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ABSTRACT
This study focuses on the design, fabrication, and testing of a motorized melon shelling machine, developed to improve the efficiency of shelling melon seeds (Citrullus colocynthis) and reduce manual labor associated with traditional methods. The machine was constructed using locally available materials and tested under three different feed rates: 500 g, 1000 g, and 1500 g. Performance parameters evaluated include machine output capacity (kg/h)and kernel recovery (%). Experimental data revealed that machine output capacity increased with feed rate, ranging from 35.47 kg/h to 43.53 kg/h, while kernel recovery showed a decreasing trend, dropping from 58.3% to 55.3%as feed rate increased. Statistical analysis using Analysis of Variance (ANOVA) indicated a significant effect of feed rate on output capacity (F = 132.88, p< 0.0001), but no statistically significant effect on kernel recovery (F = 3.06, p ≈ 0.124). Literature comparison confirmed that increased feed rates improve throughput but may reduce kernel integrity due to seed breakage. The feed rate of 1000 g was identified as the optimal setting, offering a balance between processing efficiency and kernel quality. The results demonstrate that the developed machine is effective and reliable for small- to medium-scale melon processing. Further design modifications and multi-variable optimization are recommended to enhance performance and adapt the machine for broader agricultural applications.
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CHAPTER ONE
INTRODUCTION
1.1	 Background to the Study
Melon (Citrullus lanatus var. mucosospermus), locally known as “egusi” among the Yoruba, “agushi” in Hausa, and “ogili” in Igbo, is one of the most widely cultivated oilseed crops in Nigeria and other parts of tropical Africa. It holds immense nutritional and economic value, contributing to food security, household income generation, and agro-industrial development. The seeds are rich in oil (approximately 47%) and protein (about 26%) and are widely used in food preparation as well as in the production of margarine, salad oil, livestock feed, cosmetics, and baby food (Ajibola et al., 2022).
The crop is predominantly cultivated by smallholder farmers in Nigeria’s Middle Belt and northern regions, where women play a central role in post-harvest handling and processing at the household and cottage-industry levels (Yusuf et al., 2025). Melon seeds are consumed domestically and marketed commercially, making them a vital component of rural economies. However, a major limitation to its broader commercialization is the challenge posed by inefficient post-harvest processing—especially the shelling of seeds.
Traditional shelling methods, such as cracking with stones or pounding with pestles, are still widely practiced in rural areas. These methods are labor-intensive, time-consuming, and yield low shelling efficiency, with high levels of seed breakage (up to 30%) and inconsistent quality (Umeh et al., 2019). These shortcomings directly impact processing output, reduce economic value, and discourage investment in melon value chain development.
Over the years, numerous attempts have been made to develop mechanical shelling solutions. Designs have included impact disc systems, frictional disc shellers, and more recently, extrusion-based models intended to minimize seed damage and improve throughput (Agidi et al., 2020). While these innovations mark technical progress, many remain inaccessible to rural users due to high costs, low adaptability to local seed types, and the need for skilled operation and maintenance (Okon et al., 2018; Omoruyi et al., 2022).
Recent studies emphasize that the effectiveness of a melon shelling machine is closely tied to several key parameters, including seed size, shell hardness, seed moisture content, and machine operating conditions such as drum speed, clearance, and feed rate (Asoegwu et al., 2023; Yusuf et al., 2025). Machines that fail to account for these variables often result in excessive kernel damage, low throughput, and operational inefficiencies. For instance, a drum-type melon sheller developed by Umeh et al. (2019) achieved 90% shelling efficiency but still recorded 20% seed damage. Similarly, Yusuf etal. (2025) demonstrated that optimal performance was achieved only when moisture content was precisely controlled (19.9% d.b.), combined with optimal drum speed (1248 rpm) and feed rate (42 kg/h).
These findings highlight the importance of tailoring machine designs to local agronomic and environmental conditions. Therefore, a gap exists for the development of a cost-effective, efficient, and user-friendly melon shelling machine that integrates local realities, minimizes seed loss, and supports small-scale agro-processors, especially women.
A modified machine that improves shelling efficiency and reduces kernel damage can significantly enhance melon post-harvest processing, reduce physical drudgery, and stimulate value-added production in rural communities. This project seeks to bridge the gap by designing and fabricating a melon shelling machine that addresses these pressing needs.
1.2	 Problem Statement
In many rural communities across Nigeria, melon shelling is still largely performed manually using primitive techniques such as hand rubbing and peeling. These tasks are typically carried out by women and young children, often under strenuous and unhygienic conditions. The process is extremely labor-intensive, time-consuming, and inefficient, leading to physical fatigue, low daily output, and a high percentage of broken or damaged seeds (Nwadinobi and Ezeaku, 2018).
This traditional approach severely limits the capacity for commercial-scale melon processing and undermines efforts to increase household income and food security. As the demand for melon-based products grows in both local and regional markets, the inability to process large volumes efficiently has become a significant constraint for smallholder farmers and cottage-level processors.
Although recent attempts have been made by engineering researchers and fabricators to develop mechanical melon shellers, many of these machines have failed to deliver the expected performance. Some are too expensive for rural users, others are technically complex to operate and maintain, and many are poorly adapted to local melon seed varieties. Additionally, several of these machines still produce high levels of kernel damage and do not perform efficiently under variable moisture content conditions (Iorpev et al., 2020; Esenamunjor and Ubabuike, 2021).

The persistent reliance on inefficient manual methods and the limitations of existing mechanical alternatives point to the urgent need for a melon shelling machine that is affordable, efficient, user-friendly, and suitable for local processing conditions. Such a solution would help reduce the physical burden on women and children, improve processing speed, minimize seed loss, and contribute significantly to post-harvest value addition and rural economic development.
1.3 	Aim and Objectives of the Study
The aim of this study is to design and fabricate a melon shelling machine that improves shelling efficiency, reduces seed damage and is cost-effective and adaptable to local operating conditions using locally available materials while the specific objectives are as to:
1. design and fabricate a modified melon shelling machine using locally available materials.
1. test the performance of the machine in terms of shelling efficiency, seed damage rate and throughput capacity. 
1.4 	Justification of the Study
Melon is a staple food in Nigeria, yet the difficulty in post-harvest processing poses a challenge to its utilization. By designing a more efficient and locally adaptable shelling machine, this project seeks to improve productivity, reduce drudgery especially for women who constitute the majority of melon processors and boost economic returns. Furthermore, it aligns with national goals of promoting mechanized agriculture and reducing post-harvest losses.



