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FORMING

FORMING: 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.

Metal forming is a process in which the desired shape and size of a material is obtained by
plastic deformation. In metal forming, stresses are induced in the material which are greater
than its yield strength but lesser than its fracture strength, so that the material can be deformed
into the desired shape and size. During plastic deformation, the material plastically flows and
elongates in the direction of the flow of the material.

Elastic and plastic deformation: Deformation is the change in dimensions or form of a
material under the action of any applied force or load. The deformation can be (i) elastic or (ii)
plastic. Elastic deformation disappears completely when load is removed. Plastic deformation
is a permanent deformation without failure and takes place when elastic range of the
deformation has been exceeded. The plastic deformation does not disappear when load is
removed.

Plastic flow of metals: Metals show a permanent and non-recoverable deformation when
stressed beyond a certain minimum stress. This deformation is called plastic deformation. The
plastic deformation takes place as the result of permanent displacement of atoms, molecules or
group of both atoms and molecules from their original position in the lattice. The displaced
atoms and molecules do not return to their original position even after the removal of stress.
Now, in case stresses are increased, the metal may show a continuously increasing deformation.
This phenomenon is plastic flow of metals.

Yield stress

Tl pownit
/ A f/ B

s = e

Da—alastic deformation
« ab-plastic deformation

Stress

Strain

Fig. 2.1 Elastic and plastic deformation.

Factors Affecting Plastic Deformation

1. Applied stress: The plastic deformation depends upon the applied stress. The applied
stress has to be higher than the yield strength and lower than the fracture strength. The
plastic deformation increases with the applied stresses when these stresses are in
between the yield strength and the fracture strength.



2. Deformation temperature: The metal strength decreases as the temperature is
increased. Metal plasticity is greatest when deformation temperature is above the
recrystallization temperature but below the melting point of the metal. Recrystallization
temperature is the temperature at which the material becomes sufficient plastic for
deformation due to the formation of new grains which can flow in the direction of
elongation.

3. Strain rate: The change of deformation in a unit time is called strain rate. The plastic
deformation is more at higher strain rate

Classification of Metal Forming

Rolling
processes

Bulk Forging
deformation processes

Extrusion
processes

Wire and bar

Metal forming |— Srwing

Bending
operations

Sheet Deep or cup
metalworking drawing

Shearing
processes

Miscellaneous
processes

Bulk Forming:

One of the most important forming processes is the Bulk Forming process. This process can be
used when the volume ratio of the metal is higher than the surface area. Along with that, the
bulk-forming process works due to different types of forces. They are the shear force, the
combination of tensile, and the compressive force.

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 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.



Relationship between recovery, recrystallization and grain growth

Recove Recrystallization Grain growth
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Deformed metal, in comparison with its undeformed state, is in a non-equilibrium,
thermodynamically unstable state. Therefore, spontaneous processes occur in strain-hardened
metal, even at room temperature, which bring it into a more stable condition. If the temperature
is raised sufficiently, the metal attempts to approach equilibrium through three processes: (a)
recovery, (b) recrystallization, and (c) grain growth.

Recovery: It is a low-temperature phenomenon that results in the restoration of physical
properties without noticeable change in microstructure. The recovery is critical for releasing
internal stresses in forging, welded, and fabricated equipment without reducing the strength
gained during and after working.

Recrystallization: It is a process in which distorted grains of cold worked metal are replaced
by new strain free grains when heated above a temperature known as the recrystallization
temperature. Recrystallization causes a sharp decrease in hardness and strength while
increasing ductility. Recrystallization is a process by which deformed grains are replaced by a
new set of defects-free grains that nucleate and grow until the original grains have been entirely
consumed. Recrystallization is usually accompanied by a reduction in the strength and hardness
of a material and a simultaneous increase in the ductility.

Grain growth: Grain growth is the increase in size of grains (crystallites) in a material at high
temperature. This occurs when recovery and recrystallization are complete and further
reduction in the internal energy can only be achieved by reducing the total area of grain
boundary. The term is commonly used in metallurgy but is also used in reference to ceramics
and minerals.

Ductility

Tensile
! strength
Internal !

stress

—» Properties

3 v 4
~——% Annealing temperature

Fig. 3.21. 1. Cold worked 2. Recovery 3. Recrystallization 4. Grain growth.



Compare hot working and cold working processes.

Hot working: Hot working is defined as the process which is done above the recrystallization
temperature but below the melting temperature of the metal. The recrystallization temperature
for lead and tin metals is always below the room temperature. Hence, the working of these
metals at room temperature is always considered hot working. The recrystallization
temperature of steel is about 1000°C. Hence, working of steel below 1000°C is considered cold
working. Hot rolling, hot forging and hot spinning are hot working processes.

