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 ABSTRACT: 
The design and fabrication of a die and punching machine focuses on developing a cost-effective, efficient, and reliable system for sheet metal operations such as punching, blanking, and shaping. Punching is a widely used manufacturing process in industries where precise holes and cutouts are required in metal sheets. This project aims to design a compact and manually/automatically operated punching machine that can perform operations with improved accuracy and reduced human effort.
The machine consists of key components including a frame, punch, die, power transmission system, and actuating mechanism. The design process involves selecting suitable materials, calculating the required punching force based on sheet thickness and material properties, and ensuring structural stability of the frame. The fabrication process includes machining, welding, and assembly of all components to achieve a functional prototype.
The developed machine is tested for performance, efficiency, and safety. Results indicate that the machine can effectively perform punching operations with minimal power consumption and high precision. This project demonstrates an economical alternative to conventional punching machines, making it suitable for small-scale industries and workshops.
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1. INTRODUCTION  
     The design and fabrication of a die and punching machine is an important aspect of modern manufacturing, especially in sheet metal industries. Punching is a mechanical process used to create holes or shapes in metal sheets by applying a high force through a punch and die set. This process is widely used in industries such as automotive, aerospace, electrical, and fabrication workshops due to its speed, accuracy, and cost-effectiveness.
     A punching machine mainly consists of a punch, die, frame, and a power transmission system. The punch is the tool that applies force to the material, while the die supports the sheet and determines the final shape of the cut. Proper design of these components is essential to ensure precision, durability, and efficiency of the machine. The selection of suitable materials, calculation of required punching force, and structural design of the frame play a crucial role in the overall performance.
     This project focuses on designing a compact and efficient punching machine and fabricating it using locally available materials and standard manufacturing processes such as cutting, machining, and welding. The aim is to develop a machine that reduces manual effort, increases productivity, and maintains accuracy while being economical for small-scale industries.
     The fabricated machine is tested for its working performance, safety, and reliability. The study highlights how proper design and fabrication techniques can result in a functional and cost-effective solution for sheet metal operations.
2. LITERATURE SURVEY  
A various literature survey has been carried out for this project in order to decide whether the design process was optimum and an analysis of the various components would prove true in actual working conditions. 
Authors Statement is explained as follows :-
2.2 Literature Review
Deepak Annasaheb More et al. [1] 	In this research paper author studied the design of key hydraulic press components such as the frame, cylinder, and press table using standard design procedures. They applied Finite Element Analysis (FEA) to optimize structural performance and reduce material usage. Their work focused on minimizing the weight of an H-frame hydraulic press while maintaining strength and stability.
Fisayo Adesina et al. [2] As per the author of this paper developed a manually operated hydraulic press by designing and fabricating components using engineering design equations. They used Pro/E software for modeling and selected mild steel due to its suitable mechanical properties. Their work emphasized practical fabrication using locally available materials.
K. Shravan Kumar et al. [3] As per the Author opinion focused on optimizing resource utilization in hydraulic press design to reduce cost and improve portability. Their study highlighted the importance of minimizing material volume without compromising machine performance.
Vyshakha et al. [4] In this research paper author concluded that during machine design, all components must withstand high forces, ensure operator safety, and provide adequate space for loading/unloading. Proper material selection for die sets was also emphasized.
Omkar S. Chilmulwar et al. (2018) [5] As per the author of this paper designed a pneumatic stirrup-making machine focusing on automation and reduced human effort. Their study showed that pneumatic systems can achieve consistent production with reduced labor.
A. K. Kumaresh et al. (2016) [6] As per the Author opinion performed analytical and FEA studies on punching die components for MSMEs. Their work demonstrated that optimized die design improves tool life, reduces manpower, and enhances production efficiency.
Viraj N. Suryawanshi et al. (2019) [7] In this research paper author developed a pneumatic punching machine using a C-frame structure and concluded that such machines are compact, economical, and suitable for small-scale industries.
Shubhangi S. Shetake et al. (2020) [8] As per the author of this paper analyzed automatic pneumatic punching machines and found them more energy-efficient and economical compared to hydraulic systems for thin sheet operations.
P. Goyal et al. (2015) [9] As per the Author opinion studied punch tool geometry and found that adding shear to the punch face can reduce punching force by 25–60%, thereby increasing tool life and reducing cost.
Cheok and Nee (1998) [10] As per the Author opinion emphasized the importance of CAD/CAM integration in tool and die design to reduce lead time and improve productivity.
