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       Design, Fabrication and Testing of a Sesame Drying Machine for 
Small -Scale Farmers.
       ABSTRACT
The Sesame is an economically important oilseed crop, and its processing efficiency greatly depends on maintaining appropriate thermal conditions during post-harvest handling and value-addition operations. Traditional heating practices used for roasting, drying is often difficult to control, leading to variations in seed quality, nutrient degradation, and reduced oil recovery. To overcome the problem, our project focuses on the design and development of a sesame heater that provides controlled, uniform, and energy-efficient heating to the thermal sensitivity of sesamum indicum. The developed system consists of an insulated heating chamber, and a natural airflow system designed to distribute heat uniformly across the seed bed. Key design parameters considered include safety mechanisms, and use of durable, food-grade materials. Performance evaluation involved assessing heat distribution uniformity, energy consumption, and the impact on seed characteristics such as colour, aroma, oil content, and oxidative stability. Experimental trials demonstrated that the developed sesame heater significantly improved heating uniformity compared to conventional systems, achieving consistent temperature distribution with minimal fluctuations. Results indicated enhanced process efficiency, reduced energy loss, and improved control over processing conditions. Treated sesame seeds exhibited better sensory attributes, higher oil yield, and reduced risk of quality deterioration. Overall, the newly designed sesame heater provides a reliable, scalable, and cost-effective solution for small- to medium-scale processors. Its controlled heating environment enhances product quality, improves operational efficiency, and contributes to greater value addition in the Sesamum indicum processing chain.
               Keywords: Sesamum indicum, Natural airflow system, Reliable, Scalable.
1. INTRODUCTION
The efficiency of sesame drying processes is crucial for maintaining the quality and shelf life of sesame seeds, a vital crop in many tropical and subtropical regions. Sesame seeds are sensitive to drying methods, as improper drying can lead to reduced oil quality, flavor loss, or microbial contamination. Traditional drying techniques often involve manual monitoring and high energy consumption, resulting in inconsistent quality, high operational costs, and complexity in maintaining uniform drying conditions (Smith et al., 2022). 
Recent studies emphasize the importance of optimized drying systems in improving process control, especially in regions with challenging environmental conditions. Environmental factors such as temperature, humidity, and air velocity, along with non-environmental factors including initial moisture content, drying time, and product quality considerations, significantly affect sesame drying performance. Dust, atmospheric pollution, and uneven heat distribution are additional factors that can compromise drying uniformity and seed quality. ("Kumar and Rao 2023) that conventional sesame drying is labor - intensive and expensive for large-scale operations." Manual drying has challenges such as risk of overheating, poor energy efficiency, and inconsistent moisture removal, which further reduces the effectiveness of the process. As renewable and sustainable agricultural practices become integral to global food-security strategies, the adoption of IoT-enabled automated drying systems emerges as a crucial step towards efficient and environmentally friendly production.
The integration of IoT and advanced sensors can enhance monitoring and control of drying parameters, offering transparency and data-driven decision-making to maintain peak efficiency and product quality (Gupta et al., 2021). (Wang et al.2020) stated that the performance of sesame drying is greatly impacted by moisture accumulation and temperature variations. Automated sesame drying can streamline processes, solidifying sesame processing as a key player in the transition to a greener and more sustainable food industry. Innovations like hybrid drying (infrared-microwave combined with hot air) improve drying rates while preserving seed quality (Patel et al., 2022). AI-driven predictive models also enable real-time optimization of drying parameters, contributing to long-term energy conservation and reduction of post-harvest losses (Lee & Kim, 2023; FAO, 2021). To achieve an efficient and cost-effective solution that enhances drying performance, preserves seed quality, and increases throughput, there is a need for advanced design and development of sesame dryers incorporating IoT, sensor networks, and intelligent control systems (Zhang et al., 2019; Sustains, 2022). Such systems provide transparency and control through mobile or cloud-based applications, predicting optimal drying times and conditions to improve overall efficiency.
2. OBJECTIVES
· To design and development of sesame dryer.
· To analysis the efficiency of sesame dryer.
· To compare the efficiency of sesame dryer with natural method of drying.
· To ensure uniform drying.

