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Abstract. P.T. SMC is a filter trading company that involves business processes such as inventory, packing, and
delivery. Manual material handling activities in the packing process are considered non-ergonomic and can lead to
musculoskeletaldisorders. One of the packingprocess activities is plastic wrapping on crates, in which workers carry
12 kg of plastic rolls arounda 120x120x150 cm crate, starting from a bending position and lifting the plastic roll to
a standingposition. The goal of this study was to analyze and improve the wrapping process in terms of ergonomics
and productivity. To assess the condition of activities, the Nordic Body Map and Rapid Entire Body Assessment
(REBA) methodswere used. In addition, a plastic wrapping tool is designed to help the worker in packing activities,
and the quality function deployment (QFD) method was used to develop the design process. According to the results
of the Nordic Body Map data, many workers havea complaintof pain in the waist and right hand. Using the REBA
assessment forthe existing condition was obtained therisk level of the lower position was very high, the risk level of
the middle position and the upper position were high, while the output of the wrapping pro cesses was 19 pallets per
day. Three tool designs were developed,and the plastic wrapping trolley was selected asthe best design. After using
tools, the research shows that the plastic wrapping procedure in. PT SMC is classified as non-ergonomic, causing a
high risk of harm to the waist and right hand. By using the quality function deployment approach, a wrapping trolley
is chosento be manufactured,and theend REBA valueis 3, indicating a low risk level. Another benefit shows that,
there was anincrease in manufacturingoutput specifically from 19 pallets/day to 37 pallets/day.

INTRODUCTION

Many workers perform manualtaskssuch as pulling, lifting, pushing, carrying, or moving an object. Every year,
more than 250 million work accidentsoccur,and 160 workers are harmed and/orill asa result of their jobs, according
to the International Labor Organization (ILO)[1]. Approximately 32% of workers suffers from musculoskeletal
disorders caused by excessive muscle activity. Musculoskeletal Disorders (MSDs) [2], are caused by a variety of
factors, including repetitive and long-term non-ergonomic work, pressure, vibration, and macrolides which are
classified as the secondary causes. The risk of developing MSDs can also be influenced by age, gender, physical
strength, and anthropometry [3] [4]. PT. SMC is a filter distributor to power plantsand oil companies. PT. SMC
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distributes their productsto the customerswhich includes the process of inventory, packing, and delivery. The packing
process is the primary focus of this study. The process requires the package to be wrapped in plastic by a warehouse
operator. The plastic rolls itself have a length of 50 cm and a weight of 12 kg, with the largest package size being
120x120x150 cm. the wrapping process occurs almost every day, and because the operator's bends over for an
extended period of time, it can cause fatigue or discomfort in body parts, both of which have a significant impacton
work productivity.

In this Research, we use REBA to develop the tool to help operatorsin packing process. A good work design can
enhance productivity in working process [5] [6]. The Plastic Wrapping Tool designed to be user-friendly, reliable, and
asaffordableaspossible. The User-Friendly toolis more likely to be use in every packingprocess by operators.

Based on the problem, it is necessary to conduct a research into the operator's posture condition and the complaints
received, so thata suitable process for improving work conditions can be implemented. Any product can be la beled
as good if it meets the needs of the consumer. One of the most effective methods for analyzingconsumer needs is to
use QFD, which can translate consumer desires and needs into product designs with specific characteristics and
technicalspecifications [7].

RESEARCHMETHODOLOGY

Ergonomics is a process of designing workplaces, tools, equipment, and work environments by considering human
conditions and capabilities to optimize the effectivenessand productivity of a work system [5]. When ergonomics is
applied correctly, it allows workers to produce better work results for the company. Good performance canalso lead
to increased productivity, as well as improved worker health and safety [8] [9]. Ergonomics can be used to analyze
manualmaterialhandlingprocess.

Manual material handling is a physical activity in the workplace to lift, lower, push, pull, carry, or move a load
object [10]. A well-designed manualmaterialhandlingcanimprove performance because it can reduce the accidents.
Therefore, we use the Nordic Body Map questionnaire is an assessmenttool to measure pain in the musculoskeletal
area. The questionnaire is widely used to identify musculoskeletal discomfort in operators. It is because the Nordic
Body Map questionnaire hasbeen standardized and specialized [11] [12]. The musculoskeletalsystem itself provides
shape, support, stability, and movementto the body. The human skeleton consists of single or combined bones (such
as skull) supported by other structures such as ligaments, tendons, muscles, and other organs. The Nordic body map
assessment generally uses a questionnaire with a list of body parts. The level of complaints given is generally based
on ascale from "no pain"to "severe pain". The Nordic map questionnaire which is shown in Figure 1 used to undergo
the Rapid Entire Body Assessment.

