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ABSTRACT

The sustainability of the SMEs depends on how the SMEs could compete with their
competitor. Utilizing technology is a way that can be used to survive in those competitions.
Unfortunately, some of the SMEs in Indonesia could not afford to utilize the technology
due to financial problems. Therefore, the aim of this research is to create an ergonomic
working environment by utilizing the technology through the design of the press and
molding machine. In its application, the concepts of Rapid Entire Body Assessment (REBA)
and Rapid Upper Limb Assessment (RULA) were used to assess the working posture. The
results of this assessment show that the working environment of this SME, especially in
the pressing and molding process was not ergonomic and need to be improved. The given
improvement is in the form of press and molding machine design and its prototype. The
designing process was done using the concept of Quality Function Deployment (QFD). On
the other side, to assess the level of success for the given design and machine, the REBA and
RULA assessment was carried out. The results of the REBA and RULA assessment for the
new machine showed that it could decrease the previous score of both REBA and RULA.

The results of this research are expecting to

increase the production capacity, minimizing

the occurrence of MSDs, and improving the
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INTRODUCTION

The use of technology has an important role both in big company and SMEs. With the
existence technology, it can provide convenience in all aspects and even the users seem to be
spoiled by the various conveniences that can be done. Besides, the use of technology could
help the company to increase their competitiveness (Ahmedova, 2015). In contrary, many
SMEs in Indonesia has a lot of difficulties such as lack of skills, funding, and technology
which could decrease the ability to increase the competitiveness (Maksum et al., 2020).
Whereas according to Ramayah et al. (2005) maintain the business competitiveness is the
most important factor to keep the SMEs sustain in the long-term business survival.

The use of technology considered as an innovation in the business and machinery is
categorized as a technology tools in the business operation (Rahman et al., 2016). The use
of machinery in SMEs could shorten the production time, produce a product with a precise
size, so that in the future it will be able to meet the market demand. Moreover, the use
of machinery could minimize the occurrence of musculoskeletal disorders (MSDs) since
most of the machine was made based on the certain health standard and pay attention to
the user safety. MSDs are the injuries or pain in the joints of the body, ligaments, nerves,
muscles, and structures that support the body or it can be called as a disorders that affect
the movement of the body or the human skeletal muscle system (Revadi et al., 2019).
Punchihewa (2010) stated that force (load), repetition, and posture such as prolonged
static loads and forceful exertion, the extreme postures, and repetitive motion are the main
factors that could causes MSDs.

This research was conducted in one of SMEs which produce cassava chips and located
in Tulungagung, East Java, Indonesia. This SMEs produce chips using traditional tools,
to be exact, they mold the chips by the fork and press it. Those action has been done
in repetitive. In the long-term, this matter could lead to the musculoskeletal disorders
(MSDs). Besides, since this process was done manually, it can affect the size of the chips.
The results of observations in the field showed that the chips have a different diameter
and thickness. Therefore, an effort is needed to deal with these various problems. The
objective of this research is to design the ergonomic press and molding machine using
the concept of ergonomic and Quality Function Deployment (QFD). In the future, this
machine design is expected to be able to increase the production capacity, produce chips
with more precise size, and be able to reduce the possibility of MSDs due to repetitive
motion. Furthermore, in the long-term this machine is expected to be able to increase the
competitiveness of this SMEs.

LITERATURE REVIEW

Biomechanics studies the strength, endurance, speed, accuracy, and limitations of humans
in carrying out the activities. This factor is closely related to material handling activities,
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such as manual lifting and moving, and other jobs that involve a lot of body muscles.
Besides, work posture is a determining point in analyzing the effectiveness of a job. If the
work posture that has been carried out by the operator is good and ergonomic, then it can
be ascertained that the results obtained by the operator will be good, but if the operator’s
work posture is wrong or not ergonomic then the operator will be easily tired, and it may
cause the MSDs. If the operator is easily tired, the results of the work will also decrease
and are not as expected (Akshinta & Susanty, 2017).

Rapid Upper Limb Assessment (RULA) is the survey method in ergonomic which
is used as an investigation tools in determine the MSDs. It is the simplest, easiest to
understand, and quick to complete. This method used to assess the biomechanical and the
work postures based on the body position while doing the activity. The assessment of RULA
can be done with the help of RULA worksheet that has been proposed. RULA assessment
is mainly focus on the upper body, which consist of neck, trunk, upper arm, and lower arm.
Besides, this method also assess the function of muscle and the loads (Ijaz et al., 2020).
RULA is a method to analyzing the ergonomics of a work posture with the use of the upper
body. RULA analysis is carried out if there is a report about the complaints in the upper
body caused by unergonomic postures. The RULA method is easy to use because it does
not require any special equipment in its implementation. Some of the factors analyzed
by the RULA method are work position in a static state, workload, work period, and also
muscle energy used (Tiogana & Hartono, 2020).

