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METAL FORMING PROCESS
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Metal forming:

Set of manufacturing processes in which the material is deformed plastically to 
take the shape of the die geometry.

The tools used for such deformation are called die, punch etc. depending on the 
type of process. 

Plastic deformation

is the permanent deformation that occurs when a material is subjected to tensile, 
compressive, bending, or torsion stresses that exceed its yield strength and cause 
it to elongate, compress, buckle, bend, or twist.

Yield strength

indicates the limit of elastic behavior and the beginning of plastic behavior. Prior to 
the yield point, a material will deform elastically and will return to its original shape 
when the applied stress is removed.





Classification of basic bulk forming processes 
Bulk forming: 

• It is a severe deformation process resulting in massive shape change. The surface 
area-to-volume of the work is relatively small. Mostly done in hot working 
conditions. 



1.Rolling is a metal forming process in 
which metal stock is passed through one or 
more pairs of rolls to reduce the thickness and to 
make the thickness uniform.

2. Metal forging is a metal forming process that 
involves applying compressive forces to a work 
piece to deform it, and create a desired 
geometric change to the material.



• Metal Extrusion is a metal 
forming manufacturing process in which a 
cylindrical billet inside a closed cavity is forced 
to flow through a die of a desired cross 
section.

• Wire drawing is a metal working process used 
to reduce the cross section of wire by pulling it 
through a series of dies.



Classification of basic sheet forming processes 

Sheet forming: 

• Sheet metal forming involves forming and cutting operations performed on metal 
sheets, strips, and coils. The surface area-to-volume ratio of the starting metal is 
relatively high. Tools include punch, die that are used to deform the sheets. 



Bending. Bending is a metal forming process in which a force is applied to a piece of sheet metal, causing it 

to bend at an angle and form the desired shape.

Deep drawing is a sheet metal forming process in which a sheet metal blank is radially drawn into a forming die by the 
mechanical action of a punch.

Shearing is a metal fabricating process used to cut straight lines on flat metal stock. During the shearing process, an upper 
blade and a lower blade are forced past each other
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EXTRUSION: 
Extrusion as an industrial process was invented around

1800 in England.

Extrusion is a compression process in which the work metal is forced to flow through a die

opening to produce a desired cross-sectional shape. The process can be likened to squeezing

toothpaste out of a toothpaste tube.



DIRECT VS. INDIRECT EXTRUSION
• Direct extrusion

also called forward extrusion is illustrated in
Figure . A metal billet is loaded into a container,
and a ram compresses the material, forcing it to
flow through one or more openings in a die at the
opposite end of the container.

• One of the problems in direct extrusion is the 
significant friction that exists between the work 
surface and the walls of the container as the 
billet is forced to slide toward the die opening.

• This friction causes a substantial increase in the 
ram force required in direct extrusion.

• Hollow sections (e.g., tubes) are possible in 
direct extrusion



INDIRECT EXTRUSION

• In indirect extrusion, also called backward 
extrusion and reverse extrusion, Figure the 
die is mounted to the ram rather than at the 
opposite end of the container. 

• the metal is forced to flow through the 
clearance in a direction opposite to the 
motion of the ram. 

• Since the billet is not forced to move relative 
to the container, there is no friction at the 
container walls, and the ram force is 
therefore lower than in direct extrusion.



HOT VERSUS COLD EXTRUSION

• Hot extrusion involves prior heating of the billet to a temperature above its 
recrystallization temperature. 

• This reduces strength and increases ductility of the metal, permitting more 
extreme size reductions and more complex shapes to be achieved in the process.

• Additional advantages include reduction of ram force, increased ram speed

• Cooling of the billet as it contacts the container walls is a problem

• Glass is sometimes used as a lubricant in hot extrusion; in addition to reducing 
friction, it also provides effective thermal insulation between the billet and the 
extrusion container



COLD EXTRUSION
• Cold extrusion is done at room temperature or near room temperature. The 

advantages of this over hot extrusion are the, higher strength due to cold 
working, closer tolerances, better surface finish, and fast extrusion speeds if the 
material is subject to hot shortness.

• Materials that are commonly cold extruded include: lead, tin, aluminum, copper, 
zirconium, titanium, molybdenum, beryllium, vanadium, niobium, and steel.