Rapid Entire Body Assessment (REBA) is a method to analyze the attitude of workers who are sensitive to changes
in work position and otherhazardsor accidents thatoccur [2],[13]. In the literature, REBA method hasbeen applied
for assessment the packagingworker’s body [14][15][16]. The REBA method also hasbeen used to assessthe worker
posture in the warehouse sectors [17] [18]. The REBA worksheet is used to conduct the assessment, which begins by
assessing each part of the human body when performing manualhandling activities [19] [20]. The REBA assessment
divides the assessment of body partsinto two parts, namely Aand B. The assessment beginswith measuringthe scores
of groups A and B, which are then used for further measurementsto reach the final REBA score.

After the final REBA score is determined, the next step is to determine the level of risk from the manualmaterial
handling activity. Table 1 shows a range of 1 to 15 based on the final REBA score and a statement of the risk level
andaction plansrequired for the appropriate risk level.
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FIGURE 1. Nordic Body Map Questionnaire

TABLE 1. REBA Risk Level

REBA Score Risk Level Action Plan
1 Negligible None necessary
2-3 Low Change may be needed
4-7 Medium Further investigate, change soon
8-10 High Investigate and implement change
1115 Very High Implement change

Professor Yoji Akao developed Quality Function Deployment (QFD) in 1996 in Japan [21][22]. QFD is a method
for matching customer requirements with a product's technical characteristics [7] [23]. The first step in satisfying
customersis to convey and live their opinion. QFD, in the form of a visual linking process, assists the team in focusing
on customer needs throughout the entire developmentcycle

House of Quality is a matrix that containsimportant pointsin the planning process in the deployment of the quality
function. Problem targeting can be assisted by the House of Quality to find out whatis most importantto customers
and whattechnical methodscan be done [7] [23]. The house of quality consists of six components, namely customer
needs, planning matrix, relationship matrix, technical correlation matrix, and technical priority [24][25].

1.

Customer Needs Identification

The process of recording customer needs can be done through questions and answers, questionnaires, or in
direct activities. Then enter the Voice of Customerinto the customer needs matrix chart.

Planning Matrix

It is a matrix that serves as a tool to help prioritize customerneeds. Usually, the planning matrix containsthe
level of importance to customer

Technical Characteristics Matrix

Itis a matrix that containstechnicalcharacteristicsthat may be realized in an effort to meet customerneeds.
Relationship Matrix

This matrix contains the determination of the relationship of the voice of customer with the technical
characteristics matrix and then translates it as a value that describes the strength of the relationship.
Technical Characteristic Correlation Matrix

This section describes the maps that are interconnected and interdependent on a matrix of technical
characteristics.

There are three types of information in this matrix, namely:



The first type is the contribution of technical characteristics to the overall product or service performance.

a. The level of this contribution is determined by ranking the technical characteristics based on the weight of
the customerneeds and interests in part B, as well as the relationship between customerneeds and technical
characteristics in part D.

b. Technical benchmarks describe information from knowledge about the superior characteristics of
competitors. The trick is to compare each matrix of technical characteristics.

c.  The target on the technical characteristic matrix is shown as a measure of the performance of the function
against the technical characteristic matrix, which will then become the target of developmentactivities.

There are two stages of concept selection method, the first stage is concept screening and the second stage is called
conceptscoring. Inthis second stage, there are six steps in the concept selection process [26], namely:

1. Prepare the selection matrix

Create sub-criteria from existing criteria, then add weight to the criteria and sub-criteria.
2. Ratetheconcepts

Use a 1-5 interval scale
3. Ranktheconcepts

Multiply the weights by the provided scale, then sum the results to rank each product concept.
4. Combineandimprove the concepts

Examine and try to merge the inadequacies of many conceptionsto create a superior notion.
5.  Select one or more concepts

Select the most promising concepts for further developed
6. Reflect on theresults and the process

Reflect on the selected conceptsand the selection process

RESULTS AND DISCUSSION

Nordic Body Map Questionnaire Analysis

The Nordic Body Map is one of the subjective measurement methods used to assess workers' muscle pain [27].
The results of the Nordic Body Map Questionnaire are then analyzed to obtain a value or score; there are four levels
of pain used in the questionnaire, with the lowest being one for no pain, two for mild pain, three for moderate pain,
and four for severe pain. The valuesfor each body part number in the questionnaire are then averaged and is shown
in Figure 3.

Rapid Entire Body Assessment (REBA)

Samples were taken in three positions for the REBA of the plastic wrapping process: 1) lower wrapping position;
2) middle wrapping position; and 3) top wrapping position. The spine, neck, legs, upper arms, forearms, and wrists
were all measured, aswell asworkload, clutch, and work activity values. Work attitudesare assigned to each member
of the body [4].
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FIGURE 3. Complaint Graph on Plastic Wrapping Process

REBA Assessment of Lower Wrapping Position

Figure 3 depicts an operator'sposture when wrapping the lower part of packaging is a significant deviation from
the normalposition thatincreases the workload of the muscles, resulting in more energy consumption [28]. Figure 4
also depictsthe operatorlifting a 12 kg plastic roll. When a person bends overto lift a load, the force of the load being
lifted is ten times greater felt on the spine [29] [30]. The result of the REBA is shown in Figure 5.