Meanwhile, Rapid Entire Body Assessment (REBA) is the most detailed assessment
since it assesses all the movement of the entire body while doing the activity. This method
was developed to evaluate the potential work related to the MSDs. Besides, REBA was
designed to make it easy to understand and there is no need for the high skill or expensive
equipment. The REBA worksheet and a stationary was the things that needed when
conducting this assessment (Tiogana & Hartono, 2020). The aim of this method is to divide
the body to a different portion then separately assess it based on its angles. As well as the
RULA, the REBA assessment was conducted using the help of REBA worksheet. In this
assessment, the scores were obtained from the body postures alignment, the weight on
muscles and the coupling scores. The final scores of REBA assessment is the summation
of values from both groups. According to Ijaz et al. (2020) the loading of biomechanical
and postural has always been successfully assessed using this simple worksheet. The scores
were obtained from a different body part such as trunk, neck, and legs in the section A,
whereas the section B consist of the assessment of the upper and lower arm, wrist, and wrist
twist. In the section C, the summation of both score in section A and B was conducted. The
REBA assessment could highlight and determine the level of urgency.

The use of RULA and REBA assessment made the analysis of work posture are easy
and reliable. Moreover, Kee et al. (2020) stated in their research that RULA is the best

Pertanika J. Sci. & Technol. 29 (3): 1595 - 1608 (2021) 1597



Silviana, Andy Hardianto, Naif Fuhaid and Dadang Hermawan

technique that could be used for assessing the working posture. On the other hand, some of
the research also highlighted the use of this method if it will be used alone or combined it
with other method. Punchihewa (2010) stated that conducting the REBA technique without
being combined with other method will be failed to give the best solution to minimize the
MSDs. It will be better if the designing process was included in those assessment. Therefore,
in this research the designing process using QFD will be included.

Quality Function Deployment (QFD) is the deployment tools which is widely used
in the total quality management (TQM). QFD is a process to translating the requirements
of customer into the technical requirements of a product. This process started with
capturing the voice of customer into the product and fed into the product through the
technical definitions of each customer demand in the effective way (Shil et al., 2010).
In the product planning, a trade-off will be reached if the customer requirements and the
technical adaptability are be depicted through the house of quality (HOQ). QFD approach
is based on the deploying consumer expectations (What) in term of design and production-
parameters (How). The correlations between what and how will be explained in the HOQ
matrix. This matrix allows the integrations between the related elements to analyzing
the product competition and to identifying the synergies and the contra-dictions between
different characteristic of the product. Thus, this matrix offers the advantages for the user,
the designer, and also for the decision maker of the product development (Marsot, 2005).

RESEARCH METHODOLOGY

This study was conducted at the Cassava Chips-SMEs in Tulungagung, East Java,
Indonesia. This research was divided into three main stages, first is the observation in the
field, followed by an assessment of work posture using the REBA RULA method, and
ended by the designing process. The results of the observation in the field showed that
this SME was facing problems such as the use of traditional equipment that causes the
chips has a different size, and the work environment which is not ergonomic. Therefore,
the objectives of this research are to designing the press and molding machine that can be
used to minimize those problems. Figure 1 shows the stages of this research.

This research began with the observation stages, this stage has been done to find out
the problems that are currently faced by this SME. The next step is to conduct the literature
review. This step is done to find out the appropriate method that can be used to solve those
problems. After finding out the appropriate method, the next stage is the assessment. This

Observation > Assessment > Designing

Figure 1. The stages of the research
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assessment is conducted to assess the current condition and to double-check the working
posture during the production process. The concepts of REBA and RULA were used to
conducting that assessment. The results of the assessment will be used as a reference in
designing the machine. The last stages, the designing stages was conducted using the
concept of QFD. The designing process was done according to the voice of the customer and
prioritizing scale in the HOQ matrix. The designing process also includes the prototyping
of the machine.

