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Abstract: Problem statement: High demand for products in the manufacturing stduhad driven
the human workers to work faster and adapt to theiergonomically designed workstation. Some
tasks at assembly workstations require human werkerstand for a prolonged period of time to
assemble the productsApproach: This study was conducted at an automotive componen
manufacturer. Twenty full time workers working Aetassembly line participated as subjects in this
study. Observations were made and recorded witheotsto working postures practiced while
performing their assembly tasks. Subjects’ anthnogtoic data and current workstations dimensions
were measured to determine whether they were $eiitatnot to perform the assembly tasRssults:

The findings from this study showed that there wdoerr types of awkward postures and
anthropometric data mismatches that had contribistédusculoskeletal Disorders (MSDs) problems,
faced by the subject€onclusion: The findings from this study shows current assgmiarkstation at
Company a need to be redesign to eliminate awkwastures and anthropometric mismatches to
lower MSDs problem and improve productivity amoisgembly workers.

Key words:Awkward posture, workstation design, Musculoskélefaisorders (MSDs), un-
ergonomically, assembly workstations, assemblystashthropometric data

INTRODUCTION clearance and angle of vision; and eye height arg v
important (Kroemer, 2008). Der@sal. (2009) suggest
Occupations that require prolonged periods othe workstation designer to incorporate the users
standing have been associated with the increasiranthropometrics data in specifying the appropriate
number of complaints caused by standing fatigue andimensions for the workstation. The workstation may
development of Musculoskeletal Disorders (MSDs)not be able to function effectively, if there are
(Macfarlaneet al., 1997; Zandeet al., 2004; Tisso&t  mismatches between the users’ anthropometric dwata a
al., 2009; Nelson-Wong and Callaghan, 2010a; 2010b workstation dimensions (Der@t al., 2009; Ghazillat
Modifying the flooring is a common intervention to g1, 2010).
deal with the problems associated with prolonged A jiterature review on past researches showed that
standing. Zandeet al. (2004) had applied this concept y,qore are few studies conducted with respect to new
for standing workers by conducting a study on deffe workstation design to solve MSDs and ergonomic

types of flooring conditions. . )
Modificati th kstati desi : pro_blems faced by standing .workers performing the
ociication e worksiation  design - 1 arious tasks. For example, Sillanpaal. (2003) had

alternative approach that can be used to overcom&™ ' ) )
MSDs problems faced by standing workers. Normally,désigned and construct a new table for working with

the primary concern in designing a workstation jsmMicroscope to reduce the MSDs risks among the
focused on equipment performance and operating timavorkers. Meanwhile, Forde and Buchholz (2004) had
With respect to the physical design of an induktriaconducted a research with respect to task congents
workstation, four design dimensions that consist of Physical ergonomic risk factors in the construction
work height; normal and maximum reaches; lateraindustry. In addition, Udosen (2006) had created a
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systematic tool called Computer Aided Design ofTwenty male assembly workers were chosen as ssbject
Workplace Assembly Layout (CADWORK). for this study. Their statures and elbow heightsewe

CADWORK can be applied to design and build a newneasured and recorded. In addition, oral interviews
workplace from scratch or modify any existing Were conducted with the workers at the workstations

workplace assembly layout fed into it. The two main?rhe contents of oral interview with the workers

. . . includes: Work procedure; problems faced; and
objectives of conducting workplace assessment us“:jgemographic background
CADWORK is to reduce the product assembly time an '

to desi f kplace.
0 cesign a saler workplace Study design: The main focus for this study is the

MATERIALSAND METHODS movement and posture used while performing the
assembly task. It was observed and recorded using
Subjects Company is a motorcycle engine video recorder. The two main benefits of using deui
manufacturer, located at Klang Valiey, Se|angor,recorder are: the observer has a lot of tw_ne tW\lhm_
Malaysia. This company employs 300 fulltime workers movement and posture used by the subject; andhit ca
For the purpose of this study, observation wagseasily be used to conduct a detailed analysis emnatbk
conducted at the sub assembly line, focusing dioBta performed (Ismailet al., 2009). It involved a few
3 as shown in Fig. 1. Basically, the productiorgéar different activities that require the worker to foem
for this line is between 700-750 pieces per daye Ththe task while standing. Basically, the operatoask
daily working hours for a normal shift is betwee®®  \as to assemble two valves into the cylinder head.