REBA Assessment Worksheet

1:::[: 4 B
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MlililI

FIGURE 4. Lower Wrapping Position FIGURE 5. REBA Assessment of Lower Wrapping Position

REBA Assessment of Middle Wrapping Position

Figure 6 depicts the operator's posture when wrapping the middle part. The worker's posture shows that his back
is slightly bentand his legs are bentwhen he is lifting heavy plastic rolls. Irritation, inflammation, muscle fatigue, and
damage to muscletendonsand surroundingtissuesare all possible with heavy loads [28]. The results of measurements
using the REBA method are shown in Figure 7.
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REBA Assessment of Top Wrapping Position

Figure 8 depicts an operator's posture during the upper wrapping process. The angle is calculated based on this
posture. Figure 7 also depicts the legs resting on both straight legs. This foot position provides stability at work,
preventing the worker's body from slipping. The result of the REBA measurement is shown in Figure 9.

REBA Assessment Worksheet

Table A Table B

Lower Arm

REBA Score

FIGURE 8. Top Wrapping Position FIGURE 9. REBA Assessment of Top Wrapping Position

Prototype Development based on Quality Function Deployment (QFD) Method
Voice of Customer Data Analysis

We have gathered seven important points of Customer Needs and then proceeded to determine the importance
level for each customer needs. Determining the customer importance level helps to determine the most important
needs or expectations of consumers [31] [32]. The assessment starts from the level of importance 1 to 5. Level 1
indicates very unimportant and level 5 indicates very important. Table 3 displays the final result derived from the
average value of the two responders who handle the plastic wrapping procedure.



TABLE 2. Customer Needs / Voice of Customer

No. Customer Need izespondenzt Importance
1 The wrapping tool can grip the plastic roll 5 5 5

2 The wrapping tool is height adjustable 5 5 5

3 The wrapping tool is able to withstand the weight of the plastic 3 5 4

roll of 10-12 kg

4 The wrapping tool hasa simple and lightweight shape 5 3 4

5 The wrapping tool is in the form of a machine or a working tool 4 5 4,5

6 The working tool is easy to operate 5 5 5

7 The wrapping tool's price is affordable 5 4 4,5

Table 2 explains the level of importance in determining the response of the three main techniques, namely
equipmentthat can hold plastic rolls, can be adjusted easily in height, and can be operated easily.
Determining Customer Specifications
Metrics are determined asthe initial stage in defining customer specifications. Metrics are used to define product
featuresthat can meet consumerexpectations. Each metric is assigned a unit description to make determining product

specifications easier [26]. The list of metrics is shown in Table 3.

TABLE 3. Product Specification

No. No. . .

Metric  Need Metric Importance Units

1 1 Plastic roll mounting 5 Binary

2 2 Adjuster feature on the plastic roll's gripper 5 Binary

3 3 Maximum load 4 kg

4 4;5 Number of tool’s variant formaintenance 4 List

5 4;5 Product size (L x W x H) 4 mm

6 4 Product weight 4 kg

7 5,6 Wrapping process time 4 minute

8 4;5;6  Time to install the plastic roll 4 minute

9 7 Manufacturing cost 4 Rp

Customerneedsand metrics are related. Table 3 shows that attribute number 1 is related with plastic roll mounting
metrics. Then, attribute number 2 has a relationship with the adjuster feature on the plastic roll clamp. Meanwhile,
attribute number 3 hasa relationship with the load that can be held and attribute number4 hasa relationship with the
numberof variants of tools for maintenance, product dimension, weight of tools, as well asthe time to install plastic
rolls. Attribute number5 hasa relationship with the numberof variantsof tools for maintenance, product dimension,
wrapping process time, and plastic roll installation time. Meanwhile, attribute number 6 has a relationship with the
time of the wrapping process and the time of installing the plastic roll. In addition, attribute number 7 hasa relationship
with manufacturing costs.

Screening Process
The product design is created during the screening process. The design concept developed at this stage is the

interpretation and development of the product planning process's characteristics [33] [34]. Figure 10, 11,and 12 show
three concept conceptsthat have been designed.
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FIGURE 10. U-shape Wiapping Holder FIGURE 11. Stick Wrapping  Holder

FIGURE 12. Wrgpping Trolley

After making product concept ideas, the following step is to evaluate the product concept. The purpose of the
screening scoring step is to assign a score to each product concept based on customerneeds, by giving a plus or minus
value. The plus value means that the product concept has strength against its criteria. While the minus value means
thatthe product concepthasa weaknessin its criteria and a value of zero meansthat the product concepthasa neutral
value in its criteria. After the screening process, the results show thatwrapping trolley and wrapping holders are the
two highest rankings. The two selected concepts then be subjected to a scoring process to obtain the weight criteria
for each concept (see Table 4). Importance weight shows the total level of interest of respondentsto a product design
attribute. Meanwhile, relative weight shows the value of the relative importance of the weight of other product design
attributes [35] [36].