RESULTS AND DISCUSSION

The results of field observations indicate that this SME is still using traditional equipment
in its production process. Even though it has a large market demand, in practice the
carried-out production capacity is still insufficient. This is due to inadequate production
equipment. This SME produces cassava chips as its main product. The process of making
these chips begins with peeling the cassava skin, which is the main ingredient, then the
cassava will be milled and stored in the refrigerator for two days. The cassava dough that
has been stored in the refrigerator for 2 days will be mixed with various spices, stirred,
and molded. The molding process was done in the standing position and was traditionally
undertaken using the help of a tray and fork. A tablespoon of the dough will be pressed into
the tray and will be molded using a fork. The molding process is carried out repetitively
so that in the long-term it may cause MSDs. In addition, due to the manual use of tools,
the results of the molding also have different thicknesses and diameters. So, it can be said
that this traditional pressing and molding process is able to have a negative impact on the
sustainability of this SME. Therefore, it is necessary to design the ergonomic press machine
so that the negatives impact can be reduced.

The next step of producing the cassava chips is steaming. The cassava dough that has
been molded will be steamed for approximately 4-5 minutes. After being steamed, the
dough will be dry in the sun for about 2-3 days. The last step is the packaging process,
this SME produced 2 kinds of chips package that is the raw and the cooked one. All those
variants will be packed in 2 ounces or 1 kg packaging. In this research, the focus will be
on the pressing and molding process since it has a problem that needs to be improved. The
improvement begins with conducting the assessment using REBA & RULA concepts. The
objective of this assessment is to check or assess the current work posture in the pressing
and molding process. Figure 2 shows the results of the REBA assessment.

Figure 2 explain the step of conducting REBA assessment. The results of the assessment
showed that the REBA score is 5 which means that the work posture in pressing and
molding process are in the medium risk and further investigation and change are needed.
This matter will be used as a reference to design the machine. Furthermore, the RULA
assessment was also carried out. Figure 3 shows the step of RULA assessment.
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Table A

Posture Score A
Step 6: Add Muscle Use Score

If posture mainly static (i.e. held>10 minutes),
Or if action repeated occurs 4X per minute: +1

Step 7: Add Force/Load Score

If load < .4.4 Ibs. (intermittent): +0

If load 4.4 to 22 Ibs. (intermittent): +1

If load 4.4 to 22 Ibs. (static or repeated): +2

If more than 22 Ibs. or repeated or shocks: +3

Step 8: Find Row in Table C
Add values from steps 5-7 to obtain
Wrist and Arm Score. Find row in Table €

1

Muscle Use Score

0

Force / Load Score

4

Wrist & Arm Score

Scoring: (final score from Table €)
1-2 = acceptable posture
3-4= further investigation, change may be needed
5

