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Abstract

In aerospace industries, many working tasks regutheir workers to perform works in push-pull ait§ivIt is associated with an
awkward posture. The awkward posture is a practiwatking posture when joints are not in neutral iios. Furthermore, the
workers need to push or pull the mould in a longtatice into a workplace. If the workers perform #wtivity continuously
throughout the working hours, they may be expegdrgack pain problem. The objective of this stedipimeasure the maximum
acceptable initial force and sustained force foslpypull activity while workers perform their tasesides that, this study also wants
to identify which activity can endure longer betwgeish or pull activity. Moreover, this study measuthe comfort level of working
posture. The acceptable initial force and sustaif@de were measured using Push-Pull Analysis, esged in Newton, N. The
comfort level is measured using Rapid Upper LimbeAsment (RULA) Analysis, expressed in scorindj Both of these assessments
are analysis tools Computer-Aided Three-Dimensiomébractive Application (CATIA) software. Six pumtion workers from
manufacturing department were participated as stisjeThe results show the maximum acceptable lirfittge for push task is
433.942N and pull task is 396.691N. While, theasnst force for push task is 333.465N and pull iask18.317N. Referring to the
results, pushing activity can endure longer thaflipg activity while workers perform their tasks.hifé the comfort level for this
working posture is seven. Based on this studyathkors concluded that push-pull activity can legadthe back pain problem for
workers in aerospace industry. It's was influenbgdthe work activity, work load, work duration oftavard posture and distance

between workplace.
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1. INTRODUCTION

Manual material handling (MMH) such as lifting hgav
products, reaching materials, bending forward thagk when
doing tasks, and pushing or pulling excessive ldaesause
those tasks require a stable position and largaedegf
freedom.Pushing and pulling activities are onehefactivities
for MMH that can increase the risks of back paiobpem [1].
The pushing and pulling activities is a frequertivity for a
great segment of the workforce, including hospitarkers,
manufacturing workers, construction workers, fonsstkers,
etc [2-8]. Moreover, both of these activities assaciated
with the awkward posture. Awkward posture can leotized

as a discomfort posture because it is harmful jwosifor
human body when a joint is not in its neutral ranfpostures
and make muscles are either shorter or longer thating
length. When joints are exposed to postures thalwe range

of movement near the extreme positions, the mustiesnd
the joint are stretched or compressed. If the exmogo
extreme postures is prolonged, the muscles do not
immediately return to their resting length [9]. In
manufacturing workplaces, numerous processes jales a
recommended to be performed in awkward posture. For

example, they need to bend their neck forward grehan 30
degrees, raise their elbow above their shouldend kibeir
wrist downward with palm facing downward greatearti30
degrees, bend their back forward greater than 4jveds,
squatting, etc [10].

The Ergonomics Design and Analysis tool of Compuétieied
Three-Dimensional Interactive Application (CATIApfewvare
is one of the ergonomics analysis tool that hawenbegpplied
to analyze pushing and pulling activities of wogkewhile
performing tasks in awkward posture [5, 11-14]. Toel
guantifies the push-pull activity in two differefdrces which
is maximum acceptable initial and sustainabiliticéoin terms
of Newton, N corresponding to contraction of thekesard
posture while handling the jobs. For instancehé maximum
acceptable sustainability force is high, it meahsat tthe
workers can endure longer while performing the ipalar
tasks. But, if the tasks are continuously perfornogdr the
limit, they will experience back pain problem. Bies that,
this ergonomics analysis tool also can quantify fostrievel
of working posture while workers perform their taslsing
Rapid Upper Limb Assessment (RULA) feature. Several
epidemiology studies used this feature becausewh@ayed to
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know whether the working posture in comfort or disdort
condition [2, 15-20].

The purpose of this study is to measure the maximum
acceptable initial force and maximum acceptabléasuability
force for push or pull activity among six manufactg
workers in aerospace industry while workers perfmtntheir
tasks in awkward posture. Additionally, the maximum
acceptable sustainability force between push atidaptivity
was compared to find out which can endure longeilewh
workers perform their tasks. Furthermore, the |®fedomfort
also measured to figure out whether the workingtyresin
comfort or discomfort condition.

