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Abstract. This study presents the design and development of a sieving machine specifically engineered for granular organic fertilizer, with a targeted processing capacity of 15 kilograms per hour. The main objective is to create an efficient, reliable, and cost-effective machine suitable for small-scale agricultural or community-based fertilizer production systems. The design process adopts the Pahl and Beitz engineering design methodology, which includes problem identification, concept generation, evaluation of alternatives, and detailed mechanical design. Design calculations cover critical parameters such as power requirement, belt speed, shaft strength, transmission ratios, and frame structure. The sieving mechanism utilizes a belt and pulley system driven by a 3 HP motor operating at 1500 rpm, with a transmission configuration optimized to ensure consistent granule separation according to size specifications. The resulting prototype demonstrates good performance in terms of operational stability, sieving effectiveness, and ease of maintenance. This work contributes to the development of low-cost mechanical solutions that support sustainable agriculture through improved fertilizer processing technologies.
INTRODUCTION
Compost derived from animal manure is an organic material rich in nutrients that serves as a soil ameliorant. It improves soil fertility, structure, and microbial activity while reducing dependence on chemical fertilizers [1]. Organic fertilizers consist of various natural materials, such as compost, livestock manure, and other organic waste. When applied to soil, these fertilizers act as a rich source of nutrients, including essential macronutrients such as nitrogen, phosphorus, and potassium, as well as micronutrients that support plant growth [2].
Nitrogen is one of the main nutrients essential for most plants and is typically supplied through animal manure. The nutrient content of manure varies depending on the type of livestock, feed, age, and health conditions of the animals. In many cases, farmers who raise livestock alongside crop production still find the available manure insufficient to meet crop nutrient demands, resulting in suboptimal yields [3].
Phosphorus (P) plays a vital role in the life processes of all organisms. In plants, it is involved in photosynthesis, respiration, and the formation of nucleic acids and cell membranes. It also regulates various enzyme activities [4]. Potassium (K) is a soft, silvery-white metal that is highly reactive with water. Commonly referred to as potash (K₂O), it has traditionally been produced by dissolving wood ash and evaporating the solution in large iron pots to concentrate its content (Mikkelsen and Bruulsema, 2005) [5].
Although granular fertilizers may increase leaf nitrogen concentrations, they also pose risks such as root damage and plant death due to high electrical conductivity and ammonium content [6]. Granulator machines are known for producing both organic and inorganic fertilizer granules with relatively uniform sizes while requiring minimal labor [7].
Based on the literature and problems identified, there is a need to develop appropriate technology to support fertilizer processing. In response to this, the present research focuses on the design of a granular organic fertilizer sieving machine using Autodesk Inventor, with a capacity of 15 kg/hour.
Methodology
The design and development of the granular fertilizer sieving machine in this study was carried out using the systematic engineering design approach proposed by Pahl and Beitz. This method consists of four major stages: planning, conceptual design, embodiment design, and detailing. Each stage is implemented to ensure that the resulting machine meets the functional requirements with optimal performance and cost-efficiency.
Reference to Prior Studies
To ensure that the design process is grounded in existing knowledge, several prior studies were reviewed. These studies provided insights into existing organic fertilizer processing technologies and the operational principles of sieving mechanisms. For instance, previous work [8] demonstrated how community-scale fertilizer processing machines increased productivity in rural areas. Several studies [9–10] provided valuable technical input on mechanical design elements such as rotary sieves, machine construction methods, and parameter selection. These references formed the foundation for defining the design criteria and performance targets of the machine developed in this research.
Granular Organic Fertilizer Processing
Granular organic fertilizer is produced through a sequence of processing steps, including granulation, drying, and sieving. The sieving process plays a crucial role in ensuring that the final product meets specific particle size standards [11]. The machine developed in this study is designed to perform this sieving process efficiently using a mechanical drive system.
Design of the Sieving Machine
The sieving machine uses a classification mechanism based on particle size, achieved through a set of perforated screens. The screen mesh separates the granules based on their dimensions—smaller particles fall through while larger particles are retained for further processing. The machine is powered by a motor that transmits rotational energy to the sieve via a belt and pulley system. The drive can be adapted for gasoline, diesel, or electric motors [12].
Mechanical elements such as shafts, pulleys, belts, bearings, and keys were dimensioned and selected based on literature values and standard mechanical design calculations [13–18]. For instance, the shaft was analyzed under torsional and bending loads, and the pulley was selected to match the torque and belt speed requirements of the system.
Design Calculation and Flowchart
Key mechanical calculations were conducted to determine component dimensions and operational parameters. These included power requirement estimation, belt length and speed, shaft diameter, stress analysis, and frame structural evaluation. The total required power was based on the motor output (3 HP at 1500 rpm), with a speed reduction system configured to achieve a sieve rotation speed of 37.5 rpm and a belt speed of 5.98 m/s.
The overall design process was guided by a structured workflow, as illustrated in Fig. 1, which outlines the main stages from data collection to evaluation.
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FIGURE 1. Flowchart of the machine design process using the Pahl and Beitz method.
Evaluation Criteria
Once the prototype design was completed, an evaluation phase was conducted to assess the machine’s expected performance based on several criteria: operating capacity, structural reliability, production cost, and ease of operation and maintenance. If any of these criteria failed to meet the initial design requirements, design revisions were performed to improve functionality.
Decision-Making and Alternative Selection
To select the best configuration, a set of design alternatives was generated for each sub-function, such as energy source, drive mechanism, sieve motion type, screen material, and residue disposal system. These alternatives were compared based on functionality, reliability, manufacturability, and safety. A summary of the alternative options considered is shown in Table 1, which helped guide the final concept selection.
These structured steps ensured that the final prototype design would meet the technical requirements of small-scale fertilizer sieving, with emphasis on reliability, simplicity, and cost-effectiveness.


