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Keywords Abstract

Workplace design The incidence of work-related musculoskeletal disorders remains high, and, as these
Ergonomic analysis injuries have a high cost for companies and society, it is important to prevent them
OWAS Method through ergonomic analysis and workplace design. The paper presents a case study
Computer simulation research of the final control workplace in terms of strain and stress. The final quality
Final control workplace control workplace is the last link between production and transportation to the

customer. The worker must inspect approximately 2,000 starter ring gears per shift
and ensures that the final products are in the condition expected by the customer. The
workflow is extremely monotonous and since the work positions are repetitive,
ergonomic analyses were conducted aiming to determine the strain and stress in the
workplace.

The aim of our research was to minimise occupational risk in the workplace through
the scientific design of workstations based on a methodical approach. The manual and
computerised OWAS method was used to determine and estimate body postures during
the workday. It was found that certain postures lead to significant overuse, which
means that certain remedial actions are necessary during the work process to prevent
possible damage to the body. Computer aided workplace design represents a new and
faster approach in ergonomic workplace design. This approach is especially useful in
the design of new workplaces. We can easily eliminate possible stress on the worker
and potential injuries in less time before they occur.

SON KALITE KONTROLU iCIN iSYERININ ERGONOMIK TASARIMI

Anahtar Kelimeler 0z

Isyeri tasarimi Is ile ilgili kas-iskelet sistemi rahatsiziklarinin gériilme sikligi yiiksek olmaya devam
Ergonomik analiz etmektedir ve bu yaralanmalar isletmeler ve toplum icin yiiksek bir maliyete sahip
OWAS Yéntemi oldugundan, bunlarin ergonomik analiz ve isyeri tasarimi yoluyla énlenmesi
Bilgisayar simiilasyonu onemlidir. Makale, isyerinin son kontroliinde zorlanma ve stres agisindan bir vaka
Isyeri son kontrolii calismasi arastirmasini sunmaktadir. Son kalite kontrol calisma yeri, liretim ve

miisteriye nakliye arasindaki son baglantidir. Isci, vardiya basina yaklasik 2.000 mars
halkasi diglisini incelemeli ve nihai iirtinlerin miisterinin bekledigi durumda olmasini
saglamaldir. Is akist son derece monotondur ve calisma pozisyonlar tekrarlayict
oldugu icin isyerindeki zorlanma ve stresi belirlemeye yénelik ergonomik analizler
yapilmigtir.

Arastirmanin amaci, is istasyonlarinin metodik bir yaklasima dayali bilimsel tasarimi
ile isyerinde mesleki riski en aza indirmektir. Is giinii boyunca viicut duruslarini
belirlemek ve tahmin etmek icin manuel ve bilgisayarli OWAS yéntemi kullanilmistir.
Belirli duruglarin énemli éI¢iide agsirt kullanima yol agtigi bulunmus, bu da viicutta
olasi hasari onlemek icin ¢alisma siirecinde belirli iyilestirici eylemlerin gerekli oldugu
anlamina gelmektedir. Bilgisayar destekli calisma alani tasarimi, ergonomik calisma
alani tasariminda yeni ve daha hizli bir yaklasimi temsil etmektedir. Bu yaklasim
ézellikle yeni is yerlerinin tasariminda kullanishdur. Isci tizerindeki olas stresi ve olasi
yaralanmalari meydana gelmeden daha kisa siirede kolayca ortadan kaldirabiliriz.
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1. Introduction

The goal of Ergonomics is to create safe, comfortable,
and productive workplaces that take into account
people's abilities and limitations at work, and adjust
workloads to take into account individual heights,
strength, abilities, speed, and other characteristics
(Bhattacharya and McGlothlin, 2017). By ergonomic
design of the workplace it is possible to adapt the
work to the physical and mental characteristics of
the person, and reduce or prevent negative effects on
health (Polajnar et al,, 2003, 2007, 2010; Andrejiova
et al,, 2012). Proper workplace design also includes
human habits, to ensure that people work as
productively, effectively and safely as possible. The
social benefits of ergonomic workplace design are,
therefore, numerous, ranging from improved worker
health, reduced physical and mental workload, less
pain and discomfort, fewer injuries, to improved
motivation and greater job satisfaction.