According to Table 4, the concept chosen is wrapping trolly, which has a totalscore of 352. The following step is
production planning, which is the process of developing relationships and aligning the features of the process with the
characteristics of the production department's wishes [33] [34].

House of Quality for Wrapping Troller

The House of Quality which was developed in making trolley wrapping is presented in Figure 13, explaining the
demanded quality (customerrequirements), quality characteristics (functionalrequirements), direction of the
improvementand competitive analysis.

Concept Development

At this stage, product development, testing, and evaluation involves various constructions of various versions using
the initial production method of the product to be developed [26]. Several factors must be addressed in the production
of the wrapping trolley: The main pole must be adjusted to the average height of the container,so it is 155cm in length.
The trolley's strength must be good enough to hold a plastic roll weighing 12 kg, which is the trolley's mass. Although



the wrapping trolley must be strong, it must also be small. So thatthe wrapping trolley's weight does not exceed 15
kg. Figure 14 shows the finished product of the wrapping trolley.

TABLE 4. Concept Assessment with Scoring

Ushape Wrapping Stick Wrapping .
Importan Weight Holder _ Holder _ Trolley WrapF)lng
ce Rating Weighted Rating Weighted Rating Weighted
Score Score Score

Function 5 22
The wrapping tool can
grip the plastic roll 5 11 3 33 3 33 3 33
The wrapping tool is
height adjustable 11 ! 1 2 22 3 33
Maximum load 4 18
The wrapping tool is
able to withstand the
load of the plastic roll 4 18 3 54 3 54 3 54
0f10-12 kg
Characteristic 45 20
The wrapping tool is in
the form of a machine 4 20 1 20 1 20 3 60
or a working tool
Portability 45 20
The wrapping tool has
asimple and 45 8 4 32 4 32 4 32
lightweight shape
The working tool is 5 12 4 48 4 48 5 60
easy to operate
Price 45 20
The wrapping tool's 45 20 5 100 5 100 4 80
price is affordable

Total Score 22.5 298 309 352

Rank 3 2 1

FIGURE 14. Final Design of Wrapping Trolley
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RESULT OF THE IMPLEMENTATION

Nordic Body Map Results

The NBM questionnaire employs a Likert scale, which must be operationally defined and easily understood by
respondents [13]. Wrapping trolley aidsthathad been used forone month were re-evaluated usinga Nordic Body Map
questionnaire to determine complaints of musculoskeletal disorders. Figure 15 shows a graph of the results of the
Nordic Body Map questionnaire, which shows a decrease in the level of complaints at the waist, but it is still quite
high for complaints around the hands, especially the wrists, because the operator still has to control and push the
wrapping trolley while surrounding the pallet.

Comparison of Nordic Body Map Before & After Improvement
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FIGURE 15. Comparison Graph of Nordic Body Map

REBA Score Improvements

Following the implementation of the wrapping trolley, the REBA score decreased to 3, indicating a low-risk
activity and an action plan was not urgently required. Figure 16 depicts the operator's position standing upright on
both feet. There are benefits to this position, such as the ability to use body weight to exert strength, legs working
more effectively in dampeningvibrations,and also reducing muscle activity [37].

REBA Assessment Worksheet

Table A Table B

+

oadiForce CouEIini Upper Arm

Table C

Lower Arm

+
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FIGURE 16. Usage of Wrapping Trolley FIGURE 15. REBA Assesment After Implementation



Productivity Improvement

Work productivity is defined as the ratio of output to input. Knowing the value of productivity also reveals how
effectively the input sources have been saved [38]. To see the details of the productivity output calculation, the
following calculation comparesthe quantity of production output produced before and after using the tool.

e Before using the trolley

Wrapping time = 25 minutes per palette
Totalworking hours =480 minutes (8 hours x 60 minutes)
hence,

Totaloutput = Totalworking hours : wrapping time
Totaloutput=480: 25
Totaloutput=19.2= 19 palettesper day

e  Afterusing thetrolley

Wrapping time = 13 minutes per palette
Totalworking hours =480 minutes (8 hours x 60 minutes)
hence,

Totaloutput = totalworking hours : wrapping time
Totaloutput=480: 13
Totaloutput=36.9~= 37 palettesper day

CONCLUSION

Based on the results, it is concluded that according to the results of the final REBA evaluation of the three
occupations, the plastic wrapping procedure in. PT SMC is classified as non-ergonomic, causing a high risk of ham
to the waist and right hand. By using the quality function deployment approach, a wrapping trolley is chosen to be
manufactured, and the end REBA value is 3, indicating a low risk level. In addition, there was an increase in
manufacturingoutputafter utilizing the trolley, specifically from 19 pallets/day to 37 pallets/day.
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Abstract