Cold working: Cold working is defined as the process which is done below the
recrystallization temperature. Generally, recrystallization temperature of metal varies between
30% to 50% of melting temperature.

Hot working Cold working

1. Working temperature 1s above the 1. Working temperature 15 below the recrystallisation
recrystallisation temperature temperature.

2. Hardening resulting from plastic 2, Hardening 1s not eliminated due to low temperature.

deformation is completely eliminated by
recovery and new grain formation.

1. Poor surface finish due to axidation 1. Better surface finish is abtained.
and scaling.

Improvement in mechanical properies 4, Decreased mechanical properties such as
such as elongation, reduction of area elongation, reduction of area and impact.
and impact values.

=

5. Light equipment is used in hot working. 5. Powerful and heavy equipment are used for cold
working.

6. Force required for deformation is less. b. Force required for deformation is high.

7. Difficult to handle a hot workplece, 7. Easter tiy handle a cold workpiece,

B. Mo intemal or residuzl stress remains affer 8. Internal and residual stresses remain after working of
warking of part. pa.

9. Mo effect on ultmate tensile strength, vield 9. Increase in ulfimate tensile strength, yield point
point and hardness, and hardness,

10. Refinement of grain takes place. 10. Grains are enlarged.

The advantages of hot working are:

1. Homogenity of material is improved.

Due to grain refinement, physical properties of material are improved.

3. Material becomes soft at hot temperature, thereby change of shape can be easily
achieved.

4. Energy needed for deformation is much less as compared to cold working.

5. Porosity of the material is largely eliminated.

N



The disadvantages of hot working are:

Mo E

Oxidation and scaling lead to poor surface finish.

Dimensional accuracy is poor.

Equipment and its maintenance for hot working are costly.

Certain metals are brittle at high temperature and these metals cannot be hot worked

The advantages of cold working are:

1.

o0 W

Cold working increases the strength and hardness of the material due to strain
hardening.

Good surface finish as oxidation or scaling takes place.

Good dimensional accuracy is possible.

Better mechanical properties are achieved.

Economical for small parts.

Handling of parts is easier

The disadvantages of cold working are:

AR

Large parts are difficult to be worked.

Residual stresses can be harmful.

Suitable for ductile materials.

Tooling cost is high where high production is required.
High energy required for plastic deformation.



FORGING

Definition: Forging is a metal working process in which useful shape is obtained in solid state
by hammering or pressing metal. It is one of the oldest metalworking arts with its origin about
some thousands of years back. Some examples of shapes obtained by forging process: Crane
hook, connecting rod of IC engine, spanner, and gear blanks...etc.

Classification of Forging Processes
Based on Temperature of the work piece:

1. Hot Forging
2. Cold Forging

Hot Forging: (most widely used) Forging is carried out at a temperature above the
recrystallization temperature of the metal.

Advantages of Hot Working:

1. High strain rates and hence easy flow of the metal
2. Recrystallization and recovery are possible
3. Forces required are less

Disadvantages of Hot Working:

1. Lubrication is difficult at high temperatures

2. Oxidation and scaling occur on the work

3. Poor surface finish

4. Dies must withstand high working temperature

Cold Forging: Forging is carried out at a temperature below the recrystallization temperature
of the metal.

Advantages:

1. Less friction between die surface and work piece
2. Lubrication is easy

3. No oxidation or scaling on the work

4. Good surface finish

Disadvantages of Cold Working:

1. Low strain rates, hence less reduction per pass.

2. Recrystallization and recovery do not occur.

3. Hence, annealing is required for further deformation in subsequent cycles.
4. Forces required are high.

Different Forging Operations

1. Upsetting
2. Edging

3. Fullering
4. Drawing
5. Swaging



6. Piercing
7. Punching
8. Bending

Upsetting: The thickness of the work reduces and length increases

Fig 2. Edging

Fullering: The cross sectional area of the work reduces as metal flows outward, away from
centre

Fig 3. Fullering

Drawing: The cross sectional area of the work is reduced with corresponding increase in length
using convex dies

Fig 4. Drawing

Swaging: The cross sectional area of the bar is reduced using concave dies.

Fig 5. Swaging



Piercing: The metal flows around the die cavity as a moving die pierces the metal.
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Fig 6. Piercing

Punching: It is a cutting operation in which a required hole is produced using a punching die.

|
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Fig 7. Punching
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Bending: The metal is bent around a die/anvil.

