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1. INTRODUCTION

The majority of residents in Riau Province rely on employment in oil palm plantations for their livelihood.
The province's geographical and environmental conditions, including soil texture, are highly conducive to oil
palm cultivation, supporting the extensive development of these plantations. Riau Province holds the largest
area of oil palm plantations in Indonesia, spanning 3.38 million hectares, or 20.68% of the country's total
plantation area, which is distributed across 26 provinces [1]. To support the numerous farmers, village
cooperatives were established. Specifically, in Lubuk Kembang Sari Village, Ukui District, Pelalawan Regency,
the KUD "BINA SEJAHTERA" cooperative was founded on April 1, 1990, with the aim of enhancing the
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welfare of local oil palm farmers. To boost plantation productivity, the cooperative offers resources such as
fertilizer, agricultural tools, and facilitates the harvesting and marketing processes [2].

Pardaamean [3] proposed cultivation techniques are discussed that enhance competitiveness by
optimizing plantation and factory management. The book serves as a guide for industry stakeholders in
adopting practices that promote sustainability in palm oil agribusiness—a critical factor for ensuring
profitability in the current challenging market landscape. A crucial component of successful palm oil
production lies in effective harvesting practices. One sign that the fresh fruit bunch (FFB) is ready for
harvesting is the presence of oil palm loose fruits (LF) on the ground. In order to maximize the o0il content
during processing, these fruits must be gathered together. LF are also present when the bunch falls to the
ground during the cutting operation [4]. Harvesting fresh fruit bunches (FFB) is part of the harvesting activities
on oil palm plantations since the company makes money from the sale of palm kernels and palm oil. By being
mindful of the proper harvesting method and timing, palm oil can be produced as efficiently as possible [5].
During FFB cutting, palm oil fruitlets may detach from the bunches, necessitating manual collection from the
ground. The initial step in collecting these loose palm oil seeds requires positioning the body by bending or
squatting. The fallen palm oil pulp is then carefully collected by hand, piece by piece. For workers gathering
the loose fruits, the oil palm loose fruit picker provides excellent productivity and efficiency. In addition to
being affordable, these equipment may be used in any field surveillance situation without gathering undesired
items like leaves, twigs, etc., which lowers the chance of a reduced oil extraction rate (OER) [6].

Previously, this issue was addressed through the design of a palm oil fruit picker tool in a thesis titled
Design and Performance Test of a Palm Oil Palm Fruit Picker Tool by Davon Istighfarrahman., a student at
Bogor Agricultural University [7]. The project involved the same research object and successfully developed
a tool for collecting palm oil pulp. This tool demonstrated an advantage in time efficiency, reducing the
average collection time to 65.30 seconds for 30 palm oil seeds spread across a 200 cm diameter around the base
of oil palm trees. However, several challenges were identified during its implementation, including limited
capacity, inappropriate tool dimensions, the absence of a cover leading to frequent fruit spillage, and manual
operation. These issues underscore the need for further improvements. Several previous studies have been
conducted that design a tool enhanced the income of oil palm farmers by improving work performance. A
loose fruit-collecting machine and a roller-type oil palm loose fruit picker in Malaysia are examined, and their
benefits and drawbacks are spoken about. Through the effective gathering of loose fruit, these two machine
types have the potential to significantly boost industrial output [8]. The oil palm industry relies on efficient
methods to collect loose fruit, which is essential for minimizing post-harvest losses and maximizing yield. The
ERBRON-C machine was developed to improve the efficiency of loose fruit collection, but its ergonomic
impact on operators requires further study. Research using anthropometric data and the REBA method found
that operator postures during ERBRON-C use posed low to moderate ergonomic risk, with REBA scores
ranging from 2 to 5. These findings emphasize the need for ongoing ergonomic evaluations to optimize the
machine's safety and functionality [9]. However, the design did not account for ergonomic considerations [2].
Similarly, the previous study created a tool designed to collect loose fruit and deposit it into a container.
Despite its potential, the tool faced several challenges during application, such as inefficiencies in the gutter
mechanism, which hindered the proper trajectory of loose grains into the container —sometimes causing the
fruit to be thrown upwards instead of backward into the shelter. Additionally, carrying the tool over long
distances proved cumbersome. Another designed of a loose fruit collection tool was able to reduce collection
time and labor requirements, however, the tool remained manual in operation [10].

