Modeling® o
ofF stt}. o]# st 255 Product ¥ Resource® Modeling ¥, A

A Al golobe-S Fig. 259 #t}h. 3§ RULA H71E 98 AA 24

Z}e] #AFAE Modelingdt DHE| 2F¢] &A= Fig. 263 3t}
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Fig. 25 Layout of small material arrangement.

Fig. 26 Posture model of small material arrangement.
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AA Zgzkel DHE 9] AAS RULAR H7Fsk A4= Table 13

3} 2,

Table 13 RULA score of small material arrangement.

RUL A Component Score Details
atste] 913 4 = | Upper Am: 4
o = 0 - Shoulder elevation Auto: No - |
= OE : = - Arm abduction [Buto: No =
‘:9_‘_}—] Eo:i f =1 I:I -_J FOfEaTm: 2
iy == 1™ a - Arm rotation [Butor No =]
slEEEEE 2 || = wist: 2
= | Agtel 2711 0 — V;"Wri?rtdaviaiinn [Butoi No ~]
E = ist Twist: | -
A 229 9= 2 e
— = T]_J —— - Wrist twist Auto: No = |
T'__%ﬂ _é_; '&!_IE_ %?:F D Faosture A: 4
E=Z2] 3] H-A e 1 Muscle: 0n
agaEAED 0 Force/Load: 2
= = S YWrist and Armn: [
= k= | Tt A}TH
= A/8lo] tet A L] | g e B
=4 H A 1 - Neck twist Auto! No = |
e s el 0 - Meck side-bending  [Auto: No =
2] F] A 1 = Trunk: 5 mm
EIEECEL 1 - Trunktnlwist . [Auta: Yes ~|
=== 717 0 L— Trunk side-bending : l‘f’es -
- eg!
B|gsaa sag 1 Posture B: 4
g =] H =] 1 Meck. Trunk and Leg: &
TEAEEL 0 Score
5 = . Final Score: 7 =
= /g0l Tt At 1
— Investigate and change immediataly
HEH 7

Table 139] XA & 4 SQlxo] Z47te] RULA HERHT+ 7THO=E
APk, £k, ZF AA FHE AR &S vws] Holk E5F UA

k. RULA A57F A4 Y olfre 254 89 xol7h wol 3199
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Fig. 27 Layout of small longi attachment.

Fig. 28 Posture model of small longi attachment.
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Table 14 RULA score of small longi attachment.

RUL 4 Component Boore Details
Atebe] 23] 3 = | Upper Arm:
o7 =2 0 - Shoulder elevation iﬁ\uta Mo J
== - #Armn abduction [Auto: Yes « |
A2 2o 1 = | Forearm: 2
oL 5= 718 0 = Arm rotation i.ﬁmta: Mo L[
pECEEE 2 || =t st 3
= | Mzte] £71AME i - Wrist deviation Auto: Yes = |
Al =29 37 5 | ‘Wrist Twist: U =
i S i B . - Wrist twist [Ato: No =]
=T gE HEHT 1] Posture A: 4
30| #24 1 Muscle: 0
Force/Load: 1
a2 18
E 1-10 DE_} ™~ . Wrist and Armn: 5
=] T Tt AT
= A/l et A1 1 || =gmeck: i
=4 #A 1 - Neck twist {pu_.to No ~]|
B2 3}, = WEF 1 - Neck side-bending  |Auto: Yes = |
2o 7 A i ;JTrunk: 3 = )
| =259 937 3 - Trunk twist {Auto: No |
g s ~ - Trunk side-bending iAuto No ~|
= (=] D—] E] el I:I LEQ: 1 =
B(gEaz s 3y 0 Posture B: 3 m.
il 2] £ 3 1 Meck, Trunk and Leg: 4
e i i1 0 e
inal Scaore:
o =] 5 13
A/ T A 0 Investigate further and change soon
AEH+ 5

44 A4Arsk DHE| RULA %7k 448 musind, A%45 542
=

AA T, T A FH A
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ot
I
o
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B
¢

Aarellr 139 A Aol 2T Jle & < A 59 FHe
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Fol 9= Aom dYsta FrHEFE Fojsisitt o)Al W E A
8t Modeling 2HgelA 2.5° o] HIZAFo] 2. o312 7=

of Wzt el e WA = Modeling#gelA BAY zho] =
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Fig. 29 Layout of painting outside of body of ship.