• Below its recrystallization temperature. 



OTHER EXTRUSION PROCESSES
• Impact extrusion is a manufacturing process, in which a metal part 

is extruded through the impact of a die with the work stock.

• The part is formed at a high speed and over a relatively short stroke. In standard 
metal extrusions, the force to extrude the work is commonly delivered by way of 
a hydraulic press



HYDROSTATIC EXTRUSION
• Hydrostatic Extrusion in direct extrusion is friction along the billet– container 

interface by surrounding the billet with fluid inside the container and pressurizing 
the fluid by the forward motion of the ram.

• This way, there is no friction inside the container, and friction at the die opening 
is reduced. 

• Consequently, ram force is significantly lower than in direct extrusion. The fluid 
pressure acting on all surfaces of the billet gives the process its name.

• It can be carried out at room temperature or at elevated temperatures. Special 
fluids and procedures must be used at elevated temperatures. Hydrostatic 
extrusion is an adaptation of direct extrusion.

• Several different kinds of liquids are used when manufacturing by hydrostatic 
extrusion, including oils, waxes, melted polymers and molten glass.





LECTURE-3



ROLLING
is a metal forming process in which metal

reduce the thickness and to make the thickness

OR

is a deformation process in which the thickness

exerted by two opposing rolls

ROLLING
metal stock is passed through one or more

thickness uniform.

thickness of the work is reduced by compressive



Most rolling is carried out by hot working, called 

amount of deformation required.

rolled plates are used in shipbuilding, bridges, boilers, welded structures for 

various heavy machines, tubes and pipes, and many other products

Disadvantages of hot rolling are that the product cannot 

tolerances, and the surface has a characteristic oxide scaletolerances, and the surface has a characteristic oxide scale

Further flattening of hot-rolled plates and sheets is often accomplished by 

rolling, in order to prepare them for subsequent sheet metal operations.

Cold rolling strengthens the metal and permits a tighter tolerance on thickness.

is carried out by hot working, called hot rolling, owing to the large 

are used in shipbuilding, bridges, boilers, welded structures for 

, tubes and pipes, and many other products.

are that the product cannot be held to close 

tolerances, and the surface has a characteristic oxide scale.tolerances, and the surface has a characteristic oxide scale.

rolled plates and sheets is often accomplished by cold 

, in order to prepare them for subsequent sheet metal operations.

Cold rolling strengthens the metal and permits a tighter tolerance on thickness.



It is rolled from a bloom and is 

square in cross-section with dimensions 

40mm on a side or more 

Bloom: It has a square cross section 

150 mm x 150 mm or more 

: It is rolled from an ingot or a bloom 

and has a rectangular cross section of 250 

mm width or more and thickness 40 mm 

or more. 

and has a rectangular cross section of 250 



Blooms are rolled into structural shapes like rails for railroad tracks. 

Billets are rolled into bars, rods. They become raw materials for machining, wire 

drawing, forging, extrusion etc.

Slabs are rolled into plates, sheets, and strips. Hot rolled plates are generally 

used in shipbuilding, bridges, boilers, welded structures for various heavy 

machines, and many other products 

Blooms are rolled into structural shapes like rails for railroad tracks. 

are rolled into bars, rods. They become raw materials for machining, wire 

Slabs are rolled into plates, sheets, and strips. Hot rolled plates are generally 

used in shipbuilding, bridges, boilers, welded structures for various heavy 





TYPES OF ROLLING MILLS:
High Rolling Mill

Three High Rolling Mill

High Rolling Mill

Tandem Rolling Mill

Cluster Rolling Mill

Planetary Rolling Mill

TYPES OF ROLLING MILLS:



Two High Rolling Mill
Two High Rolling Mills. It consists of two rollers, which rotate in the opposite 

direction for the desired movement of the workpiece

Two High Rolling Mill
. It consists of two rollers, which rotate in the opposite 

direction for the desired movement of the workpiece.



Three High Rolling Mill
This type of rolling mills consists of three rolls arranged one above other 

direction of rotation of upper and lower rolls are same but the middle roll rotates 

in the opposite direction.

This type of rolling mills are used for rolling of continuous passes in a rolling 

sequence without reversing the drives. This results in a higher rate of production 

then the two-high rolling mill.

