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Abstract. The process of tempe production in small industry are considering not optimal yet.
The process does not consider the ergonomic aspects and is not environment friendly. It causing
complaint at some body parts and pollution. For the solution, this research aims to design a
multifunctional tool that considering ergonomic and eco- friendly aspect. The design will be
based on Ergonomic and the Quality Function Deployment (QFD) methods. Based on evaluation
using the Nordic Body Map, it shows that body parts with the most complaints are the waist,
back, neck, right and left shoulder, wrist and leg. Complaints on these body parts are caused by
wrong postural when doing work which is not ergonomic. And by using Quality Function
Deployment (QFD) the tool designed by considering user expectation and desire. it was found
that the user expect for the tool to be made based on worker anthropometry, moved with a semi-
manual machine and the tool model is suitable for work. Overall the design shows that the
Ergonomic Tempe Maker Tool is a multifunctional tool that easy, flexible, safe and comfortable
to be operated which focused on anthropometric size, uses a semi-manual machine and can be
arranged up or down.

1. Introduction

In one of small industry that produce tempe, the production process performance and work environment
are considering not optimal yet. It has low productivity and efficiency. The reason is that production
process is not ergonomic and unhealthy. The non-ergonomic production process can be seen at the
process of breaking soybeans and overall they have to go back and forth from one process to another,
also their waste management process is not environmentally. In the process of breaking soybeans,
workers work by bending and squatting (can be seen in Figure 1). Tools used in the process of breaking
soybeans are also not in accordance with the dimensions of the body of the worker, so workers must
bend to do their work. It can cause pain in the back and neck, as well as the risk of muscle and spinal
back disorders.

At the washing and cracking process include a repetition and back and forth process. This process
starts by cooking the soybean, then after being boiled in the kitchen the soybean taken to the well for
washing, after being washed, then brought back to close to the kitchen for the soybean cracking process.
In the process, workers need to go back and forth from the kitchen to the well then returning back to the
kitchen, this is done 5 times a day, because for boiling 20 kg they divided it into 5 washing parts, so that
the production process becomes long, and cause the results are not optimal (low worker productivity).

In this small industry it also can be seen that the work environment is not environmentally friendly,
where the disposal of waste from the washing process is disposed to sewers and river (see Figure 2),
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which polluting the environment. As a result of environmental pollution, causing air odor, sewers or
streams become smelly, and the soil becomes muddy. Pollutants are the amount of pollutant weight in a
certain time unit, which is the result of the multiplication of pollutant levels with liquid waste discharge
[1]. The parameters used to measure the content of pollutants include BOD (Biological Oxygen
Demand) and COD (Chemical Oxygen Demand),.

To increase the productivity of small-scale industries and reduce the impact of waste, these influential
factors must get serious attention from small industry owners, especially factors such as; ergonomic risk
factors, awkward posture while working and work layout [2]-[3] and waste. Previous studies have
shown that workers in small industries are suspectible to disease due to work posture errors [4-8]. In
addition to potentially causing disease, this non-ergonomics work posture and work environment also
has the potential to cause productivity to decline. Surely this can affect the output of the business. The
problem of increasing productivity is done as an effort to get alternative ways of working that are good,
effective, efficient, healthy, comfortable and safe.

A good, efficient and comfortable alternative for small industries Rasimun is making a mulfunctional
tool that considering the ergonomic and eco friendly aspect [9]. This tool is designed so can be used for
washing and cracking the soybeans and the residual liquid can be stored in the container so that can be
processed into something useful. For this reason, it is necessary to design a multifunctional tool that can
be used for washing, splitting and filtering (to separate soybeans from liquid waste) while being
ergonomic and environmentally friendly.

Figure 1. Process of cracking soybeans. Figure 2. Disposal of waste in a ditch.

2. Methodology

2.1 Ergonomics
Ergonomics comes from the word ergo which means work and nomos which means rules, principles or
rules. So the word ergonomics means a study of the relationship between humans and their work. In its
development, the notion of ergonomics is a term that is widely used in terms of human engineering or
human factor, which is a study of interface devices and forms of interaction between humans and objects
used with the work environment. By using a more comprehensive approach, ergonomic is carried out
through three main things, namely; focus, purpose and ergonomics [10]. The focus of ergonomics is
humans and their interactions with products, equipment, facilities, procedures and work environments
and daily life. The goal of ergonomics is to increase the effectiveness and efficiency of work, improve
safety, reduce fatigue and stress, increase comfort, receive greater user acceptance, improve job
satisfaction and improve quality of life. The approach taken in ergonomics is a systematic application
of relevant information about abilities, limitations, characteristics, behavior and motivation humans to
product design and procedures used for the environment in which they are used.

