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ABSTRACT

Micro-and medium-sized enterprises are the axis of the economy, especially in Indonesia, and have an essential
role in supporting the running of the national economy. With the rapid development of technology. Innovation is
the primary key to improving a business so that it can compete even on an international scale. This study aims to
design a banana chip chopper machine that considers ergonomic values, considering that there are still many
banana chip chopper machines sold on the market without considering ergonomic values in the product. They are
like the height of the machine, which is different from the average height of the Indonesian people. The chopping
process is still manual, and it is challenging to create consistent quality pieces of chips because the slicing is still
manual and must adjust to the size of the machine. It does not match the average height of Indonesians, where
which can result in injury to the hands and muscles of the hands. Then the study results will show an ergonomic
banana-chopping machine with a height and size that match the anthropometric data of Indonesian people.
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Introduction

MSMEs (Micro-small and medium-sized enterprises) are one of the strengths and axis of Indonesia's
development; this is reflected in the economic crisis of 1998, where MSMEs were able to survive compared to
other sectors [1]-[3]. Human resources in MSMES are very reliable in completing several processes of production
activities, which indirectly requires MSMES' pioneers to create security, comfort, and health for their workforce.
This resulted in the need for the application of ergonomics to production equipment. The application of ergonomics
is expected to be able to provide an effective, comfortable, safe, and healthy work system, which can indirectly
improve the quality of production and make MSMEs even more competitive [4]-[7]. The main object of this
research is the banana chopper machine, which is often used by MSMESs to make banana chip products. MSMEs
can also shorten their production time so that they can produce a lot of banana chips without having to waste a lot
of resources [8]-[10].

The stages in the process of making banana chips consist of peeling, soaking, slicing, and packaging. This
research focuses on machine-based banana slicing processes that still use human power. The chopping process is
one of the key processes in determining product quality. In this process, workers are required to be able to chop
quickly and produce a uniform thickness of slices. Here the problem is that the tool used is still traditional, namely
traditional chopping. This certainly has many risks for workers,

Fig. 1. An image of an old banana chopper
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Based on the results of the observations that have been made, it was found that the problems that occur in
Figure 1 are related to manual and machine chopping, which still does not match the anthropometric size of
Indonesians. carried out with the same movements and repeatedly with poor working posture, which in turn often
results in musculoskeletal disorders, namely functional disorders of the muscles, joints, and spine that occur due
to various variations of repetitive movements. In addition, bad work postures such as bending, sitting crosswise,
squatting, kneeling, and other non-natural postures result in workers getting tired quickly, and the impact will
reduce productivity. product quality, while workers are also required to be trained and thorough in chopping
bananas so they don't break and are consistent because the chopper machine still uses manual choppers [11], [12].

This research is based on previous studies that aims to improve ergonomic posture in cassava chopping
machines based on anthropometric data to reduce complaints. The results of the study with anthropometric data
calculations show that business actors need to apply ergonomic principles to the machines they use. The conducted
research by making a cassava cutter. According to the findings of his research, the cassava chopper machine that
he created can produce efficiency in the transmission system from 1400 rpm to 180 rpm motor rotation. But the
design has not paid attention to the concept of ergonomics [13]-[19].

Therefore, this research focuses on designing a banana chip chopper system that considers ergonomic
aspects in the form of anthropometry of worker postures to reduce workload, and can improve the quality of the
banana chips themselves. Ergonomics is derived from the Greek terms ergon (work) and nomos (rules), hence
ergonomics generally refers to job-related rules. Numerous definitions of ergonomics have been provided by
specialists in their respective professions, such as: Ergonomics is a "science" or multidisciplinary approach that
tries to improve the human-work system in order to achieve tools, procedures, and a safe, healthy, comfortable,
and productive work environment. Ergonomics is the study, art, and use of technology to harmonize or balance
the facilities utilized for activity and rest with human capacities and limits, both physically and cognitively, in
order to improve the overall quality of life [13], [20].

Anthropometry is the scientific study of the human body's dimensions [21]-[23]. These dimensions are
broken down into statistical groups and percentile measurements. If one hundred people were lined up from
smallest to largest, they would be classified as belonging to the 1st to 100th percentiles. This data on human
dimensions is extremely useful for product design, as it enables the determination of product compatibility with
the humans who will be using it. The use of anthropometric data seeks to adapt all tools to human abilities, as
opposed to adapting humans to tools. A design that is highly compatible with the people who will use it is crucial
for reducing the occurrence of hazards resulting from work errors caused by design flaws (design-induced errors).
Here are the average anthropometric characteristics of Indonesians [24]-[28].