	TABLE 1. Summary of design alternatives for each sub-function in the sieving machine.

	Sub-function
	Alternative 1
	Alternative 2
	Alternative 3

	Energy source
	Gasoline engine
	Electric motor
	Manual crank

	Drive mechanism
	Belt and pulley
	Chain and sprocket
	Flexible coupling

	Sieve motion type
	Horizontal oscillation
	Rotational
	Vibration

	Screen material
	Stainless steel
	Steel wire
	Nylon

	Number of sieve layers
	Single layer
	Two layers
	Three layers

	Output collection
	Single container
	Split container
	Conveyor belt

	Residue disposal
	Outlet chute
	Small conveyor
	Manual tray


Results and Discussion
This section presents the outcomes of the design process and evaluation of the granular fertilizer sieving machine, with a processing capacity of 15 kg/hour. The discussion includes analysis of design requirements, machine performance evaluation, and key considerations for functionality, manufacturability, and safety.
Design Requirements and Functional Demands
The design process began by identifying several design demands, which were categorized into three groups: primary requirements, secondary requirements, and user expectations. These are summarized in Table 2.

	TABLE 2. Functional requirements and design expectations for the sieving machine.

	Category
	Design Requirement
	Description

	Primary Requirement
	Capable of sieving granules
	Able to separate fertilizer particles based on target size specifications.

	Secondary Requirement
	Fast operation
	Capable of sieving 15 kg/hour within the optimal cycle time.

	
	Cost-effective manufacturing
	Use of locally available materials to reduce production cost.

	User Expectation
	Operational safety
	Safe for operators, avoiding contact with moving mechanical parts.