1.5		 Scope of the Study
This study focuses on the design and modification of a melon shelling machine. It involves the review of prior technologies, development of an improved design, fabrication of a prototype, and evaluation based on defined performance indices. The machine will be tested in terms of its efficiency and capacity. The experiment would be replicated thrice by using three feed rates of 500g, 1000g and 1500g using constant machine speed of 900 rpm.


CHAPTER TWO
LITERATURE REVIEW
2.1 Agronomy of Egusi Melon (Citrullus lanatus var. mucosospermus)
Egusi melon, also known locally as “egusi” (Yoruba), “agushi” (Hausa), and “ogili” (Igbo), is a major oilseed crop widely cultivated in Nigeria and across tropical West Africa. Unlike sweet watermelons, egusi is primarily grown for its nutrient‑rich seeds rather than its pulp. These seeds are valued for their high oil (approximately 40–47 %) and protein (22–30 %) content, making them essential for food, industrial, and nutritional applications (Ezema et al., 2021; Nwoke et al., 2023).
Egusi melon thrives in warm, tropical climates with average temperatures between 25 °C and 35 °C, and annual rainfall ranging from 600 mm to 1,500 mm. It prefers well-drained sandy-loam soils with neutral to slightly acidic pH (5.5–7.0). These agro-ecological conditions are typical in Nigeria’s Middle Belt and savanna regions (Ugwuoke et al., 2021).
Planting is commonly done at the beginning of the rainy season using either dibbling or drilling methods. A recommended spacing of 90 cm × 90 cm or 1 m × 1 m helps accommodate the vine-like growth habit. Seeds are sown at a depth of 2–3 cm, and germination occurs within 5–7 days. Fruit maturation generally spans 3 to 4 months depending on variety and environmental conditions (Ugwuoke et al., 2021).
Egusi plants are creeping annual vines with large lobed foliage and yellow unisexual flowers. Pollination is primarily insect-mediated, especially by bees. The harvested fruits have a hard outer rind and bitter pulp. The edible seed inside is enclosed in a tough shell, which presents a major challenge during post-harvest processing (Ogunsola et al., 2020).
Nutritionally as reported by (Nwoke et al., 2023), egusi seeds are superior among local oilseeds. Full-fat and defatted flours from Cucumeropsis mannii (a variant often grouped with egusi) contain exceptionally high protein (up to 69% in defatted meal), essential amino acids, minerals, fiber, and small amounts of B vitamins. Shelf stability of the extracted oil remains acceptable, with low peroxide and acid values during storage. 
Seed physical characteristics vary considerably by variety. Popular types in Nigeria—such as Bara, Serewe, Sofin, and the E and N variants—differ in seed size, shell thickness, and overall hardness. These properties are critical in determining the mechanical shelling performance, as tougher shells require greater force and induce greater risk of kernel damage (Ogunsola et al., 2020; Ugwuoke et al., 2021).
Post-harvest processing usually begins after the vine dries and fruit ripens. Seeds are removed manually, then allowed to ferment briefly to separate pulp, washed, and sun-dried. Among all steps, shelling is the most laborious, requiring significant manual effort and time, particularly when using traditional methods such as hand peeling, rubbing, or pounding in local rural settings (Ogunsola et al., 2020). 
(Ogunsola et al., 2020) revealed that crop productivity is also constrained by pests and diseases. Common pests include melon flies, aphids, and stem borers, while diseases such as leaf blight (caused by fungal pathogens) occur frequently. Surveys in southwestern Nigeria recorded leaf blight incidence in over 73% of surveyed farms, damaging leaves and reducing yield. Crop rotation, resistant varieties, and timely cultural controls are employed to manage these challenges. 
In conclusion, the agronomy of egusi melon integrates various environmental, nutritional, and physiological considerations. Its economic relevance continues to grow due to its multipurpose utility, from food to cosmetics and animal feed. However, challenges in postharvest handling, especially shelling, still limit its full industrial potential, necessitating the development of efficient, affordable, and locally adaptable processing technologies.
2.2 	Types and Species of Melon
Melon belongs to the botanical family Cucurbitaceae, which includes a variety of species grown for either their fruits or seeds. In Nigeria, the most widely cultivated type is the egusi melon (Citrullus lanatus var. mucosospermus), valued not for its pulp but for its oil-rich seeds used in local cuisine and agro-industrial processes (Obani and Ikotun, 2023).
Egusi melon is primarily cultivated in the middle-belt and northern regions of Nigeria. Its seeds are enclosed in hard shells and are commonly used in soups and stews. Several local varieties exist, each with distinct morphological characteristics that influence their performance during post-harvest operations such as shelling and oil extraction (Ogunwole et al., 2022). The common varieties of melon and their characteristics are presented in table 2.1.




Table 2.1 Common Varieties of Melon and Their Characteristics:
	Variety 
	Seed size
	Shell thickness
	Seed color
	Shelling suitability
	Oil yield

	Bara
	Large
	Thick
	Black edge
	Suitable for mechanical shelling due to robustness 
	High

	Serewe
	Small
	Thin
	Light cream
	Easy to shell manually, prone to damage in machine 
	Moderate

	Sofin
	Medium
	Moderate
	Off-white
	Balanced for both manual and mechanical method
	High

	E-type
	Varies 
	Varies 
	Brownish
	Adapted to local climates, used in breeding programs
	Moderate


	N-type
	Varies
	Varies 
	Cream to brown`
	Disease tolerant, less commonly cultivated 
	Moderate


Ogunwole et al., (2022)
These characteristics are vital when selecting seed types for processing. For example, varieties like Bara are preferred for machine shelling due to their resistance to breakage, while Serewe is more suitable for traditional hand-processing methods.