Open forging (Smith Forging): It is the simplest forging process which is quite flexible but
not suitable for large scale production. It is a slow process. The resulting size and shape of the
forging are dependent on the skill of the operator. Open die forging does not confine the flow
of metal; the operator obtains the desired shape of forging by manipulating the work material
between blows.

Force

Force
| ‘L' . Upper die
(Movable) l

«— Workpiece X
Lower die (Fixed)
a) Solid cylindrical blllet upset b) Uniform deformation of the ¢) Deformation of billet
between two flat dies blllet without friction with friction

Open-die forging operations are applied in an open environment with several workforces.
There is a ram or hydraulic press that shapes the hot bulk metal into desired shapes. The most
common practice is decreasing the height of the metal billet and increasing the diameter of that
billet. The obtained shape is shaped into exact shapes with additional processes. The workforce



is very important in open-die forging processes. Because, the work piece must be manipulated,
moved rotated, etc. via a worker or operator. The ability of the worker is very important.

1.

2.

3.

It is the simplest and important forging process.
The shapes generated by this process are simple like shafts, disks, rings, etc.

An example of open-die forging in the steel industry is the shaping of a large square
cast ingot into a round cross-section.

Open-die forging operations produce rough forms of work piece hence, subsequent
operations are required to refine the parts to final shape.

Open-die forging process can be depicted by a solid work piece placed between the two
flat dies (lower die is fixed and upper die is moving) and reduced in height by
compressing it. This process is called as upsetting or flat-die forging.

Drop forging (Closed die Forging): The process uses shaped dies to control the flow of metal.
The heated metal is positioned in the lower cavity and on it one or more blows are struck by
the upper die. This hammering makes the metal to flow and fill the die cavity completely.
Excess metal is squeezed out around the periphery of the cavity to form flash. On completion
of forging, the flash is trimmed off with the help of a trimming die.

Force
1 Force
i
Workpiece ~ : I —a
AW Lol P - st Flash
= PP e O Y = Lower die
o Y 3 SO
a) Initial condition b) Partial compressions ¢) Final die closure
of workpiece

Impression-die or closed-die forging is performed with dies which contain the inverse
of the required shape of the component.

Initially, the cast ingot is placed between the two impressed dies. As the die closes to
its final position, flash is formed by the metal.

This flash flows beyond the die cavity and into the small gap between the die plates.
The formed flash must be cut away from the final component in a subsequent trimming
operation but it performs an important function that, increases the resistance to the
deformation of the metal

The initial steps in the process are used to redistribute the metal in the work part to
achieve a uniform deformation and required metallurgical structure in the subsequent

steps.



The final steps bring the component to its final geometry. Also, when drop forging is
used, a number of blows of the hammer may be used for each step.
As flash is formed during the process, this process is used to produce more complex

components by using dies

FORGING DEFECTS Though forging process give generally prior quality product compared
other manufacturing processes. There are some defects that are lightly to come a proper care is
not taken in forging process design. A brief description of such defects and their remedial
method is given below.

1.

Unfilled Section: In this some section of the die cavity are not completely filled by the
flowing metal. The causes of this defect are improper design of the forging die or using
forging techniques.

Cold Shut: This appears as small cracks at the corners of the forging. This is caused
mainly by the improper design of die. Where in the corner and the fillet radii are small
as a result of which metal does not flow properly into the corner and the ends up as a
cold shut.

Scale Pits: This is seen as irregular deputations on the surface of the forging. This is
primarily caused because of improper cleaning of the stock used for forging. The oxide
and scale gets embedded into the finish forging surface. When the forging is cleaned
by pickling, these are seen as deputations on the forging surface.

Die Shift: This is caused by the miss alignment of the die halve, making the two halve
of the forging to be improper shape.

Flakes: These are basically internal ruptures caused by the improper cooling of the
large forging. Rapid cooling causes the exterior to cool quickly causing internal
fractures. This can be remedied by following proper cooling practices.

Improper Grain Flow: This is caused by the improper design of the die, which makes
the flow of the metal not flowing the final interred direction

Fins: These are small projections on the pieces of loose Meta protruding outside the
forged surface they occur mainly at parting planes of the dies possible cause is more
amount of metal then required.



ROLLING

ROLLING: Deformation process in which work thickness is reduced by compressive forces
exerted by two opposing rolls.