The present research aims to refine the palm fruit picking tool by building upon the existing design and
incorporating feedback from farmers to better meet their needs. This development process employs the
systematic VDI 2221 method (Verein Deutscher Ingenieure 2221), a design framework that emphasizes user
comfort, practicality, and ease of use [8-9]. The VDI 2221 method, a widely used engineering guideline in
Germany, enhances the efficiency and organization of the product design process [8-10]. This study seeks to
improve the development process by implementing a more integrated approach, making it more responsive
to requirements at various project stages [12].

2. METHODS
The focus of this research is the development of a palm fruit harvesting tool following the Verein
Deutscher Ingenieure (VDI) 2221 method. This study was conducted in Lubuk Kembang Sari Village, Ukui
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District, Pelalawan Regency, Riau Province, and involves analyzing both existing palm oil harvesting tools
and farmer preferences regarding these tools. Data collected includes time measurements for harvesting,
anthropometric data, and user requirements to determine the specifications for the tool's development [9-10].

Preliminary and research questionnaires were conducted to gather relevant data. The preliminary
questionnaire aimed to identify issues in the process of collecting oil palm fruit and assess the condition of
existing equipment. Meanwhile, the research questionnaire focused on determining necessary improvements
and aligning them with the specifications of a newly designed palm oil fruit collection tool. Additionally, the
research questionnaire included a satisfaction survey for the developed tool, utilizing a Likert scale. The
preliminary questionnaire was distributed to five farmers and employed an open-ended format, allowing
respondents to provide unrestricted answers. The collection process time using existing tools was measured
to establish a baseline for comparison with the redesigned tools. This test involved operating the tool on a tree
plate with a 200 cm radius, where 30 pieces of oil palm fruit were randomly distributed. The experiment was
conducted with five repetitions to ensure reliability. The height of the newly designed tool was customized
based on the anthropometric data of farmers, with the overall height calculated at the 50th percentile. The
width of the hand was used to design side handles for easier transportation, calculated using the 95th
percentile of anthropometric data. The tool's function and structure are outlined using black box and
transparent box models, as described in [14]. The black box model illustrates the stages of input, function, and
output processes. Subsequently, the black box model is expanded into more detailed functions through the
transparent box model. The selection of alternative materials for the tool was based on interviews with KUD
leaders and farmers. From the identified alternatives, the most suitable material was chosen through
questionnaires distributed to five respondents, including the KUD leader and four farmers. The results were
analyzed using the Simple Additive Weighting (SAW) method and the selected material was used for the
manufacturing process of the palm oil harvesting tool. The final phase of the VDI 2221 method involved the
detailed design stage, which included preparing a Bill of Materials (BOM). The BOM serves as a
comprehensive list for producing the palm oil harvesting tool. The picking time refers to the duration needed
to complete one cycle of palm oil harvesting. Collection time is measured to assess the improvement in harvest
yield when using tools compared to manual hand collection [2]. The calculation of collection time is based on
a tool capacity of 10 kg, with each palm oil stalk weighing 10 g, resulting in 1,000 stalks per 10 kg.

The goal of this research is to create a tool that enhances efficiency in collecting loose palm fruits [9,12]
while also prioritizing a systematic and organized design process. This approach includes developing a
framework that structures design steps sequentially to ensure reliability, consistency, and foster innovation
[16].

3. RESULTS AND DISCUSSION
3.1 Planning and Explanation of Tasks

The planning and task description stages are essential steps that outline the primary issues to address in
product development[9-10]. Challenges associated with current tools for collecting loose palm oil fruits serve
as the foundation for identifying potential improvements. Proposed enhancements to these existing tools are
summarized in Table 1.