Other Melon Species Occasionally Found in Nigeria:
2.2.1 Cucumis melo (Muskmelon/Cantaloupe): they are usually:
1. Mainly cultivated for its sweet pulp.
1. Seeds are edible but have lower oil content.
1. Not commonly grown for seed processing in Nigeria (Akinyemi et al., 2023).
2.2.2	Lagenaria siceraria (Bottle Gourd): they are:
0. grown for its gourd-shaped fruit used in making local utensils.
0. seeds are edible and sometimes used as snacks, though less nutritious than egusi (Babalola and Nwofia, 2021).
2.3 Shelling as a Post-harvest Operation
Shelling is an essential post-harvest process that involves the removal of seeds or kernels from their outer coverings such as pods, husks, or shells. It plays a critical role in reducing the volume of harvested crops, thereby enhancing drying efficiency, simplifying storage, and lowering transportation costs (Muhammad et al., 2021). In many rural settings, manual shelling remains common due to its low cost and simplicity, although it is often associated with high labor demand, physical strain, and low processing capacity (Okusanya andAgbongiaban, 2023).
To address these challenges, mechanical shelling technologies have been developed and adopted in various agricultural systems. These machines significantly increase shelling efficiency, reduce kernel damage, and allow for faster processing. A recent study reported that a manually operated maize sheller achieved a shelling capacity of up to 60 kg/hour under optimal conditions, particularly at moderate speeds and moisture content around 14% (Okusanya and Agbongiaban, 2023). Similarly, in groundnut shelling, machine optimization—taking into account feed rate, drum speed, and seed moisture—has resulted in efficiencies above 95% with minimal kernel breakage (Muhammad et al., 2021).
Performance evaluations of various peanut shellers have also shown promising results, with shelling efficiencies ranging from 78% to 98%, cleaning efficiencies up to 91%, and mechanical damage between 5% and 17%, depending on design parameters and seed conditions (Adetola, and Olukunle, 2022). In the case of melon (egusi) seeds, mechanized shelling methods, when combined with appropriate packaging materials, helped preserve seed quality during storage by limiting increases in free fatty acid content and fungal contamination, outperforming manual methods in some cases (Osuji et al., 2023).
Beyond technical performance, efforts have also focused on improving access to shelling machines through cooperative models. For example, a collective ownership approach adopted by smallholder maize farmers in northern Ghana has improved the availability and use of shelling technologies, resulting in higher productivity and reduced post-harvest losses (Ansah et al., 2024). Despite these advancements, groundnut producers in parts of Africa still face significant post-harvest losses—estimated at 9% to over 30%—largely due to inadequate processing equipment and limited access to mechanization (Muhammad et al., 2023).
2.3.1 	Definition of shelling 
Shelling is a crucial post-harvest operation that involves the removal of the hard outer seed coat (testa) of melon seeds in order to access the edible kernel. For egusi melon (Citrullus lanatus var. mucosospermus), this process is particularly significant because the economic value of the crop lies solely in the kernel, which is rich in oil and protein. Efficient shelling not only improves processing speed but also ensures high recovery of undamaged kernels, which directly impacts both quality and market value (Obani and Ikotun, 2023).
2.3.2 	Importance of Shelling
Shelling facilitates subsequent processing stages such as grinding, oil extraction, and incorporation into food products like egusi soup, cakes, and livestock feed. In addition, high-quality, cleanly shelled seeds have better storage stability, reduced susceptibility to microbial contamination, and higher commercial acceptability in both local and export markets (Obani and Ikotun, 2023).
2.3.3	 Process Flow in Melon Shelling
(Obani and Ikotun, 2023) reported that the post-harvest shelling process typically follows these steps:
0. Seed Harvesting: Fruits are harvested manually once matured and split open to extract the seeds.
0. Pre-Shelling Preparation: Seeds are fermented slightly in water to loosen the pulp, then washed and sun-dried to reduce moisture content to a shell-able level (usually 7–10%).
0. Shelling Operation: Using either traditional or mechanical methods, the hard shell is removed to release the kernel.
0. Separation: Cracked shells are separated from the kernels using winnowing, air classifiers, or sieves.
0. Grading and Cleaning: The kernels are sorted to remove broken pieces or residual shells and prepared for further use or sale.
2.4	 Methods of Shelling
Shelling is a vital post-harvest process for egusi melon (Citrullus lanatus var. mucosospermus), aimed at removing the hard outer seed coat to extract the edible kernel. The kernel, which holds nutritional and economic value, must be carefully separated from the shell to minimize damage and maximize recovery. The effectiveness of the shelling method significantly influences the overall quality, efficiency, and commercial viability of the product. Depending on available resources, scale of production, and seed characteristics (such as size, moisture content, and shell hardness), shelling can be performed using either traditional manual methods or mechanized systems. (Osuji et al., 2023)
2.4.1		 Traditional Methods of Shelling
Traditional methods are common in rural and smallholder farming communities across West Africa. These practices are typically carried out by women and children and are characterized by high labor input, low throughput, and a significant risk of kernel breakage (Adebayo et al., 2017).
0. Hand Rubbing and Peeling: This involves rubbing sun-dried seeds between the palms to remove the shell. While simple and cost-free, it is time-consuming and physically demanding, making it impractical for large-scale processing.
0. Pounding with Mortar and Pestle: Dried seeds are gently pounded to crack the shell. However, this method often results in kernel damage due to the difficulty in controlling the impact force. Separation is usually done through winnowing or flotation in water.

0. Grinding Between Stones: Involves manually grinding seeds between two flat stones to dislodge the seed coat. Although this increases processing speed slightly, it often leads to contamination and a high percentage of broken kernels      Traditional shelling methods are widely accessible but have been largely criticized for their inefficiency, low productivity and high kernel loss and prompting the need for mechanization.
Figure 2.1 shows the traditional method of shelling melon
[image: ](Adebayo et al., 2017).
Figure 2.1:	Traditional method of shelling melon
2.4.2 		Mechanical Methods of Shelling
To address the shortcomings of manual techniques, researchers and local engineers have developed mechanical shellers that reduce human effort, improve kernel recovery, and increase processing speed. These machines operate based on different mechanical principles:
0. Friction-Based Shellers: These operate by passing seeds between rough rollers or plates that apply shear force to break the shell. They are relatively easy to operate but require accurate adjustment to avoid damaging the kernels (Kolawole and Ndrika, 2012).
0. Impact-Type Shellers: Seeds are projected at high velocity against a hard surface or rotating disc, causing the shells to rupture. While this method offers high throughput, it must be precisely designed to reduce kernel breakage (Olaoye and Aremu, 2021).
0. Abrasive Shellers: These use surfaces lined with abrasive material to wear down the shell gradually. They are gentler on the kernel but often require multiple passes to achieve complete shelling, thus reducing overall efficiency.
0. Centrifugal Shellers: In this method, seeds are introduced into a high-speed rotating disc that throws them outward against a perforated casing. This method has been shown to produce good shelling efficiency while minimizing kernel breakage when optimized (Iorpev et al., 2020).
Locally Fabricated Prototypes: Several Nigerian institutions have developed shelling machines using affordable local materials. One such model, developed at the Federal University of Agriculture, Makurdi, used a centrifugal impact mechanism and achieved over 95% shelling efficiency at 2,100 rpm, with minimal kernel damage (Iorpev et al., 2020).  Figure 2.2 shows the Mechanical method of shelling melon