Rotl

Direction of work flow

Fig: rolling process

The rotating rolls perform two main functions:

1. Pull the work into the gap between them by friction between work part and rolls
2. Simultaneously squeeze the work to reduce cross section

TYPES OF ROLLING

1. By geometry of work:
= Flat rolling - used to reduce thickness of a rectangular cross-section
= Shape rolling - a square cross-section is formed into a shape such as an
I-beam
3. By temperature of work:
« Hot Rolling - most common due to the large amount of deformation required
« Cold rolling - produces finished sheet and plate stock

Intermediate rolled form Final rolled form
Structural shapes
Bloom
Rails
' ‘

Coils

Slab
Plates, sheets
’ ’

Billet Bars, rods

— s

Fig 2.5 - Some of the steel products made in a rolling mill



Difference between hot rolling and cold rolling

S.No

HOT ROLLING

COLD ROLLING

Metal is fed to the rolls after being heated
above the recrystallization temperature.

Metal is fed to the rolls when it is
below the recrystallization temperature

In general rolled metal does not shows
work hardening effect.

The metal shows the working
hardening effect after being cold rolled

Co-efficient of friction between two rolls
and the stock is higher; it may even cause
shearing of the metal in contact with rolls.

Co-efficient of friction between two
rolls and the stock is comparatively
lower

Experiment measurements are difficult to
make.

Experiment measurement can be

carried out easily in cold rolling.

Heavy reduction in area of the work piece
can be obtained.

Heavy reduction is not possible.

Mechanical properties are improved by
breaking cast structure are refining grain
sizes below holes and others, similar
deformation in ingot (get welded) and or
removed the strength and the toughness of
the job should increases.

Hotness increased excessive cold
working greatness crackers ductility of
metal reduction. Cold rolling increased
the tensile strength and yield strength
of the steel

Rolls radius is generally larger in size

Rolls radius is smaller

Very thin sections are not obtained

Thin sections are obtained

Hot roll surface has(metal oxide) on it this
surface finish is not good

The cold rolled surface is smooth and
oxide free

10

Hot rolling is used un ferrous as well as
nonferrous metals such as industries for
steel , aluminium, copper , brass, bronze ,
alloy to change ingot into slabs

Cold rolling is equally applicable to
both plain and alloys steels and
nonferrous metals and their alloys

11

Hot rolling is the father of the cold rolling

Cold rolling follows the hot rolling

Rolling stand arrangements or

Types of Rolling mills: Rolling mills may be classified according to the number and
arrangement of the rolls.

gk~ w e

Two high rolling mills
Three high rolling mills
Four high rolling mills
Tandem rolling mills
Cluster rolling mills




Two high rolling mills: A two high rolling mill has two rolls only. Two high rolling mills
may further classified as

1. Reversing mill
2. Non reversing mill

Two high reversing mill: In two high reversing rolling mills the rolls rotate is in one direction
and then in the other, so that rolled metal may pass back and forth through the rolls several
times. This type is used in pluming and slabing mills and for roughing work in plate, rail,
structural and other mills. These are more expensive compared to the non-reversing rolling
mills. Because of the reversible drive needed.

Reversing Mills

Two high non reversing mill: In 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 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 Mills




Three high rolling mill: It consists of a roll stand with three parallel rolls one above the other.
Adjacent rolls rotate in opposite direction. So that the material may be passed between the top
and the middle roll in one direction and the bottom and middle rolls in opposite one. In three
high rolling mills the work piece is rolled on both the forward and return passes. First of all the
work piece passes through the bottom and middle rolls and the returning between the middle
and the top rolls. So that thickness is reduced at each pass. Mechanically operated lifted tables
are used which move vertically or either side of the stand. So that the work piece fed
automatically into the roll gap. Since the rolls run in one direction only a much less powerful
motor and transmission system is required. The rolls of a three high rolling mills may be either
plain or grooved to produce plate or sections respectively.

Thiee High Rollng Mill

Direction of feed |

Direction of feed
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Four high rolling mill: It has a roll stand with four parallel rolls one above the other. The top
and the bottom rolls rotate in opposite direction as do the two middle rolls. The two middle are
smaller in size than the top and bottom rolls which are called backup rolls for providing the
necessary rigidity to the smaller rolls. A four high rolling mill is used for the hot rolling of
armor and other plates as well as cold rolling of plates, sheets and strips.

Four High

Rolling Mills Beckup Rollers

Back up Rolls —

Rolers

Rolers

Work Rolls
Backap Relary



Tandem rolling mills: It is a set of two or three stands of roll set in parallel alignment. So that

a continuous pass may be made through each one successively with change the direction of
material.