Table 1. Suggestions for improving the palm oil harvester picking tool

Current condition

Proposed Improvements

Still use the tool by moving it forward and

This tool is made by adding a DC motor to ensure

! backward to insert the palm oil loose consistency in inserting palm oil loose fruit
In the trajectory of the fruit being thrown into the

’ container, sometimes the oil palm fruit leaves are Put a cover on the top of the picker so that the loose
thrown upwards instead of back into the fruit doesn't get thrown up
container

3 Previous tools could only be moved by pulling The tool can be moved by lifting it

and pushing
The process of collecting palm oil loose fruit is still
done manually

The tool working system is easy to operate so that
it can be used directly by all farmers
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No Current condition Proposed Improvements
5 Don't know the details of the tool components Provide price analysis of tool components

3.2 Product Design Concept

3.2.1 Anthropometric Data
Anthropometric data is essential for supporting the product design process [14-15].
a. Calculations indicate an overall tool height of 90.2 cm.
b. Calculations specify a handle width of 10.23 cm.

3.2.2 Determine Alternative tool Development Components
The selected alternative materials will be used in the construction of palm oil harvesting tools. The

determination of materials for each component is as follows:

a. For the motor component, the highest score was V1 (Dynamo), with scores of 13, 12, 15, 15, and 19 from
respondents 1 through 5, respectively. Thus, the dynamo was chosen as the motor component for the
palm oil harvester.

b.  For the tool covering component, the highest score was V1 (Plate proportion), with scores of 22, 21, 18, 19,
and 14 from respondents 1 through 5. Therefore, the plate proportion was selected as the covering
component for the palm oil harvesting tool.

3.3. Form Design

The preliminary design concept for a more automated and efficient palm oil harvesting tool was
developed based on an analysis of farmers' needs and suggested improvements. This new product design
emphasizes dimensions such as aesthetics, functionality, and symbolism [14,16]. During the conceptualization
phase, the design challenge is divided into several critical parameters [19]. The design incorporates both
incremental and radical innovation, taking into account how technological advancements and evolving
meanings affect user-centered design approaches [20]. The tool’s operation system is user-friendly, allowing
it to be used by all farmers. Ergonomic strategies and health interventions are integrated to enhance working
conditions and boost productivity [21]. The tool is designed for operation in a standing position, with
anthropometric data applied to improve user comfort and efficiency [22]. An illustration of the initial design

for this palm oil harvesting tool is provided in Figure 1.

Upper part

Tool frame —

Front part —

Figure 1. Initial design of oil palm fruit harvesting tool
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The application of passive exoskeletons as ergonomic tools in material handling tasks can alleviate
physical strain and enhance worker efficiency in industrial settings [23]. The illustration above depicts the
initial design of a palm oil harvester, optimized for ergonomic suitability [24]. To assess the design's
effectiveness, methods such as usability testing, user surveys, and performance analysis are employed,
ensuring the design aligns with user requirements [25]. Ergonomic design principles should take a holistic
approach, addressing both physical and psychological factors. Integrating these aspects into product design
helps to minimize injury risks and enrich the user experience [17]. The use of anthropometric data fosters an
inclusive design, enhancing user comfort, safety, and satisfaction, which can accelerate product development
and reduce the need for revisions [18].