Table 1. Indonesian anthropometric data

Dimension Description 50th (cm)
D1 Body height 152.58
D2 Eye height 142.22
D3 Shoulder height 126.79
D4 Elbow height 95.65
D5 hip height 87.3
D6 Bone height 66.51
D7 Fingertip height 60.39
D8 Height in a sitting position 78.1
D9 Eye level in a sitting position 67.89
D10 Shoulder height in a sitting position 54.89
D11 Thick elbows in a sitting position 24.65
D12 Thigh thickness 14.7
D13 knee length 49.9
D14 Popliteal length 39.88
D15 Knee High 48.12
D16 Popliteal height 40.07
D17 Shoulder width 38.75
D18 Top shoulder width 31.32
D19 Hip width 32.32
D20 Thick chest 19.22
D21 Thick belly 20.58
D22 Upper arm length 32.04
D23 Forearm length 40.53
D24 Fore arm length
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D25
D26
D27
D28
D29
D30
D31
D32
D33
D34
D35
D36

Shoulder length, forward grip
Head length

Head Width

Hand length

Hand width

leg length

Leg Width

Extend the arms to the sides.
Elbow length

Hand grip height in a standing position
High grip in a sitting position
Forward long hand grip

66.18
56.72
17.91
16.05
17.05
9.43
22.73
9.14
152.71
79.88
185.76
113.42
64.51

Research Methods

The first phase of this research entails the observation of small and medium-sized enterprises (SMEs)
operating in the banana chip business and the review of relevant literature about machine design, specifically the
ergonomically designed banana chopper machine. Following this, data was collected on the engine frame. The
following step involves incorporating anthropometric measurements into the design of the new machine. The
findings of data processing serve as the basis for 3D models with sketch-ups and anthropometric tables that
implement the ergonomics concept,

Data processing

Results and Discussions

Following the collection of anthropometric data, the size of the old banana chopper machine is modified to
accommodate the anthropometry of Indonesians in order to create an ergonomic machine, i.e., a machine that is
comfortable and safe to use, making work easier and increasing productivity (Hadi & Dahlan, 2017).

Table 1. Old Machine size

Parts on the machine

Machine
size (cm)

Machine Width

Machine Length

Machine Height

Dynamo Length

Protective length

The length of the raw material place

33
40
45
10
30
9

The information above shows that the size of banana-chopping equipment currently available does not, in
terms of machine width, length, and height, correspond to the average Indonesian's standard anthropometric
measurements. As a result, ergonomics' core tenets—healthy, secure tools, procedures, and workspaces that are
efficient and comfortable—have not been implemented.

Implementation of ergonomics in machine design

Table 3- Machine antropometry

Fig. 2. Old banana chopper machine
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Parts of machine Dimensions sign 50th Machine size
(cm)
Machine width 33cm
Machine Length Elbow span length (D32) 79.88 cm 40 cm
Machine height Body Height (D1) 152.58 cm 145 cm
Dynamo length 10 cm
Raw material guard width 30cm
Width entry of raw material 9cm
Machine height from the bottom to Elbow height (D4) 95.65cm 91 cm
the place of raw materials
Handle width Hand width (D29) 9.43 cm 9 cm
Machine height to banana slice Hip height (D5) 87.3cm 87 cm
container

It is clear from the data in the table above that the size of the banana chopper machine was altered and added to in
accordance with anthropometric data or the typical posture of Indonesians in order to provide ergonomic guidelines
for using the machine.

A. Machine width
The width of the machine, measured from the length of the dynamo to the protector, is 33 cm.

B. Machine length

The machine's length is determined by anthropometric data for elbow span length (D32), which is taken at the 50th
percentile because 50% of the population is 50 years of age or older, and the machine is designed to adhere to this
reference so that workers are comfortable operating this tool. From the results of these measurements, the size set
is 40 cm for the length of the machine, so that it is neither longer nor shorter than the worker's elbow span.