These requirements guided the selection of components, mechanical configuration, and assembly layout during the design phase.
Design Evaluation and Performance
The evaluation phase focused on assessing whether the designed machine could meet all performance targets set out in the design requirements. Based on trial runs and calculations, the sieving machine successfully processed 15 kg of granular fertilizer within 1 hour. This confirms that the system meets the required capacity specification.
Functionally, the sieving system performed well, as it was able to separate granules efficiently during a single pass without clogging or requiring manual intervention. In terms of the drive system, the first design encountered constraints due to limited tooling precision, which affected the frame alignment and sieve stability. However, subsequent design revisions successfully corrected these issues, allowing the machine to operate consistently and stably.
The power transmission system used a 3 HP motor rotating at 1500 rpm, connected to the sieve via a pulley and V-belt mechanism. The reduction ratio was designed to achieve an output rotation speed of 37.5 rpm on the sieve shaft. The calculated belt speed was 5.98 m/s, with a belt length of 1025 mm. These calculations ensured that the sieve operates at an optimal speed to allow particle separation without excessive vibration or material buildup.
Structural analysis was also conducted to ensure frame rigidity under operating conditions. The machine frame was constructed with dimensions of 2390 mm in length, 620 mm in width, and 892 mm in height. These dimensions were selected to balance stability, ease of maintenance, and ergonomics for the operator.
Concept Selection and Evaluation of Alternatives
Throughout the design development phase, various alternatives were generated for each functional sub-system of the machine. The alternatives were evaluated based on performance, reliability, cost, and ease of implementation. Table 3 outlines the alternative configurations considered.

	TABLE 3. Evaluation of functional alternatives during the conceptual design stage.

	Sub-function
	Selected Configuration
	Reason for Selection

	Energy source
	Gasoline engine
	Easy availability and sufficient power output

	Drive mechanism
	Belt and pulley
	Simple, low-cost, and easy to maintain

	Sieve motion
	Horizontal oscillation
	Provides effective granule separation

	Screen material
	Stainless steel
	Durable and corrosion-resistant

	Sieve layers
	Single layer
	Sufficient for small-scale application

	Product collection
	Single container
	Simplifies material handling

	Residue disposal
	Manual chute
	Low-cost and easy to implement



These selections ensured that the final machine design remained functional, affordable, and practical for localized fertilizer processing initiatives.
Final Prototype Assessment
After integrating all revisions, the final prototype met all performance and structural requirements. The machine could sieve 15 kg of granular fertilizer per hour as designed. Moreover, the use of locally sourced materials helped reduce production costs without compromising structural strength or reliability.
Figure 2 shows the final 3D model of the sieving machine, illustrating the main frame, sieve chamber, motor mount, and transmission system.
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FIGURE 2. Final 3D design model of the granular fertilizer sieving machine.

In addition, the machine was designed to be safe for the operator, with protective elements to prevent accidental contact with moving components. Maintenance procedures were also considered during the design stage, with accessible openings and detachable parts to allow for easy cleaning and replacement.
CONCLUSION
The design and development of the granular organic fertilizer sieving machine, with a target capacity of 15 kg/hour, have been successfully completed using the Pahl and Beitz systematic design methodology. Through a structured design process consisting of planning, conceptualization, embodiment, and detailed design stages, the machine was tailored to meet specific functional, structural, and economic requirements.
The final prototype demonstrated effective performance in separating granular fertilizer based on particle size, with a single-layer horizontal oscillating sieve driven by a belt and pulley system powered by a 3 HP gasoline engine. The power transmission system and structural frame were carefully calculated and evaluated to ensure mechanical integrity and operational stability. The machine successfully fulfilled the design targets, including throughput capacity, structural rigidity, ease of operation, and cost-efficiency. Furthermore, the use of locally available materials and components minimized production costs while maintaining product quality and durability.
It is recommended that future research focus on the following: (1) integrating multi-layer sieving mechanisms to enhance particle classification accuracy; (2) exploring alternative power sources such as solar-powered DC motors for improved energy sustainability; and (3) implementing vibration dampening systems to reduce operational noise and improve user comfort. Additionally, long-term field testing is necessary to assess machine reliability under varied working conditions and environmental factors.
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