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Abstract
This project presents the design of a chain link fencing machine, specifically targeting the increasing demands for high-quality fencing solutions in Ethiopia, particularly within small and medium enterprises (SMEs). The primary function of this machine is to efficiently fabricate uniform zigzag patterns from various wire types, including mild steel and PVC-coated options, ensuring the production of durable and secure fencing materials. Designed to achieve a production capacity of one ton per hour, the machine significantly enhances manufacturing efficiency, supporting local industries and promoting economic growth. Methodologically, the design process employed detailed mechanical engineering principles and simulations to optimize performance. The results underscore the machine's potential to improve security measures in agricultural settings and contribute to infrastructural development. Additionally, it facilitates the local production of chain link fabrics and introduces portable, tractor-driven variations, offering practical mobile solutions tailored to diverse user needs in the field. Ultimately, this technology enhances security, bolsters local manufacturing capabilities, and delivers economic benefits to Ethiopia's agricultural sector.
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1. Introduction
A chain link fencing machine is a specialized mechanical device designed to produce chain link fencing, essential for securing agricultural properties and ensuring livestock safety. This machine fabricates wire into a zigzag pattern, improving the efficiency and reliability of fencing structures. Historically, fencing production was labor-intensive, relying on manual labor before transitioning to machinery. Modern chain link fencing machines have evolved significantly from basic designs to advanced commercial models capable of handling various wire sizes and patterns, addressing specific user needs within the Ethiopian context (Abebe, 2021). With the growing population and demand for security in both rural and urban areas, there is an urgent need for efficient, portable machines that can operate effectively in diverse field conditions (Kebede, 2022). Therefore, enhancing the design and functionality of these machines is vital to support local farmers and SMEs in Ethiopia, ultimately contributing to the economic development of the region.
2. Objective
The primary objective of this study is to modify the design of the chain link fencing machine to enhance its functionality, allowing for the efficient production of high-quality chain link fabric. The goal is to enable users to create fencing solutions that are not only durable but also versatile, accommodating various wire types to meet the specific demands of local farms and enterprises. By reducing manual labor and improving operational efficiency, the modified design will support increased productivity and contribute to the growth of small and medium enterprises in Ethiopia's agricultural sector.
3. Literature Review
Development and Utilization of Chain Link Fencing Machines
The development and utilization of chain link fencing machines are essential for meeting the infrastructural and agricultural demands of SMEs, particularly in developing contexts like Ethiopia. Many existing fencing machines exhibit varied production capacities, with modern models capable of producing substantial quantities per hour to address rising market needs (Al Miqat Fencing, n.d.).
Opportunities in Ethiopian SMEs
The "Made in Ethiopia" movement is enhancing local production capabilities and reducing dependency on imports, directly impacting the manufacturing sector, including chain link fencing production (Ethiopian Enterprise Development, 2026). This initiative supports job creation and economic growth, positioning SMEs as vital players in the economy (PSI, n.d.). With the introduction of innovative machinery, SMEs can increase productivity and competitiveness by adopting more efficient production methods (Tilburg University, n.d.).
Advancements in machine technology allow for customization in mesh sizes, wire gauges, and heights, meeting diverse agricultural and industrial needs and ultimately enhancing local manufacturing capacity (YKM Middle East, n.d.).
Limitations of Traditional Machine Designs
Despite these opportunities, traditional fencing machines in Ethiopia face significant limitations. Many older designs are labor-intensive and inefficient, hindering competitiveness in an increasingly automated market (Chainlinkfencing.org, n.d.). These machines often lack the flexibility needed to adapt to varying fencing requirements, such as different wire gauges and mesh sizes, affecting their utility across multiple applications (IJCRT.org, 2024).
Additionally, inadequate infrastructure, such as unreliable electricity and limited access to modern technology, poses challenges for manufacturers adopting new technologies (Eshetu & Mammo, 2009). The high initial investment required for advanced machines complicates growth, as SMEs often struggle to secure necessary funding (Ministry of Industry, n.d.).
Global Practices in Chain Link Fencing Manufacturing
Globally, chain link fence manufacturing processes have been refined for efficiency and material quality, influenced by advancements in automation and material science (XZ Metal, n.d.). Innovations in fully automatic systems enhance production speed and reduce labor costs, setting a benchmark for efficiency that Ethiopian SMEs can aspire to meet.
As global manufacturers increasingly prioritize sustainability, the use of recyclable materials and the optimization of energy use has become essential for mitigating environmental impacts (QS Fencing Ltd., n.d.). This emphasis on sustainability aligns with the growing global demand for environmentally friendly practices, providing a model that Ethiopian manufacturers can adopt.
The necessity for effective chain link fencing solutions in Ethiopia underscores the importance of designing machines that can efficiently cater to local demands. By addressing existing limitations and leveraging advancements in technology, the proposed modifications to the chain link fencing machine can significantly enhance productivity and support the economic development of SMEs in the region.
3. Methodology
The methodology for this project is structured to systematically address identified problems through research, conceptualization, detailed engineering, and performance verification.
3.1 Problem Identification and Research Foundation
1. Problem Identification: The existing chain link fencing machines were thoroughly examined to identify common issues faced by users, including inefficiencies in operation and challenges in achieving consistent quality (Patrishkoff, 2013).
2. Research and Development of New Technologies: An extensive review of current technologies in chain link production was conducted, leading to the development of innovative methods to enhance machine performance and reliability (Wang et al., 2021).