[image: ]Source: Davies (2010). 
Figure 2.2: Mechanical method of shelling melon
2.4.3 	Main Components of a Melon Shelling Machine 
A typical centrifugal-type melon shelling machine includes the following parts:
0. Hopper – A funnel-shaped container where the melon seeds are introduced. It directs the seeds into the shelling chamber in a controlled manner.
0. Shelling Chamber – The core unit where shelling occurs. It houses the rotor/disc and the abrasive/impact surfaces.
0. Rotating Disc or Beater – Attached to a motor-driven shaft; it spins at high speed to generate centrifugal or impact force.
0. Abrasive or Perforated Surface – Stationary casing or wall that facilitates shell cracking as seeds impact or rub against it.
0. Exit Chute – Where shelled seeds and broken husks are discharged.
0. Separator or Blower Unit (optional) – Separates the kernel from the husk using airflow or sieves.
2.4.4 	Working Principle of melon sheller
The working principle of a centrifugal or impact-based melon shelling machine is as follows:
0. Feeding: Dried melon seeds (7–10% moisture content) are poured into the hopper and fed into the shelling chamber by gravity or auger.
0. Acceleration: A high-speed rotating disc or blade accelerates the seeds radially outward using centrifugal force.
0. Impact or Abrasion: The seeds strike a hard or abrasive surface inside the chamber, causing the shell to crack. The design ensures the force is enough to break the shell but not the kernel.
0. Discharge: The shelled materials (mixture of kernel and husk) exit through the outlet.
0. Separation: Separation can be manual (using trays or air blowing) or integrated with a fan that lifts lighter husks while heavier kernels fall due to gravity.
2.4 Economic Importance of Melon
Below are the economic importance that can be derived from melon:
2.5.1	 Nutritional and Health Benefits
Egusi melon seeds are exceptionally nutrient-dense, containing approximately 47–55% oil and 26–40% protein, along with vitamins, minerals, fiber, and antioxidants (Enujiugha, 2023; Anwar, 2025). This high nutritional profile makes egusi seeds important in local diets, used in soups, snacks, and animal feeds. Their bioactive compounds such as polyunsaturated fatty acids and vitamin E contribute to cardiovascular health and anti-oxidative defense (Enujiugha, 2023; Anwar, 2025).
2.5.2	 Industrial and Pharmaceutical Applications
Melon seed oil is valued in both food and industrial sectors. It is refined for use in cooking oils, margarine, soap production, and biodiesel (Anwar, 2025). The defatted seed cake rich in protein is used in livestock feeds and as a supplement in therapeutic formulations to address nutrient deficiencies (Nwoke et al., 2023).
2.5.3 	Agro-Industrial and Environmental Value
Egusi processing demonstrates sustainable use of by-products. The shell/husk is repurposed as poultry litter, biochar, or compost, contributing to soil fertility and waste reduction in rural agro-industrial systems (Nwoke et al., 2023). The multi-stream value chain from seeds to cake and shells supports local economies and aligns with sustainable development goals.
2.6 	Factors Affecting Melon Shelling
Maximum performance of a melon shelling machine depends on multiple key factors understanding and controlling them ensures improved productivity and product quality. The various factors that can affect melon shelling is as presented in table 2.2




Table 2.2: Factors Affecting Melon Shelling
	Factor
	Influence on Performance

	Moisture Content
	Optimal moisture (~10–17%) is essential; overly dry seeds shatter, while moist seeds resist cracking, increasing breakage or lowering efficiency (Kolapo et al., 2024; Osuji et al., 2023).

	Seed Size and Uniformity
	Varied seed dimensions lead to inconsistent shelling and higher kernel damage. Uniform batches result in better machine performance (Makanjuola, 2024).

	Seed Size and Uniformity
	Varied seed dimensions lead to inconsistent shelling and higher kernel damage. Uniform batches result in better machine performance (Makanjuola, 2024).

	Shell Hardness
	Shell thickness varies with variety and maturity. Harder shells require more force, risking damage; softer shells may pass un-cracked (Makanjuola, 2024).

	Machine Parameters
	Speed (RPM), chamber geometry, and clearance adjustment directly influence shelling outcomes. Improper settings reduce efficiency and increase seed loss (ResearchGate, 2021; Osuji et al., 2023).

	Foreign Matter
	Debris like sand or stones can gum or damage the machine, causing blockages and wear (Kolapo et al., 2024).

	Operator Skill
	Even semi-manual machines require trained operators to manage feed rates, adjust settings, and maintain quality (Potravinarstvo, 2023).


Yusuf et al., (2025).


2.7 	Review of Related Research on Melon Shelling Machines
Over the years, several researchers have focused on the design, fabrication, and evaluation of melon shelling machines with the aim of improving the shortcomings of traditional shelling methods, which are labor-intensive, time-consuming, and prone to excessive seed damage. Most of these studies have explored mechanical and electrical designs to increase efficiency, reduce labor input, and improve the quality of shelled melon seeds.
  i.	 Iorpev et al. (2020) designed and evaluated a centrifugal melon shelling machine that uses a rotary disc mechanism powered by a 2-hp electric motor. The machine was tested across a range of seed moisture contents and speeds. Results showed that a seed moisture content of 20% and a disc speed of 2,100 rpm produced the best results, with shelling efficiency of 91.5% and minimal kernel damage. The study demonstrated that centrifugal force and seed moisture content play critical roles in achieving efficient melon shelling, making the machine suitable for medium-scale processing.
1.  (Aturu et al. 2021) adopted a statistical approach to optimize the parameters affecting the shelling of melon seeds. Using response surface methodology (RSM), they evaluated the influence of rotor speed, number of beaters, and seed moisture content on shelling efficiency and breakage. The optimal combination—2,200 rpm rotor speed, 12% seed moisture, and 19 beaters—yielded 95.7% shelling efficiency and 4.7% breakage. The study highlighted the effectiveness of RSM in optimizing design variables and concluded that careful tuning of machine parameters is essential for consistent performance.
1. (Sobowale et al., 2016) fabricated a friction-based melon sheller using locally available materials. The design used a roughened rotating disc to crack melon seeds and included a blower for separating chaff from kernels. Testing at different speeds and moisture contents showed that shelling efficiency ranged from 75% to 88%, depending on the operating conditions. Though effective for small-scale processing, the machine’s performance is sensitive to moisture content, and higher speeds resulted in increased kernel breakage.
1. Kolawole and Ndrika (2012) developed a centrifugal-impact shelling machine powered by a 3-hp motor. Their prototype used an impeller to project the seeds against a shelling surface at high speed. The machine achieved a throughput of 796 kg/h with a shelling efficiency of 95% and breakage below 7%. The machine was found to be suitable for large-scale applications and proved that centrifugal impact systems offer higher throughput and efficiency when seed conditions are controlled.
1.  Nwadinobi and Ezeaku (2018) introduced a manually operated melon sheller designed for use in rural settings without electricity. It consisted of a rotating drum with frictional elements and a manual crank system. Despite being labor-dependent, the machine achieved a shelling efficiency of 85% with moderate seed breakage. The study demonstrated that simple mechanical designs can significantly reduce shelling time and labor costs, although performance still lags behind electrically powered alternatives.
1. Enyi (2022) designed a low-cost melon sheller for household use. The machine used a frictional chamber and was fabricated from affordable materials. Testing showed a shelling efficiency of 72.3% and a throughput of just 0.24 kg/h. While not suited for commercial use, the machine is valuable for domestic or small-scale operations due to its affordability and ease of maintenance.