Back up

Work Rolls -~

Tandom Rolling Mills
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tandem rolling mill

Cluster rolling mills: It is a special type of four high rolling mill in which each of the two
working rolls is backup by two or more of the larger backup rolls for rolling hard in materials.
It may be necessary to employ work rolls of a very small diameter but of considerable length.
In such cases adequate of the working rolls can be obtained by using a cluster mill.

"

(d)
cluster mill

Angle-of-Bite

In rolling metals where all forces are transmitted through the rolls, the maximum angle that can
be attained between the roll radius at the first contact and the line of roll centers. Operating
angles less than the angle of bite are called contact or rolling angles.



EXTRUSION

Extrusion is a metal forming process in which metal or work piece is forced to flow through
a die to reduce its cross section or convert it into desire shape. This process is extensively used
in pipes and steel rods manufacturing. The force used to extrude the work piece is compressive
in nature. This process is similar to drawing process except drawing process uses tensile stress
to extend the metal work piece. The compressive force allows large deformation compare to

drawing in single pass. The most common material extruded are plastic and aluminium.

Extrusion is a metal working process in which cross section of metal is reduced by forcing the
metal through a die orifice under high pressure. It is used to produce cylindrical bars, tubes and
sections of any regular or irregular types. Forces required to extrude a metal are quite high and
hence hot extrusion is most widely done as deformation resistance of metal is low at high
temperature. However, cold extrusion is also performed for soft metals like Aluminium, lead
etc. Difficult to form metals like stainless steels, nickel based alloys and high temperature

metals can also be extruded.
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CLASSIFICATION OF EXTRUSION PROCESS

CLASSIFICATION OF EXTRUSION PROCESSES

Extrusion
By Operating By
By Direction Temperature Equipment
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Direct / | | Indirect /

Hot Cold Horizontal Vertical
Forward | | Backward
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Fig: classification of Extrusion process

Working Principle: Extrusion is a simple compressive metal forming process. In this process,

piston or plunger is used to apply compressive force at work piece. These process can be

summarized as follow.

1.
2.

First billet or ingot (metal work piece of standard size) is produced.

This billet is heated in hot extrusion or remains at room temperature and placed into a
extrusion press (Extrusion press is like a piston cylinder device in which metal is placed
in cylinder and pushed by a piston. The upper portion of cylinder is fitted with die).
Now a compressive force is applied to this part by a plunger fitted into the press which
pushes the billet towards die.

The die is small opening of required cross section. This high compressive force allow
the work metal to flow through die and convert into desire shape.

Now the extruded part remove from press and is heat treated for better mechanical

properties.

Advantages of Extrusion

1.

High extrusion ratio (It is the ratio of billet cross section area to extruded part cross
section area).

It can easily create complex cross section.

This working can be done with both brittle and ductile materials.

High mechanical properties can achieved by cold extrusion.



Disadvantages of Extrusion:

1.
2.

High initial or setup cost.

High compressive force required.

Application of Extrusion:

1.
2.
3.
4.

Extrusion is widely used in production of tubes and hollow pipes.
Aluminum extrusion is used in structure work in many industries.
This process is used to produce frames, doors, window etc. in automotive industries.

Extrusion is widely used to produce plastic objects.

Types of Extrusion: Extrusion can be broadly classified into two types, one is Hot

Extrusion another one is Cold Extrusion. These aforementioned categories are also

subdivided into categories, they are as follows

1.

2.

Hot Extrusion
a. Forward Extrusion
b. Backward Extrusion
Cold Extrusion
1. Forward Extrusion
a. Hydrostatic Extrusion
b. Hooker Extrusion

2. Backward Extrusion
a. Impact Extrusion
b. Cold Extrusion Forging

According to the direction of flow of metal

Direct Extrusion: In this type of extrusion process, metal is forced to flow in the
direction of feed of punch. The punch moves toward die during extrusion. This process
required higher force due to higher friction between billet and container. In this process,
the metal billet is placed in a container and compressed and extruded through the die

by a ram.

Some features of direct extrusion:

1.

Both the ram and extrusion move in the same direction. A dummy block or pressure
plate is in contact with the billet and ram.
The relative motion between billet and container wall develops high friction. Hence

power required is relatively high.