The palm oil fruit harvesting tool is composed of three primary components, including a DC motor.
Detailed specifications of each component are as follows:

a. Tool Frame . Constructed from angle iron with a thickness of 4 mm, the frame is reinforced with
additional purchased components, such as wheels and a DC motor, providing the durability needed to
support palm oil stalks. The overall frame dimensions are 41 cm in length, 40 cm in width, and 33 cm in
height.

b.  Front Component. Made with iron plates and steel brackets, the front section is designed to be lightweight
yet strong and stable. It measures 20 cm in length, 42 cm in width, and 35 cm in height.

c. Top Part. Serving as the control handle, the top part is designed ergonomically to ensure user comfort
during operation. Its dimensions are 67 cm in length, 32 cm in width, and 91 cm in height.

d. Drive Components. This includes a DC motor and battery, where the motor converts electrical energy
into mechanical power to drive the rotor’s rotation. The motor operates on a 12V electrical input and
achieves speeds up to 15,000 rpm, adjustable via a current control device to a range of 6,000 rpm to 48,000
rpm. DC motors are typically suited for lighter loads, sourced from battery power.

3.4. Detailed Design in Detail

The VDI 2221 methodology, a systematic approach to product development and engineering design, has
been implemented in the design process of the equipment [26]. The final phase in the VDI 2221 method is the
detailed design stage [18]. During this phase, a Bill of Materials (BOM) is prepared [27]. The BOM serves as a
comprehensive list for manufacturing the palm oil harvesting equipment. The BOM for the palm oil harvesting
tool is presented in Figure 2.

PBES-1.000
Brondolan picker tool Level 0
e8]
T
[ I 1
PBEK5-1.1.0.0 PBK5-12.00
PBEK5-13.0.0
Tool frame Front part Level 1
11 11 Upper part
4]
L1 L] i1 [ — % LI
PBK5-1.1.10 PBEK5-1.120 PBES-1130 PBKS-1.190 PBES-1.1.120
Top cover Motor DC Collector Bearing Handle
44 (4 n (4 [
2 L] L] L]
PBEK5-1.1.3.0 PEKS-1.140 PBK5-1.1.10.0 PBK5-1.1.11.0
Battery case Container Top plate Bottom plate
1 1 m iy Level2
i [] f
PBEK5-1.15.0 PBKS-1.16.0 PBES-1.1.120
Battery Wheel Movwer
44 mn n
L
PBKS-1.1.7.0
Side handle
i
i 3 ! 1
PBES-1111 PBES-11.12 PBES-1.1.13 PBES-11.14 PBKS-11.15 PBES-11.146 .
Cover Gear Chain Wire Power button Contrel button Level 3
11 111 1 111 11 111

Figure 2. Bill of Material
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3.5. Tool Testing
Tool testing is the process of evaluating and assessing a tool or device to ensure that it functions according

to its design objectives, meets the specified requirements, and delivers optimal performance. This testing is
conducted to identify any shortcomings, ensure reliability, and improve the efficiency of the tool before it is
widely used or mass-produced [28].
a. Measurement of palm oil harvest time.

A comparison of collection times is shown in Table 2.

Table 2. Comparison of picking times for 10 kg of palm oil loose fruit

No Time to collect 30 palm oil bunches Time to collect 10 kg of oil palm fruit
Manual pickingLong toolNew equipment Manual Long toolNew equipment
time collection time collection time picking time collection time collection time
(second) (second) (second) (second) (second) (second)

