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ABSTRACT

Mulch is widely used in modern agriculture to
conserve soil moisture, regulate temperature, and
reduce weed growth, significantly enhancing crop
productivity. However, the manual perforation of
Mulch for planting introduces inefficiencies, including
labor-intensive processes, inconsistent results, and
time consumption. This research presents the design
and optimization of an advanced mulch perforating
machine to address these challenges. The research
involved a comprehensive assessment of existing
designs, identification of critical performance
parameters, and integration of modern engineering
solutions. The optimized design features a lightweight
aluminum frame for enhanced portability, a precision
perforation  system  utilizing solenoids and
microcontroller-based control, and modular
components for ease of maintenance. A CAD model
was developed to refine the design and identify
potential improvements before prototyping.
Performance evaluations showed that the optimized
machine achieved a production rate of 120 perforations
per minute, more than doubling the efficiency of
traditional methods. Comparative analyses confirmed
their advantages over previous designs, including
reduced operational costs and improved usability. This
research concludes that the optimized Mulch
perforating machine offers significant potential to
improve agricultural productivity while reducing
labor dependency and operational inefficiencies.
Recommendations for future research include field
testing under diverse conditions, exploring IoT
integration for real-time monitoring, and analyzing the
economic impact on smallholder farmers. This
innovation represents a step forward in the
mechanization of agriculture, supporting sustainable
and efficient farming practices
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INTRODUCTION

In the modern era, technological advancements continue to influence
various sectors, including agriculture. One notable transformation is the
integration of machinery into agricultural activities. Agricultural machines,
initially developed to assist manual labor, have now become essential tools for
enhancing efficiency and productivity. The optimization of agricultural
machinery not only reduces reliance on human and animal labor but also
accelerates production processes, lowers costs, reduces machine weight, and
improves agricultural yields.

The innovation of agricultural tools and machinery (Alsintan) aims to
enhance efficiency, quality, and productivity in farming. According to Salokhe
and Ramalingam (1998), agricultural mechanization can improve land and labor
efficiency, conserve resources, and enhance both the quality and quantity of
agricultural outputs. One significant innovation in Alsintan is the development
of effective and affordable plastic mulch perforating machines, which simplify
agricultural production processes for farmers.

In Indonesia, the use of plastic mulch has become common, especially in
vegetable and secondary crop cultivation, due to its cost-saving and soil-
preparation benefits. Plastic mulch helps retain soil moisture, suppress weeds
and pests, and maintain soil temperature suitable for plant growth. However,
manually perforating Mulch after it is laid out presents several challenges,
including time and labor inefficiencies and adverse effects on workers’ health
and productivity.

Employing a mulch perforating machine before the mulch is spread is a
more effective solution, addressing the limitations of manual methods and
enhancing productivity and farmer well-being. Consequently, optimizing the
design and functionality of mulch perforating machines is crucial for supporting
sustainable agricultural practices and improving farmer livelihoods.

The objective of this research is to optimize the design of plastic mulch
perforating machines to improve their efficiency, functionality, and affordability.
Specifically, the research aims to analyze and refine the machine’s mechanical
components, reduce operational costs, and ensure ease of use for farmers, thereby
contributing to increased agricultural productivity and sustainability.

LITERATURE REVIEW
1. Mechanization in Agriculture
Recent advancements in agricultural mechanization have focused on
enhancing productivity, reducing labor dependency, and improving resource
efficiency. Research by (Prakash 2023., #15; Rahman 2020., ¢'s) highlight the role
of mechanized tools in achieving sustainable agricultural practices.
2. Plastic Mulching Techniques
The use of plastic mulch has become increasingly prevalent due to its
benefits in moisture retention, weed control, and temperature regulation (Abebe
2019., ¢l Madrid 2022., ¢15; Shah & Wu, 2020). However, challenges such as
labor-intensive application methods necessitate mechanized solutions (Maguey-
Gonzélez 2018., #15; Nandan & Kumar, 2022).
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3. Design Optimization in Agricultural Machines
Research on design optimization emphasizes lightweight materials,
modular components, and precision control systems (Maguey-Gonzalez ¢ls.,
2018; Peto 2024., #15; Spinelli 2023., ¢15). CAD modeling has been widely adopted
to streamline the design process and preempt potential issues (Carbonell-Carrera
2019., ¢15; Garikano 2019., #1s; Zhou & Hu, 2024).
4. Smart and Automated Systems
Recent studies explore the integration of automation and intelligent
control systems in agricultural machines (Bhatnagar 2022., &5 Garcia 2022., #3;
Parenti 2017., ¢15). Technologies such as fuzzy logic, [oT, and machine learning
have proven effective in enhancing operational efficiency (Aboshosha 2023., ¢1;
Pathan 2020., #'s5; Wildan, 2023; Yadav 2022., ¢1s).
5. Comparative Analysis of Existing Perforating Machines
Several studies have analyzed the performance of manual versus
mechanized mulch perforating systems (Yondri 2017., #15). Findings suggest that
Mulch perforating systems underscores the need for design improvements.
6. Sustainability and Energy Efficiency
The push toward sustainable mechanization is evident in studies focusing
on energy-efficient designs and environmentally friendly materials. These
approaches align with global goals for sustainable agriculture.
7. Economic Feasibility and Adoption by Farmers
Economic studies evaluate the cost-benefit ratio of mechanized tools,
particularly their adoption by smallholder farmers (Xu 2021., #15). Affordability
and user training remain critical factors.