2. METHODOLOGY

An aerospace company situated in Malaysia was teeldo
perform the data collection. In the production dapant of
the company, all workers are males andnationatesighip.
They worked in two shifts based on a 12-hour stgfiedule.
A main working activity in this company is MMH acitiies.
One of the MMH activities is pushing and pullingiaity. All

manufacturing workers related with pushing and ipgll
activity performed their tasks in awkward postuspezially in
lay-up process line. Moreover, the tasks requirekess to
push or pull with awkward posture because the patfijobs
is repetitive, frequent movement, and large degféeeedom.

Six production workers were recruited as subjectsthis
study. They are selected from lay-up process lifesfulfill
the basic requirement of this study, selected wsrkeho
performed pushing or pulling activity in awkwardspare and
no injuries for the past 12 months were allowegaddicipate
in the experimental work. Demographic of the se&dct
workers from lay-up process line are describeddhld -1.

Table-1: Demographic of workers participated in the study

Criteria Mean (SD)
Gender Male

Age 25.7 (5.0)
Mass (kg) 64.5 (10.9)
Height (cm) 174.2 (7.3)
Experience (year) 4.7 (2.7)

An Ergonomic Design and Analysis tool of Computéded
Three-Dimensional Interactive Application VersiorRBlease
19 (CATIA V5R19) software were used to analyze the
pushing and pulling activity associated with awksvaiosture
of the workers. Besides that, the comfort levelwafrking
posture also measured using this tool. The cagtasture of
workers was captured based on real job monitorifige
measurement of distance between workplace was mezhby
using measuring tape. The distance is about 2.Erséin)
from furnace (Autoclave) to workplace (Clean Roorfihis
distance is the furthest distance for pushing amdling

activity in this working area. On the other harittg teal time
monitoring also needs to be considered for this kimgr
activity. It is because one of the requirementsmfrthe
ergonomics analysis tool is time consumption foshpag and
pulling activity per mould. Other than that, theigle of panel
also required which is 500 kilogram, kg per paaAder all the
data needed are ready, the design can now stamdlyze.
Fig-1 shows the worker with awkward posture fortpng and
pulling activity.

Fig-1: Awkward posture for pushing and pulling activity

By using ergonomics analysis tool from CATIA V5R1Be
pushing and pulling activity can be analyzed. Thalgsis is
used to analyze the maximum acceptable and sustidtina
force when workers push or pull each mould. Théuteaused
from this tool to do the analysis is Push-Pull As& feature.
Besides that, the comfort level of the working postalso
analyzed by using this tool. But, the comfort leisehnalyzed
by using RULA feature. The working posture for thigalysis
is same with the posture shown in Fig -1. Howeube
analysis needs to be done in three different heighould
which is 50 centimeter (cm), 47cm, and 45cm. Fds th
analysis, the workers is separated into three gwhigh is
taller (the height above 180.0cm), medium (the Hieig
between 170.0cm to 179.9cm), and shorter (the héiglow
170.0cm). Besides that, in this analysis, all thgles involved
in awkward posture are an average from each wodser
shown in Table -2. The angles in analysis are saitte the
angles in real case study as in Figure 1.

Table-2: Analysis angle involved in awkward posture (pls
modify like a table)

Body Segment Angle

Shoulder:
both left and right 950
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Hand arm:

both left and right 530 from &

origin, 00

Left calf:
200 from origin, 00

Neck:
120 from origin, 00

Left ankle:
50 from origin, 00

Upper back:
50 from origin, 0o

Lower back:
360 from origin, 00

Right thighs:
400 from origin, 00

Right calf:
400 from origin, 00

Right ankle:
50 from origin, 00

Left thighs:
320 from origin, 00

Based on selected angle in Table -2, the whole baatking
posture for push-pull activity has been designedCITIA
V5R19 software by using ergonomics analysis toab-Z
shows the design of whole body awkward posturetmshing
and pulling activity by using ergonomics analysoltin
CATIA V5R19 software.

Fig-2: Awkward posture for pushing and pulling activity

After the whole body awkward posture with the mohlas
designed, the Push-Pull Analysis now can be andlyZae
output parameter from the analysis is the valuenakimum
acceptable initial and sustained force that is esgd in
Newton (N). While the output parameter from RUL/Aatigre
is final score for comfort level of awkward postu@raphical
analyses associated with descriptive and comparatmalysis
were used to interpret the data.