1 40,00 71,00 32,66 22,22 39,44 18,14

2 37,51 63,15 28,00 20,84 35,08 15,56

3 51,36 59,80 30,21 28,53 33,22 16,78

4 43,00 67,31 31,67 23,89 37,39 17,59

5 35,78 65,24 27,24 19,88 36,24 15,13

Average33,53 65,30 29,96 23,07 36,28 16,64

The average time to manually pick 10 kg of palm oil fruit is 23.07 seconds, with variations across the five trials.
The time ranges from 19.88 seconds to 28.53 seconds.This method represents the baseline for comparison, as
it relies entirely on human labor and effort.The long tool collection method requires more time than manual
picking, with an average of 36.28 seconds. This method ranges from 33.22 seconds to 39.44 seconds across
trials.The use of a long tool appears to be more time-consuming than manual picking, possibly due to its size,
weight, or the need for more effort from the user.The new equipment significantly reduces the time required
to collect 10 kg of loose fruit. The average time is 16.64 seconds, ranging from 15.13 seconds to 18.14 seconds.
The new equipment provides substantial time savings, with the most significant improvement seen in the
collection of loose fruit. It reduces the time required by more than half compared to the long tool method (54%
improvement), making it a highly efficient solution for harvesting palm oil. These improvements indicate that
the new equipment can increase productivity by reducing the amount of time spent per harvest, allowing
workers to collect more fruit in less time.The variation in times across the different methods is relatively low
for the new equipment, suggesting that it provides consistent performance. The long tool and manual methods
show more variation, possibly due to differences in user effort or tool handling.Table 2 illustrates that the new
equipment offers a significant improvement in harvesting efficiency for palm oil, reducing the time required
for fruit collection by over 50%. This suggests that the new tool not only improves productivity but also offers
greater consistency, making it a valuable asset for workers in the palm oil industry.
b. Cost Used

Production cost analysis involves identifying, calculating, and evaluating the expenses associated with
manufacturing palm oil harvesting tools [3]. The production of this harvesting tool was conducted
independently in Lubuk Kembang Sari Village, Ukui, Pelalawan, Riau. These costs include expenditures for
raw materials and labor. A detailed list of tools used in constructing the palm oil harvester is provided in Table
3.

Table 3. Details of component and material costs

No Item Name Amount Unit Unit (price) Total price(rp)
Raw material costs
1 Angle iron 40 x 40 mm 4 Meters 20.000 80.000
2 Iron plate 2 mm 1 Piece 294.000 294.000

3 Iron begel 2 mm 1 Piece 44.000 44.000
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No Item Name Amount Unit Unit (price) Total price(rp)
4  Besibegel 1 Piece 40.500 40.500
5 Galvanized pipe 1 Piece 26.100 26.100
6 DC motors 1 Piece 210.000 210.000
7 Wheel 2 Pieces 85.000 16.000
8 Bearing 2 Pieces 3.500 7.000
9 Chain 1 Piece 21.000 21.000
10 Cablelm 1 Piece 42.000 42.000
11  Power button 1 Piece 45.000 45.000
12 Current control button 1 Piece 23.000 23.000
13 Handgrib 1 Pair 30.000 30.000

Service fees

14  One person welding service 7 Day 50.000 350.000
Amount 1.228.600

3.6. Test the satisfaction Level

User perceptions of the reliability and credibility of reviews play a significant role in their satisfaction
levels, which ultimately affect purchasing decisions [29]. The results of the satisfaction level survey are
displayed in Table 4

Table 4. Results of the new tool satisfaction level questionnaire

Current condition  Likert Scale Proposed Improvements

Automatic 5 5 means that most respondents agree that the tool is automatic
4.8 means that the majority of respondents agree that the tool is

Citation consistency 4,8 . L .

consistent in picking up palm oil stalks
Easy to move tools 3,8 3.8 means that most respondents agree that the tool is easy to move
Affordable prices 4,8 4.8 means that most respondents agree that prices are affordable
Easy to operate 5 5 means that most respondents agree that the tool is easy to operate

3.7. Comparison of previous tool designs with existing tools

The tool is equipped with a DC motor with adjustable rotation speed, allowing users to work faster and
more efficiently. Moreover, the inclusion of side handles enhances the tool’s mobility, particularly in
challenging terrains [30]. A comparison of previous tool designs with tools that have actually been developed
can be seen in Table 5.