further investigation, change soen
7 = investigate and implement change

5

RULA Score

REBA Employee Assessment Worksheet Task Name: Date:
A. Neck, Trunk and Leg Analysis Scores B. Arm and Wrist Analysis
$tap 1 Locate Neck Pasition Table A Neck Step 7: Locate Upper Arm Position:
10200 |n®<1£n5mn 1 3
“ /( 2
L85 102034 @234 1)2[3[4]| (4 (&
Neck Score 1 1234 2 3 4/3/3/56 i extansi
2( Tunk 2 2 3 4 5 4564567 4
+3
SteDla Amust Posture (S s s s sl 200 20-45°
: “" . sore 4356745786789 seprmadot,
9 5 4678 7 8 9 7 B 9 9 Ifshoulderlsraised: +1 5
If upper arm is abducted: +1
Sl!P 2: Locate Trunk Pﬂslﬂﬂ" If arm is supported or person is leaning -1 Upper Am Score
\ Steo 8: Locate Lower Arm Position:
, + +2
+2 / 1
StED 2a: Adjust... & Lower Arm Scare
If trunk is twisted: +1 3
If trunk is side bending: + Trunk Score Step 9: Locate Wrist Position:
Step 3:Legs ﬁ?
( 1
§( \ \ ﬁ
15
| ] \ Adjust: | ' B Table C Wrist Score
)i 30-60° B0
/f ) )4 - Leg Score Score A Score B Step Sa: Adjust..
| (‘ {4 / o [ If wrist is bent from midline or twisted : Add +
L# (L 2 B AddH fl Add+2 1245678910112
Step 4: Look-up Posture Score in Table A 111 233456777 S‘fl’ 1?= L?Gk-up P?;h;re Slcore in TablTe: . 1
Usingvalues from steps 1-3 above, 4 2 121344566 7 7 8| Usnevalesiomseps7gasos localescoreinTable
Locate score in Table A 3 203 34567732388 :ﬁrr-x;pﬂd glwpgng:@re ) 0 Posture Scere B
Posture Score A /el fitting Handle and mid rang power grip, good: +
Step 5: Add Force/Load Score S ~ Al o table bt ot ideal hand hold or cou
If load <11 Ibs. : +0 5 4 4 5 6 7 8 8 9 9 9 9 acceptable with another body part, fair: +1 2
If load 11to 22 Ibs.: +1 0 6 6 6 7 8 8 9 9 10101010 Hand hold not acceptable but possible, poor: +2
If load > 22Ibs. 42 p Coupling Score
At 1 hoek el build up of - 7 77 8 § 9 9 1010 11 11 11| No handles, awkward, unsafe with any body part,
just Irshock or rapid bulld up of foree: & Force/leadSeore | g g g 4 g 1010 10 10 10 11 11 11| Unacceptable: +3
Step 6: Score A, Find Row in Table C 4 9 9 9 10 10 10 11 11 11 12 12 12 Step 12: Score B, Find Column in Table C
Add values from steps 4 & 5 to obtain Score A. 10 10 10 11 11 17 17 12 12 12 12 12|  Add values from steps 10 &11to obtain 3
Find Row in Table C. Score A IERRETIET] 111212 12 12 12 12 12 12 gmrei Find cfo\umntmT;I:IECmar]d ;_m;tlchcwisth oo s
E— 12 121242 12 12 12 12 12 12 12 12 12 Seore Ainrawfiom step 6 to obtain Table C Score.
IREChey Step 13: Activity Score
e @y D TEsi a 1 5 +11 or more body parts are held for langer than 1 minute (static)
4 S (I s e aim Er e CE, +1Repeated small range actions (more than & per minute)
8-10 = High Risk. Investigate and Implement Change Table C Score Actiity Score REBA Score +1Action causes rapid large range changes in postures or unstable base
11+ = Very High Risk. Implement Change
Figure 2. The results of REBA assessment
A. Arm and Wrist Analysis cores Wrist Score B. Neck, Trunk and Leg Analysis
Step 1: Locate Upper Arm Position: Table A Step 9: Locate Neck Pusltlnn'
@| s 4 mmw
— Wrist Wrist Wrist Wrist 43
PPer [LOWET 1 it Twist Twist Twist Neck score
45-90° Arm  Arm +4 (
in extensi 121 ')1 21 2 \ A
+3 1 2 2 2 333 ‘S;EP’?(E»A“%U?.& ]
20-45° neck is twisted: +
1 2 222 3333 N N
SIEp'\aIAdJusL.. — I AEIEIE If neck is side bending: +1
If shoulder is raised: +1 Step 10: Locate Trunk Position:
2 Q—Hﬂ——)—t—i—‘-
If upper arm is abducted: +1 — B e
If arm is supported or person is leaning;: -1 Upper Arm Score @
Step 2: Locate Lower Arm Position: 3 34 4 4455 © Sons0e
- ] 1 33444455 @
§ +1 — —~ 3 202 4 4 4.4 5 3 /
K9 3+ 4 afasss] Q] St
g e e lep ju
1:%7 1 ! LEIE 4/5/5]5 If trunk is twisted: +1 5
4 2 4 4 4 4555 If trunk is side bending: 1
\ g qd 41 Lower Am score 30 4 4 4 55 6 6 Step 11: Legs: Trunk Score
Step 2a: Adjust... - BHBE 5667 ::Iégks i;dfselars supported: +1
If either arm is working across midline or out to side of body: Add +1 5 2 566 6 777 nof SRR - 1
. . able B: Trunk Posture Score
Step 3: Locate Wrist Position: i 3 6|66 LARARAR = 2 4 6 Leg Score
1t 155 i 1777 7889 POSUIE | s e Legs Legs Legs
-------- == M acas1| 6 2 8 38 8 89909 Sore 3 212@2121212
5 ’ ; 3 9 9 9 9 9 9 9 1 1323 4556677
Step 3a: Adjust... Rl 18 } Truni oy 2 2323 5556777
ifwrist is bent from midline: Add +1 Tobiec  (NectTmnKiLes
Step 4: Wrist Twist: 2 2 InEE HE B 5 c(5 6} 7i7i7/7/7/8/8
Ifwrpwst\stwwstedinmidrrange'ﬂ - EEEJEIE 515 3 7171717 siejslsls 88
Ifwnst\satnrnearendufranée:&2 Wrist Twist Score Wrist Score 2223 4 55 € 838388 8/89999¢9
. 3333 4 5 6 : - i :
Step 5: Look-up Posture Score in Table A: Step 12: Look-up Posture Score in Table B:
Using values from steps 9-11 above,
Using values from steps 1-4 above, locate score in 3

locate score in Table B

Step 13: Add Muscle Use Score
If posture mainly static (i.e. held>10 minutes),
Or if action repeated occurs 4X per minute: +1

