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Abstract:  
 

Metal forming includes several manufacturing processes in which 

plastic deformation is used to change the shape of metal parts. The 

deformation is the result of the use of a tool, generally a die, that 

applies forces that exceed the yield strength of the metal, that is, the 

metal is deformed to take the shape determined by the die. In general, 

a compressive stress is applied to plastically deform the metal, 

however some processes bend or cut the metal. 

Sheet cutting, forming 

metal, plastic deformation,  

shearing a metal sheet. 

 

Forming metal parts by applying high tensile and compressive forces is a common process 

in industrial manufacturing. In stamping operations, metal, almost always sheet metal, strip 

or coil, acquires specific shapes at room temperature through cutting, pressing and 

stretching operations between stamps, usually performed in a series of one or more impact 

steps. Stamping is one of the simplest machining processes and allows a high level of 

automation of the process when it comes to making large quantities of a product. 

 

Cutting Operations 

Sheet cutting is done by a shear action between two sharp cutting edges. A schematic of 

the shear action can be found in Figure 1, where the upper cutting edge (punch) moves 

downward beyond the lower cutting edge (die or die). When the punch begins to compress 

the sheet of metal, a plastic deformation occurs in the surfaces of the sheet, as it moves 

down, penetration takes place, in which the metal is compressed and the sheet is cut. This 

penetration zone is generally one third of the thickness of the sheet. If the gap between the 

punch and the die is correct, the two fracture lines meet and the result is a clean separation 

of the metal into two pieces. 

 
Fig.1. Shearing a metal sheet between two cutting edges. 
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The sheared edges of the sheet have the characteristic shape shown in Figure 2. In the upper 

part of the cutting surface there is a region called rounding, which corresponds to the plastic 

deformation carried out by the punch before starting the cut. Just below the fillet there is a 

relatively smooth region, called burnishing, which results from penetration of the punch 

into the sheet before fracture begins. Below the burnishing is the fracture zone, where the 

continuous downward movement of the punch produces the fracture of the metal. Finally, 

on the lower edge we find the burr, an edge produced by the elongation of the metal during 

the final separation of the walls. 

There are three main operations in press work that cut metal according to the shear 

mechanism described above, which are shearing itself, punching or punching, and 

punching. 

 
Figure 2. Characteristic sheared edges of the work material. 

 

Shearing is the operation of cutting a sheet of metal along a straight line between two 

cutting edges. It is often used to reduce large sheets to smaller sections for subsequent 

pressing operations. This operation is carried out in a machine called a power shear or 

straight shear. The upper blade of the power shear is often skewed, as seen in Figure 3, in 

order to reduce the required cutting force. Punching or punching involves cutting a sheet 

of metal along a closed line in one step, to separate the part from the material. Drilling is 

very similar, except that the part that is cut is discarded (scraps), and the remaining material 

is the desired part. Important parameters in sheet metal cutting are punch to die gap, 

material thickness, metal type and strength, and length of cut. 

In addition to shearing, punching, and drilling, there are other cutting operations. The 

cutting mechanism in each case requires the same cutting operations previously analyzed. 

 
Figure 3. Cut into pieces, Partition. 
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We speak of grooving in punching operations in which a rectangular section is cut. Multiple 

drilling involves the simultaneous drilling of several holes in the same sheet of metal. To 

obtain the desired contour of a shape, portions of sheet are usually notched or semi-notched 

(Figure 4). Notching is cutting a portion of the metal on one side of the sheet, while semi-

notching cuts a portion of the inner metal from the strip. The difference between semi-

notching and drilling and grooving operations is that this process creates part of the contour 

of the part, while the other two create holes in it. 

Trimming is a cutting operation carried out on an already formed part, to remove excess 

metal and fix its size. Shaving is a cutting operation performed with a very small space, 

aimed at obtaining precise dimensions and smooth, straight edges. This is a typical finishing 

operation that is applied to pieces that have been previously cut. Fine punching is a shearing 

operation used to cut parts with very tight tolerances and whose purpose is to obtain straight 

and smooth edges in a single pass. 

 
Figure 4. Notched and semi-notched. 

 

We speak of grooving in punching operations in which a rectangular section is cut. Multiple 

drilling involves the simultaneous drilling of several holes in the same sheet of metal. To 

obtain the desired contour of a shape, portions of sheet are usually notched or semi-notched 

(Figure 2.23). Notching is cutting a portion of the metal on one side of the sheet, while 

semi-notching cuts a portion of the inner metal from the strip. The difference between semi-

notching and drilling and grooving operations is that this process creates part of the contour 

of the part, while the other two create holes in it. 

Trimming is a cutting operation carried out on an already formed part, to remove excess 

metal and fix its size. Shaving is a cutting operation performed with a very small space, 

aimed at obtaining precise dimensions and smooth, straight edges. This is a typical finishing 

operation that is applied to pieces that have been previously cut. Fine punching is a shearing 

operation used to cut parts with very tight tolerances and whose purpose is to obtain straight 

and smooth edges in a single pass. 
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