CHAPTER THREE
MATERIALS AND METHODS
3.1.1 	Description of the Machine
	The melon shelling machine designed and fabricated for this project is a centrifugal-impact shelling device developed to address the limitations of manual shelling methods, particularly in small- to medium-scale melon processing operations common in Nigeria and other parts of West Africa. The machine combines principles of centrifugal force and impact cracking, using a high-speed rotating drum to dislodge the hard outer shell of melon seeds while minimizing kernel damage.
The machine consists of several integrated functional components, namely: the hopper, shelling chamber, rotor or shelling drum, shaft, bearing housing, drive system, exit chute, and a supporting frame. Each component was carefully designed and dimensioned to work in synergy, ensuring effective seed feeding, controlled shelling action, and discharge of shelled products.
The hopper is the topmost part of the machine and serves as the feeding unit. It was constructed in the shape of a right triangular prism, with sides specifically inclined to facilitate the smooth gravitational flow of melon seeds into the shelling chamber. The hopper was designed to tilt 10° more than the natural angle of repose of melon seeds (which is 40°), resulting in a slope of 50° to prevent seed bridging or clogging during operation. With a proposed capacity of 1 kg, the hopper’s dimensions were calculated using the bulk density of melon seeds (307 kg/m³) and were determined as follows: height (0.30 m), base (0.22 m), opposite side (0.10 m), and hypotenuse (0.16 m). These dimensions ensure ergonomic loading by the operator and smooth feed regulation into the shelling chamber.
The shelling chamber is the core working area of the machine, housing a rotor fitted with metallic beater blades that rotate at high speed. When seeds are fed into the chamber, they are accelerated radially outward by the rotor. Upon impact with the chamber’s abrasive or perforated internal surface, the seed shells crack open, releasing the kernels. The chamber is cylindrical in shape to allow for uniform distribution of impact force. The abrasive lining also facilitates the additional cracking of any partially shelled seeds.
The rotor or impeller was engineered to provide sufficient centrifugal force to shell the seeds without crushing the kernel. Its speed and design were optimized to balance throughput with efficiency and kernel preservation.
The rotor is mounted on a steel shaft that transmits mechanical energy from the motor to the shelling mechanism.
 Based on standard shaft design equations (Khurmi and Gupta, 2008), and taking into account the torque generated (48 Nm) and safety considerations, the shaft was designed to have a minimum diameter of 18 mm. However, a 25 mm diameter shaft was selected to provide a safety margin and improve structural integrity under load.
The shaft is supported by two self-aligning pillow block bearings that ensure smooth rotation and reduce friction. The bearing selection was based on the anticipated axial and radial loads as well as the operational speed.
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Plate 3.1 The Melon Shelling Machine
3.2 Fabrication Consideration
The fabrication consideration given to the melon shelling machine was based on the following:
1. Engineering properties of the melon seed
1. Ergonomics of the machine 
1. Gender Friendliness 
1. Small scale operation 
1. Durability 

3.3 	Materials Selection 
           The material selection of the melon shelling machine was based on the following :
1. Availability of the material 
1. Corrosion resistance 
1. Ease of fabrication 
1. Cost 
1. Ease of maintenance 
3.4 	Fabrication Procedure and Assembly 
          The fabrication of the melon shelling machine was carried out in the departmental workshop using locally available materials and standard workshop tools. The process involved a systematic approach that included cutting, welding, drilling, machining, and fitting operations to assemble the major components, the assembly was by bolt and nut fastening to the main frame.
3.4.1  Fabrication of Main Frame
The frame of the melon shelling machine is made from mild steel components and serves as the main support structure for the entire setup. It is constructed using welded angle iron and flat bars, forming a rectangular and upright structure. The frame is designed to hold and align all the essential parts of the machine, including the hopper, shelling chamber, shaft, and pulley system. Vertical steel members form the legs of the machine, while horizontal cross-members provide additional support and stability.
The frame is elevated to allow processed melon shells and kernels to exit through the discharge chute at the base. It also includes mounting points for the bearings that support the rotating shaft. These mounting areas are securely welded and bolted to ensure proper alignment and smooth operation. The overall construction of the frame provides rigidity and helps to absorb vibrations generated during operation, making the machine stable and efficient for shelling tasks.
3.4.2  Design Calculations and Analysis
i. Design for the Hopper	
The hopper was designed based on the flow ability of the melon seeds. The hopper was designed to tilt 100 more than the angle of repose of the melon seed as recommended for hopper design. The angle of repose of melon seed was given as 40°. The hopper was also designed to ensure easy feeding by the operator and such that it does not obstructs any other part of the machine during operation. The shape of a right triangular prism was then chosen.
Determination of Hopper Dimensions
To determine the hopper dimensions, a hopper of 1kg capacity was proposed to be designed for.
Bulk density of melon seed: 307kg/m3
		
Mass of melon seed,

				
Where;
a: opposite side of the triangle
b: adjacent side of the triangle
h: length of the prism
c: hypotenuse side of the hopper
let b be the unknown, assume a, h to be 0.1m and 0.3m respectively




Therefore, the following dimensions were selected for the hopper: a, b, c, h are: 0.10m, 0.22m, 0.16m, 0.30m respectively.
ii. Design for the Shaft
The design of the shaft is very important, as it is a component that is coupled with the shelling drum for transmission of power. The diameter of the shaft was determined from Equation given by Khurmi and Gupta (2008).
						