3. RESULTSAND DISCUSSION

This study has conducted an analysis of pushingpatithg
activity associated with awkward posture of mantufdcg
workers in aerospace company. Besides that, thidystlso
quantifies the comfort level of working posture argothe
workers while they are doing their tasks. In thenpany, a
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main manufacturing process is coming from lay-upcpss
line. This lines required workers to perform pushiand
pulling activity in awkward posture for period dafnie. All
workers worked on a 12-h shift schedule. The shifthanged
every week which is worked both; day and nighttstiifwas
observed that the workers spent about 80% of theking
hours in awkward posture to do their tasks (onlytrs

standing during setup ply and sitting during brgaks

throughout the 12-h working period. This is due tte
activities that required the workers to push od plé panel

every 45 minutes with awkward posture from furnace
(Autoclave) to workplace (Clean Room). For instance

workers also need to push or pull the panel invibekplace
(Clean Room) before the panel is fixing to the flobhus, the
process would be practicable in awkward posturie r@gjuires
frequent bending forward of the workers back. Teiady
observed that the back pain problem occurred péatiy in
the lower back due to above mentioned working diors.
Furthermore, there were complaints of intense fraithose
body parts from the workers of lay-up process lingsch is
upper back, shoulder, hand arm, wrist, and fingers.

Through Push-Pull Analysis as shown in Fig-3, thiady
identified that the maximum acceptable initial ®nehen the
workers do the pushing activity is 433.942N. Whilee
maximum acceptable initial force for pulling actiis
396.691N. According to the results, the workers traither
use the initial force of 433.942N to push the moatduse
396.691N to pull the mould. The initial force isetiprimary
effort needed for workers to do their works [1].

Guideline

Snook & Ciriello 1991 ¥

Specifications

Lpshevey, |20
Distanceofpush: [2100mm  [&|
Distance of pull: m
Population sample'm

Score -

Maximum acceptable initial force:
Push 433.942N
Pull 396.691IN
Maximum acceptable Sustained force:
Push 333.465N
Pull 318317N

Fig -3: Push-Pull Analysis from CATIA V5R19 software

Based on Fig-3, the time consumption used is 2@a0rgls is
equally 45 minutes. Besides that, the distanceushpr pull
the mould is 2100 millimeters (mm) is equally 2.1®ther
than that, the population sample is 50% becauseubgcts
for this experiment are six workers among 12 waketence,
the population sample is half of the overall wosker

Referring to the result of maximum acceptable saosthforce
for pushing activity is 333.465N. While the resfdt pulling
activity is 318.317N. According to the results, tverkers
used 333.465N to push the mould or use 318.317%Niliche
mould along the activity is performed. The sustdiferce is
the gross effort needed when the workers do therksvalong
working hours [1].

This analysis pointed that working activity, distanof push-
pull activity, and weight of mould can influenceetinitial

force needed to push or pull the mould. Other tteat, it's
also influence the sustained force which is thesgréorce
needed during the activity is performed. When tharker
used the sustained force in a long period of titneir energy
will decrease. Due to energy diminish, the musclél

involve with contraction and this condition can de#o
discomfort and back pain problem [21].

Moreover, according to ergonomics analysis tochgisRULA
feature from CATIA V5R19 software, the working pa#t is
discomfort posture because the level of comfort fiois
awkward posture is 7 score. Fig-4 shows right boslyion
from RULA analysis for push-pull activity using asge
shortest worker with 45cm height of mould. Wher&ag-5
shows left body region from RULA analysis for puysiit
activity using average shortest worker with 45cnighie of
mould. Both left and right need to analyze becattse
awkward posture is not in symmetrical posture. Thihe
analysis needs to be done in both body regionsusecthe
comfort level will different. By referring to Fig;&he score
from comfort level of RULA analysis will easily uatstand
using RULA standard from NIOSH [20].

