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Metal Cutting 

Metal cutting refers to removing metal material from a workpiece to create a desired 
shape or form. It involves applying a cutting force with a sharp tool, such as a cutting 
blade or laser, to remove material and create a precise, finished product. This process 
is crucial in many industries, including manufacturing, construction, and fabrication. 

There are various metal cutting methods, including mechanical cutting, thermal cutting, 
and chemical cutting. The choice of method is dependent on the type of metal being cut, 
the desired final product, and the equipment available. Regardless of the method, metal 
cutting requires precision and accuracy to ensure that the final product meets specific 
dimensional and surface quality requirements. The continued advancements in cutting 
technology are driving improvements in productivity and product quality in metal-cutting 
operations. 
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Classification of the Metal Cutting Process 

Classification of the metal cutting process can be done based on the type of tool used, 
such as single-point cutting tools and multi-point cutting tools, or based on the nature of 
the cutting operation, such as orthogonal cutting, oblique cutting, and curved cutting. 
Additionally, it can also be classified based on the energy source used, such as 
mechanical cutting, thermal cutting, and electrical cutting. Metal cutting processes can 
be classified into several categories based on the type of cutting force used, including: 

1. Mechanical cutting: This category includes traditional cutting methods that rely
on a sharp tool to physically remove material, such as turning, milling, drilling,
and grinding.

2. Thermal cutting: This category involves using heat to melt or burn away
material, such as oxy-fuel cutting, plasma cutting, and laser cutting.

3. Chemical cutting: This category utilizes chemical reactions to remove metal,
such as electrochemical machining and water jet cutting.
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Types of Metal Cutting Process 

Metal cutting processes include a variety of methods for removing material from a 
workpiece, including turning, milling, drilling, grinding, sawing, shearing, punching, and 
stamping. The choice of process depends on the job's specific requirements, such as 
material type, part size and shape, and desired surface finish.There are several types of 
metal-cutting processes, including: 

1. Turning: A process where a single-point cutting tool moves along the surface of 
a rotating workpiece to remove material and produce a desired shape. 

2. Milling: A process where a multi-point cutting tool moves perpendicular to the 
surface of a workpiece to remove material and produce a desired shape. 

3. Drilling: A process where a rotary cutting tool is used to create a cylindrical hole 
in a workpiece. 

4. Grinding: A rotating abrasive wheel removes material from a workpiece to 
produce a desired surface finish. 

5. Sawing: A continuous or reciprocating blade cuts a workpiece into desired 
lengths. 

6. Shearing: A process where a sharp blade is used to cut a workpiece along a 
straight line. 

7. Punching: A sharp tool is used to remove a portion of a workpiece to create a 
hole or notch. 

8. Stamping: A process where a punch and die set is used to deform a workpiece 
into a desired shape. 

Each metal-cutting process has its own set of advantages and disadvantages, and the 
choice of process depends on the job's specific requirements, such as material type, 
part size and shape, and desired surface finish. 

Merchant's Analysis for Chip Thickness Ratio 

Merchant analysis calculates the chip thickness ratio (CTR) in metal cutting operations. 
CTR is the ratio of the actual chip thickness to the uncut chip thickness and is used to 
determine the type of chip being produced during cutting. Merchant's analysis involves 
plotting the uncut chip thickness versus the true cutting speed to determine the CTR. 

In Merchant's analysis, a family of curves is produced, each representing a different 
type of chip, such as continuous, discontinuous, or built-up edge. The CTR can be 
determined by finding the point on the curve that corresponds to the true cutting speed 
of the operation. The CTR is then used to predict the workpiece's cutting forces, tool 
wear, and surface finish. 

Merchant's analysis is a useful tool for optimizing metal cutting operations by enabling 
the selection of cutting conditions that produce a desired CTR, leading to improved 
cutting performance and longer tool life. 













Tool Wear 

Tool wear is the gradual loss of material from the cutting tool due to the friction and heat 
generated during a metal cutting operation. Tool wear can significantly impact cutting 
performance, as it can cause changes in tool geometry and shape, leading to 
decreased accuracy and surface finish quality, increased cutting forces, and reduced 
tool life. There are several types of tool wear, including: 

1. Abrasive wear: Wear caused by the hard and abrasive particles in the workpiece 
material that scrape and remove material from the cutting tool. 

2. Adhesive wear: Wear caused by welding workpiece material to the cutting tool, 
leading to a transfer of material from the workpiece to the tool. 

3. Fatigue wear: Wear caused by the repeated cyclic loading and unloading of the 
cutting tool during the cutting operation, leading to cracks and, eventually, tool 
failure. 

4. Erosive wear: Wear caused by high-speed particles impinging on the cutting tool, 
causing the material to be removed from the tool surface. 

Tool wear can be reduced by selecting the appropriate cutting tool for the job, 
optimizing cutting parameters such as cutting speed, feed rate, and depth of cut, and 
using proper coolant and lubrication. Monitoring and controlling tool wear is important 
for maximizing cutting performance and extending tool life, which can lead to improved 
productivity and cost savings. 

Machinability 

Machinability measures how easily a material can be cut and shaped during 
manufacturing operations, such as metal cutting. It is a critical factor in determining the 
choice of cutting tool, cutting parameters, and overall manufacturing process. Materials 
with high machinability can be cut easily and quickly, while materials with low 
machinability require more time and effort to cut, resulting in decreased productivity and 
increased costs. Factors that influence machinability include the hardness, strength, 
and ductility of the material and its chemical composition and microstructure. 

The machinability of a material can be improved by using proper cutting tool selection, 
cutting parameters, coolant and lubrication and by implementing heat treatment and 
surface finishing processes.In conclusion, machinability is a critical factor in metal 
cutting and manufacturing operations, affecting both the productivity and the costs of 
the process. Understanding the machinability of different materials and how they can be 
improved is important for optimizing metal-cutting operations and improving overall 
efficiency. 

Applications of Metal Cutting 



Metal cutting has a wide range of applications in various industries, including 
automotive, construction, aerospace, and manufacturing. It allows for precise and 
efficient cutting of metal materials, enabling the production of complex and intricate 
shapes, as well as the creation of large-scale projects. Metal cutting is a widely used 
manufacturing process with a wide range of applications in various industries, including: 

1. Automotive industry: Used for cutting and shaping metal parts for cars, trucks, 
and other vehicles. 

2. Aerospace industry: Used for cutting and shaping metal components for 
aircraft, helicopters, and satellites. 

3. Construction industry: Used for cutting and shaping metal components for 
buildings and structures, such as beams, girders, and columns. 

4. Energy industry: Used for cutting and shaping metal components for the 
generation, storage, and distribution of energy, such as turbines, generators, and 
pipelines. 

5. Medical industry: Used for cutting and shaping metal components for medical 
devices, such as orthopaedic implants, surgical instruments, and dental implants. 

6. Electronic industry: Used for cutting and shaping metal components for 
electronic devices, such as computers, smartphones, and other consumer 
electronics. 

7. Consumer goods industry: Used for cutting and shaping metal components for 
household appliances, tools, and other consumer goods. 