· To minimize the contamination.
3. METHODOLOGY AND MANUFACTURING PROCESS 
                                                      Problem Identification
                                                                       Design of Dryer
                                                                   Collection of Material

                                                                            Assembling
                                                                               Testing
                 Fig 1: Methodology Flowchart of Design and Development of Sesame Dryer.
3.1 PROBLEM IDENTIFICATION
· Discolour Sesame seeds are highly sensitive to moisture and can easily lose quality due to Mold action and reduced oil content when improperly dried. 

· Traditional sun-drying methods commonly used by farmers are slow, weather-dependent, prone to contamination and fail to deliver uniform drying.
· Lack of Affordable drying Technology.

3.2 DESIGN OF THE MACHINE MANUFATURING PROCESS
Manufacturing processes are the steps through which raw materials are transformed into a final product. The manufacturing process begins with the creation of the materials from which the design is made. These materials are then modified through manufacturing processes to become the required part. Manufacturing processes can include treating (such as heat treating or coating), machining, or reshaping the material. The manufacturing process also includes tests and checks for quality assurance during or after the manufacturing, and planning the production process prior to manufacturing. 
3.2.1 SAWING:
Cold saws are saws that make use of a circular saw blade to cut through various types of metal, including sheet metal. The name of the saw has to do with the action that takes place during the cutting process, which manages to keep both the metal and the blade from becoming too hot. A cold saw is powered with elements. The circular saw blades used with a cold saw are often constructed of speed steel. Steel blades of this type are resistant to wear even under daily usage. The end result is that it is possible to complete a number of cutting projects before there is a need to replace the blade. High speed steel blades are especially useful when the saws are used for cutting through thicker sections of metal.
3.2.2 WELDING:
Welding is a process for joining similar metals. Welding joins metals by melting and fusing, the base metals being joined and the filler metal applied. Welding employs pinpointed, localized heat input. Most welding involves ferrous-based metals such as steel and stainless steel. Weld joints are usually stronger than or as strong as the base metals being joined. Welding is used for making permanent joints. 
3.2.3 OPERATION:
Several welding processes are based on heating with an electric arc, only a few are considered here, starting with the oldest, simple arc welding, also known as shielded metal arc welding (SMAW) or stick welding. In this process an electrical machine (which may be DC or AC, but nowadays is usually AC) supplies current to an electrode holder which carries an electrode which is normally coated with a mixture of chemicals or flux. An earth cable connects the work piece to the welding machine to provide a return path for the current. The weld is initiated by tapping ('striking') the tip of the electrode against the work piece which initiates an electric arc. The high temperature generated (about 6000oC) almost instantly produces a molten pool and the end of the electrode continuously melts into this pool and forms the joint. The operator needs to control the gap between the electrode tip and the work piece while moving the electrode along the joint.

