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METAL WORKING 

Mechanical working of metal is defined as an intentional deformation of metals 

plastically under the action of externally applied force. 

Mechanical working of metals is described as: 

1. Hot working 

2. Cold working 

Recrystallization Temperature 

• Recrystallization is a process in which at a certain temperature range, a new 

equiaxed & stress free grains are formed. 

• Recrystallization temperature is generally defined as temperature at which 

complete recrystallization occurs within approximately one hour. 

 

(1) Hot Working: 

The working of metal above the recrystallization temperature is called hot working. 

Hot working of metal has following advantage: 

1. The porosity of metal largely eliminated. 

2. The grain structure of metal is refined. 

3. The mechanical properties such as toughness, ductility improved. 

4. The deformation of metal is easy. 

 

Disadvantages. 

• It requires expensive tools 

• It produces poor surface finish 

• Close tolerances cannot be maintained. 

 

(2) Cold working: 

 

The working of metal below their recrystallization temperature is known as cold 

working. Advantages of cold working: 

 

1. Residual stresses set up in the metal 

2. Strength and hardness of metal are increased. 

3. Surface finish improved. 

4. Close dimensional tolerances maintained. 

Disadvantages ... 

• Cold working distorted the material 

• Requires much higher pressures than hot working. 



 

Metal forming processes: 

• Rolling 

• Forging 

• Extrusion 

• Tube and Wire Drawing 

• Deep Drawing 

• Punching and Blanking (due to similarity to Deep Drawing) 

 

Rolling: 

Rolling is the deformation process of a metal that is widely used in the metal forming 

process. It is done by passing the strip of the metal between the rollers. This paper 

discussion will be made about the rolling process, the working principle of the rolling 

process along with that the working principle of the rolling mills. Then the types of 

rolling mills will be discussed. Apart from that, in this assessment rolling and its 

defects are included briefly. 

 

Definition of Rolling process: Rolling is defined as a process to form metals where 

the metal strip is pressed by two or multiple rollers, thus the uniform thickness is 

formed. To do this, the temperature is essential. There are two types of processes. 

One is Hot rolled and another is Cold Rolled. If the strip is rolled after heating the 

strip above the re-crystallization temperature then it is termed as Hot rolled and if 

that done in room temperature then it is termed as the Cold rolled. Rolling is a 

process that is widely used and has very high production. 
 

 

 



 

Working Principle of Rolling Process: The rolling process is a metal forming 

process, in which stock of the material is passed between one or more pairs of rollers 

in order to reduce and to maintain the uniform thickness. 

This process is mainly focused on the cross-section of the ingot or the metal which is 

forming. 

Mainly by this process, we reduce the thickness of the metal workpiece. Now, the 

rolling processes are mainly focused on the increasing length and the decreasing 

thickness without changing the width of the workpiece. 

There are certain types of the rolling process, whereas, in the hot rolling process, the 

metal is heated at its desirable temperature, when the metal is properly heated then 

the metal should be passed between the one or more rolling mills to gain the proper 

desirable shape. 

This process is vastly used in respect of any other rolling process. In this process, the 

metal is heated above the recrystallization temperature. In the hot working process, 

the metal is changing its grain structure because of the heat, now there were a new 

set of strain-free grains in the metal and this process needs less amount of force 

which correspondingly reduces the quality of the surface finish, of that metal. Now 

there is another rolling process, which is a cold rolling process. 

This rolling process is done below the recrystallization temperature of the metal it 

varies upon the metal, room temperature can also be a below recrystallization 

temperature. In this process, the force is much more required than the hot working 

process to pass the metal from the rollers and this process offers good surface finish. 

 

Types of Rolling Mills: There are five rolling mills which are commonly used for 

rolling metals: 

1. Two-High Rolling Mills 

2. Three-High Rolling Mills 

3. Four High Rolling Mills 

4. Tandem Rolling Mills 

5. Cluster Rolling Mills 

 

1. Two-High Rolling Mills: This type of mill has two types. 

Those are: 

• Reversing Mills 

• In reversing Mills 

In this rolling mill, there are two rolls used. 