3. Brittle metals like Tungsten, Titanium alloys are difficult to extrude because they
fracture during the process. Fractures occur because of rapid growth of micro cracks

due to tensile stresses
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Direct Extrusion
2. Indirect Extrusion: In this process, metal is flow toward opposite direction of plunger

movement. The die is fitted at opposite side of punch movement. In this process, the
metal is allowed to flow through annular space between punch and container. A hollow
ram compresses metal through a die in a direction opposite to ram motion. Either the
ram is moved against a stationery billet or the billet (hence container) is made to move
against stationery ram.
Some features of indirect extrusion:

a. There is no relative motion between the billet and the wall of the container.

b. Hence friction is lower and power required is relatively less.
Limitation; Due to hollow ram, the load that can be applied is limited and only small

sections can be extruded.

.

.

Extruded Product Die Container

Indirect Extrusion



3.

Compare forward extrusion and backward extrusion

Forward or direct extrusion Backward or indirect extrusion

1. Simple, but the material must slide along the 1. Inthis case, material does not move but die moves.

chamber wall.
2. High friction forces must be overcome.

b

. Low frction forces are generated as the mass of
material does not move,
3. High extrusion forces required but mechamically | 3. 25-30% less extruding force required as com-
simple and uncomplicated. pared to directextrusion. But hollow ram required
limited application.
4. High scrap or material waste—18-20% on an | 4. Low scrap or material waste only 53-6% of billet
average. weight.

Impact Extrusion: In this process a punch moves into the die and squeezes metal
around the die cavity. It may have either direct or indirect extrusion arrangement. It is
useful to produce short lengths of hollow shapes like collapsible tooth paste tubes and

thin walled cans.
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Fig. Impact Extrusion

a. Itisusually a cold working process, but the high speed of deformation develops
heating. The process is limited to soft metals like lead, tin, aluminium, copper.

b. Impact extrusion is performed at higher speeds and shorter strokes than
conventional extrusion. It is used to make individual components. As the name
suggests, the punch impacts the work part rather than simply applying pressure
to it.

c. Impacting can be carried out as forward extrusion, backward extrusion, or
combinations of these. Some representative examples are shown in Figure.

d. Impact extrusion is usually done cold on a variety of metals. Backward impact

extrusion is most common.



e. Products made by this process include toothpaste tubes and battery cases. As
indicated by these examples, very thin walls are possible on impact extruded
parts.

f. The high-speed characteristics of impacting permit large reductions and high
production rates, making this an important commercial process.

g. The following figures shows the different types of impact extrusions

I. Forward impact extrusion
ii. Backward impact extrusion

iii. Combined forward and backward impact extrusion
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Fig: Forward Impact Extrusion fig: Backward Impact Extrusion
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Fig: Combined Forward and Backward Impact Extrusion
4. Hydrostatic Extrusion: In this process the space between the ram plate and billet is
filled with water. Hence billet is subjected to uniform hydrostatic pressure. Also, there

is no direct contact between wall of container and work piece. Hence there is no



container-billet friction. As a result, the curve of extrusion pressure v/s ram travel is
nearly flat. Therefore, large length to diameter ratios are possible.

a. One of the problems in direct extrusion is friction along the billet— container
interface. This problem can be addressed by surrounding the billet with fluid
inside the container and pressurizing the fluid by the forward motion of the ram,
as in Figure 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.

b. 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.

c. Hydrostatic extrusion is an adaptation of direct extrusion. Hydrostatic pressure
on the work increases the material’s ductility. Accordingly, this process can be
used on metals that would be too brittle for conventional extrusion operations

Fluid

%

Extruded
Product

Container

Hydrostatic Extrusion

Advantages:
1. Lubrication is very effective.
2. Extruded product has good surface finish and dimensional accuracy.
3. ltis possible to use dies with very low semi cone angle (20 degrees) because friction
is less.
4. This reduces extrusion pressure and improves homogeneity of deformation.
5. Redundant deformation is minimized.
Limitations:
1. Hot working is not possible.
2. Leakages of liquid are frequent due to high pressures involved (up to 1.7GPa)
3. Liquid used should not solidify at high pressure.
4. Extrusion ratios possible; 20:1 for mild steel, 200:1 for aluminium



According to the working temperature: Extrusion Process Can Be Classified into Two

Ways

1. Hot Extrusion: If the extrusion process takes place above recrystallization temperature
which is about 50-60% of its melting temperature, the process is known as hot
extrusion.

Advantages:
a. Low force required compare to cold working.
b. Easy to work in hot form.
c. The product is free from stain hardening.
Disadvantages:
a. Low surface finish due to scale formation on extruded part.
b. Increase die wear.
c. High maintenance required.

2. Cold Extrusion: If the extrusion process takes place below crystallization temperature
or room temperature, the process is known as cold extrusion. Aluminium cans, cylinder,
collapsible tubes etc. are example of this process.