3.2.4 DRILLNG:

Drilling is a cutting process that uses a drill bit to cut or enlarge a hole of circular cross-section in solid materials. The drill bit is a rotary cutting tool, often multipoint. The bit is pressed against the work piece and rotated at rates from hundreds to thousands of revolutions per minute. This forces the cutting edge against the work piece, cutting off chips (sward) from the hole as it is drill.
3.3 COLLECTION OF MATERIAL
· DC MOTOR
· DISC
· DC HEATER
· HOLLOW PIPE
· BATTERY
· SPUR GEAR
· BALL BEARING
· SHEET METAL
· SHAFT
· METAL FRAME
3.4 ASSEMBLING
The metal frame, fabricated from sheet metal, provides the structural support necessary for the device. It is designed to securely hold components like the motor, heater, shaft, disc, and drying chamber in place. With the frame ready, ball bearings are fixed at designated positions to reduce friction and enable smooth rotation of the shaft. The shaft is then inserted through these bearings, with careful alignment to minimize vibration during operation. Next, the disc is mounted onto the shaft, playing a crucial role in spreading and agitating sesame seeds uniformly during the drying process. A spur gear mechanism is installed to connect the DC motor shaft to the main shaft, facilitating speed reduction and torque transmission. The DC motor is firmly mounted on the frame, aligned with the spur gear system for smooth power transmission. The hollow pipe is positioned to facilitate hot air circulation within the drying chamber, while the DC heater is fixed nearby to provide the necessary heat. Electrical connections are made between the DC motor, DC heater, and battery, ensuring proper wiring and insulation for safety. Finally, a sheet metal cover encloses the drying chamber to retain heat and protect internal components. A thorough inspection ensures all parts are aligned, fastened securely, and mechanically stable, completing the assembly of the sesame seed dryer. This setup ensures efficient drying of sesame seeds, leveraging components like the motor, heater, and disc to work together smoothly. The design focuses on functionality and safety, making it suitable for practical use. With the assembly complete, the dryer is ready for operation, offering a reliable solution for sesame seed processing needs.
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3.5 TESTING
The testing of the assembled sesame seed dryer was conducted to evaluate its performance and efficiency. The dryer was placed on a stable surface, and all electrical connections for the DC motor and DC heater were thoroughly checked. Sesame seeds were loaded uniformly onto the drying disc, and the DC motor was switched on to rotate the disc through the spur gear mechanism. Simultaneously, the DC heater was activated to supply hot air through the hollow pipe, and the drying operation was continued for a fixed time period. During the test, several parameters were observed, including the operating temperature inside the drying chamber, rotation speed of the disc, uniformity of sesame seed movement, moisture removal rate, power consumption of the DC motor and heater, and overall drying time. The performance evaluation revealed that the DC motor provided smooth and continuous rotation of the disc, while the spur gear mechanism ensured adequate torque and controlled speed. The ball bearings effectively reduced friction and vibration during operation, contributing to the overall stability of the dryer. The DC heater supplied sufficient heat for drying the sesame seeds, and the hot air circulated uniformly through the hollow pipe, resulting in even drying. The sheet metal enclosure played a crucial role in heat retention, improving the efficiency of the dryer. These observations indicate that the sesame seed dryer performed well, with its components working together seamlessly to achieve the desired outcome. The testing process validated the design and assembly of the dryer, demonstrating its potential for reliable and efficient operation. The successful testing of the sesame seed dryer highlights its capability to dry sesame seeds effectively, making it a valuable asset for post-harvest processing. By ensuring uniform drying and minimizing losses, this dryer can contribute to improved crop yields and Quality sesame seeds. Overall, the testing phase was instrumental in verifying the performance and efficiency of the sesame seed dryer, paving the way for its practical application.