P.T. SMC is a filter trading company that involves business processes such as
inventory, packing, and delivery. Manual material handling activities in the
packing process are considered non-ergonomic and can lead to musculoskeletal
disorders. One of the packing process activities is plastic wrapping on crates, in
which workers carry 12 kg of plastic rolls  around a 120x120x150 cm crate,
starting from a bending position and lifting the plastic roll to a standing position.
The goal of this study was to analyze and improve the wrapping process in terms
of ergonomics and productivity. To assess the condition of activities, the Nordic
Body Map and Rapid Entire Body Assessment (REBA) methods were used. In
addition, a plastic wrapping tool is designed to help the worker in packing
activities, and the quality function deployment (QFD) method was used to
develop the design process. According to the results of the Nordic Body Map
data, many workers have a complaint of pain in the waist and right hand. Using
the REBA assessment for the existing condition was obtained the risk level of the
lower position was very high, the risk level of the middle position and the upper
position were high, while the output of the wrapping processes was 19 pallets per
day. Three tool designs were developed, and the plastic wrapping trolley was
selected as the best design. After using tools, the research shows that the plastic
wrapping procedure in. PT SMC is classified as non-ergonomic, causing a high
risk of harm to the waist and right hand. By using the quality function deployment
approach, a wrapping trolley is chosen to be manufactured, and the end REBA
value is 3, indicating a low risk level. Another benefit shows that, there was an
increase in manufacturing output specifically from 19 pallets/day to 37
pallets/day.

Keywords: Wrapping, Trolley, Design, Packing, Musculoskeletal Disorders
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1. Introduction

Many workers perform manual tasks such as pulling, lifting, pushing, carrying,
or moving an object. Every year, more than 250 million work accidents occur, and
160 workers are harmed and/or ill as a result of their jobs, according to the
International Labor Organization (ILO) [1]. Approximately 32% of workers suffers
from musculoskeletal disorders caused by excessive muscle activity.
Musculoskeletal Disorders (MSDs) [2], are caused by a variety of factors, including
repetitive and long-term non-ergonomic work, pressure, vibration, and macrolides
which are classified as the secondary causes. The risk of developing MSDs can also
be influenced by age, gender, physical strength, and anthropometry [3,4]. PT. SMC
is a filter distributor to power plants and oil companies. PT. SMC distributes their
products to the customers which includes the process of inventory, packing, and
delivery. The packing process is the primary focus of this study. The process
requires the package to be wrapped in plastic by a warehouse operator. The plastic
rolls itself have a length of 50 cm and a weight of 12 kg, with the largest package
size being 120x120x150 cm. the wrapping process occurs almost every day, and
because the operator's bends over for an extended period of time, it can cause
fatigue or discomfort in body parts, both of which have a significant impact on
work productivity.

In this Research, we use REBA to develop the tool to help operators in packing
process. A good work design can enhance productivity in working process [5, 6].
The Plastic Wrapping Tool designed to be user-friendly, reliable, and as affordable
as possible. The User-Friendly tool is more likely to be use in every packing process
by operators.

Based on the problem, it is necessary to conduct a research into the operator's
posture condition and the complaints received, so that a suitable process for
improving work conditions can be implemented. Any product can be labeled as
good if it meets the needs of the consumer. One of the most effective methods for
analyzing consumer needs is to use QFD, which can translate consumer desires and
needs into product designs with specific characteristics and technical specifications

[7]1.

2. Research Methodology

Ergonomics is a process of designing workplaces, tools, equipment, and work
environments by considering human conditions and capabilities to optimize the
effectiveness and productivity of a work system [5]. When ergonomics is applied
correctly, it allows workers to produce better work results for the company. Good
performance can also lead to increased productivity, as well as improved worker
health and safety [8, 9]. Ergonomics can be used to analyze manual material
handling process.

Manual material handling is a physical activity in the workplace to lift, lower,
push, pull, carry, or move a load object [10]. A well-designed manual material
handling can improve performance because it can reduce the accidents. Therefore,
we use the Nordic Body Map questionnaire is an assessment tool to measure pain
in the musculoskeletal area. The questionnaire is widely used to identify
musculoskeletal discomfort in operators. It is because the Nordic Body Map
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questionnaire has been standardized and specialized [11, 12]. The musculoskeletal
system itself provides shape, support, stability, and movement to the body. The
human skeleton consists of single or combined bones (such as skull) supported by
other structures such as ligaments, tendons, muscles, and other organs. The Nordic
body map assessment generally uses a questionnaire with a list of body parts. The
level of complaints given is generally based on a scale from "no pain" to "severe
pain”. The Nordic map questionnaire which is shown in Fig. 1 used to undergo the
Rapid Entire Body Assessment.

Rapid Entire Body Assessment (REBA) is a method to analyze the attitude of
workers who are sensitive to changes in work position and other hazards or
accidents that occur [2, 13]. In the literature, REBA method has been applied for
assessment the packaging worker’s body [14-16]. The REBA method also has been
used to assess the worker posture in the warehouse sectors [17, 18]. The REBA
worksheet is used to conduct the assessment, which begins by assessing each part
of the human body when performing manual handling activities [19, 20]. The
REBA assessment divides the assessment of body parts into two parts, namely A
and B. The assessment begins with measuring the scores of groups A and B, which
are then used for further measurements to reach the final REBA score.