Advantages:

o High mechanical properties.

« High surface finish

« No oxidation at metal surface.
Disadvantages:

o High force required.

e Product is accomplished with strain hardening.

Container Container
| |

= T
U

Extruded Extruded
Product | Ram Product , Ram
Metal Billet Metal Billet

Fig: Hot Extrusion Fig: Cold Extrusion



Compare hot extrusion and cold extrusion

Cold extrusion Hot extrusion

L. Better surface fimsh and lack of oxide layers. 1. Surfaceiscoated with oxide layers. Surface finish
not comparable with cold extrusion.

2. Good control of dimensional tolerance—no | 2. Dimensional control not comparable with cold

machining or very litlle machiming required. extrusion products.

3. High producnion rates at low cost, Fit forindividual | 3. High production rates but process fit for bulk
component production. material, not individual components.

Improved mechanical properties due tostrain hard- | 4. Since processing is done hot, recrystallisation
cning. takes place.

i
ol

Tooling subjected o high stresses as well as to
high temperature. Tooling stresses are however
lower than for cold extrusion.

Tooling subjecred 1o high stresses,

fi. Lubrication is crucial, . Lubricagon & crucial,

DRAWING

Drawing is a metal forming process used to reduce cross section and increase length of
work piece. This process associated with tensile force which distinguishes it from other metal
forming processes like extrusion, forging etc. In this process a large cross section work piece
is forced to pass through a die which has smaller opening comparing cross section area of work
piece. This will plastically deform the work piece by decreasing its cross section area and
increases its length. This process is used for making wires, rods, tubes etc.

Drawing is a metalworking process which uses tensile forces to stretch metal. It is
broken up into two types: sheet metal drawing and wire, bar, and tube drawing. The specific
definition for sheet metal drawing is that it involves plastic deformation over a curved axis. For
wire, bar, and tube drawing the starting stock is drawn through a die to reduce its diameter and
increase its length. Drawing is usually done at room temperature, thus classified a cold working
process, however it may be performed at elevated temperatures to hot work large wires, rods

or hollow sections in order to reduce forces

Undrawn bar

Drawn bar

)

Fig. | Drawing
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Bar, tube, and wire drawing all work upon the same principle: the starting stock drawn through

a die to reduce the diameter and increase the length. Usually the die is mounted on a draw

bench. The end of the work piece is reduced or pointed to get the end through the die. The end

is then placed in grips and the rest of the work piece is pulled through the die. Steels, copper

alloys, and aluminium alloys are common materials that are drawn.

Requirement of Drawing Process:

1.
2.
3.
4.

The material should have sufficient ductility so it can sustain tensile force.
The material should possess high tensile stress.
The rod or wire should be properly cleaned and dust or scale free before drawing.

It should be properly lubricated to reduce friction associated with operation.

Drawing Process:

Drawing process can be divided into following three types.

1.

Wire Drawing: A wire is a circular, small diameter flexible rod. Wire drawing is an
cold working process. It is an operation to produce wire of various sizes within certain
specific tolerances. This process involves reducing diameter of thick wire by passing it
through a series of wire drawing dies with successive die having smaller diameter than
the preceding one. Mostly die are made by chilled cast iron, tungsten carbide, diamond
or other tool material. The maximum reduction in area of wire is less than 45% in one

pass.

Starting stock
in coil form

Drawn wire of —
smaller diameter

Fig: wire drawing
Rod Drawing: Rod drawing is similar process like wire drawing except it is rigid and
has larger diameter compare to wire. This process need heavier equipment compare to
wire drawing because the wire can be coiled but a rod should be kept straight. The
work piece is first fed into die and pulled by a carriage which increase its length and

decrease its cross section. Now the rod is to be cut into sections.



Large Die Small
Diameter Diameter

Tube Rod
Jaw

Carriage

Rod Drawing

3. Tube Drawing: Tube drawing is also similar to other two processes except it uses a

mandrel to reduce wall thickness and cross section diameter of a tube. This mandrel
placed with die and the work piece is pulled by a carriage system as describe in rod
drawing. The tube is either circular or rectangular. It also required more than one pass
to complete drawing operation

Large o Small
Diameter Diameter
Tube Tube

Mandrel

Tube Drawing
Working Process of drawing:

1. First a hot rolled rod is created by other metal forming processes like forging,
extruding, centrifugal casting etc.

2. Now the rod is made pointed to facilitate the entry into the die.

3. The dust or other scale particle should clean from the rod. This process is done by acid
pickling.

4. Now the prepared skin is coated with lubricant. This process uses either sulling,
coppering, phosphating or liming process. Sulling is a process of coating with ferrous
hydroxide. In phosphating magnesium or iron phosphate is coated. Cu and Sn are used
for lubricant high strength material. Oil and grease use for wire drawing and soap is

used for dry drawing.
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5. Now the rod is pulled through various dies to convert it into desire shape. The die is
affected by several stresses so it is made by high strength alloy steel like tungsten

carbide etc.