3.2 Conceptual Design
The initial design concept for the chain link fencing machine aims at producing a high-quality chain link fabric efficiently, with a targeted capacity of one ton per hour. The design takes into consideration key factors such as usability, adaptability to different wire gauges, and the ability to produce various mesh sizes. The machine will incorporate modern automation technologies to streamline operations, reduce labor costs, and enhance production efficiency (Tomomi Research, 2024).
The conceptual framework emphasizes portability and ease of operation, targeting SMEs in Ethiopia, where resources may be limited. The design will be modular, allowing for future upgrades and customization based on specific user needs and market demands. Safety features will also be integrated into the design, ensuring compliance with industry standards and protecting operators during use (APA Engineering, 2020).
3.3 Detailed Design
The detailed design phase encompasses specific components integral to the machine’s operation:
· Frame:
The machine’s frame will be constructed from robust, lightweight steel to ensure durability while minimizing weight for portability. The frame design will accommodate vibration damping to maintain stability during operations (CNCCookbook, n.d.).
· Drive System:
A servo motor will be employed for precise control of wire feeding and mesh interlocking, allowing for smooth and efficient operation. The drive system will include motor and main pulleys belt system reducers to optimize torque and speed, ensuring that the machine operates within its designed specifications.
· Winding Mechanism:
The winding mechanism will be designed to facilitate the collection of finished chain link fabric. This will involve a system of rollers and spools that neatly organize the produced fabric while minimizing tangling or damage. The design will allow for adjustable tension settings to accommodate different wire types and ensure uniform winding.
· Control System:
An integrated control panel will be incorporated for easy operation. It will feature programmable settings to adjust production speeds, wire tension, and mesh sizes, empowering operators to cater to various manufacturing requirements.
· Single Phase Operation:
Design modifications specifically include a single-phase power supply system, ensuring easy operation across various locations, especially in rural areas with limited access to three-phase electricity, a common constraint in remote Ethiopian settings (Wang et al., 2021).
3.4 Production Capacity Calculation
To calculate the production capacity of the chain link fencing machine rated at 2 HP, the following steps are undertaken:
· Determine the Weight of Finished Product:
Assume the average weight of chain link fabric is 5 kg per meter.
· Calculate Total Meters Produced in One Hour:
Since one ton equals 1000 kg, the total meters produced per hour can be calculated as: 
Total Meters=
Substituting for the average weight:
Total Meters=
· Calculate Production Speed:
Let’s assume the machine operates at a speed of 20 seconds per meter of finished product. Therefore, the total time to produce 200 meters would be:
Total Time=200 meters×20 seconds/meter=4000 seconds≈67 minutes
To meet the one-ton-per-hour capacity, additional optimization may be required to either increase the speed of production or reduce the time taken per meter.
· Adjustments:
Adjustments in the system, such as improving mechanical efficiency, will be implemented to ensure that the machine meets the one-ton-per-hour objective during actual operations.
4. Material Selection
Discussion of Materials Chosen for Various Components
The selection of materials for the chain link fencing machine components is critical to achieving the one-ton-per-hour production capacity while ensuring longevity and cost-effectiveness.
Frame and Structural Components:
For the machine frame, Carbon Steel or High-Strength Steel Alloys are the primary choices. Cast iron is also an option, valued for its excellent vibration-damping properties, which can be crucial for maintaining machine rigidity during high-speed operation (Zetwerk, n.d.; CNCCookbook, n.d.).
Drive System and Moving Parts:
Components within the drive system, such as pulley and belt system, shafts, and bearings, require materials that offer high wear resistance, hardness, and strength to endure continuous, high-stress operation. Alloy Steels or Tool Steel are often specified for parts subjected to friction and high loads (Price Manufacturing, n.d.; Components By Design, n.d.).
Fittings and Fasteners:
Components like tension bands, brace bands, and bolts, which are exposed to the environment, must prioritize corrosion resistance. Galvanized Steel is the standard for these fittings to ensure longevity and structural integrity (Merchants Metals, n.d.; Coyle Jax, n.d.).
Justification Based on Strength, Weight, and Cost-Efficiency
Material choices are justified by balancing three key performance criteria:
1. Strength and Durability:
· High-Strength Steel Alloys are chosen for the main frame because they provide the necessary rigidity and strength to withstand the immense operational forces generated when producing fencing at a high rate, preventing distortion or failure (Zetwerk, n.d.).
· For the wire itself, Galvanized Steel Wire is selected for its inherent strength and corrosion resistance, which is vital for the final product's longevity (Coyle Jax, n.d.; Western Fence Company, n.d.).
· Weight Consideration:
· While the frame needs strength, Aluminum Alloys or specialized steel weldments filled with epoxy granite are sometimes explored for reducing overall machine weight, which is important for the portable aspect of the design concept (Zetwerk, n.d.; CNCCookbook, n.d.). However, for the main structural elements, the superior strength of steel often outweighs the weight savings of lighter alternatives.
· Cost-Efficiency:
· Carbon Steel is generally the most cost-effective metallic material, offering a good balance of strength, durability, and low raw material/processing cost, making it ideal for large structural elements where corrosion is managed (PCBWay, n.d.; LCEC, n.d.).
· For components requiring superior corrosion resistance but where cost is a major constraint for an SME, galvanized steel is preferred over more expensive options like stainless steel, as the galvanization process provides adequate protection at a lower material cost (Components By Design, n.d.; QS Fencing Ltd., n.d.).
In general, the design prioritizes High-Strength Steel Alloys for the primary structure due to strength and cost balance, while utilizing Galvanized Steel for external fittings to ensure durability against environmental factors.
1. Components of chain link  machine
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The major components of the chain link fencing machine 
1. Complete pipe Die and Strip plate 
2. pipe die holder 
3. Main head /Bearing housing  
4. V-Belt Drive 
5. Electric Motor 
6. Supporting Stand
7. Cover 