Based on the above approach, Chaffin summarizes the definition of ergonomics as a science that
explores and applies information about behavior, abilities, limitations, and other human characteristics
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to design equipment, machinery, systems, jobs and environments to improve productivity, safety,
comfort and the effectiveness of human work [11].

Ergonomics also can be define as a systematic branch of knowledge to utilize information about the
nature, abilities and limitations of humans to design a work system so that people can live and work in
the system by both achieving the desired goals through work effectively, safely and comfortably [12].
In ergonomics, one of the principles that must always be used is the principle of fitting the task / job to
man. This implies that work must be adapted to the capabilities and limitations of humans, so that the
results achieved can be better. The absence of ergonomist can result in undesireable product design [13].
For the example the tools that be used by the worker in Rasimun. The machine is not made based on the
anthropometryand biomechanics of the body of the worker. Thus, there are many complaint regarding
pain in the back and neck. In this paper, we develop a new design of tempe production tool that minimize
physical discomfort and risk of of muscle and spinal back disorders.

2.2 Quality Function Deployment (QFD)

Quality Function Deployment (QFD) is a methodology used by companies to anticipate and prioritize
consumer needs and desires. and combining the needs and desires of consumers in the product or service
provided to consumers [14]. The use of QFD in the product design process will help the management to
gain competitive advantage through the process of creating the characteristics and attributes of quality
products or services that can increase customer satisfaction. In addition, the implementation of the QFD
methodology is also able to guarantee that information on consumer needs obtained in the initial stages
of the planning process is applied to all stages of the product cycle, from the design concept, component
planning, process and production planning, to the product for consumers.

The key to competitive ability is the ability to respond to challenges in producing a product and / or
service quickly [15]. But there are some obstacles for companies to produce products and / or services
quickly, such as: low understanding of customer needs, strategic mistakes in determining priorities, the
desire to take risks that can be returned, there is a tendency towards the use of designs that are not
developing or unable to provide services, determination of specifications that are too high, and the wrong
testing scenario in determining the main error. QFD is used for three reasons: to focus on customer need
and satisfaction, to save development and design time, also to improve communication in all parts of the
organization [16].

Many research has done using QFD as their tool to develop a new product [17-20] or for evaluation
of system [21-23]. The use of QFD has also been carried out in research on the design of ergonomic
products [13,24,25]. In this study QFD is used to identify the desires and needs of worker regarding the
tool they will use at tempe production.

3. Results and Discussion

This study begin by collecting initial data (qualitative data), was carried out with a questionnaire on
workers and home industry owners, with the aim of obtaining questionnaire attributes. Attributes related
to the use of tools in the production process, that are ergonomic and environmentally friendly. The
guestionnaire is divided into 3 parts, namely; section 1 contains the satisfaction of workers on the
existing tools used for the production process, part 2 contains the importance of the tool and part 3
contains the complaints of the biomechanical workers on the existing tools. The questionnaires distribut
to 25 workers and tempe industry owners.

The results of the questionnaire were calculated using the Importance to Customer value and
satisfaction level. This data processing reflects the level of interest of workers on existing indicators
based on the questionnaire. Measuring the level of customer satisfaction of product users is obtained
based on the results of a questionnaire regarding how far the workers feel satisfied with the quality of
the tempe production tool used at this time. Determination of the level of importance and level of
satisfaction of worker indicators based on the average value of the weight or answers of respondents in
processing the questionnaire.
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Ergonomics is a verbal discussion of consumers which is then classified into the primary level. From
the primary language, the ergonomic meaning is translated into the level of secondary language, which
is easy, flexible, safe, comfortable and of appropriate size. Tertiary language is a sorting and secondary
language translation which is a detailed result of the wishes of workers.

The final result of the QFD method is a product development plan. The development plan can be
seen in the target value located at the bottom of the House of Quality (HOQ). The QFD method includes
complete processes ranging from identifying problems to achieving targeted development projects
through the birth of design specifications. For details of the overall results of House of Quality seen in
Figure 3.
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Figure 3. House Of Quality .