Three High Rolling Mill
This type of rolling mills consists of three rolls arranged one above other . The 

direction of rotation of upper and lower rolls are same but the middle roll rotates 

This type of rolling mills are used for rolling of continuous passes in a rolling 

sequence without reversing the drives. This results in a higher rate of production 



Four High Rolling Mill
In this type of rolling machine, two rolls are in direct contact with the workpiece 

and the other two rolls are used as backup rolls

two rolls which are in direct contact with the workpiece are smaller than 

backup rolls and are called working rolls. 

Backup rolls are used to prevent the deflection of the smaller rolls, which 

otherwise would result in thickening of rolled plates at the 

Four High Rolling Mill
In this type of rolling machine, two rolls are in direct contact with the workpiece 

and the other two rolls are used as backup rolls.

two rolls which are in direct contact with the workpiece are smaller than 

backup rolls and are called working rolls. 

rolls are used to prevent the deflection of the smaller rolls, which 

of rolled plates at the center.



Tandem Rolling Mill
It consists of a number of non reversing two

other. So that the material can be passed through all of them in sequence

is suitable for mass production work only, because for smaller quantities quick 

changes of set up will be required and they will 

Tandem Rolling Mill
It consists of a number of non reversing two-high rolling mills arrange one after 

other. So that the material can be passed through all of them in sequence.

is suitable for mass production work only, because for smaller quantities quick 

be required and they will consume lot of labor and work



Cluster 
In this type of rolling mill, each of working roll is backed up by two or more larger 

backup rolls. These rolls are arranged as shown in figure. This rolling mill are used 

in rolling hard thin materials. 

rolling hard thin materials, it may be necessary to employ work rolls of very 

small diameter but of considerable length 

working rolls can be obtained by using a cluster

Cluster Rolling Mill
In this type of rolling mill, each of working roll is backed up by two or more larger 

backup rolls. These rolls are arranged as shown in figure. This rolling mill are used 

rolling hard thin materials, it may be necessary to employ work rolls of very 

length . In such cases adequate support of the 

working rolls can be obtained by using a cluster-mill.



Planetary 
In this type of rolling mill, a large backup roller is surrounded by many planetary 

working rolls. Each planetary rolls gives constant reduction

It is used to reduce large thickness of single pass of steel strip. Its rolling capacity 

is more than cluster rolling mill but less than rolling mill.

Planetary Rolling Mill
In this type of rolling mill, a large backup roller is surrounded by many planetary 

working rolls. Each planetary rolls gives constant reduction.

It is used to reduce large thickness of single pass of steel strip. Its rolling capacity 

is more than cluster rolling mill but less than rolling mill.
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HOT ROLLING VS. COLD ROLLING
It's important to note that the main difference between hot rolled and cold 

rolled steel is one of process. 

Hot rolling” refers to processing done with heat. “
processes done at or near room temperature

rolled steel is steel that has been roll
over 1,700˚F, which is above the re-crystallization temperature for most steelsover 1,700˚F, which is above the re-crystallization temperature for most steels

HOT ROLLING VS. COLD ROLLING
difference between hot rolled and cold 

” refers to processing done with heat. “Cold rolling” refers to 
temperature

rolled steel is steel that has been roll-pressed at very high temperatures
crystallization temperature for most steelscrystallization temperature for most steels



To process hot rolled steel, manufacturers 
first start with a large, rectangular length of 
metal, called a billet. 

billet is heated and then sent for pre
processing, where it is flattened into a large 
roll. From there, it is kept at a high 
temperature and run through a series of 
rollers to achieve its finished dimensions

Steel shrinks slightly as it cools. Since hot Steel shrinks slightly as it cools. Since hot 
rolled steel is cooled after processing, there is 

control over its final shape, making it less 
suitable for precision applications.

Hot rolled steel is often used in applications 
where minutely specific dimensions aren’t 
crucial. Railroad tracks and construction 
projects often use hot rolled steel.

To process hot rolled steel, manufacturers 
first start with a large, rectangular length of 

billet is heated and then sent for pre-
processing, where it is flattened into a large 

temperature and run through a series of 
rollers to achieve its finished dimensions.