 4. WORKING PRINCIPLE
The sesame dryer project incorporates two external heaters positioned around a container with holes. The primary objective of the design is to transfer heat from the heaters to the interior of the container where the sesame plants are placed for drying. The container is mechanically linked to a shaft at its bottom, which is part of a gear-driven rotation system. This setup ensures uniform heat distribution and efficient drying of the sesame. The process begins with the activation of the heaters, which generate heat that is transferred into the container through the holes in its walls. These holes act as conduits for hot air or thermal energy, allowing the heat to circulate inside the container and envelop the sesame plants uniformly. The external placement of the heaters ensures that the heat source does not directly interfere with the material inside the container, promoting safer and more controlled drying. The container is connected to a shaft that is coupled with a spur gear system. The spur gear is mounted on the motor’s shaft using an additional gear, establishing a mechanical linkage between the motor and the container. When the motor is switched on, it rotates the shaft, which in turn rotates the container. This rotation is crucial for ensuring that heat is evenly distributed throughout the container, exposing all parts of the sesame plant to the thermal environment. The rotational movement helps prevent hot spots and promotes consistent drying by agitating the sesame material inside the container. The operational sequence of the dryer is as follows: first, the heaters are turned on to raise the temperature inside the container. Once the desired temperature is achieved, the motor is activated, causing the container to rotate. The rotation facilitates uniform heat transfer to all sides of the container, ensuring that the sesame plants receive consistent thermal exposure. As the sesame plants absorb heat, moisture evaporates, leading to drying. The rotation also helps in preventing the sesame from burning or getting unevenly dried by continuously moving the material within the heated environment. After the drying process is completed, the motor and heaters are switched off. The dried sesame plants are then manually removed from the container. Manual removal allows for inspection of the dried product and ensures that the sesame is handled carefully to avoid damage. The advantages of this sesame dryer include reduced drying time compared to traditional methods. Conventional drying methods often rely on natural sun drying, which can be weather-dependent and time-consuming. In contrast, this engineered dryer provides a controlled environment with consistent heat application and mechanical agitation, significantly speeding up the drying process. The efficiency of the system lies in its ability to combine thermal energy with mechanical rotation, optimizing heat transfer and moisture removal from the sesame. The design also emphasizes simplicity and practicality, using basic mechanical components like gears and motors, making it potentially suitable for small-scale agricultural applications. The use of external heaters avoids direct contact between the heat source and the sesame, reducing the risk of contamination or damage to the product. Additionally, the perforated container design facilitates effective heat circulation, which is essential for uniform drying. Potential improvements to the system could involve integrating temperature control mechanisms to regulate heater output, ensuring optimal drying temperatures for sesame without overheating. Automation of the process, such as using sensors to monitor moisture levels or temperature, could further enhance efficiency and product quality. Energy efficiency could also be improved by using renewable energy sources like solar power for heating, aligning with sustainable agricultural practices.
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Fig 2:  Schematic Diagram of “Design, Fabrication and Testing of a Sesame Drying Machine  for Small-Scale Farmers.
5. RESULTS AND DISCUSSION
5.1: COMPARISION BETWEEN NATURAL SUN DRYING METHOD WIT DESIGNED SESAME DRYING MACHINE 
	              PARAMETERS
	NATURAL SUN DRYING METHOD
	DESIGNED SESAME DRYER

	 Drying Time (1500 kg)
	Long days to weeks (8 to 10 days)
	Short hours to days 150 hours (6 days)

	 Uniformity of Drying of

 Moisture 
	Low
	High

	 Final product quality 

 (Colour, Aroma, Oil)
	Longer exposure (more 

Discolouration)
	Better control, Consistent colour, 

Aroma, Oil

	 Energy consumption
	Free fuel but high indirect cost 

(Labour, Space and Losses)
	Low (Controlled -Electric)

	 Weather dependency and 

  Hygiene
	High Dust contamination 
	Independent and Enclosed: Less 

Dust, Debris.

	 Suitable foe year -round 

 production
	Poor in Monsoon
	Excellent in Monsoon


TABLE 1: COMPARISION BETWEEN NATURAL SUN DRYING METHOD WIT DESIGNED SESAME DRYING MACHINE

A comparison between a designed sesame dryer and natural sun drying reveals clear differences in efficiency, quality, cost, and reliability, especially when handling large quantities like a 1500 kg batch. The designed sesame dryer significantly reduces drying time, completing the process in about 150 hours (around 6 days) or less, depending on moisture content and operating conditions. In contrast, natural sun drying takes much longer typically 8 to 10 days or even several weeks depending on sunlight, humidity, and rainfall. This extended duration can delay processing and lower productivity. Uniformity of drying is another key advantage of the designed dryer. It uses controlled heat and airflow to ensure even moisture removal throughout the entire batch. This results in all seeds reaching the desired moisture level simultaneously. On the other hand, sun drying lacks uniformity due to uneven exposure to sunlight and airflow, leading to inconsistencies where some seeds may remain moist while others become overly dry. Product quality is also better preserved in the designed dryer. The controlled environment helps maintain the natural colour, aroma, and oil content of sesame seeds. Proper temperature regulation prevents overheating and protects nutritional and commercial value. In contrast, prolonged exposure to sunlight in natural drying can cause discoloration, loss of aroma, and possible degradation of oil quality. In terms of energy, the designed dryer uses electricity, which involves a direct but controlled cost. However, it improves efficiency and minimizes losses. Sun drying uses free solar energy, but it comes with indirect costs such as labour, need for large drying areas, and potential losses due to weather or contamination. The designed dryer operates independently of weather, allowing year-round use. Sun drying, however, is highly weather-dependent and unreliable during rainy or cloudy conditions. Additionally, the enclosed structure of the designed dryer ensures better hygiene by protecting seeds from dust, insects, and debris, unlike open sun drying. Overall, the designed sesame dryer offers greater efficiency, improved quality, better hygiene, and reliable operation, making it a superior choice for large-scale processing.