								
Where:
	d = is the diameter of the shaft (m)
	T= is the twisting moment (or torque) acting upon the shaft
	= is the maximum bending moment, which is 42 MPa
	P = Shelling power (N)
N= selected speed of the roller (rpm)
							
T =
T = 48 Nm or 48 × 103 N/mm

		
d = 17.99 mm, which is approximately 18 mm. therefore, the shaft of the machine should not be less than 18mm. Hence a shaft of 25mm diameter was selected considering a safety gap of unforeseen circumstances in the design.
iii. Design for the Power Required for Shelling 
The crushing power required for the operation of the machine was determined by the size of the roller, and the peripheral velocity of the roller. The design of this determines the power of electric motor selected for the machine. The power required by the designed melon sheller was determined by using the formula given below 
P = F × V							
Where:
P = power (Watts)
F = cracking force required to shell melon (N)
V = velocity of the shelling drum (m/s)
P = 478 × 0.85
P = 406.3 W
iv. Determination of Length of Belt
The length of belt would be determined using the relation given by Khurmi and Ghupta (2005) as:
							
Where;
L – Length of belt
x – Centre distance between the two pulleys
D1 – diameter of power source pulley
D2 – diameter of machine pulley
Determination of Length of Belt between Prime mover and Machine
D1= 70mm = 0.07m
D2= 100mm = 0.10m
x= 400mm = 0.40m

Bearing Selection
The bearing to be used was selected based on the type of load the shaft would carry and working conditions. A pillow bearing with internal bore corresponding to the diameter of the shaft was selected.
d = 17.99 mm, which is approximately 18 mm. therefore, the shaft of the machine should not be less than 18mm. Hence a shaft of 25mm diameter was selected considering a safety gap of unforeseen circumstances in the design.
3.4.5.  Fabrication of Rotary Drum
The rotary drum was made from stainless steel pipe. It was welded permanently to the shaft using gauge 12 electrode according to the design. The rasp bar was then wound round it and welded permanently unto it.
3.4.6 Fabrication of Pulley
The pulley was a bought-out component since the desired diameter was readily available in the market. It was attached to the shaft by key and bolt and nut fastening.
3.4.7  Fabrication of outlet 
The  kernel outlet was made from stainless steel sheet. The sheet was measured with a steel tape and cut with an angle grinder. It was then bent using a manual bending machine and welded together with gauge 12 electrode. It was then attached to the
stationery drum by welding permanently with gauge 12 electrode.
3.4.8  Design for the Power Required for Shelling
The crushing power required for the operation of the machine was determined by the size of the roller, and the peripheral velocity of the roller. The design of this determines the power of electric motor selected for the machine. The power required by the designed melon sheller was determined by using the formula given below 
P = F × V​​​​​​​
Where:
P = power (Watts)
F = cracking force required to shell melon (N)
V = velocity of the shelling drum (m/s)
P = 478 × 0.85
P = 406.3 W
3.4.9   Determination of Length of Belt
The length of belt would be determined using the relation given by Khurmi and Ghupta (2005) as:​​​​
Where;
L – Length of belt
x – Centre distance between the two pulleys
D1 – diameter of power source pulley
D2 – diameter of machine pulley
3.4.10  Determination of Length of Belt between Prime mover and Machine
D1= 70mm = 0.07m
D2= 100mm = 0.10m
x= 400mm = 0.40m
[bookmark: _Toc19296724]3.4.11   Bearing Selection
The bearing to be used was selected based on the type of load the shaft would carry and working conditions. A pillow bearing with internal bore corresponding to the diameter of the shaft was selected.

3.5    Principle of operation of the Machine 
The melon shelling machine operates on the principle of centrifugal impact, using a gasoline engine as its power source. The machine is specifically designed to crack the hard shell of melon seeds (Citrullus lanatus var. mucosospermus) by subjecting them to high-speed rotational impact, while minimizing damage to the edible kernel inside.
During operation, melon seeds that have been adequately dried (to an optimal moisture content of 7–10%) are poured into the hopper, which is inclined to promote smooth and continuous seed flow by gravity into the shelling chamber. The gasoline engine, rated at a rotational speed of 900 revolutions per minute (rpm), transmits power through a belt and pulley system to the main shaft of the machine.
The rotating shaft drives a shelling drum located within the shelling chamber. As the disc rotates at 900 rpm, it generates centrifugal force that throws the seeds outward at high velocity. When the seeds hit the inner wall or an abrasive surface in the chamber, the impact force cracks the hard seed coat (testa), allowing the kernel to be released.
The machine’s shelling chamber is designed to maximize impact efficiency, allowing any seeds that are not cracked on the first impact to be recirculated within the chamber for further collisions until effectively shelled. Some models include abrasive surfaces to assist with partial shell removal, especially when dealing with tougher seed varieties.
After shelling, the mixture of broken shells and kernels is discharged through an outlet chute. At this stage, manual separation may be done using sieving or winnowing techniques. However, the machine’s design can also be upgraded to include a blower system to facilitate automatic separation of lighter husks from heavier kernels
3.6 Material used 
The major materials used for testing of the Fabricated machine include:
i.	One varieties of melon: Bara 
ii.	Clean water for pre-shelling soaking
iii.	Fabricated Gasoline-powered melon shelling machine
iv.	Measuring instruments (Digital weighing balance, stopwatch, moisture meter)
v.	Plastic bowls and trays for collection and sorting
vi.	Recording sheets for data entry




[image: ]Plate 3.2  Digital weighing Balance 
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Plate 3.3 Stop Watch


3.7 Experimental layout 
The experimental layout to be used in carrying out the practical work is presented in table 3.1 below 
Table 3.1: The experimental Layout 
	Run
	Feed Rate
	Drum Speed
	Seed Varieties
	Machine Output Capacity
	Kernel Recovery 

	1
	500
	900
	Bara
	
	

	2
	500
	900
	Bara
	
	

	3
	500
	900
	Bara
	
	

	4
	1000
	900
	Bara
	
	

	5
	1000
	900
	Bara
	
	

	6
	1000
	900
	Bara
	
	

	7
	1500
	900
	Bara
	
	

	8
	1500
	900
	Bara
	
	

	9
	1500
	900
	Bara
	
	


















3.8	Bill of Engineering Measurements and Evaluation (BEME)
Table 3.2 shows the bill of engineering measurement and evaluation for the melon shelling machine.
Table 3.2 the bill of engineering measurement and evaluation (BEME) for the melon shelling machine.
	S/N
	Material Specifications
	Quantity
	Rate (₦)
	Amount (₦)

	1.
	1.5 mm Mild Steel Sheet
	1
	45,000
	45,000

	2.
	P205 Bearings
	4
	5,000
	20,000

	3.
	M30 Mild Steel Shaft
	2m
	12,000
	24,000

	4.
	50 X 50 X 5 mm Mild Steel “L” Iron
	3
	18,000
	54,000

	5.
	GX 200 Gasoline Prime Mover
	1
	90,000
	90,000

	6.
	Pulley
	2
	10,000
	20,000

	7.
	Bolt and Nut
	2 dozen
	1,200
	2,400

	8.
	Machining
	Lump
	 
	20,000

	9.
	Painting
	Lump
	 
	10,000

	10.
	Workmanship
	Lump
	 
	25,000

	 
	Total
	 
	 
	310,400


 