Steel shrinks slightly as it cools. Since hot Steel shrinks slightly as it cools. Since hot 
rolled steel is cooled after processing, there is 

control over its final shape, making it less 

Hot rolled steel is often used in applications 
where minutely specific dimensions aren’t 
crucial. Railroad tracks and construction 



COLD ROLLING
Once hot rolled steel has cooled, it is then re
rolled at room temperature(below 
recrystallization) to achieve more exact 
dimensions and better surface qualities.

Cold “rolled” steel is often used to describe a 
range of finishing processes, though technically 
“cold rolled” applies only to sheets that “cold rolled” applies only to sheets that 
undergo compression between rollers. Steel 
forms that are pulled, such as bars or tubes, 
are “drawn,” not rolled.

Other cold finishing processes include turning, 
grinding, and polishing—each of which is used 
to modify existing hot rolled stock into more 
refined products.

ROLLING
Once hot rolled steel has cooled, it is then re-

Cold “rolled” steel is often used to describe a 
range of finishing processes, though technically 

undergo compression between rollers. Steel 
forms that are pulled, such as bars or tubes, 

Other cold finishing processes include turning, 
each of which is used 

to modify existing hot rolled stock into more 



Different types of rolling mills 
Rolling mills may be classified according to the number and arrangement of the 

a)Two high rolling mills

(b)Three high rolling mills.

c)Four high rolling mills.

Tandem rolling mills.Tandem rolling mills.

Cluster rolling mills.

types of rolling mills 
may be classified according to the number and arrangement of the 



Two high rolling mills
high rolling mills may

further classified as

Reversing mill

Non reversing mill

In two high reversing rolling mills 
the rolls rotate in one direction 
and then in the other, so that and then in the other, so that 
rolled metal may pass back and 
forth through the rolls several 
times. 

type is used in plumbing and 
slabing mills and for roughing 
work in plate , rail , structural and 
other mills

Two high rolling mills



Non reversing mill
two high non reversing mills as two 

rolls which revolve continuously in 
same direction therefore smaller and 
less costly motive power can be used. 

However every time material is to be However every time material is to be 
carried back over the top of the mill for 
again passing in through the rolls. Such 
an arrangement is used in mills through 
which the bar passes once and in open 
train plate mill.

Non reversing mill

an arrangement is used in mills through 
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SHIELDED METAL ARC 
WELDING & ELECTRODE 

CLASSIFICATION

SHIELDED METAL ARC 
WELDING & ELECTRODE 

CLASSIFICATION



WELDING
Welding is a process for joining two similar
different metals/alloys, with or without
without the use of filler metal.

fusion of metal takes place by means
either from combustion of gases, electric
reaction.reaction.

Some of the typical applications of welding
pressure vessels, automobile bodies, off

WELDING
similar or dissimilar metals by fusion. It

without the application of pressure and with

means of heat. The heat may be generated
electric arc, electric resistance or by chemical

welding include the fabrication of
off-shore platform bridges, welded



electric arc welding, a major use

electrode that also generates heat in the

tungsten arc welding (GTAW), or
manual welding process that uses

tungsten, an inert or semi-inert gas mixture,

use for the filler rod is as a consumable
the workpiece.

or tungsten/inert-gas (TIG) welding,
a non-consumable electrode

mixture, and a separate filler material



ARC WELDING PROCESSES
. Carbon Arc Welding

2. Shielded Metal Arc Welding

3. Submerged Arc Welding

4. Gas Tungsten Arc Welding 

. Gas Metal Arc Welding

6. Plasma Arc Welding6. Plasma Arc Welding

7. Atomic Hydrogen Welding

8. Electro-slag Welding

9. Stud Arc Welding

10. Electro-gas Welding

ARC WELDING PROCESSES











Shielded metal arc welding (SMAW) is

process manually carried by welder(MMAW)

process in which heat for welding is produced

up between a flux coated electrode and the

The flux coating of electrode decomposes

many functions, like weld metal protection,

the electrode supply the filler material for

a commonly used arc welding

welder(MMAW). It is an arc welding

produced through an electric arc set

the workpiece.

decomposes due to arc heat and serves

protection, arc stability etc. Inner core of

for making a weld.