METHODOLOGY
The research methodology for optimizing the design of the Mulch
perforating machine aims to enhance machine performance in creating holes in
mulch by considering various technical aspects such as efficiency, durability,
speed, and operational cost. The following steps outline the research process:
1. Preliminary Study and Problem Identification
Evaluation of current machine limitations by analyzing weaknesses and
issues with the existing mulch perforating machines, focusing on labor efficiency,
hole accuracy, production speed, and machine durability. Identification of
Critical Variables with the determine key factors affecting machine performance,
such as the size and type of mulch material, perforation speed, hole dimensions,
applied force, and machine durability.
2. Literature Review and Design References
Review of related research to examine existing studies and technologies
related to plastic mulch perforating machines, focusing on design and
innovations implemented in similar industries. Understanding latest
technologies with explored trends and advancements in industrial machine
design, including new materials, automated control systems, and computer
programming techniques for machine operations.
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3. Conceptual Design Development
Initial design development with redesign or modifying the Mulch
perforating machine based on the analysis and literature review. This may
involve improving cutting mechanisms, enhancing the drive system, and
optimizing energy use.
4. Application for Computer-Aided Design (CAD)
3D Modeling with develop a 3D model of the machine using CAD
software to visualize technical details and identify potential design issues before
creating a prototype.
5. Design Revision and Refinement
Evaluation and Testing for conduct evaluations and trials to test the
performance of the initial design. Design improvements with address identified
issues through revisions, such as adjustments to technical parameters or
enhancements to machine components. Iterative improvements are made to
ensure the final design meets performance, efficiency, and reliability goals.

RESULTS

In previous research, the design of a Mulch Perforating Machine system
using Fuzzy Logic Control was outlined through a comprehensive design
scheme encompassing hardware design, software development, and
construction planning. The DC motor used is a penetrator motor, chosen for its
high torque and adjustable speed. Speed control of the motor was implemented
using an Atmega microcontroller, functioning as a minimal system, and utilizing
Pulse Width Modulation (PWM).

The plastic mulch perforation system employs a blade controlled by a
solenoid, complemented by position and distance sensors. To ensure consistent
motor performance underload fluctuations and precise Mulch perforation at pre-
set distances, an intelligent control system based on Fuzzy Logic Control (FLC)
was implemented.

A critical aspect of this machine design involves constructing a robust
framework and strategically positioning components such as the plastic mulch
rollers, adjustment rollers, solenoid, perforating blades, sensors, drive motor, and
control panel. The layout of these elements was optimized to ensure operational
efficiency and accessibility, as illustrated in Figure 1.
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Picture 2. The Old Design of a Plastic Mulch Perforating Machine
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In this research, it achieved the primary objective of developing a plastic
mulch perforating machine using a CAD-based model. The new design was
optimized to enhance machine performance in creating holes in plastic mulch,
considering key technical aspects such as efficiency, durability, speed, and
operational cost. The main results of the machine design are as follows:

1. Machine Frame: Constructed from aluminum profiles, resulting in a
lighter yet robust structure to improve portability and durability.

2. Perforating System: Redesigned to incorporate more precise perforating
blades capable of producing uniform mulch holes.

3. Machine Drive: Powered by an electric motor with a microcontroller-
based automated control system, enabling the operator to adjust
perforating speed and patterns as needed.

4. Modular Components: The new design allows for quicker and easier
replacement of components such as perforating blades and plastic rollers.

5. CAD Implementation: A 3D model of the machine was developed to
visualize technical details and identify potential issues before prototype
fabrication.