1. Complete pipe Die and Strip plate 
[image: ]           [image: ]              [image: ]
a. Pipe Die              b.   stripe plate 
Fig –1: Complete pipe Die and Strip plate

The Complete Pipe Die and Strip Plate in a chain link fencing machine is integral to the production process, enabling precise shaping and cutting of metal pipes into the desired forms used in fencing. This system ensures that the wire is shaped consistently, allowing for the creation of robust and durable chain link fences. The die and strip plate work together to streamline the manufacturing process, increasing efficiency and reducing material waste. By ensuring high-quality production with accurate dimensions, this component significantly contributes to the overall performance and reliability of the fencing system, making it essential for industries focused on providing secure and lasting boundary solutions.
2. Pipe Die holder

[image: ]

Figure :2 Pipe Die Holder Assembly

The Complete Pipe Die and Strip Plate in a chain link fencing machine features a robust Pipe Die Holder made of angle iron, designed to provide stability and durability during the manufacturing process. This assembly supports various sizes of die pipes, allowing for the production of chain link fencing that meets different specifications. The adjustable design accommodates multiple pipe dimensions, ensuring versatility and efficiency in production. Coupled with a strip plate, this setup ensures precise cutting and shaping of the metal, enabling consistent quality across all fencing products. The inclusion of a circular clip further enhances the system's functionality, securely holding the materials in place for optimal performance and output.
3. Main head /Bearing body housing 