Fig. 30 Posture model of painting outside of body of ship.

AA 3 =& 29l RULA H7F A9 DHE RULA H7} A5+

Table 159} Zt}.
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Table 15 RULA score of painting outside of body of ship.

RULA Cormiponent Score Detalls
argte] 23] 3 || =M Upper Am: 3
- Shoulder elevation Auto: No = |
o7 & - &rm abduction [Buto: No |
das gog 0 _-_| Forearm: 2
Zoju == 719 0 - Arm rotation [Buta: No = |
slEEEEE 2 || =d wrist: 3
| Hstel 2otAte T | ~Wiacedstn |Auto: No > |
Al =z 9= = st Twist: i
==2l HA - - : = Wrist twist Auto: No = |
E&=zTo g &, AL HIF 0 Paatiie. A 4
b e B R R | 1 Muscle: | .
2RAEEE L Bl auips I
= ~ " rist an e
= 1 T} A}EEH
_'_Jﬂ’;:'t_'ﬂ et A H = | Neck: 2 ==
=2 #A 1 = MNeck twist Auto! Yes - |
e s el 0 - Meck side-bending  [Autor No =
9] 34 1 = Trunk: R ==
EIEECEE 5 - Trunktulvist . E.utoi Yes ~|
=259 7|7 0 L— Trunk side-bending | Auto: No |
- eig. -
B(gEaz s 3y 1 Posture B: 3 ==
tial= #3] 1 Meck. Trunk and Leg: 4
TEAEER 1 Score
= = = Final Score: &
= Aol 3t Abgr 0
= A/ o i Investigate further and change soon
Azd+ 5

AA #&9Ash DHY RULA 458 nlws) 2 23 AE457k 592
= AAYrh ATYS 59 AYRSEE 300 APH, A A4S

s @ W) whrE glo] vtk A ovlath geln AA F9d
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Fig. 31 Layout of airless pump maintenance.

Fig. 32 Posture model of airless pump maintenance.

agxn AA #ZdAkek DHE A% S BW7EsE RULA 9=

Table 163} Zt}.



Table 16 RULA score of airless pump maintenance.

RUL A Cotnipotient Secore Details
atste] 913 3 = | Upper Am: 3
- Shoulder elevation Auto: No - |
AA S - Arm abduction [Buto: No =
Arete] "o gl 0 — | Forearm: 5
iy == 1™ a - Arm rotation [Butor Na =]
| a2 514 2 = || whist: Imm
= | Agtel 2711 0 — V;"jn.ﬂ.r':i?rtcl.a:riaiinn | [Buta! Yes ~|
e = st Twist: ]
Al £59 94 - - - - Wrist twist Auto: No - |
=52 85 S BHY d Pasture A: 4
=z 2] FH A 1 Muscle: 0 =
R 0 Force/Load: 3 mm
Wrist and Arrm: T
DA /E thEE A}E 3 — N;';lﬁn e : =
=9 HA 4 - Neck twist Auto: No ]
=2 3, & HE 0 - Meck side-bending  [Autor No =]
Zo A n =1 Trunk: 4 s
| 2] 53] 4 = Trunk twist J.—ﬁ.UIU' Mo "'i
i 2 : _ REh :
= = o] %A 0 LegTruan side bendtng Autu MNo -]
B =2 & s By 0 Posture B: -l
E}E.]_] A 1 Meck, Trunk and Leg: 7 N
SEAE AR 1] Scare
DA /E e AE i Final Score: 7 =
= Investigate and change immediately
= e 7

A7t 7dow AAUY AFel T FFL WA 2L oo s Hx
AR Qs FA/BA NG A A5 w97] WEolh. RULA
RoksE 4o Ago] WH, A AAS ZA] uho]

A
of 3} AL ousitl gEu AA B9W AN =S md

by
I

k)

Fol A A #Qlz= 24, DHy 33S dehdla Qo] xbol7t

i
oz

o)

o o2 ofolel s BIE Modeling® w £7o]9 2w o=
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2& Fig. 337 7t} =3 RULA H7IE 93] Modelingdt DHS &9

Z}AM|+= Fig. 349} #t}.