There are also many economic benefits when
manufacturing workplaces are designed according
to ergonomic rules (Bhattacharya and McGlothlin,
2017). Typical manufacturing environments where
ergonomic approaches can provide tangible and
measurable results are workstations that are
connected in lines, such as assembly lines (Slack at
al,, 2010). In assembly lines or other manufacturing
lines that are focused on product, workers spend a
lot of time performing the same repetitive tasks, and
any error or delay can cause further problems. With
proper ergonomic workplace design, we can achieve
shorter cycle times, higher productivity, lower
production costs, higher return on investment,
higher product quality and flexibility, fewer human
and system errors, less waiting during work hours,
and lower injury costs (Vujica Herzog and Harih,
2019). The most important factors that should be
considered in ergonomic workplace design are as
follows:

1. The work environment with working
conditions such as noise, heat, humidity,
lighting, air velocity (Vujica Herzog at a,,
2014, Polajnar, 2010),

2. Postures; especially awkward postures that
can cause health problems. The OWAS
observation method can be used for posture
analysis,

3. The design of the manufacturing process,
taking into account all the tasks performed
by the worker, especially repetitive tasks.
The weight of the manufacturing parts is
also an important factor.

There are many ergonomic methods for evaluating
postures (Vujica Herzog and Buchmeister, 2015),
and they differ in the area of the body they evaluate
(Roman-Liu, 2014; Spyropoulus, 2013). Some
methods assess the strain of selected body parts

independently, and other methods provide an
overall assessment. Some methods focus on different
work tasks, such as repetitive and non-repetitive
tasks, and there are methods that assess static loads,
such as loads where the same posture is held for an
extended period of time. Manual handling is another
type of task that should be given special
consideration.

Because manual assesment tools are time-
consuming, new approaches to ergonomic job design
are needed using computer-based tools that reduce
assesment time and typically provide multiple
methods for assessing worker' posture evaluation
(e.g. Jack, Process Simmulate, Ergomas).
Computerised tools are very useful, not only in the
assessment of existing workplaces, but especially in
the design of new workplaces. With this approach,
we can easily eliminate possible worker strain and
potential injuries in less time before they occur.

2. Research Problem

Most modern businesses divide tasks according to
Smith's principle of division of labour, first
mentioned and published as early as 1776. Division
of labour, also known as specialisation of labour,
means that the way a product or service is produced
is divided into a series of tasks performed by
different workers, rather than all tasks being done by
the same person (Slack at al., 2010). This principle is,
therefore, also used in most manufacturing
companies, and also in the enclosure production
presented in our study.

For the final quality control workplace presented,
short time movements are typical, and the products
have different weights from 0.6 to 7.0 kg (internal
information provided by company). The work is
repetitive, and requires the full attention of the
worker. Since there have been some complaints of
back and neck pain and absences from work caused
by health problems, we decided to observe all
workers activities during the working day. Data from
10 workers who worked at the final quality control
workstation were collected by number and product
type, with corresponding weights and manipulation
times of the product. The postures of the workers
were analysed using the OWAS method.

In order to minimise the risk at work, the scientific
design of workplaces based on a methodological
approach is very important (Vujica Herzog et al,
2014).

3. Methodology

The following steps were taken for the problem
analysis presented:
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- Workplace analysis and assessment;
Analysis of the existent workstation
dimensions in terms of work postures and
perceptions of workers for individual and
repetitive tasks;

- Workplace analysis considering the work
environment; accurate measurements of
noise, lighting, heat, humidity and air
velocity were taken,

- The extended OWAS method (Karhu et al,,
1977 and 1981) was used to evaluate the
exposure to the different postures of the
operators at the final control workstation.
The observation was conducted 6 hours,
four times per hour.

- The workplace under study was designed
and analysed using the Jack software
package from Technomatics,

- Several simulations were carried out using
the OWAS analysis (manual and computer)
to design a suitable final inspection
workstation.