After the final REBA score is determined, the next step is to determine the
level of risk from the manual material handling activity. Table 1 shows a range of
1 to 15 based on the final REBA score and a statement of the risk level and action
plans required for the appropriate risk level.
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Fig. 1. Nordic Body Map Questionnaire
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Table 1. REBA Risk level

REBA Score Risk Level Action Plan
1 Negligible None necessary
2-3 Low Change may be
needed
4-7 Medium Further investigate,

change soon

8-10 High Investigate and
implement change

11-15 Very High Implement change

Professor Yoji Akao developed Quality Function Deployment (QFD) in 1996
in Japan [21, 22]. QFD is a method for matching customer requirements with a
product's technical characteristics [7, 23]. The first step in satisfying customers is
to convey and live their opinion. QFD, in the form of a visual linking process,
assists the team in focusing on customer needs throughout the entire development
cycle.

House of Quality is a matrix that contains important points in the planning
process in the deployment of the quality function. Problem targeting can be assisted
by the House of Quality to find out what is most important to customers and what
technical methods can be done [7, 23]. The house of quality consists of six
components, namely customer needs, planning matrix, relationship matrix,
technical correlation matrix, and technical priority [24, 25].

1. Customer Needs Identification
The process of recording customer needs can be done through questions
and answers, questionnaires, or in direct activities. Then enter the Voice
of Customer into the customer needs matrix chart.

2. Planning Matrix
It is a matrix that serves as a tool to help prioritize customer needs.
Usually, the planning matrix contains the level of importance to customer

3. Technical Characteristics Matrix
It is a matrix that contains technical characteristics that may be realized in
an effort to meet customer needs.

4. Relationship Matrix
This matrix contains the determination of the relationship of the voice of
customer with the technical characteristics matrix and then translates it as
a value that describes the strength of the relationship.

5. Technical Characteristic Correlation Matrix
This section describes the maps that are interconnected and interdependent
on a matrix of technical characteristics.

6. There are three types of information in this matrix, namely:
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The first type is the contribution of technical characteristics to the overall product
or service performance.

a. The level of this contribution is determined by ranking the technical
characteristics based on the weight of the customer needs and interests in
part B, as well as the relationship between customer needs and technical
characteristics in part D.

b. Technical benchmarks describe information from knowledge about the
superior characteristics of competitors. The trick is to compare each matrix
of technical characteristics.

c. The target on the technical characteristic matrix is shown as a measure of
the performance of the function against the technical characteristic matrix,
which will then become the target of development activities.

There are two stages of concept selection method, the first stage is concept
screening and the second stage is called concept scoring. In this second stage, there
are six steps in the concept selection process [26], namely:

1. Prepare the selection matrix
Create sub-criteria from existing criteria, then add weight to the criteria
and sub-criteria.

2. Rate the concepts
Use a 1-5 interval scale

3. Rank the concepts
Multiply the weights by the provided scale, then sum the results to rank
each product concept.

4. Combine and improve the concepts
Examine and try to merge the inadequacies of many conceptions to
create a superior notion.

5. Select one or more concepts
Select the most promising concepts for further developed

6. Reflect on the results and the process
Reflect on the selected concepts and the selection process

3. Results and Discussion
Nordic Body Map Questionnaire Analysis

The Nordic Body Map is one of the subjective measurement methods used to assess
workers' muscle pain [27]. The results of the Nordic Body Map Questionnaire are
then analyzed to obtain a value or score; there are four levels of pain used in the
questionnaire, with the lowest being one for no pain, two for mild pain, three for
moderate pain, and four for severe pain. The values for each body part number in
the questionnaire are then averaged and is shown in Fig. 2.

Rapid Entire Body Assessment (REBA)
Samples were taken in three positions for the REBA of the plastic wrapping

process: 1) lower wrapping position; 2) middle wrapping position; and 3) top
wrapping position. The spine, neck, legs, upper arms, forearms, and wrists were all
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measured, as well as workload, clutch, and work activity values. Work attitudes are
assigned to each member of the body [4].

Muscoloskeletal Discomfort
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Fig. 2. Complaint Graph on Plastic Wrapping Process

REBA Assessment of Lower Wrapping Position

Fig. 2 depicts an operator's posture when wrapping the lower part of packaging is
a significant deviation from the normal position that increases the workload of the
muscles, resulting in more energy consumption [28]. Fig. 3, also depicts the
operator lifting a 12 kg plastic roll. When a person bends over to lift a load, the
force of the load being lifted is ten times greater felt on the spine [29, 30]. The
result of the REBA is shown in Fig. 4.