Table 5. Real comparison of previous tools with tools that have been developed

Existing tools(6) Tools after development
~
w7 L

Has overall size Has overall size

Length: 120 cm Length: 131 cm

Width: 40 cm Width: 40 cm

Height: 100 cm Height: 91 cm

The baggage capacity that can be held is 8 kg The capacity of loose beans that can be

accommodated is 10 kg
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Existing tools(6) Tools after development
There is no cover on the top of the picker so the fruit There is a cover at the top of the picker which
is thrown out of the container functions to prevent palm oil pulp from being
thrown out

The collecting part is moved by moving the tool The collector section is driven using a DC motor

back and forth with a power source from a battery whose speed
can be adjusted

When carrying a tool, this can only be done by There is a side handle that can help move the tool

pulling or pushing the tool by lifting it

The newly designed tool, with dimensions of 131 cm in length, is intended to provide sufficient capacity
to accommodate an additional 2 kg of palm fruit, increasing the total capacity from 8 kg to 10 kg. Unlike the
previous model, the new tool features a top cover, which is expected to prevent palm fruit from spilling out,
thereby eliminating scattered fruit during use. The tool is equipped with a DC motor with adjustable speed,
aligning with respondents' preferences for an automatic tool. Notably, all respondents expressed this
preference, as indicated by a score of 5 in the questionnaire. Additionally, the design incorporates side handles
to enhance mobility, addressing feedback from respondents who requested a tool that is easier to transport.

4. CONCLUSION

The manual collection of loose palm oil fruits takes an average of 23.07 minutes, whereas using the newly
developed tool reduces this time to 16.64 minutes, achieving a 28% time reduction. For loose fruit collection,
the old tool required an average of 36.28 minutes, while the new tool only required 16.64 minutes,
demonstrating a 54% improvement in efficiency. These findings indicate that the new tool significantly reduces
collection time. The new tool can accommodate up to 10 kg of loose palm oil fruits, an improvement from the
previous tool’s capacity of only 8 kg. This increased capacity reduces the frequency of emptying the container
during the harvesting process, thereby enhancing work efficiency.The addition of a top cover to the new tool
effectively prevents palm oil fruits from being thrown out of the container during operation, reducing the risk
of yield loss. The tool is equipped with a DC motor with adjustable rotation speed, allowing users to work
faster and more efficiently. Moreover, the inclusion of side handles enhances the tool’s mobility, particularly
in challenging terrains. The new tool’s design prioritizes user comfort, featuring ergonomic dimensions and
automated features that reduce the need for manual labor. This makes the tool more user-friendly and
improves overall productivity.

Based on the satisfaction questionnaire results, most respondents gave high scores for aspects such as
automation, consistency in collecting fruits, affordability, and ease of operation. These findings demonstrate
that the new tool meets the needs and expectations of users. With shorter collection times and automated
features, the new tool also has the potential to reduce overall operational costs, making it a more economical
solution for harvesting loose palm oil fruits.The newly developed tool provides significant advantages over
the previous design in terms of efficiency, ergonomics, and user satisfaction.

REFERENCES
[1] Keputusan Menteri Pertanian Nomor 833, “Keputusan Menteri Pertanian Nomor 833 Tahun 2019,” no.
1, 2019.

[2] L. Rizkya Tarigan, K. Syahputri, and D. Endah Widyastuti, “Alat Pengumpul Brondolan Buah Untuk
Meningkatkan,” Juitech, vol. 1, no. 2, pp. 80-85, 2017.

[3] “Kupas Tuntas Agribisnis Kelapa Sawit - Maruli Pardamean - Google Books.”
https://books.google.co.id/books/about/Kupas_Tuntas_Agribisnis_Kelapa_Sawit.html?id=V{OxDwAA
QBA]&redir_esc=y (accessed Dec. 30, 2024).

[4] M. R. Khalid, A. R. Shuib, and N. Kamarudin, “Mechanising oil palm loose fruits collection - A review,”
J. Oil Palm Res., vol. 33, no. 1, pp. 1-11, 2021, doi: 10.21894/jopr.2020.0069.

[5] Widia Citra and Yoga Nugroho, “Analysis of the Cost of Harvest Premium for Palm Oil Plantations Pt.
Surya Panen Subur. 2 in Afdeling Bravo,” Int. . Educ. Rev. Law Soc. Sci., vol. 3, no. 5, pp. 1536-1545,



Opsi 2024, Vol. 17, No. 2 Pagel 429

(6]

(7]

(10]

(11]

(12]

(13]

(14]

[15]

[16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]
[24]

[25]

2023, doi: 10.54443/ijerlas.v3i5.1041.