From the HOQ matrix (house quality) can be known the level of the relationship between the
attributes of workers' needs and the characteristics of the technique. Technical characteristics are used
to measure or quantify consumer needs that are still qualitative. From the level of importance, it can be
seen that the characteristics that have a value of 5, show that the most important thing is that the tool has
the ability to use various processes, the condition of the equipment when used cleanly, and its
measurement tools according to the dimensions of the human body. The level of importance with a value
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of 4, shows that it is very important for workers that the Tempe maker is easy to operate or control and
security of use. It is important for consumers that the tool can be used inside or outside the room (can
be moved),

In the relationship matrix between the needs of workers with technical characteristics shows workers
prefer the tool to be easy to operate, the tool can be used in a variety of tempe making processes namely
to wash, break and filter soybeans, convenient tools to use, tools can be used to work standing and or
sitting, inside the meaning of the tool can be adjusted worker's work when standing by using a semi-
manual machine and the tool can be used comfortably. This can be seen in the largest number found in
the relationship matrix. From the target value of Figure 4. HOQ shows that the characteristics of the
measurement technique with anthropometry, that is, the size of the tool made by Tempe is based on the
anthropometry of workers, has the greatest value. The second biggest characteristic is that the tool is
moved by a semi-manual machine and the tool model is in accordance with the work. This shows that
the tool that makes ergonomic Tempe is an easy, flexible, safe and comfortable tool when operated
focused on anthropometry size, the tool uses a semi-manual machine and the tool can be raised and
lowered.

After House of Quality, the next step is design planning. The design phase of the ergonomic Tempe
maker design tool starts from the largest target value generated from HOQ (House of Quality). Based
on the target value, the order of the technical characteristics that are the top priority is the size of the tool
in accordance with anthropometry, the tool is operated by the machine, the equipment can be raised and
lowered, the tool must be made of strong material, good quality material and the seat is in accordance
with tools and work. At this design, the ergonomic Tempe maker has many functions, such as washing,
breaking and filtering soybeans based on priority characteristics as in Figure 3. And the drawing of the
design based on QFD can be seen in Figure 4.
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Figure 4. Cicahring Tool Design based on HOQ results

Figure 3 is a complete picture of the design product which we called is Cicahring. The design of
Cicahring had considered several aspects of ergonomics so that the product is comfortable to be
operated. The anthropometric measurement used in this design adjusts the body posture of Indonesian
men, Javanese, and age ranges from 20-50 years.

This product consists of 1 core component, 3 subcomponents, and 1 supporting component. Each
component is divided again into several components. The core component is a tub component that
functions as a container of soybeans and water to be ground. Material used for this component is
mild steel so it is easy to move. The diameter for the tub is 98 cm, which is the body dimension of
the reach of the hand going forward. This tub has a hole that has function as a drainage center for
soybeans after being ground. After the epidermis is separated and the washing water has been
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removed, the tub can be removed and the results of the mill are taken. This core component can be
seen in Figure 5.

Figure 5. Core Component

The subcomponents consist of subcomponent 1, subcomponent 2 and subcomponent 3. Sub
component 1 is a container and its grinding blade. In this component there are legs to support the
engine load, also wheels so the product could be move easily. The wheel is equipped with a lock to
prevent the product from move around being used. This subcomponents 1 can be seen at Figure 6.
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Figure 6. Sub Component 1

Sub component 2 is a combination of several components, such as the base of the blade, blade,
bolt, filter, filter holder, and cover. At the base of the blade equipped with a rubber that serves as a
lock and water barrier to prevent leakage. The blade is adjusted to the height of the filter, which later
can be opened after the grinding process is complete. The filter can be opened and closed. During
the grinding process the filter is opened, after finished the filter is closed to remove the soybean husk.
Then the head of the blade base can be removed thus the blade and filter can be removed. This
component can be seen at Figure 7.
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Figure 7. Sub Component 2

Sub component 3 is a component that functions as a blade grinder lever. For the length of the
grinder lever uses body dimensions shoulder-hand length forward = 61cm, which is the total addition
of the radius of the tub plus the length of the lever body. The lever consists of two components,
namely the main lever and the hand handle. This subcomponent can be seen at Figure 8.
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Figure 8. Sub Component 3

Supporting component is additional components used to dispose the disposal water so it does not
splatter. This component has a pipe that functions to close and open the channel through the tap. The
design of this supporting component can be seen at Figure 9.

Figure 9. Additional Component
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4. Conclusion
Based on previously discussed outcomes, it can be concluded that:

The results of the questionnaire with Nordic Body Map are that most respondents (85%) stated
that work tools can affect work performance. For work posture 76% stated that work posture
can affect work performance

The body parts that have the most complaints are the waist, back, neck, right and left shoulder,
wrist and leg. Complaints on the waist and back are caused by postural errors when doing work.
From the results of the QFD through HOQ the tool designed is a multi-functional tempeh
process tool for various processes, namely the process of washing, breaking and filtering
ergonomic Cicahring with an easy, flexible, safe and comfortable tool when focused on
anthropometric measurements. machine tools, can be used for a variety of processes and tools
can be raised and lowered
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