Side ) et @ Right

Parzmeters Cetals
|Pasture _+] Upper Am:
0 Static ® Internittert O Repeated J Foream:
Repeat Fequency ¢ wi:

T n oy ﬂWusﬂ\wnz

Posture A

01 Arm supported/Person learing Visde:
|00 Arms are working cross midline o

[Check balance Wrist and Arm:

_+] Neck:
Laat: |0k E _+]Tvum<

~Score T ley
Final Scorz: 7 L « Posture B 6
Investigate and change immediazely

‘ Neck, Trunkand Leg: § I

Fig-4: RULA analysis of right body region for push-pull
activity using average of shortest worker with 45eaght of
mould
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Side: @ left O Right
Parameters Detalls
Posiure ﬂ Upper Arm:
C Static @ Invermitcent O Repeated ﬂ Ferearm:
Repeat FreaLency - st
@ < 4Times/min. O >ATimes/ = | westTwist:
Posture &

I Am supgorted/Person leaning i

C Arms are working across midiine Feree/Load:

[ Creck balance Wrist and Arm

= Neck
Loac: [300kg H | B
Score 1m
Final Score: 7 -

Investigate and change immadiataly Neck Trunk and Leg: 3

Fig-5: RULA analysis of left body region for push-pull
activity using average of shortest worker with 45eaght of
mould

Score Level of MSD Risk

12 negligible risk, no action required
3-4 low risk, change may be needed
5-6 medium risk, further investigation, change soon

- very high risk, implement change now

Fig -6: Standard score from NIOSH for comfort level of
RULA analysis

Based on Fig-4 and Fig-5, both of body regions Whiscright
and left are in very high risk working posture. @bmg is
immediately needed for that working posture. Thangjing
only needed for right and left hand arm. Basedhenréesults,
wrist and arm is in discomfort posture becausevitist is in

twist position for both hand arms. Thus, placed ergiress in
the wrist for both hand arm [22]. Table -3 showmmary of
RULA analysis for three different groups of workesgth

three different height of mould.

Table-3: Summary of RULA analysis for three different
groups of workers with three different height ofutt

Group of | Height of | Average Score (Right
Workers Mould (cm) | and Left)
Small 50 7
Medium 45 7

Tall 47 6

Small 45 5
Medium a7 5

Tall 50 5

Small 47 6
Medium 50 6

Tall 45 7

* Tall workers (the height above 180.0cm), mediumrkers
(the height between 170.0cm to 179.9cm), and swadkers
(the height below 170.0cm)

After averaging both of the results (right and eftly region),
the average score for each group of workers shbe/srmaller
size of workers not suitable to work using mouldhwB0cm of
height. While the medium and taller size of workerst

suitable to work using mould with 45cm of heighig F7

shows statistical data analysis of average scana fRULA

analysis for each group of workers. From the residmall
workers experienced discomfort working posture whiggy
are working with 50cm height of mould. Other thdratt
medium and tall workers experienced discomfort wagk
posture when they are working with 45cm height ofufd.

o 8
§ 6
o 4 —
[14]
g 2 —
)
g: 0

Small Medium Tall
W 45cm 5 7 7
W 47cm 6 5 6
50cm 7 6 5

Fig-7: Statistical data analysis of average score frolh/&RU
analysis for each group of workers

This analysis pointed that the height of workerd height of
mould can influence the level of comfort for worgiposture.
When the worker is bending forward their back ifoag

period of time, static contraction of muscles caccup

particularly in the back. Due to static contractiparformance
of the muscles may decrease and this conditionlea to
discomfort and back pain problem [21].

CONCLUSIONS

This study has performed Push-Pull Analysis and RUL
Analysis for working posture of manufacturing warkat lay-
up process line in aerospace company. All workerfopmed
their tasks in awkward posture for prolonged timexiqus.
The measurements of push-pull activity were coreflicising
500 kilogram weight of mould and 2.1 meters ofafise from
furnace (Autoclave) to workstation (Clean Room).sifles
that, the measurements of RULA activity were conedc
using three different height of mould and thrededént height
of worker. Regarding to the maximum acceptableahforce
from Push-Pull Analysis, if the workers push theutdothe
force needed is 433.942N. If the workers pull theutd the
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force needed is 396.691N. On the other hand, ifvthekers
push the mould the maximum acceptable sustainecde for
needed is 333.465N. If the workers pull the motid force
needed is 318.317N. Both results show that if tlerkers
used pushing activity they can endure longer tdsliirtheir
tasks. Moreover, the highest result of discomfadrs from
RULA Analysis is level seven which is very highkriworking

posture and the changing should be implemented now.

Therefore, this study concluded that back pain lermbof the
lay-up workers in aerospace industry was influenbgdhe
work load, work activity and duration of awkwardspare.
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