M. S. M. Kassim, W. 1. W. Ismail, A. R. Ramli, and S. K. Bejo, “Oil palm fresh fruit bunches (FFB) growth
determination system to support harvesting operation,” J. Food, Agric. Environ., vol. 10, no. 2, pp. 620-
625, 2012.

D. S. Wulandari, Y. Maulana, 1. Trianiza, I. Noor, and M. A. Ramadhan, “Desain Alat Penguntip
Brondolan Kelapa Sawit Dengan Mekanisme Manual Menggunakan Metode Dfm ( Design For
Manufacture ),” vol. 07, no. 02, pp. 298-310, 2024.

M. Z. Mohd Yusoff, “Loose Fruit Collector Machine in Malaysia: A Review,” Int. . Eng. Technol. Sci.,
vol. 6, no. 2, pp. 65-75, 2019, doi: 10.15282/ijets.v6i2.2909.

L. Saulia, I. D. M. Subrata, and M. M. Yusuf, “Postural analysis in design evaluation of oil palm loose
fruits collector machine,” IOP Conf. Ser. Earth Environ. Sci., vol. 1038, no. 1, 2022, doi: 10.1088/1755-
1315/1038/1/012060.

Yuliyanto, A. Kuvaini, and A. Olga Yogantara, “Efektivitas Alat Pengutip Buah Kelapa Sawit
Modifikasi pada Masa Tanaman Menghasilkan,” J. Citra Widya Edukasi, vol. 13, no. 1, pp. 95-100, 2021.
R. Dermawan and A. Wibowo, “Perancangan Mesin Pengupas Kulit Kentang Dengan Metode VDI
2221,” Sainstech ]. Penelit. Dan Pengkaj. Sains Dan Teknol., vol. 33, no. 3, pp. 96-104, 2023, doi:
10.37277/stch.v33i3.1737.

K..D.: Gohlich, D ., Bender, B ., Fay, T ., & Gericke, “Product requirements specification process in
product development,” Proc. Des. Soc., vol. 2459-2470, no. August, pp. 2459-2470, 2021.

S.D. E. Karl T. Ulrich, Product design and development. 2015.

T. Kurtoglu, A. Swantner, and M. I. Campbell, “Automating the conceptual design process: ‘From black
box to component selection,”” Artif. Intell. Eng. Des. Anal. Manuf., vol. 24, no. 1, pp. 49-62, 2010, doi:
DOI: 10.1017/S0890060409990163.

M. F. Antwi-Afari, H. Li, D. J. Edwards, E. A. Pdrn, J. Seo, and A. Y. L. Wong, “Biomechanical analysis
of risk factors for work-related musculoskeletal disorders during repetitive lifting task in construction
workers,” Autom. Constr., vol. 83, pp. 41-47, 2017, doi: https://doi.org/10.1016/j.autcon.2017.07.007.

H. Birkhofer, U. Lindemann, and C. Weber, “A View on Design: The German Perspective,” |. Mech.
Des., vol. 134, no. 11, Oct. 2012, doi: 10.1115/1.4007847.

H. Sadeghi Naeini, “Basics of Ergonomic Product Design Based on Psychology: An Integrated
Approach to Art &amp; Manufacturing,” Theor. Princ. Vis. Arts, vol. 4, no. 2, pp. 75-84, 2020, doi:
10.22051/jtpva.2020.27568.1113.

A. Realyvasquez-Vargas, K. C. Arredondo-Soto, J. Blanco-Fernandez, J. D. Sandoval-Quintanilla, E.
Jiménez-Macias, and ]. L. Garcia-Alcaraz, “Work standardization and anthropometric workstation
design as an integrated approach to sustainableworkplaces in the manufacturing industry,” Sustain.,
vol. 12, no. 9, pp. 1-22, 2020, doi: 10.3390/s5u12093728.