 

Two High Reversing Mill: In this type of mill, the rollers are both adjustable. In 

these mills, rotation of that two rolls is made in two different directions. In this 

operation, the metal is passed between two rollers that rotate at the same speed but it 

is in the opposite direction. It is used in slabbing, plumbing, rail, plate roughing work 

and many other areas. As there is the need for a reversible drive, this mill is cheaper 

compared to the others. 

Two High Non-Reversing Mills: In these mills, two rolls continuously revolve in 

the same direction and we can't reverse the direction of the rollers. In this operation, 

the motive power is less costly. 
 

2. Three-High Rolling Mills: 
In this mill, the three rolls stand in parallel one by others. The rolls are rotating in 

opposite directions. In this mill, between the first and the second rolls, the 

material passes. If the second roll rotates in a direction then the bottom roll rotates 

in another direction. The material is rolled both in forward and return in three 

high rolling mills. At first, it passes forward 

through the last and second roller and then 

comes back through the first and second roller. 

In that mill, the thickness of the material is 

reduced and being uniform by each pass. Here 

transition system and a motor are needed 

which is less powerful. 



 

3. Four High Rolling Mills: In this type of mill, there are four parallel rolls one 

by another. In this operation, the rotation of the first and the fourth rolls take 

place in the opposite direction of the second 

and the third rolls. The second and third rolls 

are smaller to provide rigidity in necessity. 

So those are known as back up rolls. 

 

It is used in the hot rolling process of the 

armor and in the cold rolling process of 

sheets, strips, and plates. 

 

 

 

 

 

 

 

 

 

 

 

4. Tandem Rolling Mills: In this type of rolling mill, there are two or more sets of 

rolls in the parallel alignment which make the continuous passes and 

successively decrease the thickness and make that uniform. 

 

 

 

5. Cluster Rolling Mills: In this type of rolling mill, there are two basic roles that 

are backed up by two or more rolls which are bigger than those two basic rolls. 

These backed up rolls give more pressure to the basic rolls to heavily press the 

strip. 



 

 

 

Application of Rolling: 

The rolling operation used in various industries such as: 

• Rods, seamless hollow tubes are made by rolling. 

• Rolling is used to producing cross-section of large sections. Rolling is used to 

cutting the gears on the gear blank. 

• The threaded parts, bolts, screws, etc. which have mass production is made by 

the rolling process. In automotive industries, various parts are manufactured 

by the rolling process. 

• The rolling process is used to made plates, steel sheets, etc. 

• Bearing, Turbines rings are rolling products 

 

Apart from that, in the rolling applications, there are two types of rolling products. 

Those are as follows: 

• Hot Rolled Products 

• Cold rolled products 

Hot rolled products are made by a hot rolling process. In that process, the process 

is done at a very high temperature like over 1,700 Degree Fahrenheit. For most of the 

metals, this temperature is re-crystallization temperature. 

Such Hot Rolled products are as follows: 

• Rods 

• Rails Plates 

• Sheets and strip 

• Structural Bars etc. 

Hot Rolled products also used to make body panel, piping and tubes, and 

construction materials. 



 

Cold Rolled Product: 

Cold rolled product is made from the hot-rolled product. When the hot-rolled product 

is cooled, then that is re-rolled in the room temperature. It is known as Cold Rolled 

Product. It is used to do to get more exact or perfect dimensions and to make the 

surface quality better. 

There are such Cold rolled products. 

Those are as follows: 

• wire sheet etc. 

• Cold-rolled products, such that the wire is used to make screws and bolts, 

cold-rolled sheets are used to make strip and sheets for external applications of 

the automotive industries like doors, electrical motors, etc. 

 

Rolling Defects: 

 

Defects of Rolling: 

As the deflection of rolls occurred by the high forces of rolling. There are two types 

of rolling defects. 

Those are as follows: 

• Surface rolling defects 

• Internal structural rolling defects 

 

Surface Defects: 

Surface defects in rolling can be categorized into following types, and those are: 

 

Internal Structural Defects: There are some types of internal structure defects. 