CHAPTER FOUR
RESULTS AND DISCUSSION
4.1	Results
The summary of the result generated is presented in table 4.1. the autocad drawing of exploded, isometric and orthographic view are presented at appendixes A,B and C. the raw data is presented as appendix D
Table 4.1: Summary of Result from the Testing of the Melon Shelling Machine
	Run
	Feed Rate (g)
	Time (s)
	Machine Output Capacity (Kg/h)
	Kernel Recovery (%)

	1
	500
	51.10
	35.22
	58.5

	2
	500
	50.55
	35.61
	58.1

	3
	500
	50.58
	35.59
	58.2

	4
	1000
	91.12
	39.51
	58.1

	5
	1000
	90.63
	39.72
	57.9

	6
	1000
	90.52
	39.77
	57.6

	7
	1500
	123.23
	43.82
	55.6

	8
	1500
	124.62
	43.33
	55.5

	9
	1500
	124.28
	43.45
	54.9

	Average
	1000
	77.40
	39.56
	57.16





4.2	Discussion
The performance test of the motorized melon shelling machine revealed a consistent trend in how the machine responded to variations in feed rate. One of the most notable observations was the increase in machine output capacity as the feed rate increased. Specifically, the machine output rose from an average of 35.47 kg/h at a 500 g feed rate to 39.67 kg/h at 1000 g, and further to 43.53 kg/h at 1500 g. This indicates that the machine is capable of processing more seeds efficiently as the quantity of input material increases.
However, a reverse trend was observed in kernel recovery as the feed rate increased. At a low feed rate of 500 g, the average kernel recovery was highest at 58.27%. This value decreased slightly to 57.87% at 1000 g and dropped further to 55.33% at 1500 g. This decline suggests that while the machine handles higher input volumes well in terms of output capacity, it becomes less effective at preserving the integrity of the kernels during shelling.
The decrease in kernel recovery at higher feed rates could be attributed to increased seed collision and friction within the shelling chamber, which likely causes more kernel breakage. Overcrowding at higher feed rates may also prevent effective shelling of all seeds, leading to unprocessed or partially processed seeds escaping through the system. This observation highlights a critical trade-off between processing speed and kernel quality.
From the observed results, the feed rate of 1000 g appears to offer the best compromise between machine output and kernel recovery. At this point, the machine maintains a relatively high output capacity of 39.56 kg/h while still preserving an acceptable kernel recovery rate of 57.16%. This indicates that operating the machine at a moderate feed rate ensures optimal performance in both quantity and quality of shelled kernels.
In conclusion, the performance trends of the melon shelling machine show that while increasing the feed rate improves processing speed, it negatively affects kernel recovery. Operators must therefore consider the balance between output and kernel quality when selecting operating conditions. For practical applications where both throughput and kernel integrity are important, a feed rate of 1000 g is recommended for optimal performance.
Table 4.2: Analysis of Variance (ANOVA) for the Machine Output Capacity
	Source
	SS
	df
	MS
	F
	p-value

	Between Groups (Feed Rate)
	50.37
	2
	25.185
	132.88
	<0.0001

	Within Groups (Error)
	2.84
	6
	0.473
	
	

	Total
	53.21
	8
	
	
	


*Significant at p≤0.05.
The analysis of variance (ANOVA) conducted on the machine output capacity across three feed rate levels shows that feed rate has a statistically significant effect on the output of the motorized melon shelling machine. The F-value of 132.88 and a p-value of <0.0001 indicate that the differences in output capacities at the various feed rates (500 g, 1000 g, and 1500 g) are not due to chance. This strongly suggests that output capacity increases systematically with feed rate, as also observed in the raw performance data.
This finding is consistent with results reported by Olukunle (2005) and Oyebode et al. (2014), who found that the throughput of shelling machines increases with feed rate due to higher material availability for processing per unit time. Similarly, in the development of a melon seed sheller by (Adigun et al.,2019), machine output increased as feed rate was increased from 400 to 1200 g. However, these studies also cautioned that increasing the feed rate beyond a certain point could lead to operational inefficiencies or reduced product quality — a concern also reflected in our kernel recovery results.
The low mean square error (0.473) and the large between-group variation (SS = 50.37) relative to the total variation confirm that feed rate is a dominant factor influencing machine output. These results align with the findings of Adejumo and Bamgboye (2005), who concluded that machine design parameters like feed rate and drum speed are key determinants of output capacity in post-harvest processing machines. Their study on a groundnut sheller also emphasized that the machine’s capacity could be optimized by adjusting the feed rate within an effective range.
Moreover, the statistical significance of the effect of feed rate on output capacity further validates the design functionality of the melon shelling machine. This reinforces the machine’s suitability for scale-up or field deployment, provided the feed rate is managed appropriately. It also supports the engineering principle that increased input volume, if within the mechanical limit of the system, generally results in increased output — a principle observed in similar machines for maize, soybeans, and other oil seeds.
In conclusion, the ANOVA results not only confirm that feed rate significantly influences machine output capacity but also align with previous findings in agricultural processing research. These results highlight the importance of feed rate optimization in enhancing the efficiency of melon shellers. While high feed rates improve throughput, care must be taken to avoid compromising product quality or overloading the system — a balance well captured both in this study and in the literature.

Figure 4.1: Effect of Feed Rate on Machine Output Capacity of the Melon Shelling Machine
The graph presents a clear positive linear relationship between feed rate and machine outputcapacity for a melon shelling machine. As the feed rate increases from 500 g to 1500 g, the machine output capacity correspondingly rises from approximately 35 kg/h to 44 kg/h. This indicates that higher feed rates result in increased throughput, suggesting the machine performs more efficiently when loaded with greater quantities of melon seeds.
This observed trend aligns with findings from (Adigun et al.,2019) and Olukunle (2005), who reported similar increases in machine throughput with rising feed rates in their evaluations of melon and seed shellers (Oyebode et al.,2014) also confirmed that increased input material generally leads to greater output, provided the machine’s processing components are not overwhelmed. These studies support the interpretation that the machine tested in this study follows an expected performance pattern, consistent with prior designs.
However, while the graph confirms improved output with increased feed rate, the literature also warns about potential trade-offs, especially regarding kernel quality and breakage. These were also observed in this study’s kernel recovery results, where efficiency declined at higher feed rates. Hence, while increasing feed rate boosts capacity, optimal performance requires balancing it with quality considerations.