4. Workplace for Final Quality Control

The final quality control workstation is the last link
between production and transportation to the
customer. Therefore, the workplace requires a high
level of concentration. The worker inspects and
ensures that the final products are in the condition
that the customer expects. Consequently, we have to
improve the working conditions and remove all
disturbing elements around the workplace that
could have a negative impact on the worker.

The worker has to inspect about 2,000 pieces of
starter ring gears per shift. The work schedule is
extremely monotonous. During the shift, the worker
has three repetitive tasks to complete:

(a) Micro - first, a piece is taken from the left pallet
and held in a position in front of the worker. The
arms are relaxed at the shoulders and bent at the
elbows so that the worker can get a good look at the
piece being inspected. Then the piece is turned over
three times to make sure that all sides have been
inspected and that the piece has no defects. If the
piece passes inspection, it is then stacked into the
correct pallet. If a defect is found, the worker
removes the piece and places it on the pallet
designated for scrap. Throughout the micro task, the
worker tilts his head slightly forward.

It takes 9 seconds to inspect each piece. Thus, the
total time of the micro-task of the shift is 300
minutes.

A great need for improvement has already been
identified and improvements were implemented.
The worker now spends about equal time in sitting
and standing position. The worker decides when the

change of position is required.

b) Macro - the pallet must be prepared by placing a
protective paper and film on the bottom to prevent
damage during transportation. Then the worker
picks up about 11 pieces at a time and stacks them in
the prepared pallet. The pieces are stacked in 7
different columns. During stacking, the worker puts
a sheet of intermediate paper, which absorbs
moisture and has an anti-corrosion effect.

The bending of the lower back of the worker while
stacking the parts is adjusted to the height of the
column in the pallet. Therefore, there is a big
difference in the bending of the lower back.

Stacking the parts on the pallet takes about 300
seconds per pallet. So, the total time of the macro
task of the shift is 20 minutes.

(c) Replacing the pallet - after stacking is complete,
the empty pallet must be dragged to a collection
point 10 metres away. It takes about one minute to
replace a pallet. The total time for replacing the
pallets is about 4 minutes per shift.

The remaining time of the shift is very important as
it is necessary to stretch, walk and relax the muscles
as often as possible.

At the final quality control workstation, 10 workers
perform the process. The data of each worker were
collected. They consisted of the number of parts
moved and the type of each part inspected by a
particular worker. The mass of each type was then
multiplied by the number of parts inspected. The
result was multiplied by two, since each part must be
moved twice. The result shows the weight that the
worker moved during the selected working time.

The efficiency of the worker was also calculated in
addition. This was achieved by comparing the
effective and normative time that the worker
performed. It must be taken into account that the
inspection of different parts is of different
complexity. Therefore, direct calculation of the
worker's efficiency is not the best indicator of actual
efficiency. The collected data are divided into two
time frames, 6 and 27 working days (Tables 1 and 2).

Table 1. One Week Period (6 working days).

Inspected Moyed qumative E.ffective W(.)r-ker’s
Worker pieces weight time [h] time [h] efficiency
[kg] [%]

020 6841 11830,02 37,15 32,00 116,09
130 8436 14912,68 49,78 38,50 129,30
148 8140 26081,32 39,30 33,00 119,09
237 5040 20646,87 23,78 36,50 65,15
299 5521 11248,13 32,41 23,75 136,46
488 8915 14711,30 47,39 42,50 111,51

3
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503 7998 1966461 4549 38,00 119,71 Manual OWAS Procedure

564 9830 12003,20 57,38 38,67 148,38 A video was created of an inspection cycle. The video

581 5720 645172 3377 3701 9125 was later paused every second, and all postures were
' ’ ’ ’ entered into the OWAS spreadsheet. The results

583 12968 1820636 73,38 4466 16431 were the percentages of the different postures used

616 11833 14600,07 70,60 43,92 160,75 by the worker to complete the cycle of an inspection.