Those are as follows: 

Wavy Edges Crack: The result is thicker as the middle portion of the rolling part is 

bent or deflected by the compressive load. There are some different cases. Those are 

as follows: 

• For the imperfection of the roll gaps, variation occurs on the rolling sheets. 

• If the thickness varies and along with that volume and width are constant then 

the center is shortened than the edges. But the body is continuous. 

• Then the edges portions are in the compression and the center portion is the 

tension. 

• The result of the edge is wavy. 
 

 



 

Zipper Cracks in Centre of Strip: Zipper Crack is a type of Wavy Crack. If there 

is an uneven stress distribution on the strip, then the crack occurs in the centreline of 

the strip. It is called Zipper Cracks in the Centre of Strip. This crack looks like a zip 

so that it called Zipper Cracks. 
 

 

 

Edge Crack: Edge cracks occur when the hot rolls are cooled. It happens as excessive 

quenching effects on the strip. If excess water is used to cool the edges. The use of 

excess water might give the result of unflattens in the strips. The edges of the metal got 

rounded off as the friction force prevents the corners and increases the length of the 

centre portion. 
 

 

Alligator Crack: Alligator Crack is one type of cracking where the metal has any 

inclusions or weakness of metallurgy. That causes factor in the strip. As this crack 

separates the layers and increases the slabs openings, it looks like the mouth of an 

alligator. So that name of this crack is Alligator Crack. 
 

 



 

FORGING: 

 
• Forging is the process in which the work piece is shaped by compressive 

forces applied through the various dies and tools. 

• It is one of the oldest metal working metal working metals. 

• Simple forging can be performed with a heavy hand hammer and anvil. 

• Typically forged product are bolts and rivets, connecting rods, shafts for 

turbine etc. 

Forging may be done at room temperature (cold forging) or at elevated temperature 

(warm or hot forging). 

 

Hot forging 

 

It consists of heating the metal and then the pressure is applied to form it into desired 

shapes and sizes. 

The following processes are commonly used for hot forging: 

1. Hammer or smith forging: it is also known as open die forging. 

because it involves the compression of the billet between flat dies with no constraint 

on the spread of the metal. 

 

Press forging: Hammer forging dissipates large amount of energy near surface of 

metal. So when a large section of high quality is required, then press forging used. 

 

The press operates by hydraulic or by mechanical means such as crank or screw. 
 

 

 



 

Upset forging: 

This process involves increasing the diameter of the end of a bar of metal by 

compressing its length. 

This process was developed to form heads on bolts, rivets etc. 

 

Drop or die forging: Smith forging is not suitable for the production of large 

number of identical forging. 

• For this drop forging used (closed die forming) 

This consist of hammering heated bars or billets of steels into closed impression dies. 

Upper die fastened to the ram the lower die is fastened to the anvil. 

 

Advantages: 

1. Relatively good utilization of material. 

2. Good dimensional accuracy. 

 

 

Cold forging: 

• The cold forging is also called swaging. 

• In this process, the metal is allowed to flow in predetermined shape according 

to design of dies, by a compressive force or impact 

• Some cold forging process: 

 

1. Sizing 

2. Cold heading: the process is extensively used for making bolts, rivets and other 

similar headed parts, this is done on cold header machine 

Equipment must be able to withstand the high pressure. 



 

 

Fig: cold heading 

 

Rotary swaging: this method is used for reducing the diameters of round bars and 

tubes by rotating dies, which open and close rapidly on the work. End of rods 

reduced in size by a combination of pressure and impact. 

 

 

 

EXTRUSION: 

• In Extrusion Process, a billet is forced through a Die, in a manner similar to 

squeezing toothpaste from tube. 

Typical products made by extrusion are tubing's having various cross-sections, 

structural and architectural shapes. 



 

 

Extrusion (Indirect): 

In indirect Extrusion metal flows to the direction opposite to the ram motion 

This require less force as compare to the direct process because there is no friction 

between the billet and inside wall of container. 
 