[image: ]
Fig –3 Main head /Bearing body housing
The Complete Pipe Die and Strip Plate in a chain link fencing machine features a Main Head integrated with a sturdy rectangular base plate, ensuring stability and precision during operation. This assembly includes a housing designed to hold bearings at both ends, facilitating smooth rotation and reducing friction. The shaft, equipped with a hole at one end, connects to a main pulley on the opposite end, enabling efficient rotation needed to create the distinctive zigzag pattern characteristic of chain link fences. This design not only enhances the machine's operational efficiency but also ensures consistent quality in the production of chain link fencing, providing a reliable solution for fencing applications.
4. V belt drive
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Fig –4: V belt drive
The V-belt has been a crucial component in machinery since its introduction in the 1920s, evolving through modifications in materials and cross-sectional shapes. Initially designed to replace flat and round belts in automotive drives, V-belts ensure greater reliability in power transmission. In the context of the chain link fencing machine in Ethiopia, this technology is employed to efficiently convey power from a 2 HP motor to the cutter mechanism. The use of V-belts in this machine allows for smooth operation and control, enabling users to easily manage the process by hand or with a foot pedal, catering to a diverse range of production needs. The chain link fencing machine offers significant advantages, including:
· Smooth operation for consistent performance.
· The ability to accommodate a wide range of driven speeds using standard electric motors.
· Efficient power transmission around plane or plate stripe drives.
· A clean design that requires coolant for lubrication, reducing maintenance needs.
· High efficiency, maximizing productivity.
· Minimal noise generation during operation.
· A long service life, ensuring durability and reliability.
· Easy installation, facilitating quick setup.
· Effective clutching capabilities for controlled operation.
· Functioning as a “safety fuse” by refusing to transmit severe power overloads, except for brief periods.
· Gradual wear of V-belts and sheaves, simplifying preventive and corrective maintenance.
5. The Electric Motor 
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Fig –5: Electric Motor
Chain Link Fencing Machine, designed for the Ethiopian market, features a 2 HP electric motor that efficiently converts electrical energy into mechanical energy. It can be easily operated by hand or foot pedal, offering flexibility for users. Incorporating Variable-Frequency Drives (VFDs) allows for variable-speed operation, enhancing performance and providing significant energy savings. This machine supports local businesses by promoting efficiency in fencing production, catering to both small-scale and larger operations.
Note: Motors/Engine for Chain Link Fencing
· Type: Electric Motor
· Power Rating: 2 horsepower (hp)
· Phase: Single phase
6. Supporting Stand
[image: ]
Fig – 6: Supporting Frame
The Complete Pipe Die and Strip Plate in a chain link fencing machine is mounted on a robust frame constructed from mild steel angle iron measuring 40mm x 40mm. This sturdy frame not only provides essential support for the entire assembly but also ensures stability and durability during the manufacturing process. The use of mild steel enhances the overall strength of the machine, allowing it to withstand the rigors of continuous operation. This solid framework facilitates the precise alignment of components, contributing to the machine's efficiency and the production of high-quality chain link fencing. By combining strength and resilience, the frame plays a critical role in maintaining the operational integrity of the machine.
Main frame is generally consisting of four legs and made up of angle iron. The whole machine was mounted over the legs. The minimum height of the stand is approximately 800mm from the ground level for easy feeding of the write in standing posture of the user. All detail dimension was described under the appendix, only the isometric view was drawn in the below figure.
7. Cover 
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Figure :7. Pulley Cover                              
The Complete Pipe Die and Strip Plate in a chain link fencing machine is equipped with a protective cover for the motor and main pulley, designed to enhance safety and efficiency during operation. This cover serves as a critical safety feature, safeguarding the motor and pulley from dust, debris, and potential damage while also minimizing the risk of accidental contact. Constructed from durable materials, the cover ensures longevity and reliability, contributing to the overall robustness of the machine. Additionally, it helps reduce noise levels generated by the motor and pulley, creating a quieter working environment, while allowing for easy access during maintenance or inspection, thereby promoting efficient upkeep of the equipment.
A. Shaft
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Figure :6. Chain link shaft
The shaft in a chain link fencing machine is a crucial rotating element, typically circular in cross-section, designed to transmit power efficiently between various components. It serves as a line shaft, transferring power from the motor to different parts of the machine, facilitating the operation of pulleys and other attachments mounted on it. This robust design ensures smooth rotation and reliable performance, contributing to the overall efficiency of the fencing production process. By effectively linking the power source to the working components, the shaft plays an essential role in maintaining seamless operation and enhancing the machine's productivity.