am l_JntiI 5.30 pm. There are three break times'Figure 2 shows the steps and process flow for
Morning, lunch and afternoon. performing this task:

e The process starts when the cylinder head and
valves arrived from previous process and ready for
performing assembly process at Station 3

e The first movement is to pick up the cylinder head
from a blue container and put it on the jig that ac
as a support on the press machine. Then, the
operator will push the toggle switch to make the
work piece to face straight upwards and ready for
the pressing process

e Then, the operator will pick up the valves and put
one of it into the cylinder head and placed theeoth
one on the press jig

« When everything is ready at its place, the operator
will press the green push button to start the
pressing process for each valve

» After the second valve has been assembled the
process is completed and the operator has to mark
an indication at the cylinder head to confirm the
final check has been done on the assembled parts

e Then remove the cylinder head from the jig and
placed back onto the blue tray for the next station

RESULTS

The worker performs the task while in the standing
position. He needs to complete a job with a stathdar
time of 50 seconds or less. Normally, standing werk
Fig. 2: Flow of the task at workstation 3 applied when the worker needs to make frequent
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movements in a large work area, handling heavy odlata compiled (Daruiet al., 2011; Deroet al., 2009).
large objects or exert large forces with their larid It is recommended the table height need to follbe t
Company A, the workers’ needs to performed fourworkers’ mean elbow height with a plus minus 10cm

types of awkward postures while working at Station according to the type of jobs done on the table.
Based on the results of oral interviews, neck aid Principally, the task performed in this study cam b

le ain were reported as the two maior MSDScategorized as medium class light work. The
9 pa : P J recommended height of work benches is between 95cm
complaints with respect to the task performed. Afte

) ) > ' to 114cm. The measurement shows the current
observing their activities, the authors found thea#®s  \yorkbench height is 87cm from the floor, which et

were due to their workstation and task design thafow. That is, it lies outside the range of recomdesh

requires them to stand, to twist and bend theikm@  bench heights suitable for 90% of population data o

bodies downwards. elbow height taken from the subjects in the sub
Figure 3 shows the mean stature and elbow heightassembly line. As a result of this, the worker'sadeeto

of the 20 subjects and the work surface of thebend down while performing their work task. Figdre

workstation. These measurements were taken wrale thillustrated the comparison analysis of the worksteain

workers are performing their tasks. Basically,dvers  the form of normal distribution.

the measurement from the head to the floor, thevelb

to the floor, the height of the table and the visurayle. Recommendation on man-machine interface:

Figure 6 is the plan view of the work area and
showed the worker had not reached the maximum
” ) recommended distance of 50cm from the worker’s
heights: Referring to Table 1, there are twenty data forbody to the work piece. The body need to generate a
stature and elbow heights collected in this study. higher force to the backbone as a result of higher
) I__ate_r, all the data was plottgd on a normaItorque being exerted while carrying the 1
distribution for the purpose of estimating the 5 &5th kilogramme force when the load is located further
percent.iles_ values fqr _stature and elbow height @8way from the body. To complete the operation, the
shown in Fig. 4. The findings show that: worker has to twist his backbone twice or 1500
times per day for output quantity of 750 pieces.
* The elbow height is between 95.12-110.91 cm with
average of 103cm and standard deviation is 4.78

Determination of workers stature and ebow

' Table 1: Stature and elbow heights of twenty majekers

* The stature height is between 149.8-174.6cm Witf5eqre, Elbow Subject Stature, Elbow
average of 162cm and standard deviation is 7.54cm. cm height, cm  number cm height, cm
167 106 11 157 100
160 102 12 165 105
Having done that, 5 and 95th percentile valuesi61 102 13 155 98
found from this study ware compared with Malaysiani6> 182 ig igg 385
anthropometric data compiled and developed bygs 104 16 146 93
(Daruiset al., 2011; Derost al., 2009). It was found 154 98 17 182 116
that the values for the workers’ stature and elbow%% 183 ig igg iéé
heights lies within the acceptable ranges suitdbie 166 105 20 162 103

90% of Malaysian population anthropometric data. As
highlighted by (Daruist al., 2011; Derot al., 2009).
Malaysian anthropometric data for elbow heightnfl a 5
95th percentile is between 88.39-116.8cm with the ™
average 102.6 cm and the standard deviation 8.64cm
Meanwhile, the 5 and 95th percentile for stature is| ==
between 147.4-177.3 cm with the average 162.3cm and
the standard deviation 9.7cm.