The purpose of tube drawing can be any one of the following:

1. To regulate the outer diameter only.
2. To regulate the outer diameter and to have good surface finish on the inner diameter.
The inner diameter may not be regulated.
3. To regulate the outer as well as inner diameter.
4. To carry out a heavy reduction in thickness of the tube.
Types of tube drawing process
1. Tube sinking
2. Tube drawing with floating mandrel
3. Tube drawing fixed mandrel
4. Tube drawing with moving mandrel

Floating Mandre

Tube Tube

TN RN
A T yﬂﬂﬁﬁ;ﬁ’\f}\}»}?ﬁﬂf/fffffif Pull
et e E=y=y==— — e T »
T Vi %JJM”MMK

L 3 RS ST o
S N SRR

{a) Tube sinking (b} Tube drawing with floating mandrel

Moving Mandrel

Tube Tube \
i . = Pull 2 Pull
—_——— . g4 ———TF E ______________ —
Fixed Mandrel
(c) Tube drawing with fixed mandrel (d) Tube drawing with moving mandrel

Fig. 9.17. Tube drawing processes



1. Tube Sinking: In this process, tube is simply pulled through the die as shown in Fig.
The outer diameter is regulated by the die diameter but there is no regulation of inner
diameter or thickness of tube. The surface finish on inner diameter is also not good.
During the drawing operation the thickness of tube generally changes. The thin tubes
in which t/R (ratio of initial thickness to initial outer radius) is less than 0.33, the tubes
get thicker on drawing. The tubes having t/R greater than 0.33 get thinner on drawing.
With t/R = 0.33, there is negligible change in the thickness of tube. For threading the
front end of tube through the die, many in the industry still follow the old practice of
hammering the front end down thus wasting at least 200 mm length of tube. In modern
practice the front end is pointed by pointing machines thus minimizing the wastage.
Grippers are also designed to minimize the end wastage.

2. Tube Drawing with Floating Mandrel: The process of tube drawing with a floating
mandrel is shown in Fig. The position of mandrel with respect to the die gets adjusted
by the normal and tangential forces exerted by tube material on the mandrel. The
frictional force tends to pull the mandrel into the die while the normal force tries to it
push out. If the mandrel moves into the die the tube thickness reduces and hence the
normal reaction increases, which also increases the frictional force. The mandrel takes
a position where axial components of the forces are balanced. Since there is no external
control on the position of the mandrel, it may change its position if the frictional
condition changes, thus resulting in change in tube thickness. The external surface
shape of the mandrel may be designed so that the mandrel adjusts its position for desired
thickness of tube.

3. Tube Drawing with Fixed Mandrel: The process is shown in Fig. The tube is drawn
through a die and a mandrel. The position of mandrel may be adjusted by the bar
attached to its rear end in order to change the thickness of tube and the internal diameter.
The external diameter is determined by the die diameter. The surface quality of both
the surfaces, internal as well as external gets improved. The pull required is certainly
more than that in tube sinking because of the additional deformation in the thickness of
tube and also due to frictional force between the tube and the mandrel.

4. Tube Drawing with Moving Mandrel: The process is illustrated in Fig. The
cylindrical mandrel and the tube are pulled together through the die. The process is
generally used to reduce the thickness of tube. Since the area of cross section of tube
increases towards the entry side its speed decreases while the mandrel being rigid

moves with the same speed as the speed of tube at the exit. Therefore, in the deformation



zone the mandrel moves faster than the tube. The frictional force between the tube and
the mandrel pulls the tube inside the die while the frictional stress between the tube and
die acts in the opposite direction. The effects of frictional forces acting on contacting
surfaces of mandrel and die tend to nullify each other. This results in net decrease of
drawing stress. Therefore, the maximum possible reduction in thickness in this process
is higher than that in other tube drawing processes.
Application:

1. This process is used for making wire of copper, aluminium etc. which are used in
electrical industries.

2. Paper clip, helical spring etc. are wire drawing product.

3. Small diameter rods and tubes are drawing product.

4. ltis used to produce large length of small cross section.
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