C. Machine height

The height of the table on the banana chopper machine is calculated using height measurement data (D1) using
the 50th percentile. This percentile of intended use for a large average worker can be compared to comfortable, so
workers with a smaller average size can still use it. If you use the 95th percentile and then the worker with that
small body, using the 50th percentile on such a large worker will be uncomfortable. (Taryat & Nurwathi, 2021).
From the percentile calculation that was carried out, namely the 50th percentile, it was determined that the height
of the machine from top to bottom was 145 cm and was not higher or lower than the average anthropometric data
for Indonesian people's height.

D. Machine height to raw material entry point

The height of the machine to the entry point for raw materials here uses elbow height data (D4), which is 95.65
cm, so to adjust the worker's posture so that when entering raw materials to avoid a bent posture or not strapping
the machine, the height of the machine from the bottom to the entry point for raw materials is 91 cm.

Fig. 3. Machine Height Overview

E. Handle width
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The width of the handle here uses the reference for the width of the hand (D29), which is 9.43 cm from the
percentile calculation of the anthropometric data set for the size of the lever handle, which is 9 cm

S

Fig. 4. Overview of machine handles
F. Machine height from bottom to banana slices
The height of the machine from the bottom to the banana slice container here uses hip height data (D5), which is
87.3 cm, so adjust the worker's posture so that when picking up the banana slices, avoid a hunched or unsteady
body posture. So the height of the machine from the bottom to the banana slice container is 87 cm.

Fig. 5. Machine height measured from the bottom to accommodate banana slices

Machine Components

Fig.6. Machine Components
Description of machine components:
1. Raw material cover

Fig. 7. Raw material cover
The machine guard is rectangular in shape with a width of 30 cm. Machine protectors from bananas are also made

with acrylic-based ingredients so that workers or MSMEs can easily wash them and control the cleanliness of the
machine guards.
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2. Machine legs

Fig. 8. Machine foot
The legs of the machine are made based on Indonesian anthropometry so that they are comfortable while doing
work and avoid bad posture. The legs of the machine have a height of 100 cm.

3. Place the container for the banana slices

>

>
<

Fig. 9. Place the container for the banana slices

The banana slice container holder is used to place the container over the banana slices. So the workers only need
to put the container under the machine, and the results of the disposal of the banana slices have been allocated
directly to the container. The position of this holder also refers to the anthropometry of the waist height of
Indonesians, with a height of 87 cm when measured from the bottom to the seat.

4. Machine frame

Fig. 10. Machine frame

The machine frame is square in shape with a size of 30x40x45 because the height of the machine itself is not yet
ergonomic, so machine legs are added.

5. Handle & place of entry of raw materials

The machine handle aims to push the raw material into the banana slice knife through the raw material path that
has been provided. The handle itself also refers to the anthropometry of the width of the Indonesian people's hands,
so if it is measured, it is 9 cm wide. And the height of the machine from the bottom to where the handle itself is
ergonomic with reference to anthropometric data is the elbow height of Indonesians, with a height of 91 cm.

6. Machine knife
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Fig. 11. Machine knife

This machine knife has four blades with a diameter of 30 cm. These three blades are made to speed up cutting, so
the time needed to cut is faster.

7. Line out banana slices
The chopped bananas will go in here and right into the pan. The place where the bananas come out is made so that
the sliced bananas do not get messy.

8. Dynamo
Dinamo is a familiar tool in life; this dynamo is used as a driving machine. The motor used has a middle RPM
specification, namely a mid-rotational power of 1500 Rpm.

How the Machine Works

Fig. 12. How the machine works

The way this banana chopper machine works is that the knife rotates and the raw materials, or bananas, approach
the knife. This knife rotation is generated by the dynamo. The blade rotation speed is affected by how fast the
electric motor rotates.

Conclusion
The body dimensions used to design an ergonomic cassava machine are as follows elbow span length (D32), body
height (D1), elbow height (D4), hand width (D29), and hip height (D5). The author's proposed design for the
banana chopper machine has the following dimensions:
a. Data reference elbow span length. The machine has a length of 40 cm.
b. Based on height anthropometry, the total machine height is 145 cm.
c. Raw material entry point with a height of 91 cm from the bottom to the raw material entry point based on
elbow height data.
d. A handle width of 9 cm based on hand width data.
e. Based on hip height data, a banana-slice container seat with a height of 87 cm.
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