OXYACETYLENE WELDING 



CLASSIFICATION OF WELDING
Welding processes
Arc welding

• Carbon Arc Welding

• Shielded Metal Arc Welding (SMAW)

• Submerged Arc Welding (SAW)

• Metal Inert Gas Welding (MIG, GMAW)

• Tungsten Inert Gas Arc Welding (TIG, GTAW)

• Electroslag Welding (ESW)

• Plasma Arc Welding (PAW)

• Resistance Welding (RW)
• Spot Welding (RSW)

• Flash Welding (FW)

• Resistance Butt Welding (UW)

• Seam Welding (RSEW)





• Gas Welding (GW);

Oxyacetylene Welding (OAW)

Oxyhydrogen Welding (OHW)

Pressure Gas Welding (PGW)

• Solid State Welding (SSW)

• Forge Welding (FOW)

• Cold Welding (CW)

• Friction Welding (FRW)

• Explosive Welding (EXW)

• Diffusion Welding (DFW)

• Ultrasonic Welding (USW)

• Thermite Welding (TW)

• Electron Beam Welding (EBW)

• Laser Welding (LW)



Oxyacetylene Welding (OAW)
• Oxyacetylene Welding is a Gas Welding process using a combustion mixture of 

acetylene (C2H2) and oxygen (O2) for producing gas welding flame.

Oxyacetylene flame has a temperature of about 6000°F (3300°C). Combustion of 
acetylene proceeds in two stages:

1. Inner core of the flame. C2H2 + O2 = 2CO + H2

2. Outer envelope of the flame: CO + H2 + O2 = CO2 + H2O

Acetylene is safely stored at a pressure not exceeding 300 psi (2000 kPa) in 
special steel cylinders containing acetone. Outside of cylinder acetylene is used 
at a absolute pressure not exceeding 30 psi (206 kPa). Higher pressure may 
cause explosion.



• Welding is generally carried out using the neutral 
flame setting which has equal quantities of 
oxygen and acetylene. 

• The oxidizing flame is obtained by increasing just 
the oxygen flow rate while the carburising flame 
is achieved by increasing acetylene flow in 
relation to oxygen flow. 

• Because steel melts at a temperature above 
1,500֯ C, the mixture of oxygen and acetylene is 
used as it is the only gas combination with 
enough heat to weld steel. 

• However, other gases such as propane, hydrogen 
and coal gas can be used for joining lower 
melting point non-ferrous metals, and for brazing 
and silver soldering.

Neutral flame

Oxidising flame

Carburising flame



• Oxyacetylene equipment is portable and easy to use. It comprises oxygen and 
acetylene gases stored under pressure in steel cylinders. 

• The cylinders are fitted with regulators and flexible hoses which lead to the 
blowpipe. Specially designed safety devices such as flame traps are fitted 
between the hoses and the cylinder regulators.

• The flame trap prevents flames generated by a 'flashback' from reaching the 
cylinders; principal causes of flashbacks are the failure to clean the hoses and 
overheating of the blowpipe nozzle.







• The cutting process 

• Basically, a mixture of oxygen and the fuel 
gas is used to preheat the metal to its 
'ignition' temperature which, for steel, is 
700°C - 900°C (bright red heat) but well 
below its melting point.

• A jet of pure oxygen is then directed into 
the preheated area instigating a exothermic 
chemical reaction between the oxygen and 
the metal to form iron oxide or slag. The 
oxygen jet blows away the slag enabling the 
jet to pierce through the material and 
continue to cut through the material.



• Soldering





Arc welding process 
Arc welding is a fusion welding process used to join metals. An electric arc from 
an AC or DC power supply creates an intense heat of around 6500
the metal at the join between two work pieces.

welding process 
Arc welding is a fusion welding process used to join metals. An electric arc from 
an AC or DC power supply creates an intense heat of around 6500°F which melts 
the metal at the join between two work pieces.



The arc can be either manually or mechanically guided along the line of the join, 
while the electrode either simply carries the current or conducts the current and 
melts into the weld pool at the same time to supply filler metal to the join.

Because the metals react chemically to oxygen and nitrogen in the air when 
heated to high temperatures by the arc, a protective shielding gas or slag is used 

minimize the contact of the molten metal with the air.
molten metals solidify to form a metallurgical bond.

The arc can be either manually or mechanically guided along the line of the join, 
while the electrode either simply carries the current or conducts the current and 
melts into the weld pool at the same time to supply filler metal to the join.

