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Abstract. Using cardboard as packaging protects the product from damage while at the same
time improving its appearance to attract the attention of customers. The packaging company,
PT. XYZ, works manually without using machines or tools. As a result, inefficiencies tend
to occur because workers waste time and energy. It also has the potential to cause extreme
fatigue and workplace accidents. This research 1s a field of ergonomics research, the aim is
to understand the physical complaints of workers, the worksequence of workers, to then
design a helper tool and finally evaluate the work posture of workers, before and after repairs.
To improve workers 'conditions, researchers collected workers' identities and analyzed their
physical complaints using questionnaires, including Nordic Body Map, REBA analysis,
OWAS analysis, MFA analysis, and measurement of right and left hand maps in standard
time. We also identified workers' needs, initial specifications to conceptualize the design of
assistive devices. We obtain the design concept by determining the final specifications and
checking the data using CATIA software. The final REBA score after applying the helper
press yields a score of 3 on pressing and folding cartons. Improvements also managed to
eliminate lifting and lowering activities during the finishing process. Analysis result of the
working conditions before and after implementation are as follows; cycle time decreased
from 32023 to 275 seconds (14.12%), normal time decreased from 336.24 to 299.75 seconds
(11%), and standard time

dropped from 437.11 to 374.69 seconds (14, 3%).

Keywords: Ergonomics, Nordic Body Map, REBA, OWAS, MFA.

1. Introduction

In the production process of cartons, PT. XYZ utilizes manual method without any helping
tool for the workers. During the process, workers go through several working steps.including
taking the carton, arranging, gluing, combining two sheets of cartons, lowering, pressing,
folding, lifting, and moving it as a finalized product. Workers in the finishing process are

female workers, who work 8 hours a day. When carrying out the finishing process, workers




must lift, bend, and step on the product. As a result, workers have neck pain, back pain, lower
back pain, and leg pain. Therefore, it is necessary to improve the conditions of workers at
work by reducing the cause of worker complaints.

Literature Review

Ergonomics is -systematic scientific discipline that utilizes information regarding
characteristics, abilities, and limitations of human beings to design a working system so
that people can work well in that system, meaning the aim is achieved through the work,
effectively, safely, and comfortablyl [1]. Nordic Musculoskeletal Questionnaire (NMQ) is
a questionnaire that can be used to detect symptoms and musculoskeletal disorder complaints
amcfffi) workers. in which later is developed into Nordic Body Map (NBM) questionnaire
[2]. Rapid Entire Body Assessment (REBA) is a method that measures physical complaints
of workers, developed by Hignett, Su, and Mc Atamney, Lynn. REBA is implemented to
evaluate neck posture, back posture, arms, wrists, and leg of the workers [3]. Ovako Working
Analysis System (OWAS) is a method to evaluate and analyze uncomfortable working
gestures that potentially lead up to musculoskeletal injury. OWAS is also a method to
evaluate posture’s load during the work [4]. Muscle Fatigue Assessment (MFA) is used to
analyze the most suitable work to evaluate accumulated risk of exhaustion during tasks on
job in within an hour or more, as well as regarding the wrongpostures or frequency of force
that often happen [5].

Map of right and left hand describe all workers’ movement when they are doing their
job and during their leisure time. This map aims to compare between the job which has to be
done by right hand compared to the left. Working time measurement is an attempt to
determine the working length that a trained and qualified operator need to finish one job in
a specific standard time in the best working environment [1]. Design products consists of
several steps, but in this phase, alternative solution in the form of scheme is developed into
products or technical object in which its shape, material, and dimension has been determind
[6]. The concept selection process consists of two main steps, namely filtering process and
evaluation concept using the method developed by Stuart Pugh in 1980s, which is also
known as Pugh concept [7].

2. Research Methodology

The methodology is applied specifically on the finishing process of the packaging company.
The total amount of workers in the finishing process is 12 people. Data collection is started
from interview process regarding their complaints as well as direct observation of the 12
workers’ activity. This research employs literature review and field study, specifically a
direct observation during the packaging and the finishing process. By doing these methods,
researchers are able to identify some problems.

