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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 
quality of the chips. In the long-term, it will 
be able to increase the competitiveness of 
this SME.    

Keywords: Ergonomic, posture, quality function 
deployment, rapid entire body assessment, rapid upper 
limb assessment
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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 
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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 

Figure 1. The stages of the research

Observation DesigningAssessment
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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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Figure 2. The results of REBA assessment

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 

Reliability Statistics
Cronbach's Alpha N of Items

,426 7

Figure 4. Results of Reliability Test 

that the used data was valid. Furthermore, 
all the gathered voice of customers will be 
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 
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 V1 V2 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 0.472 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 0.216 0.000 0.475** 

Sig. (2-tailed) 0.889  0.838 0.029 0.943 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 0.040 0.120 0.136 0.652** 

Sig. (2-tailed) 0.472 0.029 0.067  0.835 0.527 0.472 0.000 

N 30 30 30 30 30 30 30 30 

V5 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 

V6 Pearson Correlation -0.087 0.216 -0.183 0.120 0.013 1 0.066 0.367* 

Sig. (2-tailed) 0.647 0.251 0.334 0.527 0.946  0.728 0.046 

N 30 30 30 30 30 30 30 30 

V7 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 0.472 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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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 

Figure 6. The HOQ Matrix

Figure 7. The design of pressing and molding machine
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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 

 

Explanation: 
A : Upper Frame (Hollow) 
B : Pressing Frame (Hollow) 
C : Base Frame (Hollow) 
D : Pole axle 
E : Pole Shaft Frame 
F : Lever pole 
G : Lever shaft bosses 
H : Pressing spring(1 Peer) 
I   : Supeeror hook 
J   : hill lever 
K  : pressure plate (Stainless) 
L   Pressure plate base (Stainless) 

Figure 8. The part of the machine

Figure 9. The prototype of pressing machine
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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.
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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.

Figure 11. The Results of RULA assessment
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