Direct extrusion: 

In this extrusion process, the direction of ram and the direction of extruded metal is 

in the same direction. This mode of extrusion is also called forward extrusion. The 

main advantage of this process is, by this type we can extrude longer workpieces. 

 

Fig: Direct extrusion 



 

Advantages of Extrusion Process: Extrusion includes several advantages which are 

as follows; 

• The extrusion process is widely used to create a complex profile of materials 

within the least time as compared to other metal forming process. 

• The extrusion process is very useful to work with brittle and ductile materials. 

• Mechanical properties which can be developed by the extrusion process is very 

precise that enhance the life cycle of products. 

Disadvantages of Extrusion Process: Some disadvantages of extrusion is listed 

below: 

• The time consumption of this process is very high. 

• Set-up cost at the initial stage is also very high. 

• The amount of compressive force that required for the extrusion process is also 

very high, and due to which the operator needs to ensure that the plunger is 

fixed in the press appropriately. 

Wire Drawing: 

• In Drawing, the cross-section of a round rod, or wire is typically reduced by 

pulling it through a die. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Examples of wire drawing are: 

1. High carbon steel wires for springs 

2. wires for musical instruments. 

 

Forming Method: 

Forming Process also known as Metal Forming is a large set of manufacturing process 

by which a raw material converted into a product. In this process, we apply stresses like 

tension, compression, shear, etc. to deformed the raw material. The example of forming 

processes are sheet metal manufacturing, forging, rolling, extrusion, wire drawing, 

thread rolling, rotary swinging, and so on. 

Classification or Types of Forming Process in Detail: 

Forming Process can broadly be categorized into there types, and those are: 

1. Bulk Forming 

o Rolling Process 

o Extrusion Process 

o Forging Process 

o Wire Drawing 

o Squeezing 

2. Sheet metal Forming 

o Bending 

o Deep Drawing 

o Shearing 

3. Powder Metal Forming 

o Powder Forging 

o Powder Injection 

o Powder Extrusion Moulding 
 

 

Sheet Metal Forming: 

Another important forming process is the Sheet Forming process. This sheet forming 

process works due to either the tensile force or the shear force. Usually, this force can 

be used in Hydraulic presses in order to produce the product from the sheets however 

some 



 

Bending Operation Diagram, Learn Mechanical Deep Drawing Operation Diagram, 

Learn Mechanical more steps like squeezing, bending and so on are also included in 

this process. 

In this process, no material is added or removes. Example of this type of forging is 

bending, deep drawing, shearing, etc. 

a. Bending: 

Bending is the process of forming where an angle is used in order to pressed by the 

compressive force of the metal plate that helps the material to bend in a particular angle 

so that, the plate can get its necessary shape. The shape of the angle usually looked like 

either the English letter "V" or "U". 
 

 

 

b. Deep Drawing: 

In this operation, a hollow cup shape die is used. The die is clamped using the blank 

holder. In this process, the workpiece (sheet metal) placed over the die and a punch 

exerted the force on the workpiece, by this force sheet metal extend and filled the 

cavity and takes the shape of the die. 
 



 

c. Shearing: 

Shearing operation Diagram, Learn Mechanical In this operation, the metal sheet is in 

cantilever position, and a punch coming from the top exerted the force on the cantilever 

position of the sheet. Shearing is just a cutting operation of the metal sheet. 

 

 

 

 

 

Applications of Metal Forming Process: 

Some major applications of the forming process are as follows: 

• Seamless tubes, rods can be made with the help of the aforementioned process. 

• Turbine rings can be produced by this method. 

• Cement kilns can also be made with the help of this process. 

• Bearings, plates, steel sheets, and various components of an automotive car 

can be developed with the help of this forming process. 

• The missile, aircraft components are also manufactured through this process. 

• Along with that, hinge, bolt, nails can also be formed by this process. 

• Moreover, agricultural tools, military products are also produced with the help 

of this process. 

• Furniture, hook, pin, screws can also be made from this process. 

• Windows, doors, and other components of a car can be developed with the 

help of the forming process. Furthermore, the forming process can also be 

used in order to develop plastic products. 