Fig. 33 Layout of paint mixing.

Fig. 34 Posture model of paint mixing.
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Table 17 RULA score of paint mixing.

A= L
A5e

Table 173 Zt}.

RUL A Cormponent RCOrE Details
arere] 213 2 = Upper Arm: 3
o7l = i - Shoulder elevation
= Arm abduction
Ar=la] Bl A
C;L_] ZO-] T . = | Forearm: 2
vl =
204 == 71E 0 - & rotation
| gl §3] 1 = || Wrist: 2
= | Aete] 2r1abE 1 - Wrist deviation
A 229] 913 g = || Wirist Twist: 1
= - Wrist twist
£Bol o HIE HEE
=5 _E’a'E 2% i Posture & 4
_1'__%2] EIEJ&!—EH 1 Muscle: ]
IEAIEAL 1] Force/Load: 3
= A /B o T E ApE g - Wrizt and Arm: 7
_ = | MNaclk: 1
Do &
;_] A4 s L - Neck twist
L] ey =
=< 4, + 89 0 - Meck side-bending
== 7 A 1] -_l Trunk: 3
| =E2] #3A 3 - Trunk twist
2| 222 #H 0 - Trunk side-bending
Bl z=o 3 = m= Leg: !
=52 :"}’__'_ == i Posture B: 2
Cial 2] #3 1 Meck. Trunk and Leg: 5
—EAE AL 1 Score
= A Ao T AFE 0 Final Score: 7 =
PE 7 Investigate and change immediately
[=3% =l o

[Auto: No |
[Buto: Ves |
[Buto: Ves =]
[Auto: No ~]

{Auto: No = |

[Auto: Na Ed
[Aotoi No ]

[&uto: No =]
[Buto: No =]

g ZA) vhpolof @tk
S wwslE A mE o

9k 18.58kg?] FRIE F

b Z2be] RULA HAEH e 7302 A 2d#ket DHE A<

oS o

o

| Seeh 2

o

14
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o
o
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=)
¥,
v

4. 11 34394 vn &4
107) 34 st A4 zZedztel DHO RULA H7F A4S nlwdh

A3 v 22 d3E I

Table 18 Compare with RULA score between real workers and Digital
Human models about 10 works.

247 AA ZALAE DH o} 2ol
RULA #4 | RULA A
1 okolA] 917|874 7 7
2 A HE7] &3 7 7
3 28 I R AR S 4 4 &5 3 H
41 A A2 AA FE A 7 7
5 | 2E ¢golo] Y H o] 3 3
6 e I 7 7
7 28 224 AP 5 5 &850y A=A}
8 A < = 6 6
9 ofojgl A~ HE ] 7 7 E£5o] QW
10 HolE 724 7 7

O AA AR RULA 37F A A3t DHE RULA H7F H

dabs B 94A.
@ H2 2Rl ST &% X AT, olofEa B2 Auje] AF
TE Aaes &5 FolddA 179 2ol 2y,
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A Basic Study of Digital Human Modeling
in Shipbuilding Industry

Hyun Soo Oh

Department of Safety Engineering,
Graduate School,

Pukyong National University

Abstract

Recently, the Digital Human Modeling & Simulation technology has been actively app.
lied to product process to maximize productivity in assembly industry. But it has been
app. ling to shipbuilding industry. If using this technology, ergonomics concept can app.
ly to the early stage of equipment design and working process. Thus, the workers
could be previously prevented from Musculoskeletal Disorders (MSDs). It can also
reduce additional costs of equipments that are caused by the wrong design. The
purpose of this study is therefore confirming the app. lication possibility of Digital
Human Modeling & Simulation in assembly industry as well as shipbuilding industry.
This study was performed to survey and analyze the real workers of ten works, and
then they were modeling to Digital Human models. So real workers and Digital Human
models of ten works was compared with Rapid Upper Limb Assessment (RULA). In the
result, all RULA final scores of Digital Human models were equaled to those of real

workers.
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