Table 2. One Month Period (27 working days). Human Simulation Jack

Inspected Moved  Normative Effective Worker’s A 3D model of the workplace was created in Human
Worker i ces weight time [h]  time [h] Efficoiency simulation Jack and several ergonomic analyses
[ke] [%] were performed.
020 33218 7250134 192,79 157,50 122,41
130 40849  72029,76 247,69 180,00 137,60
6. Workplace Analysis And Results
148 24706 5155536 143,96 124,50 115,60
237 17591 56202,42 88,53 118,50 7470 Tables 3' and 4 ShOV\.I the results of the OWAS
observation method with the calculated percentage
299 28981 5595812 168,24 13675 123,00 of each position (Equation 1) and the time of
488 35756  62113,52 151,72 135,50 112,00 duration (Equation 2), where Y Fp represents the
503 39105 6969578 22517 169,50 132,80 sum of each body position and (3 Fs) is the sum of all
body positions within each group of work positions.
564 43830 59905,7 276,62 181,60 152,30
581 34051  53070,62 206,14 184,01 112,00
Fy:100
583 58883 8863344 329,39 191,50 172,00 = ZZT’—F [%] (1
S
616 46990  62269,08 292,28 190,40 153,50
450- ;
» = 22 [min] 2)
5. OWAS Method 100

The Ovaco Working Analysing System (OWAS)

method is a posture monitoring method (Karhu etal,,
1977 and 1981; Landeki¢ at al., 2019; Helling at al,,
2018 and 2020). This method originated in the
Finnish steel industry, where workers' postures
were analszed. As the method was initially
successful, it was developed and modified further. It
is considered a viable method for identifying and
evaluating work postures. The OWAS method
consists of two parts: An observation technique for
classifying postures, and a set of criteria for
redesigning work methods and workplaces. Postures
are classified into 28 positions, including those of the
back (four positions), upper limbs (four), hands
(three), lower limbs (nine), head and neck (five), and
load or force handled (three).

For each of these positions, there are predefined high
and low risk postures that are coded by the observer.
After calculating the time the worker takes these
postures, the final step is to assign a four-level action
code for improving the task (changes are not
required, changes are required immediately,
changes are required in the near future, and
intensive observation is required).

Manual and computerised OWAS analyses were
performed for the presented problem. We observed
workers' movements for two selected operations,
called "micro" and "macro".

The obtained results were compared with the
recommended measurements, and the results are
presented with signs in Tables 3 and 4.

In the micro task, no position is taken often enough
to require immediate intervention and ergonomic
improvement of the workstation. However, the
warning levels are reached, where action must be
taken in the foreseeable future. These are in postures
2.2,4.2,52and 6.1.

In the macro task, posture 1.2 is taken so frequently
that immediate intervention and ergonomic
improvement is required of the workplace. It would
be impossible to work in these conditions, but the
macro part takes up a smaller part of the working
time and this makes it bearable. Changes to the
workplace are also needed in the foreseeable future.
Evidence that action is needed in the foreseeable
future is also found in postures 2.2, 4.2 and 6.2.

The task of pallet exchange is not discussed, due to
the short time and no critical movement.

After reviewing the whole work process, it was
evaluated that it meets the required conditions of the
Ergonomics standard. Nevertheless, some changes
are required in the foreseeable future to avoid
injuries due to the monotony of the work process.
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These changes would eliminate the problems

studied by the method used.

Table 3. OWAS - Calculated Results with Recommended Measures For ‘Micro’ Tasks

Thoraglumb. Upper limb Hands nger Head
spine limb
1.1 2.1 2.2 2.3 3.1 3.2 3.3 4.2 51 5.2
Body o . :
Parts A. X < $ T\ Pa P = T T I
Nr. of m. 14 2 10 2 8 0 5 14 8 6
p; [%] 100,0 14,3 | 71,4 14,3 61,5 0,0 38,5 100,0 57,1 42,9
t,; [min] 450,0 64,3 321,4 | 64,3 276,9 0,0 173,1 450,0 2571 192,9
Measure m| O A ° O O | ® O ()
Table 4. OWAS - Calculated Results with Recommended Measures For ‘Macro’ Tasks
Thosr;?rlllémb. Upper limb Hands Lower limb Head
1.1 1.2 2.1 2.2 2.3 2.4 3.1 3.3 4.2 5.1 5.2
Body (e} 0o :
Parts I [{ X % 7<K 7T‘: 2y | =22 T T I
Nr. of m.. 7 15 5 13 2 1 15 5 21 20 1
p: [%] 31,8 | 68,2 |23,8] 61,9 | 9,5 4.8 75,0| 25,0 100,0 95,2 4.8
t,; [min]| 143,2 | 306,8 |107,1| 278,6 | 429 | 21,4 |337,5] 1125 450,0 428,6 21,4
Measure O [ ] O [ O O O O () a (|