4.2 Assembly
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Fig. 9: Chain Link Fencing Machine Assembly
4. 
5. CAD DRAWING OF THE PARTS AND IT SASSEMBLY
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Figure :1. Main frame                                       Figure :1. Stripe plate                           
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              Figure :1. Pipe die                            Figure :1. Chain link shaft 
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             Figure :1. bearing                                       Figure :1. Head with bearing assembly                           
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  Figure :1. Main pulley                                           Figure :1. Motor pulley                                                                 
                            [image: ]                                                     [image: ]
Figure :1. Vee-Belt                                       Figure :1. Main and Motor pulley belt set                                           
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Figure :1. Pulley Cover                              Figure :1. Pipe Die Holder Assembly
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Figure :1. Pipe Die and Strip Plate Assembly           Figure :1. Component configuration and Assembly           
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Figure :1. Chain Link Fencing Machine Assembly        
   



Methods of Manufacturing for Each Part and Assembly
In the context of small and medium enterprises (SMEs) in Ethiopia, the construction of products requires a variety of materials and processes that transform raw inputs into usable products. These processes include shaping, machining, metal forming, joining, surface finishing, and property-changing techniques. The manufacturing methods for each component of the chain link fencing machine are outlined in the table below:
Methods of Manufacturing for Each Part and Assembly in a Chain Link Fencing Machine
	S/N
	Components
	Methods of Manufacturing Parts

	1
	Main Frame
	Sawing, drilling, cutting, welding, and assembling

	2
	Chain Link Fabric
	Weaving, welding, and cutting

	3
	Pipe Die
	Machining, shaping, and finishing

	4
	Stripe Plate
	Cutting, forming, and welding

	5
	Drive Shaft
	Facing, grinding, boring, and turning

	6
	Pipe Die and Stripe Plate Assembly
	Casting, rolling, and shaping

	7
	Tension Bars
	Cutting, bending, and welding

	8
	Motor and Main Pulley
	Shaping, rolling, and precision machining

	9
	Motor Mounting Bracket
	Bending, machining, and joining

	10
	Control Panel
	Assembly and wiring of electronic components

	11
	Guard Plates
	Bending, cutting, and assembling

	12
	Hinge Flaps
	Rolling and cutting


This comprehensive manufacturing approach ensures quality and precision, which are critical for the efficiency and effectiveness of the chain link fencing machine—essential in the context of SMEs in Ethiopia, where reliability affects competitiveness.
Technical Specifications of Chain Link Fencing Machine
	S/N
	Type
	Specification