Step 14: Add Force/Load Score

Ifload < .4.4 Ibs. (intermittent): +0

Ifload 4.4 to 22 Ibs. (intermittent): +1

Ifload 4.4 to 22 Ibs. (static or repeated): +2

If more than 22 Ibs. or repeated or shocks: +3

Step 15: Find Column in Table C
Add values from steps 12-14 to obtain 5
Neck, Trunk and Leg Score. Find Column in Table €. o Ty, Legscore

Posture B Score

1

Muscle Use Scare

0

Force / Load Score

1600

Figure 3. The results of RULA assessment
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The results of the assessment showed that the RULA score is 5 which means further
investigation and change are needed soon. The risk assessment that has been done using
REBA and RULA concepts needs to be combined with other methods to providing the
appropriate solutions. According to Punchihewa (2010), some researchers used the REBA
technique to assess the risk of MSDs but it is not combined with other methods. As a result,
those tools failed to provide the best solution to minimize the MSDs. This method might
be useful if the designed process is integrated to help the designers to communicate about
the requirements. QFD is the potential method that could improving this drawback. QFD
is a helpful method that could communicating the requirements for the design with other
information of the product design. Besides, QFD also known as the powerful tool in fulfills
the customer satisfaction by translating the voice of customer in the designing or product
development (Shil et al., 2010). On the other sides, Hashim and Dawal (2012) stated that
QFD can be used as a tools to help the prioritizing process of the design requirement based
on their important values so that the customer expectations can be fulfilled. Considering
the advantages of QFD, therefore the designing process of press and molding machine
will be conducted using QFD.

The first step before designing the HOQ matrix is to propose the list of the voice of
customers. This step was conducted through the interview with the employee of this SME.
The results of the interview will be used as the statement in the questionnaire. A Likert
scale from 1 to 5 was used to give the answer. The questionnaires will be distributed to
all the employees and the owner, which is a total 30 number of people. The results of the
questionnaire will be evaluated using reliability tests and validity tests. The aim of this test
is to determine the validity or suitability of the questionnaire which is used by researchers
to obtain data from respondents. The reliability and validity tests were conducted using
the help of SPSS software. Figure 4 shows the results of the reliability test.

Figure 4 shows that the data obtained from the respondents are reliable since the
Cronbach’s Alpha is 0.426 which is greater than the score of the R table, 0.361. Therefore,
it can be concluded that the data was reliable and consistent. Meanwhile, to figure out the
validity of the data, a validity test was conducted. Figure 5 shows the results of the validity
test using SPSS.

The results of validity tests using SPSS shows that the value of Pearson Correlation to
all the variable has a greater value than the R table which is 0.361. Therefore, it concluded
that the used data was valid. Furthermore,

all the gathered voice of customers will be
Reliability Statistics

Cronbach's Alpha N of Items
,426 7

used and placed in the left-hand column
of HOQ matrix. Meanwhile, the technical
requirements will be identified by the QFD
team or in this research is known as the

Figure 4. Results of Reliability Test
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\%! \ V3 V4 V5 V6 V7 Total
V1 Pearson Correlation 1 -0.027 0.074 0.137  0.091 -0.087  0.201 0.428"
Sig. (2-tailed) 0.889  0.697 0472  0.631 0.647 0.286 0.018
N 30 30 30 30 30 30 30 30
V2 Pearson Correlation -0.027 1 -0.039 0.398"  0.014 0216  0.000 0.475™
Sig. (2-tailed) 0.889 0.838 0.029 0943  0.251 1.000 0.008
N 30 30 30 30 30 30 30 30
V3 Pearson Correlation 0.074 -0.039 1 0.339  0.000 -0.183 0.473™ 0.465™
Sig. (2-tailed) 0.697  0.838 0.067 1.000 0.334  0.008 0.010
N 30 30 30 30 30 30 30 30
V4 Pearson Correlation 0.137 0.398"  0.339 1 0040 0.120 0.136 0.652""
Sig. (2-tailed) 0472 0.029 0.067 0.835 0.527 0472 0.000
N 30 30 30 30 30 30 30 30
‘A Pearson Correlation 0.091 0.014  0.000 0.040 1 0.013  0.069 0.373"
Sig. (2-tailed) 0.631  0.943  1.000 0.835 0.946  0.715 0.042
N 30 30 30 30 30 30 30 30
Vo6 Pearson Correlation -0.087 0.216 -0.183 0.120  0.013 1 0.066 0.367"
Sig. (2-tailed) 0.647 0251 0.334 0.527  0.946 0.728 0.046
N 30 30 30 30 30 30 30 30
\%i Pearson Correlation 0.201  0.000 0.473"™ 0.136  0.069  0.066 1 0.569™
Sig. (2-tailed) 0.286  1.000  0.008 0472  0.715 0.728 0.001
N 30 30 30 30 30 30 30 30
Total Pearson Correlation 0.428" 0.475™ 0.465"  0.652" 0.373" 0.367" 0.569" 1
Sig. (2-tailed) 0.018  0.008 0.010 0.000 0.042 0.046 0.001
N 30 30 30 30 30 30 30 30