Legend: O - changes are notrequired Achanges are required immediately ®- changes are required in near future

% - intensive observation is required

The computer- aided simulation using the Jack
OWAS analysis produced similar results to the
manually performed OWAS analysis. Although for
the computer-aided simulation, the accurate
construction of the body movements is time-
consuming, this approach allows us to analyse the
worker's movements later, much more easily with
different analyses. Additional analysis was also
conducted to increase the credibility of the research
conducted.

The entire micro-task is rated code 4111. This means
that the workstation is not in a critical condition, but
action must be taken in the foreseeable future
(Figure 1).

£ Ovako Working Posture Analysis

I

Human: |human

Analysis l Reports |

OWAS Posture Evaluation

I T T T T T T T 1
0 1 2 3 4
(Owas Code: 4111)
The work posture may have harmful effects on the musculoskeletal system.

Musculoskeletal loading is not extreme with this posture, however, corrective measures are encouraged.
Note that only di d force comp: 5 are ¢ in the analysis.

Owas Code for Lower Limbs was determined using Loads and Weights Force Distribution Strategy,
[”] Watchdog

‘ Usage “WatchdogOnly”Loads&WeightsH Activate “ Dismiss

Figure 1. Results of OWAS Analysis for Micro Task

During the picking process the worker is bending,
and the results of the OWAS analysis show that the
posture could be harmful to the worker, and
corrective action must be taken as soon as possible
(Figure 2).
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&2 Ovako Working Posture

Human: |human '

Analysis | Reports |
OWAS Posture Evaluation
T T T T T T T T 1
0 1 2 3 4
(Owas Code: 2141)

Warning! This work posture will cause harmful levels of stress on the musculoskeletal system!

Corrective measures must be taken as soon as possible.
Note that only dt force c are considered in the analysis.

Watchdog

‘ Usage IfWatchdog OnlyHLoads&Weightsl[ Active ]‘ Dismiss

Figure 2. Results of OWAS Analysis for Macro
Task

An analysis of the maximum allowable load was
performed in addition to the OWAS method for the
macro part. The lower limit at which 10% of the
female population would consider the load too heavy
to carry is 13 kg (Figure 3).

Maximum Acceptable Carry Load: 13 kg

This load represents the maximum carry weight that 10 percent of the female population
would consider too heavy to carry.

Netice: Carrying loads of this magnitude may exceed NIOSH (1981) recommended energy)|
expenditure limits when performed continuously for 8 hours or more.

Figure 3. Macro Task - Maximum Acceptable Load

Figure 4 shows the additional results of lower back
analysis performed using Jack. The results show low
risk of low back injury for most healthy workers.

Human Attributes

Gender: [femsle  Height (cm): 162,72 Weight (kg): 61.25

L4/L5 Forces (N)

wsa] 3

Lateral shear
T v T v T " T
0 2000 4000 6000

The low back compression force of 2788 is below the NIOSH Back Compression Action Limit of 3400 N,
P g & nominal risk of low back injury for most healthy workers.

Usage | Watchdog Only || Loads & Weights | ACTIVE._§ Dsmiss

Figure 4. Results of Lower Back Analysis

6. Suggestions for New Workplace Design

Based on the results of the various ergonomic
analyses, the following improvements were
proposed:

(a) Appropriate equipment for workers.

The comfort of the worker in a workplace where
concentration is required is necessary. Therefore,

high quality equipment for the workers is
imperative:

- High quality gloves that do not tear.