Data comparison for standing work: Generally, the
collected data fit with the Malaysian anthroponeetri Figure 3: Standing work station
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Am. J. Applied Sci., 8 (11): 1195-1201, 2011

5th 95th

9512 T | 1020 110.91

20 Male assembly
members

The distribution
of data for

elbow height of
90% population \
— —

2000 95,00 190 00 10500 11000 11500 12

Eth S6th

rMaan
14881 1= 174.69

20 Male assembly
members

The distribution
of data for
stature height

of 90%

population
14000 150.00 N .1-:9 oo

170.00 18000

Figure 4: Normal distribution of 5 and 95th perderfor the stature and the elbow height

o249t e osth

! | 1030 121,11
Tem
90% Male

Malaysian

The height of current table is
much lower(87cm) than the
Malaysian male anthropometric
data of elbow height for 90% of
poputation data.

—

a0.00 100.00 i0.00 120,00 13000

5th 85th

| 103.0 110.91

90% Male — sub
Assembly, estiimated

The height of curent table is
much lower(87cm) than the
recommended height and 90%
of population data.

P

85,00 2000 /00 100.00 105.00 10,00 115.00 V000

Fig. 5: Comparison of 5 and 95th percentile of pafon elbow height against existing workbench heig
1198



Am. J. Applied Sci., 8 (11): 1195-1201, 2011

| - S —
|

| i '——- Work piece!
o Press machine Urk_IJIECE!

,/-‘"—”-._ O \ f\ .I .
_'__}? i - = _’__.I Push but_tor_l
switc -t g A ¢ -

- jrmny 40cm

i

Toggle

—

20 oy

\ 60cm W-ﬂ_& _--"’;—/
E——
\ w‘ i ‘ |
\ w
| Trv container to
| keep work piece

Fig. 6: A recommended plan view for the workstation
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Fig. 7: Recommended working distance for the ai®anflers and McCormick, 1993)

spine when locating the valve to the fitting jig8g. 6
DISCUSSION illustrates a recommended plan view of the workstat
Figure 7 illustrates the dimensions in centimeties
As a result, this situation will develop into hormal and maximum working areas in horizontal.
Musculoskeletal Disorders (MSDs) problems to theNormal area is the area that can be conveniently

! . . N reached with a sweep of the forearm while the upper
worker as he carried 1 kilogramme work piece wih h arm hangs in a natural position at the side. Medewh

right hand. The visual angle is about 60 degreeg,syimum area is the area that could be reached by
downwards and requires the worker to bend his aeck  extending the arm from the shoulder.
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The following are recommended working distances Bring the table nearer to the rail to reduce the
distance to carry the work piece and use left hand
to avoid twisting of the body
The work surface height should permit the upper
arm and footrest in a relaxed position
Visual angle should be maintained within 30
degrees at all times

Set the table height according to 5 and 95th
percentile that is suitable for 90% of population”®
elbow height with 95cm as the minimum
dimension as shown in Fig. 8. .
The worker should pick the cylinder head up with hi
left hand to avoid twisting of his spine, carry tbad

with two hands and move one or two steps to
accommodate with the picking up and loading

position

[ Height up 30 cm J
\

CONCLUSION

This study had presented a case study conducted at
an assembly workstation in at a motorcycle engine
manufacturing company. In this company, the assgmbl
workers perform most of their assembly tasks wirile
the standing position. The assembly tasks reqties
to stand, bend their neck and body and twistingr the
spines. The findings from the case study indichg t
the assembly workers had to use awkward postures
while working with an un-ergonomically designed
workstation. An appropriate workstation design ésw

Fig. 8: A side-view of the recommended workstation
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et workers’ health and safety, while at the same tiike
5 to improve their productivity. In summary, work$tet

i design needs to incorporate workers physical
|

characteristics, working capabilities and limitaso It
was found, the anthropometric data collected frdn 2
subjects at the Company A is still within the
recommended range for the Malaysian population.
However, there are some workstation parameters that
need to be modified by the Company A to ensure thei
assembly workers are safe, comfortable and effectiv
while using the workstation.
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Assign the worker with a height between 160-

170cm and elbow height 95-110cm. The objective
is to avoid excessive pressure on the lumbar of the
spinal column, if the worker is too short and to Daruis, D.D.l., B.M. Deros and M.J.M. Nor, 2011.
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