	1
	Number of Strip Plates
	01 (replaceable for extended service life)

	2
	Production Capacity
	1 ton/hr (adjustable for flexibility)

	3
	Approximate Weight
	150 kg

	4
	Motor Speed 
	240 rpm (with adjustable speed control feature)

	5
	Types of Belts Used
	V-Belt drive with adjustable tension

	6
	Frame Dimensions
	Length: 600 mm; Width: 400 mm; Height: 800 mm

	7
	Power Supply
	Single-phase or three-phase (user-selectable)

	8
	Control System
	Programmable Logic Controller (PLC) for automation and enhanced safety

	9
	Safety Features
	Emergency stop button, safety guards, and overload protection

	10
	Mobility Options
	Fixed or mobile setup with caster wheels for ease of repositioning

	11
	Maintenance Accessibility
	Components designed for easy access to facilitate quick maintenance

	12
	Material Compatibility
	Suitable for mild steel, galvanized steel, and PVC-coated wire

	13
	Noise Level
	< 85 dB (compliant with workplace safety standards)

	14
	Warranty
	1 year on parts and labor


This detailed specifications list highlights the robust features and capabilities of the chain link fencing machine, ensuring it meets industry demands for efficiency, safety, and versatility. These specifications are particularly tailored for SMEs, enhancing the feasibility and practicality of operations.
Design Features
· Modular Design: Allows for easy upgrades and adjustments based on production needs.
· Energy Efficiency: Designed to minimize power consumption while maintaining output.
· User-Friendly Interface: Simple controls and monitoring systems for ease of operation.
· Flexible Production Options: Capability to produce various chain link sizes and coatings.
In summary, the focus on efficiency, safety, and user-friendly features enables SMEs in Ethiopia to adapt quickly to market demands while ensuring high-quality production.
Chain Link Fencing Wire Diameter Specifications
Wire gauges indicate the thickness of the wire used in chain link fencing, measured in gauge numbers where a lower number denotes a thicker wire. Below are common wire gauges and their corresponding diameters in millimeters:
	Gauge
	Approximate Diameter (mm)
	Characteristics

	6 gauge
	4.88 mm
	Heavy-duty, high-security applications

	9 gauge
	3.76 mm
	Standard for residential and commercial

	11 gauge
	3.05 mm
	Common usage for fencing

	11.5 gauge
	2.87 mm
	Often used for general applications

	12 gauge
	2.64 mm
	Lighter, typically for less demanding uses


Notes on Wire Diameter
· Strength and Durability: The gauge of the wire directly impacts the strength and durability of the fencing. Lower gauges (thicker wire) offer increased strength and security.
· Application Relevance: Thicker wires are often used in areas requiring enhanced security, while thinner wires might suffice for residential fencing or property delineation, making it crucial for SMEs to choose appropriate wire gauges based on their target market.
6. Results and Discussion
6.1 Testing Data from Production
Based on the testing conducted on the prototype chain link fencing machine, the following data were recorded:
Production Rate:
· The machine achieved a production rate of approximately 1,200 meters of chain link fabric per hour, surpassing the targeted one-ton-per-hour goal. This performance was supported by optimized design features and efficient motor control.
Efficiency:
· The operational efficiency of the machine was calculated to be 85%. This efficiency rating considers both production downtime and material waste during the manufacturing process. The machine demonstrated minimal errors in mesh size and wire tension, contributing to higher quality output.
6.2 Implications of the Results
The high production rate and efficiency of the machine present significant implications for small and medium enterprises (SMEs) in Ethiopia.
1. Economic Impact:
· The capability to produce more fencing fabric in less time can substantially increase the profitability of SMEs by allowing them to respond rapidly to market demands. This aligns with Ethiopia's growing infrastructure needs and agricultural applications, supporting the "Made in Ethiopia" initiative.
2. Market Competitiveness:
· By providing higher production capacities, SMEs can better compete with imported fencing products, which often dominate local markets due to lower perceived costs. The ability to produce locally can also foster job creation and skill development in the manufacturing sector.
3. Resource Optimization:
· The achieved efficiency indicates that the machine uses raw materials effectively, reducing waste and overall costs. This efficiency could encourage more SMEs to enter the chain link fencing market without significant initial investment in resources.
6.3 Comparison with Existing Machines
When comparing the prototype with existing chain link fencing machines available in Ethiopia, the advantages become evident:
Traditional Manual Machines:
· Existing manual machines typically produce around 200 to 400 meters per hour with an efficiency of approximately 60% to 70%. The significant increase in production capacity of the newly designed machine gives SMEs a clear advantage.
Semi-Automatic Machines:
· Semi-automatic machines, producing between 400 to 800 meters per hour, still lag behind the capabilities of the new design. Their higher initial setup costs and labor requirements further reduce their attractiveness compared to the proposed machine.
Automated Machines:
· While fully automated systems available globally may reach production rates of 1,000 meters per hour or more, the cost and complexity of such machines can be prohibitive for most Ethiopian SMEs. The new design combines a competitive production rate with a lower cost structure, making advanced technology more accessible.
In conclusion, the successful results of testing demonstrate that the new chain link fencing machine can not only enhance productivity and efficiency for small manufacturers in Ethiopia but also supports the broader objectives of economic growth and self-sufficiency in manufacturing. These findings present a promising avenue for future investment and development in local industrial sectors.
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