Table 4.3: Analysis of Variance (ANOVA) for Kernel Recovery
	Source
	SS
	df
	MS
	F
	p-value

	Between Groups (Feed Rate)
	15.29
	2
	7.645
	3.06
	~0.124

	Within Groups (Error)
	59.52
	6
	9.92
	
	

	Total
	74.81
	8
	
	
	


	*Significant at p≤0.05.
The ANOVA results for kernel recovery across different feed rates indicate that there is no statistically significant effectof feed rate on kernel recovery within the range tested. The F-statistic value of 3.06and a p-value of approximately 0.124 suggest that while some variation in kernel recovery was observed across the feed rates (500 g, 1000 g, and 1500 g), the differences are not statistically significant at the 0.05 level. This implies that feed rate alone may not be the primary factor determining kernel recovery.
This finding contrasts slightly with the performance trend observed in the raw data, where kernel recovery generally declined as feed rate increased. However, the lack of statistical significance could be attributed to variability within groups or a limited sample size. Similar conclusions were drawn by (Oyebode et al., 2014), who found that feed rate had an observable but not always statistically significant effect on kernel integrity, especially when other factors such as drum speed or moisture content were not concurrently optimized.
Literature in this area suggests that kernel recovery is often influenced more by operating conditions such as drum speed, seed moisture content, and machine design parameters, rather than feed rate alone. For instance, Adigun et al., (2019) observed that at higher feed rates, the likelihood of seed damage increased, but kernel recovery rates were more sensitive to the shelling mechanism and seed orientation than just input quantity. This suggests a need for multi-factorial analysis rather than isolating feed rate alone.
Additionally, Olukunle (2005) highlighted that in melon shellers, kernel recovery is highly dependent on the synchronization between feed rate and the rotational speed of the shelling drum. If the machine speed is not adjusted proportionally with the feed rate, kernel damage is more likely, which may not be captured fully in a one-factor ANOVA. This supports the idea that while feed rate has some practical influence on kernel recovery, it does not act independently, hence the non-significant statistical result.
In conclusion, the ANOVA result suggests that feed rate, within the tested levels, does not have a statistically significant effect on kernel recovery. This aligns with findings in similar studies, which emphasize the importance of combined operational parameters rather than feed rate alone. To optimize kernel recovery, future studies should investigate interaction effects between feed rate, drum speed, and other mechanical factors using multi-factor ANOVA or response surface methodology.



Figure 4.2: Effect of Feed Rate on Kernel Recovery of the Melon Shelling Machine
The graph shows a declining trend in kernel recovery (%) as feed rate (g) increases. At a feed rate of 500 g, kernel recovery is highest at approximately 58.3%, but this value gradually drops to about 57.9% at 1000 g and then falls more sharply to 55.3% at 1500 g. This suggests that increasing the feed rate leads to a reduction in the efficiency of the shelling process in terms of retaining whole, undamaged kernels.
This trend is consistent with observations reported by (Oyebode et al., (2014) and (Adigun et al., 2019), who noted that higher feed rates often result in increased seed breakage and reduced kernel separation efficiency due to overloading of the shelling chamber. The likely causes include higher seed-to-seed collisions, mechanical friction, and incomplete shelling as more seeds are processed simultaneously.
Although the decline appears noticeable in the graph, the associated ANOVA result (F = 3.06, p ≈ 0.124) indicates that the effect of feed rate on kernel recovery is not statistically significant, which could be due to variability within the data or small sample size. Nonetheless, from a practical standpoint, this trend supports findings from Olukunle (2005), who emphasized the importance of balancing feed rate with machine design settings like drum speed to preserve kernel quality.
Overall, while the graph confirms that higher feed rates reduce kernel recovery, the impact may not be statistically strong under the current test conditions. However, in real-world applications, this reduction could still influence operational decisions, especially where kernel quality is a priority.


CHAPTER FIVE
CONCLUSIONS AND RECOMMENDATIONS
5.1	Conclusions
The following conclusions were drawn from the study conducted on thestudt:
i. A motorized melon shelling machine was successfully designed, fabricated, and tested to evaluate its performance in terms of machine output capacity and kernel recovery. The machine was developed to improve the efficiency of melon seed shelling, reduce manual labor, and minimize kernel damage during processing. 
ii. Performance tests were carried out using three feed rates (500 g, 1000 g, and 1500 g) to determine their effects on output and kernel recovery. 
iii. The results showed that the machine output capacity increased with feed rate, with values ranging from 35.47 kg/h at 500 g to 43.53 kg/h at 1500 g, indicating that the machine performs more efficiently with higher input volumes. ANOVA analysis confirmed that feed rate had a statistically significant effect on output capacity (F = 132.88, p< 0.0001), validating its strong influence on throughput.
iv. The kernel recovery from the melon shelling machine ranged between 55.2 % and 59.1 %, with an average of 57.16 %. This relatively stable recovery rate across varying feed rates suggests that the machine maintains consistent efficiency under different loading conditions. Although the recovery is within the range reported for similar mechanized shellers in literature, the moderate value implies that some kernel loss still occurs, likely due to incomplete shelling and kernel breakage.
v.  Optimization of design parameters such as shelling speed, impact force, and moisture conditioning could further enhance recovery efficiency and bring it closer to ideal levels.
The machine demonstrated stable performance and reliability under test conditions, confirming its suitability for small- to medium-scale melon processing operations. However, improvements in design features could further enhance kernel recovery at higher feed rates and extend the machine’s practical utility.
5.2	Recommendations
Based on the test conducted on the machine, the following were therefore recommended for further improvement on the study carried out:
i. Optimal Usage: Operators should use the machine at a feed rate of 1000 g per batch to achieve the best compromise between output and kernel recovery.
ii. Cost and Economic Analysis: A detailed evaluation of the machine’s cost-effectiveness, energy consumption, and return on investment will provide more insight for potential commercial users and investors.
iii. The machine is recommended for the small and medium scale processors. 
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APPENDIX A
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Exploded view of a Melon Sheller
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Isometric View of Melon Sheller




APPENDIX C
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Orthographic View of Mellon Sheller

APPENDIX D
	Run
	Feed Rate (g)
	Time (s)
	Shelled (g)
	Unshelled (g)
	Half-shelled (g)
	Breakages (g)

	1
	500
	51.10
	290.5
	125
	52
	32

	2
	500
	50.55
	291
	124
	51
	34

	3
	500
	50.58
	289.5
	125
	54
	31

	4
	1000
	90.72
	576
	260
	100
	64

	5
	1000
	91.12
	579
	255
	102
	64

	6
	1000
	90.63
	579
	254
	104
	63

	7
	1500
	123.23
	834
	400
	165
	101

	8
	1500
	122.42
	832
	402
	160
	106

	9
	1500
	124.28
	838
	395
	162
	105


Raw Data

Avg Output (kg/h)	500	1000	1500	35.47	39.67	43.53	Feed Rate (g)

Machine Output Capacity (Kg/h)


Avg Kernel Recovery (%)	500	1000	1500	58.27	57.87	55.33	Feed Rate (g)

Kernel Recovery (%)
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