Figure 5. The Results of Validity Test using SPSS
*. Correlation is significant at the 0.05 level (2-tailed).
**_Correlation is significant at the 0.01 level (2-tailed).

researchers. Besides, the relationship between the customer requirements and technical
requirements were also generated by the QFD team. In the right-hand column, competitive
analysis was performed with five competitors. The relations between the technical
requirements and the degree of difficulty were established based on the knowledge of the
experts, and also the recommendations of the consultants (Erdil & Arani, 2019). Figure 6
shows the proposed HOQ that has been done in this research.

The results of the HOQ matrix show that the voice of customer which has the highest
importance level, respectively are the conveniences while using the machine, user friendly,
has an ergonomic design, and can increasing the production capacity. Therefore, the
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9 | 103 | 30 |Safety 9 (o] [e] (o] A (o] o 0o 4 3 4 - 2 3
2 2 s |z |2 ;
i L5 8 |5 |e e
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5 23 AR
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= SE | % e §£ gs §£
2 BT 8 1B |5 |E |8
g 2= |8 |8 |8
3 3 3 2 2 3 3 3
B 5 5 B B B B
596.6 | 3483 | 39,0 | 293.1 | 2370 | 3066 | 3966 | 3%6.6
197 | 15 | 122 | o7 | 7.8 | 134 | 434 | i34

Figure 6. The HOQ Matrix

Figure 7. The design of pressing and molding machine

given design of press and molding machine will be referring to those attributes so that the
customer satisfaction can be fulfilled. Figure 7 shows the proposed design of pressing and
molding machine.

According to the voice of a customers, the provided machine design is ergonomically
designed in such a way as to provide conveniences to its users. Hence, the size of the
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Explanation:
: Upper Frame (Hollow)
: Pressing Frame (Hollow)
: Base Frame (Hollow)
: Pole axle
: Pole Shaft Frame
: Lever pole
: Lever shaft bosses
: Pressing spring(1 Peer)
: Supeeror hook
- hill lever
: pressure plate (Stainless)
Pressure plate base (Stainless)

fRCCFmDoaTmmgoawy

Figure 9. The prototype of pressing machine

machine is being concerned so that the fatigue could be reduced. Besides, to avoid fatigue
when doing the pressing and molding process, the machine design will be placed on the
table so that the body position while doing the pressing and molding is in a sitting position.
Figure 8 shows that it has a user-friendly design so that it will be easier to use, even the
maintenance process is easy to do. This design is expected to increase the number of
production capacity of this SME. Figure 9 shows the prototype of this design.

Figure 9 shows that the machine was executed by hand but in an ergonomic manner.
Besides, this machine was made for the sitting position. The used material consists of iron
and stainless steel. As stated in the previous section, this SME still utilizes the traditional
equipment to do the pressing and molding process, and which done manually so that it
will take a long time to press and molding the chips and resulting in the differences in both
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A. Neck, Trunk and Leg Analysis Scores B. Arm and Wrist Analysis
Step 1: Locate Neck Position Table A Neck Step 7: Locate Upper Arm Position:
1620 s i termcn o 2 3 \ ( 3 a
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(s (4 53 4564567 LR N L1
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Step 1a: Adjust... €45 67567 8 Wiy w ' e
If neck is twisted: +1 756786789 Step 7a: Adjust...
If neck is side bending: +1 8 6 768 % 7 8 9 9| Ifshoulderis raised: +1
If upper arm is abducted: +1 1

Step Z: Locate Trunk Position

+H P a0 If arm is supported or person is leaning: -1

Upper Arm Seare

Ste 8: Locate Lower Arm Position:

Lo+2
\ 2

‘ ) - il

kf\%\&; :l-’<:‘“’ Lower Arm Scare
1

Step 9: Locate Wli:!st Position:

Step 2a Adjust..
If trunk is twisted: +1
If trunk is side bending: +1

X o
Step 3: Legs (o] 7\? a _» b9 p
1 L 14 15 ---xb:h 3
111 | Adjust: | | il Wrist Seore
V) Yy e )3/
] {4 Score B Step 9a: Adjust..

|4 If wrist is bent from midline or twisted : Add +1
| [ [ Add 1 Add +2 2345678910112
Step 4: Look-up Posture Score in Table A 7 i 2 3 3 4 5 o 7 3.3 St_ep 10: Look-up Posture Score in Table B 4
Using values from steps 1-3 above, 1 F 3203 445 § g 7 7 g Ueingvaluesfrom sieps 73 sbove, lacate score in Table B
Locate score in Table A 3 33345677838 8 3\(@{[1 1: A:‘ld :Ioup:j[ng.dscore ) o Posture Seare B
Posture Scare A 2 ell fitting Handle and mid rang power grip, good:
Step 5: Add Force/Load Score 4 A/4/4]5]6/7/8/8/9]9]9 Acceptable but not ideal hand hold or coupling 0
Ifload < 11 Ibs. : +0 5 44567 8899 9 9 acceptable with another body part, fair: +1
Ifload 11 to 22 Ibs. : +1 0 [ 6 6 7 B 8 9 9 10101010 Hand hold not acceptable but possible, poor: +2 Coupling Score
|fd|ﬂacl ’HZZh“JSl;: +2 — . 7 7 7T B 9 9 9 101011 11 11 Nohandles, awkward, unsafe with any body part,
Adjust: If shock or rapid build up of force: add 1 Farce / Load Seare - 5 5 5 101010101011 11 11 Unacceptable: +3
Step 6: Score A, Find Row in Table € 1 9 9 9701010 11 11 11 121212 Step 12 Score B, Find Column in Table C
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Find Row in Table C. Seare A 171 3 12 12 12/ Score B. Find column in Table C and match with
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. — .. ,-| ScoreAin row from step € to obtain Table C Score. Score B
Scoring 12 Ru1rRRIZIZIZIZIZN
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2-3 = Low Risk. Change may be needed. 2 +11 or more body parts are held for longer than 1 minute (static)
= Medium Ri = +1 Repeated small range actions (more than dx per minute

4-7 = Medium Risk. Further Investigate. Change Soon. 1 1 1 fepeated small ra tians { than 4x ]
8-10 = High Risk. Investigate and Implement Change — petvty Score AEEA Score +1 Action causes rapid large range changes in postures or unstable base

11+ = Very High Risk. Implement Change

Figure 10. The Results of REBA assessment

the thickness and the diameter. Some of the advantages offered by this machine are the
molding time is 0.5 minutes per tray which is 16 chips in a tray, the used of this machine
could minimize the occurrence of fatigue, has a strong and stable construction, and utilizes
the food grade material. On the other side, to prove that the given design has been able
to reduce the problems faced by this SME, the assessment using REBA and RULA was
conducted once more. Figure 10 shows the results of the REBA assessment meanwhile
Figure 11 shows the results of the RULA assessment.

The results of the REBA assessment show that the score of REBA was 2 which is means
that the new machine has a low risk, and the change may be needed. When compared with
the previous assessment, the score has been decreased from 5 to 2. Besides, the results of
the RULA assessment also showed the significant results. Figure 11 shows the calculation
of RULA assessment.

The results of the RULA assessment for the given machine also gave positive feedback.
Figure 11 shows that the score of the RULA assessment is 2 which means acceptable
posture. Compared with the previous assessment, the new machine is succeeding to decrease
the score from 5 to 2.

