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Analysis of Welding Positions for Reduction of Musculoskeletal Disorders Based on
Simulation Technique
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Abstract

The industrial disaster caused by a work-related disease like a Musculoskeletal Disorders(MSDs) becomes
a big social problem and increases rapidly. This leads to the degradation of the labor desire and the
productivity. Welding work belongs to the work with a high intensity. This paper aims to analyze the
welding work in the various positions from a view-point of the burden of the human musculoskeletal
system and to propose the desired position with lower burden. For this purpose the real welding work was
observed in the shipyard and analyzed using the RULA method, a powerful ergonomics tool. The
3-dimensional simulation model for this work was also developed. In this model, ergonomics human model
and welding work environment were built. This model was verified through the comparison to the real
work. This paper showed that the improvement of welding position by changing the location of a stool
and using some auxiliary tool can reduce the work intensity remarkably and lead to the decrease of
MSDs.
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Table 1 Final score of RULA and its evaluation

cus Final
1] 2} 8] 4| 5] 6] 7 Contents
pas Score
1 1| 2] 3 3/4] 5 5 .
2 s ol a[7 4l 5 s 1~2 |Posture is Acceptable
3 3 3 34 4|5[6 Further investigation i3
4 3 3 3/ 4l5l6 s 3~4 Ineeded and chgnge may]
be required
5 4 4 4] 5,67 7 5~6 [Investigation further and|
6 4 4] 5|6 87 7 changes are required
7 5 516 6]/7 7 7 Investigation and
. .
o+ s slal7 77 7 73 changes are required
immediately
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(b) Flat position

(a) Overhead position

Fig. 2 Welding work in various positions in the block

£ BE7] 93] Delmia V59 ‘Human Measurement
Editor & AH&ste HA $HAMY Y3 A 245
7F1 ell)7)& ‘Human Builderolx AIsict. o]
A& B8 PER Qtrd e whi7joz RE
uhf)#-& ‘Forward/Inverse Kinematicsd] 93 &
o] 7V RULA, Lift & Lower, Push & Carry
B3 2 ztgety EMo] 7bed AHE /A1
ATt

olg] AlA| X4 Table 2% ¥ AF thA EEdA
AAste A AAAFE ST ez AT
Ho|t}. Table 29 YehA! &2 A Xe 3=
EFE @A Alge) 2AsGIH

5. SNEY 2UY U AS
51 oIz &Y =

AA AJHEY £33 4F Y B =7E 334
7P3E F5T | JARDQ vhiRe] AAl 3F
of mat AAgdeke WHes 2dYSY. Fig. 3&
Fig. 29] 9157] 3l o} &7 34 AAE 7M3E I
7 & 8ot RdFF A€ HoFa St

40 mim

IL

F A

=

Mo

52 ¢lzt

et
o

Delmia V59 Human Active Analysis S ©]-&3}
o AlEFolddel &HAL] AME B3t 4
W Qe B S g gy ARgEHe

Table 2 Body measures of a worker

L Body Parts cn
Stature 162
Span 156

Bideltoid Breadth | 42
Chest Breadth 32
Wrist-Wall Length,
o tanded o | 75

Radi[a)ée;\-g@thylion 23

Hand Length 19

Waist Height,
Bphation 9%
Knee Height 44
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Table 3 Color associated to the score

Score Color associated to the score

STt | Range | 1| 2] 3| 4] 5] 6
Upper arm| 1to 6
Forearm | 1to 3
Wrist 1to4
Wrist twist| 1 to 2
Neck 1to6
Trunk 1to6

o - 2]

Fig. 4 Comparison of RULA results of the model
with the conventional analysis
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Fig. 5 RULA results of welding workload in the
overhead position
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Fig. 7 Moving angle of waist before improving
the overhead welding position
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Fig. 8 RULA results of welding workload in the
improved overhead position
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Fig. 9 Moving angle of neck after improving the
overhead welding position

R a2 ait H25% H4%, 20074 8A

==—Worker/Thoracic Spine 12—-flexion/extension(deg)
== Worker/Lumbar Spine 1—lateral left/lateral right (deg)
— Worker/Lumbar Spine 5—{lexion/extension{deg)
(deg)
o5 r
0 * TIME
5 10 15
-05 "

Fig. 10 Moving angle of waist after improving
the overhead welding position
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Table 4 Change of overhead welding position 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

o= O | ]Flwidhd|w
lw o|lR = lOHO | —RIdRIND]— W

Table 5 Change of flat welding position 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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