Because the metals react chemically to oxygen and nitrogen in the air when 
heated to high temperatures by the arc, a protective shielding gas or slag is used 

the contact of the molten metal with the air. Once cooled, the 
molten metals solidify to form a metallurgical bond.



What are the Different Types of Arc 
Welding?process can be categorised into two different types; consumable and non

consumable electrode methods.

Consumable Electrode Methods

Metal Inert Gas Welding (MIG) and

Metal Inert Gas (MIG) and Metal Active Gas (MAG) welding are gas metal arc 
welding (GMAW) processes that use heat created from a DC electric arc between 
a consumable metal electrode and a workpiecea consumable metal electrode and a workpiece
weld pool that fuses to form a join.

MIG (Metal Inert Gas) welding is a welding process in which an electric arc forms 
between a consumable wire electrode and the work piece. This process uses 
inert gases or gas mixtures as the shielding gas. Argon and helium are typically 
used for the MIG welding of non-ferrous metals such as 

What are the Different Types of Arc 

into two different types; consumable and non

and Metal Active Gas (MAG) welding are gas metal arc 
that use heat created from a DC electric arc between 

workpiece which melt together to create a workpiece which melt together to create a 

is a welding process in which an electric arc forms 
between a consumable wire electrode and the work piece. This process uses 
inert gases or gas mixtures as the shielding gas. Argon and helium are typically 

ferrous metals such as aluminium.



MIG/MAG is similar to MMA in that heat for 
welding is produced by forming an arc between a 
consumable metal electrode and the workpiece
the electrode melts to form the weld bead.

The main difference is that the metal electrode is 
a small diameter wire fed through the contact tip 
from a wire feeding spool gun, while a shielding 
gas is fed through the welding torch. As the wire is 
continuously fed, the manual process is continuously fed, the manual process is 
sometimes referred to as semi-automatic welding. 

MIG and MAG welding both use gas bottles to 
provide the shielding gas and compatible filler 
materials. For example, to weld aluminium
aluminium wire should be used, whereas steel 
MIG welding would require an appropriate steel 
filler wire.

MIG/MAG is similar to MMA in that heat for 
welding is produced by forming an arc between a 

workpiece; 
the electrode melts to form the weld bead.

The main difference is that the metal electrode is 
a small diameter wire fed through the contact tip 
from a wire feeding spool gun, while a shielding 
gas is fed through the welding torch. As the wire is 

automatic welding. 

MIG and MAG welding both use gas bottles to 
provide the shielding gas and compatible filler 

aluminium, an 
wire should be used, whereas steel 

MIG welding would require an appropriate steel 



MANUAL METAL ARC WELDING (MMA, 
SMAW OR STICK WELDING

Manual metal arc welding (MMA or MMAW), also known as shielded metal arc 
welding (SMAW), flux shielded arc welding or stick welding, is a process where 
the arc is struck between an electrode flux coated metal rod and the work piece. 
Both the rod and the surface of the work piece melt to create a weld.

MMAW is a welding process that creates an electric arc between a hand held, 
coated, consumable filler wire and the work piece.coated, consumable filler wire and the work piece.

The arc heat melts the parent metal and filler wire. The flux coating breaks down 
in the arc to produce a gaseous shield that excludes atmospheric gases from the 
weld zone. The flux coating also provides a de
on the cooling weld.

The MMAW welding process needs a suitable and constant current power source 
(AC or DC), a hand piece, a work clamp, leads and flux
electrodes.

MANUAL METAL ARC WELDING (MMA, 
SMAW OR STICK WELDING)

Manual metal arc welding (MMA or MMAW), also known as shielded metal arc 
welding (SMAW), flux shielded arc welding or stick welding, is a process where 
the arc is struck between an electrode flux coated metal rod and the work piece. 
Both the rod and the surface of the work piece melt to create a weld.

MMAW is a welding process that creates an electric arc between a hand held, 
coated, consumable filler wire and the work piece.coated, consumable filler wire and the work piece.

The arc heat melts the parent metal and filler wire. The flux coating breaks down 
in the arc to produce a gaseous shield that excludes atmospheric gases from the 
weld zone. The flux coating also provides a de-oxidizing action and forms a slag 

The MMAW welding process needs a suitable and constant current power source 
(AC or DC), a hand piece, a work clamp, leads and flux-covered consumable 