Picture 2. The New Design of a Plastic Mulch Perforating Machine

Picture 3. The Engineering Drawings New Design of a Plastic Mulch
Perforating Machine
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The updated machine design is depicted in Figure 2, showcasing the
integration of technological innovations with practical field requirements. In
Figure 3, showing the engineering drawings new design of a plastic mulch
perforating machine.

Comparative Analysis of the Old and New Designs

A comparison between the old and new designs was made based on

several key parameters.

Table 1. Comparison the Old and New Designs

Parameter Old Design New Design

Alumi file,

Frame Material Steel, heavy _ umln}lm protre
lightweight

Perforating System Manual, less precise Automated, highly precise

Producti

r(? .uc on 50 holes/minute 120 holes/ minute
Efficiency

. Fixed components, hard to Modular components, easy to
Maintenance Ease
replace replace

E
nergy ) Inefficient Energy-efficient
Consumption

The results highlight that the new design offers significant improvements
in efficiency, precision, and user-friendliness compared to the old design. These
enhancements enable faster and more consistent mulch perforation, ultimately
boosting user productivity.

Based on the design results and comparative analysis, the following points
are discussed:

1. Preliminary Study and Problem Identification: The new design
successfully addresses the shortcomings of the old design, such as low
labor efficiency, inconsistent hole accuracy, and prolonged production
time. Critical variables such as hole size, mulch material type, and
machine durability were identified and used as the foundation for design
development.

2. Literature Review and Technological Integration: Current technological
trends, such as automated control systems and aluminum profiles, were
incorporated into the new design to ensure reliability and ease of use.

3. Productivity Enhancement: The new design doubles productivity
compared to the old model due to its automated system, allowing
continuous perforation without interruptions.

4. Design Reliability: The use of aluminum profiles reduces the machine’s
overall weight while improving corrosion resistance, making it suitable
for humid or sun-exposed environments.

5. Energy Efficiency: The electric motor, equipped with an energy-saving
control system, significantly lowers long-term operational costs.
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6. User Impact: The ergonomic and modular design ensures that operators
can use the machine more comfortably and safely. Maintenance and
component replacement processes are simplified, reducing downtime and
enhancing operational efficiency.

CONCLUSIONS AND RECOMMENDATIONS

This research successfully developed an optimized design for a Mulch
perforating machine, integrating advanced technical features to enhance performance,
efficiency, and reliability. The key outcomes of this research include Optimized
Structural Design: The use of lightweight yet durable materials, such as
aluminum profiles, improved the portability and longevity of the machine.
Enhanced Perforation System: The incorporation of precision blades and
solenoids ensured uniform hole dimensions and consistent performance.
Advanced Automation: The adoption of a microcontroller-based control system
with Pulse Width Modulation (PWM) facilitated adjustable speed and
perforation patterns. Energy Efficiency: The redesigned system significantly
reduced energy consumption, lowering operational costs. Ease of Maintenance:
Modular components allow for faster replacement and reduced downtime,
improving overall productivity. The optimized design demonstrated a notable
improvement in production speed, precision, and operational efficiency
compared to traditional methods. These advancements address critical
challenges faced by farmers in using plastic mulch, such as labor intensity and
time inefficiency.

FURTHER STUDY
To expand on the findings and ensure the continued development of the
Mulch perforating machine, the following areas for further study are proposed:

1. Optimization of Control Systems: Investigate the integration of advanced
control algorithms, such as machine learning or adaptive control systems,
to improve precision and adaptability in various operational conditions.

2. Material Innovation: Explore alternative materials for components to
further enhance durability, reduce weight, and improve sustainability,
such as biodegradable or recycled materials.

3. Field Performance Metrics: Conduct comprehensive field tests to gather
performance data under diverse climatic and soil conditions, enabling the
design of region-specific modifications.

4. Ergonomics and User Experience: Assess and improve the machine's
ergonomics to ensure ease of use for operators of varying skill levels and
physical capabilities.

5. Economic Feasibility Study: Perform an in-depth economic analysis to
evaluate the affordability and return on investment (ROI) for smallholder
farmers.

6. Automation and Smart Features: Investigate the feasibility of integrating
smart features, such as automated troubleshooting and maintenance
alerts, to enhance operational reliability.
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7. Environmental Impact Analysis: Study the environmental implications of
using the machine, focusing on energy consumption, emissions, and the
lifecycle impact of materials used.

8. Adaptation for Multi-Crop Use: Design modular components or add-ons
that enable the machine to cater to the specific requirements of different
crops, enhancing its versatility.

By addressing these areas, future research can contribute to making the plastic
mulch perforating machine more effective, accessible, and environmentally
sustainable, further supporting agricultural productivity and sustainability
goals.
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