- An ergonomically designed seat that forces workers
into the correct posture, and

- Enabling regular visual inspection and funding for
corrective eyewear.

b) Lifting table

The most difficult movement for a worker to perform
is the deep bow in the macro task. The simplest
solution would be to use a U-section lift table that
allows easy access of the hand lift truck. This also
eliminates the risk of knocking over a column of
stacked parts.

c) Rotation of workers

Due to the monotony of the micro task, it may not be
possible to eliminate all risks. Then rotation of
workers at different workstations is required. This
method also met with great approval from the
workers, as difficult tasks are distributed and they
get rid of monotony, which leads to loss of
concentration in an eight-hour working day.

Another positive aspect is that the usefulness of the
workers is increased as they are trained to work on
more than one workstation. This allows for easier
reorganisation of staff when someone is absent or
needs to be replaced.

d) Construction of quality control facilities

Since final inspection work is a very important part
of production, it is important to find a quality
solution to the problem of workplace disturbances.
The best conditions would be provided by building a
new area completely isolated from production.

e) Automation of the macro tasks

A "control line" was designed in order to achieve
ergonomic and optimisation improvements. The
macro task is unnecessary, and adds no value to the
final product. Therefore, it should be completely
automated. For easier visualisation of the new
control line, a 3D model was created in Solidworks
2016 (Figure 5).



Ergonomi 4(1),1-9,2021

Figure 5. 3D Model of The New Control Line

The worker has the next new tasks to do:

- Prepare the bin at the beginning of the main
conveyor belt before checking all the parts in the
current process,

- Inspect the pieces delivered by the robot and the
secondary conveyors,

- Remove the containers at the end of the main
conveyor before all the pieces in the current process
are inspected, and

- Inspect the work station, and respond properly to
any malfunctions in the control line.

The new workstation design was also reviewed
using the Jack software package, and the results of
the posture analyses show that the positions of
workers in all three phases (picking, product
inspection and disposal) are now normal and neutral
(Figures 6 and 7). As shown by the results of the
OWAS analysis, the new control line eliminates all
the irregularities that we found in the first analysis,
and provides a safe and healthy workplace.

q‘.

Human:  human

Analysis ‘ Reports ]

OWAS Posture Evaluation

T T T T T T T T 1
0 1 2 3 K
(Owas Code: 1121)
The work posture seems normal and natural, The postural load on the musculoskeletal syst
acceptable. There is no need for corrective measures.
Note that only downward force components are considered in the analysis.
O Watchdog

Figure 6. OWAS Results Using Jack

6. Conclusions

Since a poorly designed workplace can have long-
term negative effects on the health of employees
(musculoskeletal disorders - MSD), it is very
important how a workplace is designed and
organised (Edtmayr et al, 2011; Fritzsche et al,
2014; Kaljun, & Dolsak, 2012; Ojstersek et al., 2020;
Panush, 2017; Vujica Herzog & Harih, 2019; Wells et
al,, 2007). Short time movements are typical for the
presented job of final quality control. The work is
repetitive, and requires the full attention of the
worker. The manual and computerised OWAS
method was used to determine and assess postures
during the workday. It was found that certain
postures lead to significant overuse. Results for
Micro and Macro part confirmed workers complaints
of back and neck pain (posture could be harmful to
the worker, and corrective action must be taken as
soon as possible). Based on the results of the
ergonomic analyses, several improvements were
proposed aimed at avoiding overexertion of workers
and ensuring a safe and healthy working
environment: appropriate equipment for workers,
lifting tables, rotation of workers, construction of
quality control facilities and automation of macro
tasks. The new workplace design was confirmed by
computerised OWAS analysis, which shows that the
workers’ positions are normal and neutral. The new
control line eliminates all the irregularities that we
found in the first analysis, and provides a safe and
healthy workplace.

As the main contribution of the presented case study
research, the new and faster approach to ergonomic
workplace design can be pointed out using
computer-based tools, which reduce the evaluation
time and provide multiple methods for evaluating
workers postures compared to manually performed
ergonomic analyses. In addition to the advantages of
the detailed case study presented, this approach also
has some limitations. The solutions presented were
obtained for this particular environment and cannot
be directly transferred to another environment.
However, the ideas presented can be generalised and
used in other workplaces with some adjustments.
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Figure 7. Worker’s positions during work
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