Fig. 3. Lower Wrapping Position

Journal of Engineering Science and Technology Month Year, Vol. XX(Y)
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REBA Assessment Worksheet

Lower Arm

Fig. 4. REBA Assessment of Lower Wrapping Position

REBA Assessment of Middle Wrapping Position

Fig. 5 depicts the operator's posture when wrapping the middle part. The worker's
posture shows that his back is slightly bent and his legs are bent when he is lifting
heavy plastic rolls. Irritation, inflammation, muscle fatigue, and damage to muscle
tendons and surrounding tissues are all possible with heavy loads [28]. The results
of measurements using the REBA method are shown in Fig. 6.

Fig. 5. Middle Wrapping Position

Journal of Engineering Science and Technology Month Year, Vol. XX(Y)
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REBA Assessment Worksheat

Table A Table B

LoadiForce

Fig. 6. REBA Assessment of Middle Wrapping Position

REBA Assessment of Top Wrapping Position

Fig. 7 depicts an operator's posture during the upper wrapping process. The angle
is calculated based on this posture. Fig. 7 also depicts the legs resting on both
straight legs. This foot position provides stability at work, preventing the worker's
body from slipping. The result of the REBA measurement is shown in Fig. 8.

Fig. 7. Top Wrapping Position
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REBA Assessment Worksheet

Table A Table B

Load/Force Upper Arm

[

Table C
Actlwi

REBA Score

Lower Arm

Fig. 8. REBA Assessment of Top Wrapping Position

Voice of Customer Data Analysis

We have gathered seven important points of Customer Needs and then proceeded
to determine the importance level for each customer needs. Determining the
customer importance level helps to determine the most important needs or
expectations of consumers [31, 32]. The assessment starts from the level of
importance 1 to 5. Level 1 indicates very unimportant and level 5 indicates very
important. Table 3 displays the final result derived from the average value of the

two responders who handle the plastic wrapping procedure.

Table 2. Customer Needs / Voice of Customer

No. Customer Need Respondent  Importance
1 2

1 The wrapping tool can grip the plastic roll 5 5 5

2 The wrapping tool is height adjustable 5 5 5

3 The wrapping tool is able to withstand the 3 5 4
weight of the plastic roll of 10-12 kg

4 The wrapping tool has a simple and 5 3 4
lightweight shape

5 The wrapping tool is in the form of a 4 5 4;5
machine or a working tool

6 The working tool is easy to operate 5 5 5

7 The wrapping tool's price is affordable 5 4 4;5

Journal of Engineering Science and Technology

Month Year, Vol. XX(Y)



10 M Yani Syafei et al

Table 2 explains the level of importance in determining the response of the three
main techniques, namely equipment that can hold plastic rolls, can be adjusted
easily in height, and can be operated easily.

Determining Customer Specifications

Metrics are determined as the initial stage in defining customer specifications.
Metrics are used to define product features that can meet consumer expectations.
Each metric is assigned a unit description to make determining product
specifications easier [26]. The list of metrics is shown in Table 3.

Table 3. Product Specification

No. No. Metric Importance Units
Metric Need
1 1 Plastic roll mounting 5 Binary
2 2 Adjuster feature on the 5 Binary
plastic roll's gripper
3 3 Maximum load 4 kg
4 4;5 Number of tool’s variant for 4 List

maintenance

5 4;5 Product size (L x W x H) 4 mm
6 4 Product weight 4 kg
7 5;6 Wrapping process time 4 minute
8 4;5;6 Time to install the plastic roll 4 minute
9 7 Manufacturing cost 4 Rp

Customer needs and metrics are related. Table 3 shows that attribute number
1 is related with plastic roll mounting metrics. Then, attribute number 2 has a
relationship with the adjuster feature on the plastic roll clamp. Meanwhile, attribute
number 3 has a relationship with the load that can be held and attribute number 4
has a relationship with the number of variants of tools for maintenance, product
dimension, weight of tools, as well as the time to install plastic rolls. Attribute
number 5 has a relationship with the number of variants of tools for maintenance,
product dimension, wrapping process time, and plastic roll installation time.
Meanwhile, attribute number 6 has a relationship with the time of the wrapping
process and the time of installing the plastic roll. In addition, attribute number 7
has a relationship with manufacturing costs.

Journal of Engineering Science and Technology Month Year, Vol. XX(Y)
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Screening Process

The product design is created during the screening process. The design concept
developed at this stage is the interpretation and development of the product
planning process's characteristics [33, 34]. Figs. 9-11 show three concept concepts
that have been designed.

Fig. 9. U-shape Wrapping Holder

@

Fig. 10. Stick Wrapping Holder

Fig. 11. Wrapping Trolley

After making product concept ideas, the following step is to evaluate the
product concept. The purpose of the screening scoring step is to assign a score to
each product concept based on customer needs, by giving a plus or minus value.
The plus value means that the product concept has strength against its criteria.
While the minus value means that the product concept has a weakness in its criteria
and a value of zero means that the product concept has a neutral value in its criteria.
After the screening process, the results show that wrapping trolley and wrapping
holders are the two highest rankings. The two selected concepts then be subjected
to a scoring process to obtain the weight criteria for each concept (see Table 4).