Data needed in this research includes general data (sex, weight, age) and Nordic Body
Map questionnaire to obtain the complaints regarding physical pain during and after work.
Another data is the documentation of carton combining process, to be analysed usingREBA,
OWAS, and MFA method. All collected data will be measured using REBA, OWAS, and
MFA method. After that, researchers identify consumers’ needs to make sure that all
products are produced based on customers’ needs. After understanding consumers’ needs,
this research specifies on the initial product by creating necessity metrics to get the need
ranks and to make some alternative from every need.

Based on some given alternative, this research analysed the possibilities to obtain the
final specification. Concepts, which have been made, will be ruled out using the measuring
method of Product Designing and Developing—to get the value percentage from each
criterion. This value will be used to create matrix of conceptual evaluation. This matrix
results in the concept with the highest value. After choosing the best concept, measurement
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is done to the final specification of the concept. Measurement is implemented by ergonomics
assessment based on products’ capacity data for tool designing. Measurement

is important to match the size of the designed helper tool with product dimension. Helper
tool design is produced using Autodesk Inventor Professional 2014 software and developed
specifically based on workers” needs. During the implementation phase, helper tool design
will be directly utilized by the workers so that comparison can be done to compare the
condition before and after using helper tool. Final result is concluded based ondiscussions
regarding problems that emerge until the utilization of the new helper tool.

3. Results and Discussion

Data Collecting and Processing

This research analyses parts of the body that become source of physical complaints, and the
results of Nordic Body Map questionnaire are Back Pain, Pain on right and left arms, Pain
on right and left knee, Pain on right and left calves, Neck pain, Pain on upper and lower waist
and Pain on right and left thighs. After obtaining the results of the analysis of what causes
physical complaints, REBA and OWAS analysis is carried out at 9 finishing process
positions, as shown in Figure 1 below:

Figurel. Finishing process positions

Figure 1 shows the positions measured using REBA and OWAS method, and this is the
overall scores, as shown at Table 1 below:

Table 1. REBA and OWAS Score inEvery Activity

REBA OWAS
Score  Score

No. Working Position

1 Taking main material from the shelf 6 2
2 Arranging the main material 3 1
3 Gluing the main material 3 1
4 Combining two sheets of main material 3 1
5 Putting the main material on the floor 10 4




10P ressing the main material by stepping
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7 Folding the main material on the floor
g Liflinﬁlhe main material to the top of
the table

(=]

9 Moving the final product to the shelf 6

After applying OWAS method, this research also uses MFA method to know which
body muscle is at the highest risk while doing the work. MFA evaluation is shown in Table 2.

Table 2. MFA Evaluation of Each Activity
No  Work Priority for Change (Region)

Position Neck Shoulders Back  Arm/Elbow Wrists/Hand/ Legs/Knees Ankles/Feet/
Finger Toes
Right  Left Right Left Right Left Right Left  Right Left

1 Take B E | | | E L E E L | E
material

2 Arrange E E E L E E L E E E E E
Material

3 Give E E E E E E L E E E E L
away

4 Collate L L L L L L I ] L L L L
material n

5 Material H H H H L L I ] H H H H
Putdown

6 Material B B L] | | L | B | L] L] |
Pressing

7 Material VH VH VH VH VH VH VH VH VH VH VH VH
Fold up

8 Material H H H H E E L E H H H H
Put Up

9 Carry E E E E E E L E E E E E
forward

Measuring the right and left arms are also crucial to tell the hand movement during the
finishing process. After creating right and left arm map, researchers measure thetiming.
Time cycle is the time needed from beginning to the end of an activity in a process.This
measurement specifically traces the cycle of the finishing process.

By applying time cycle formula, the time cycle of the finishing process is 320.23
seconds. Normal time is the working time that has been measured after adjustment, which
is the average time cycle multiply by adjustment factor. Normal time of the finishing process
is 336.24 seconds. In standard time, allowance also affects the results of the measurement,
as it uses up time for personal needs, fatigue release, and inevitable interruption. Based on
the measurement, the standard time of the finishing process is
437.11 seconds.