Wang Hong et al. (2011) [11] In this research paper author analyzed fine blanking and compound die design, highlighting the importance of die clearance, edge radius, and material selection for improved accuracy and tool life.
Kuball et al. (2020) [12] As per the author of this paper studied advanced joining and forming technologies, emphasizing the need for precise piercing and blanking operations in modern lightweight structures.
Luo et al. (2021) [13] As per the Author opinion investigated blank holder–die gap effects using FEM and concluded that optimal gap improves forming quality and reduces force requirements.
Katsuta and Morita (2018) [14] In this research paper author explored fine piercing under near-zero clearance conditions and demonstrated improved quality with precise alignment.
Liu et al. (2020) [15] As per the author of this paper studied process parameters affecting sheet piercing and concluded that factors such as punch diameter and loading speed significantly influence output quality.
Polapragada and Varsha (2012) [16] As per the Author opinion developed a pneumatic auto-feed punching machine and highlighted automation benefits along with operational cost challenges.
Soneraa et al. (2017) [17] As per the author of this paper designed a pneumatic press and identified its limitations in continuous production due to dependency on compressed air.
Kharat et al. (2019) [18] In this research paper author introduced a cam-operated punching machine, showing improved motion control, reliability, and cost-effectiveness compared to conventional mechanisms.
Arun et al. (2014) [19] As per the Author opinion proposed a low-cost automatic punching machine to reduce labor and increase production efficiency for small industries.
Khatib et al. [20] As per the author of this paper analyzed hydraulic press machines and noted their high force capability but also drawbacks like high cost and large space requirements.
Shah et al. (2016) [21] In this research paper author designed a cam-based punching and binding machine using a Geneva mechanism, improving accuracy and repeatability.
Khopade et al. (2019) [22]As per the Author opinion compared pneumatic and mechanical punching machines, concluding that mechanical systems offer lower operating costs and higher production rates.
3. RESEARCH & METHODOLGY
     The research methodology for the design and fabrication of a die and punching machine involves a systematic approach to ensure efficient performance and accuracy. Initially, a detailed study of existing punching machines and die mechanisms is carried out to understand working principles and design requirements. Based on this, suitable design parameters such as material type, sheet thickness, punching force, and machine capacity are identified.
     Next, analytical calculations are performed to determine the required punching force and to design key components such as the punch, die, frame, and power transmission system. Computer-aided design (CAD) software is used to prepare detailed drawings and layouts of the machine components.
     Following the design phase, appropriate materials are selected considering strength, durability, and cost. The fabrication process includes machining, cutting, drilling, and welding operations to manufacture individual parts. These components are then assembled to form the complete punching machine.
     Finally, the fabricated machine is tested to evaluate its performance, accuracy, and safety. Necessary modifications are made based on test results to improve efficiency and reliability. This methodology ensures the development of a cost-effective and functional punching machine suitable for industrial applications.

4. Design Calculations
The design calculations for a die and punching machine are mainly focused on determining the required force and sizing the main components for safe and efficient operation.
4.1. Punching Force Calculation
The punching force required is calculated using the formula:
F=L×t×τ
Where:
· F = Punching force (N) 
· L = Perimeter of hole (mm) 
· t = Thickness of sheet (mm) 
· τ = Shear strength of material (N/mm²) 
This helps in selecting the capacity of the machine.
4.2. Clearance Between Punch and Die
Proper clearance is essential for smooth cutting:
C=(5% to 10%)×t 
This reduces tool wear and improves cut quality.
4.3. Punch and Die Size
· Die size = Punch size + Clearance 
· Punch size is equal to the required hole size 
4.4. Stress in Punch
​ Σ =A/F​ 
Where:
· σ = Stress (N/mm²) 
· A = Cross-sectional area of punch 
This ensures the punch will not fail under load.
4.5. Frame Design (Simplified)
The frame is designed to withstand the applied load:
Σ  = A/F​≤ σ allowable​ ​ 
Material is selected so that induced stress is within safe limits.
4.6. Power Requirement (for motorized system)
P=1000/F×v​ 
 Where:
· P = Power (kW) 
· [image: ]v= Punching speed (m/s)

Fig.No. 4.1:-Punching Machine
5. Conclusion
The design and fabrication of the die and punching machine were successfully completed, resulting in a simple, cost-effective, and efficient system for sheet metal operations. The machine performs punching with good accuracy and reduced manual effort. Proper design and material selection ensured safety and durability. This project proves that an economical punching machine can be developed for small-scale industrial applications.
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