Journal of Engineering Science and Technology Month Year, Vol. XX(Y)
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Importance weight shows the total level of interest of respondents to a product
design attribute. Meanwhile, relative weight shows the value of the relative
importance of the weight of other product design attributes [35, 36].

According to Table 4, the concept chosen is wrapping trolly, which has a total
score of 352. The following step is production planning, which is the process of
developing relationships and aligning the features of the process with the
characteristics of the production department's wishes [33] [34].

House of Quality for Wrapping Troller

The House of Quality which was developed in making trolley wrapping is presented
in Fig. 12, explaining the demanded quality (customer requirements), quality
characteristics (functional requirements), direction of the improvement and
competitive analysis.

Concept Development

At this stage, product development, testing, and evaluation involves various
constructions of various versions using the initial production method of the product
to be developed [26]. Several factors must be addressed in the production of the
wrapping trolley: The main pole must be adjusted to the average height of the
container, so it is 155cm in length. The trolley's strength must be good enough to
hold a plastic roll weighing 12 kg, which is the trolley's mass. Although the
wrapping trolley must be strong, it must also be small. So that the wrapping trolley's
weight does not exceed 15 kg. Fig. 13 shows the finished product of the wrapping
trolley.

Table 4. Concept Assessment with Scoring

Importance Weight U-shape Wrapping Stick Wrapping Holder Trolley Wrapping
Holder
Rating Weighted Rating Weighted Rating Weighted
Score Score Score

Function 5 22
The wrapping 5 11 3 33 3 33 3 33
tool can grip the
plastic roll
The wrapping 5 11 1 11 2 22 3 33
tool is height
adjustable
Maximum load 4 18
The wrapping 4 18 3 54 3 54 3 54
tool is able to

withstand the
load of the plastic
roll of 10-12 kg

Journal of Engineering Science and Technology Month Year, Vol. XX(Y)
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Characteristic

The wrapping
tool is in the form
of a machine or a
working tool

Portability

The wrapping
tool has a simple
and lightweight
shape

The working tool
is easy to operate

Price

The wrapping
tool's price is
affordable

Total Score

Rank

4.5

4

4.5

4.5

4.5

4.5

225

20

20

20

12

20

20

20

32

48

100

298

20 3 60

32 4 32

48 5 60

100 4 80

309 352

Journal of Engineering Science and Technology

Fig. 12. Final Design of Wrapping Trolley
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Fig. 13. House of Quality
4. Result of the Implementation
Nordic Body Map Results

The NBM questionnaire employs a Likert scale, which must be operationally
defined and easily understood by respondents [13]. Wrapping trolley aids that had
been used for one month were re-evaluated using a Nordic Body Map questionnaire
to determine complaints of musculoskeletal disorders. Fig. 14, shows a graph of the
results of the Nordic Body Map questionnaire, which shows a decrease in the level
of complaints at the waist, but it is still quite high for complaints around the hands,
especially the wrists, because the operator still has to control and push the wrapping
trolley while surrounding the pallet.
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Comparison of Nordic Body Map Before & After Improvement

w A O ® N 0 ©

Average score
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——
—

| ¥ Before
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&

Location of complaint

Fig. 14. Comparison Graph of Nordic Body Map
REBA Score Improvements

Following the implementation of the wrapping trolley, the REBA score decreased
to 3, indicating a low-risk activity and an action plan was not urgently required.
Figs. 15 and 16, depicts the operator's position standing upright on both feet. There
are benefits to this position, such as the ability to use body weight to exert strength,
legs working more effectively in dampening vibrations, and also reducing muscle
activity [37].

Fig. 15. Usage of Wrapping Trolley
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REBA Assessment Worksheet

Table B

Upper Arm

Lower Arm

REBA Score

Fig. 16. REBA Assessment After Implementation

Productivity Improvement

Work productivity is defined as the ratio of output to input. Knowing the value of
productivity also reveals how effectively the input sources have been saved [38].
To see the details of the productivity output calculation, the following calculation
compares the quantity of production output produced before and after using the
tool.

« Before using the trolley
Wrapping time = 25 minutes per palette
Total working hours = 480 minutes (8 hours x 60 minutes)
hence,
Total output = Total working hours : wrapping time
Total output =480 : 25
Total output = 19.2 =~ 19 palettes per day
« After using the trolley
Wrapping time = 13 minutes per palette
Total working hours = 480 minutes (8 hours x 60 minutes)
hence,
Total output = total working hours : wrapping time
Total output =480 : 13
Total output = 36.9 =~ 37 palettes per day
5. Conclusion

Based on the results, it is concluded that according to the results of the final REBA
evaluation of the three occupations, the plastic wrapping procedure in. PT SMC is
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classified as non-ergonomic, causing a high risk of harm to the waist and right hand.
By using the quality function deployment approach, a wrapping trolley is chosen to
be manufactured, and the end REBA value is 3, indicating a low risk level. In
addition, there was an increase in manufacturing output after utilizing the trolley,
specifically from 19 pallets/day to 37 pallets/day.
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