Data Analysis and Design

We identify consumers’ needs to make sure that the products accurately fulfil consumers’
inquiry. The identification results become the basis of creating product specification. What
the workers needs is later arranged into a Necessity Matrix to obtain need ranks. Workers’
needs and product specification is compared and evaluated to attain the most prioritized
product specification. This process contributes in the development of the products. From
the Screening stage concept selection, the best concept is obtained as in the Figure 2.
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Figure 2. Dimension of the Press Tool

Analysis using images with 3ds Max Software is intended to simulate the process of
the desf@ned press tool. Then the REBA score is calculated by using CATIA software, which
Eows a decrease in the value of risk among workers. The results of the 3ds Max Software
analysis are shown in Table 3.

Table 3. REBA Analysis Results (by using 3ds Max and CATIA software)

Activity Activity
Product Folding Product Pressing
Process Process

Figure of the Pressing
Helper Tool

REBA score: 3 REBA score: 3

Implementation and Improvement Analysis

As the helper tool is created, this research documented the tool as shown in Table 3, the
pictures of the pressing helper tool. Using the pressing helper tool also affect the overall
REBA score. Furthermore, OWAS method is also utilized to figure out whether there is a
decrease after implementation. OWAS score is shown in Table 4.

Table 4. REBA Score of Each Activity After Implementation

. . OWAS score
No. Working Position REBA score (category)
1 Taking the material from the shelf 1 1171(1)
2 Arranging the material 3 3121(1)
3 Gluing the material 3 3121 (1)
4 C(.)mt?{m‘ng two sheets of the 2 3121 (1)
materials
5 Pressing the material 3 1221 (1)
6 Folding the material on the floor 3 3121 (1)
Moving the final product to the
T shelf 1 1171 (1)

[
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Analysis of right and left hands map is also implemented to get the movement of the
workers’ hands when they do the finishing process after implementation. We obtain time
cycle at 275 seconds. As for the normal time, the working time that considers some
adjustment factors by multiplying the average time cycle and the adjustment factor, is at
29975 seconds. The results of the standard time measurement of the finishing process after
implementation is at 374.96 seconds —which results in the decrease of percentage of time
cycle as much as 28.13 percent, normal time at 25.93 percent, and standard time at 28.57
percent. The production of carton packaging after using the pressing tool have also improved
from 25 pieces to 30 pieces for one-time production.

4. Conclusion

Based on complaint analysis using Nordic Body Map questionnaire, we found several
Ehysical complaints throughout the finishing process. Workers complained of having back
pain, left shoulder pain, right shoulder pain, left knee pain, right knee pain, left calf pain,
right calf pain, neck pain, upper waist pain, lower waist pain, left thigh pain, and rightthigh
pain. Those complaints are received from the total 12 workers in the factory.

Helper tool is designed based on the complaints, by understanding its causes and
solutions coming from workers who work at the finishing process. We determine the
specification of the workers’ needs and use concept clarification tree to get design concepts.
Alternative specification designs are filtered by using Pugh selection concept. Dimensional
shape of the design is adjusted based on the products’ size dimension.

Body posture analysis using REBA method before improvement in the activity of
lowering the product to the floor, pressing the product, folding the product, and lifting the
product to the table is 10, 8,9, and 11 each. After implementation, there is a decrease in
the pressing and folding activity with score 3 for each. Whereas, in the activities of lowering
and lifting the product gain 0 score because workers no longer have to do the activities.
Therefore, activities in the finishing process have lowered from 9 to 7 activities. Results of
the measurement and analysis of the working condition before implementationis time cycle
at 320.23 seconds, normal time at 336.24 seconds, and standard time at
437.11 seconds. After the implementation, time cycle is at 275 seconds, normal time at
299 .75 seconds, and standard time at 374.69 seconds.
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