5.2: CALCULATION OF EFFICIENCY OF THE SESAME DRYING PROCESS:
FORMULA: 
                     M=        (M2 - M3)
              (M3 – M1)      X100 
Where:    M1= weight of container 
      M2= weight of container with wet sesame seed 
      M3= weight of container with dry sesame seed

Fig 5: Image 1 (Weight of Empty Container); Image 2 (Weight of Container with Wet Sesame Seed); Image 3 (Weight of Container with Dry Sesame Seed).
M1= 0.540 kg 
M2= 5.330 kg 
M3= 5.110 kg 
M =      (5.330 – 5.110) 
  (5.110 – 0.540)   ×[image: image4.png][100]




=            0.220 
  4.570 
= 0.0481 x 100
M = 4.81%
The efficiency of the sesame drying process can be determined by carefully measuring and comparing the weights of the container and the sesame seeds at different stages of the experiment. Initially, the weight of the empty container (M1) is recorded to establish a baseline. After this, the container is filled with wet sesame seeds, and the combined weight is measured. This value reflects both the mass of the container and the moisture-laden seeds. The seeds are then subjected to a drying process, which may involve exposure to sunlight, heated air, or a controlled drying system. Once the drying is complete, the container with the dried seeds is weighed again. By comparing the weight of the wet seeds with that of the dried seeds, it is possible to determine the amount of moisture that has been removed. The difference in weight represents the water content lost during drying. This information is crucial for calculating the drying efficiency, which indicates how effectively moisture has been reduced relative to the initial amount present. A higher efficiency suggests that the drying method is more effective in removing moisture, which is important for preserving the quality and shelf life of sesame seeds. Accurate measurements and consistent experimental conditions are essential for reliable results. Factors such as temperature, duration of drying, and environmental conditions can all influence the outcome. Therefore, maintaining controlled conditions ensures that the calculated efficiency reflects the true performance of the drying process.
6. CONCLUSION
The design and development of the sesame dryer has been successfully accomplished, offering a practical and efficient alternative to traditional sun drying methods. When compared to conventional open sun drying, the developed dryer demonstrates significant improvements in performance, reliability and product quality. Traditional sun drying is highly dependent on climatic conditions, often leading to delays during cloudy or rainy weather. In contrast, the developed sesame dryer ensures controlled temperature and consistent airflow, enabling uninterrupted drying irrespective of external environmental conditions. The sun drying exposes sesame seeds to contamination from dust, insects, birds and microbial growth, which can compromise quality and safety. The developed dryer provides a hygienic and enclosed drying environment, minimizing contamination risks and maintaining seed cleanliness. Uniform moisture removal is another major advantage of the developed system. While sun drying often results in uneven moisture reduction due to inconsistent heat distribution, the controlled conditions in the dryer ensure uniform drying, thereby improving seed quality, storage stability and market value. From an economic perspective, the use of locally available materials, simple construction and low operational cost make the dryer highly suitable for small and medium-scale farmers and processing units. It reduces post-harvest losses in both quantity and quality, thereby increasing overall profitability. In comparison to traditional methods, the developed sesame dryer enhances efficiency, reduces dependency on labour and weather and promotes sustainable post-harvest management. Overall, the project proves to be a reliable, cost-effective and farmer-friendly technological solution.
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