Pertanika J. Sci. & Technol. 29 (3): 1595 - 1608 (2021) 1605



Silviana, Andy Hardianto, Naif Fuhaid and Dadang Hermawan

. . Scores .
A. Arm and Wrist Analysis Wrist Score B. Neck, Trunk and Leg Analysis
Step 1: Locate Upper-'lrm Position: Table A © 2 : & Stem9Locate NeckPosition:
y 1
+ 53 42 f T Wrist Wrist Wrist Wrist S
N h - 5 .
(i .\ —r—=3 ’L’j pper TLOWEE ;i Twist Twist Twist Neck Seore
| [\ asar Arm | Am
M< inentensifr) | c?\d k ) Q 2121212
\ 1 \
£ § Q'\I IR \ BRI ([ 4 @_ Sttt il Stepgg Ad]ys( :
0 W 2045 \ = 222 3 3 3 3| [Fneckistested:+1
h < #| I neck is side bending: +1
Step lathdust.. 305333344 T T"E Pt
shoulder is raised: + tEP : Locate lruni 'osition:
If upper arm is abducted: +1 1 1 3333444 N N
If arm is supported or person is leaning: -1 Upper Arm Score 2 7 3333444/ 48 oo 3 +4
5:ep2 Locate Lower Arm Position: 3 4/aja)d]d]5|5 Q 2060 T \-.
1 3444455 (A /
\', - 7 —. 3 H 4444455 ) / s
ﬁg 3 4444555 (I’
wr P 4 Step 10a: Adjust...
wn- (?, 1 q ; : ., : . 3 : 3 If trunk is twisted: +1 1
= ll d = If trunk is side bending: +1
“1dd <1 Lower Arm Score 3 4 45 55/66 Step 11: Legs: Trunk Score
s[gpga Adjust__ 1 5555 f 6 I ::Ieg(s-f;\dFeetarEsuppnned 41 )
Ile\(hararmlswurkmgazrussm\d\ineDruut(us\daoflmdy Add +1 5 2 6666777 nat: .
Step 3: Locate Wrist Position: g F— 3006677778 | N T8 TunkPose o Leg score
i 15 i 1 7777889 Posture
Legs L
= g, O (SN
u 2 ! 3 HEIEIEIEN] ® —
StzpdaAdust. e ! ock, Trunk, Leg Score 7 32345556777
If wrist is bent from midline: Add +1 Table C 345 67 3 33445566777
Step 4: Wrist Twist: 23455 oo s
P P . = T1771
If wrist is twisted in mid-range: +1 Wit TwistScore WristSeore : T EsTaa 8 5 s s s s

If wrist is at or near end of range: +2
Step 12: Look-up Posture Score in Table B:
Using values from steps 9-11 above,

locate score in Table B

Step 13: Add Muscle Use Score

If pasture mainly static (i.e. held=10 minutes), 1

Step 5: Look-up Posture Score in Table A:
Using values from steps 1-4 above, locate score in 1
Table & Score

Posture Score A
Step 6: Add Muscle Use Score
If posture mainly static (i.e. held>10 minutes),

Posture B Score

a4
s
Wk e ww e o=

Or if action repeated accurs 4X per minute: +1 1 Or if action repeated occurs 4X per minute: +1
Muscle Use Score
Step 7: Add Force/Load Score Mustle Use S€0re  georing: (final score from Table C) Step 14: Add Force/Load Score
If load < 4.4 Ibs. (intermittent}: +0 e a{;emab‘e p— fload < 4.4 Ibs. (intermittant): +0
If load 4.4 to 22 Ibs. (intermittent): +1 0 34 = further i . h b ded Ifload 4.4 to 22 Ibs. (intermittent): +1 0
If load 4.4 to 22 lbs. (static or repeated); +2 = further investigation, changs may be needed ¢ )00y 4 4 4o 23 Ibs. (static or repeated): +2
If more than 22 Ibs. or repeated or shocks: +3 Farce Load Soore [ F e If more than 22 Ibs. or repeated or shocks: +3  Force/ Load Score
7= investigate and implement change
Step 8: Find Row in Table C Step 15: Find Column in Table C
Add values from steps 5-7 to obtain 2 > Add values from steps 12-14 to obtain 2

Wrist and Arm Score. Find row in Table €.
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Figure 11. The Results of RULA assessment

RULA Score

CONCLUSION

The results of the posture assessment using REBA RULA show that the pressing and
molding processes need to be improved. The improvement process is carried out by
designing a pressing and molding machine. The results on the HOQ matrix show that the
conveniences of the user, has an ergonomic design, user friendly, and could increase the
production capacity are the voice of customers with the largest priority scale. Therefore,
the given design will refer to these requirements. This research is not only designing
the machine but also create the machine prototype which also refers to the customer
requirements. The designed machine is capable to produce 16 chips in 0.5 minutes and
the production results have a high degree of precision. Besides, to prove that the given
recommendations gave the positives impacts, the REBA and RULA assessment of the new
machine was conducted. The results of the REBA and RULA assessment show that the
use of a new machine could decrease the score from the previous assessment. Therefore,
it can be concluded that the use of the new machine is able to solve the problems faced by
this SME. For future research, a cost analysis might be needed.
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