H. Rong, W. Liu, J. Li, and Z. Zhou, “Product innovation design process combined Kano and TRIZ with
AD: Case study,” PLoS One, vol. 19, no. 3 March, pp. 1-22, 2024, doi: 10.1371/journal.pone.0296980.

D. A. Norman and R. Verganti, “Incremental and Radical Innovation: Design Research vs. Technology
and Meaning Change,” in The Invisible Computer: Why Good Products Can Fail, the Personal Computer Is
So Complex, and Information Appliances Are the Solution, vol. 30, no. 1, 2013.

Z. Bell et al., “A systematic scoping review of healthpromoting interventions for contact centre
employees examined through a behaviour change wheel lens,” PLoS One, vol. 19, no. 3 March, pp. 1-
18, 2024, doi: 10.1371/journal.pone.0298150.

J. Niu and Z. Li, “Using Three-Dimensional (3D) Anthropometric Data in Design BT - Handbook of
Anthropometry: Physical Measures of Human Form in Health and Disease,” V. R. Preedy, Ed. New
York, NY: Springer New York, 2012, pp. 3001-3013.

F. Bordbar and E. Treanor, “The Effectiveness of Website Design in Higher Education Recruitment,”
pp. 21-27.

C. P. Ledo, V. Silva, and S. Costa, “Exploring the Intersection of Ergonomics, Design Thinking, and
AI/ML in Design Innovation,” Appl. Syst. Innov., vol. 7, no. 4, 2024, doi: 10.3390/asi7040065.

A. F. Helmy Almaz, “The impact of anthropometrics on the functional design of office furniture,” Int.
Des. |., vol. 12, no. 5, pp. 21-30, 2022, doi: 10.21608/idj.2022.260291.



Opsi 2024, Vol. 17, No. 2 Pagel 430

[26] D.R.P.Cupu and N. Syamza, “Design of Disc on Disc Wear Test Equipment Using VDI 2221 Method,”
J. Ocean. Mech. Aerosp. -science Eng., vol. 65, no. 3, pp. 100-106, 2021, doi: 10.36842/jomase.v65i3.255.

[27]  X. Hu et al., “Graph Model Based Bill of Material Structure for Coupling Product Development and
Production Planning BT - Intelligent and Transformative Production in Pandemic Times,” 2023, pp.
593-605.

[28]  Sonika, Ved Pal, Naresh Chauhan, and Harish Kumar, “A review of the software testing tools,” Int. J.
Sci. Res. Arch., vol. 12, no. 1, pp. 2387-2392, 2024, doi: 10.30574/ijsra.2024.12.1.1029.

[29] M. L. Avadanei, S. Olaru, I. Dulgheriu, S. D. Ionesi, E. C. Loghin, and I. Ionescu, “A New Approach to
Dynamic Anthropometry for the Ergonomic Design of a Fashionable Personalised Garment,” Sustain.,
vol. 14, no. 13, pp. 1-24, 2022, doi: 10.3390/su14137602.

[30] S.Shit, D. K. Das, and D. N. Ray, “Design and Development of a Terrain Adaptive Mobile Robot,” in
2021 12th International Conference on Computing Communication and Networking Technologies (ICCCNT),
2021, pp. 1-6, doi: 10.1109/ICCCNT51525.2021.9580075.



	1. INTRODUCTION
	2. METHODS
	3. RESULTS AND DISCUSSION
	3.1 Planning and Explanation of Tasks
	3.2 Product Design Concept
	3.2.1 Anthropometric Data
	3.2.2 Determine Alternative tool Development Components

	3.3. Form Design
	3.4. Detailed Design in Detail
	3.5. Tool Testing
	3.6. Test the satisfaction Level
	3.7. Comparison of previous tool designs with existing tools

	4. CONCLUSION
	REFERENCES

