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ABSTRACT

A nonlinear converging die profile foextrusion of guare section from round billet was
designedusing cosine functiorMATLAB 7.1 wasusedto find outthe co-ordinates of the cosine

die profile.A solid model was gemated using AutoCAD 2008 from the above generai@dts
The STL files of extrusion die generated in AutoCAD was used in DEFGRMor FEM
simulation Experimental investigation ofx&rusion of square sdon from round billet using
nortlinear converginglies weredone for different percentage of reduction of cross seationy

and lubricated conditiorAll the experiments were donsingF | E6 El ectronic Uni v
machine (UTM), model UT800with maximum capacitypf 1000kN with accuracy+1.0%KkN.

Material properties of lead like flow stress and fanot factor were determinedising
compression and ring compression tests uddérent boundary conditionsTo studythe flow

pattern of the material during extrusjoexperiments were done with sphvork piecein
lubricated conditiorby making grid The extrusiodoad with punch travel wasompared with
extrusionload with solid work piece under same experimental conditibrnwas found that
extrusion load in splittedork pieceis less than thevork piecewhen solid.FEM simulation of
extrusion of square section from round billet for pure Lead and alumibid@® as work
mateial were done using DEFORID 6.1 (spl)For FEMsimulation thdinear convergingnd
cosine(nontlinear convergingylie profiles are usedEM simulation usindeads weralone for
two frictional conditions 0.38&nd 0.75 corresponding to dry and lubricatedditions.Extrusion
was assumed to be isothermal. From present investigation it was found that the extrusion load in
case ofcosine(nonlinear convergingdie is less than the linear convergidges under same

condition. The extrusion load increases wincrease in reduction and friction factor.
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Chapter 1

Introduction

1.1 History of Extrusion

Extrusion is an oftemsed forming procesamong the different metal forming operations and its
industrial history dates back to the 18th century. In 1797, Joseph Bramah an English inventor
patented the first extrusion process for making lead pipe. It involved preheating the metal and
then forcingit through a die via a hand driven plunger. In the past 30 years, its economic
importance has increased, primarily as a result of technological advances that have drawn on
extensive practical experience and on numerous fundamental investigations istdrtisgon
process, tooling, and metal flow. The development of the extrusion press from the first dimple
lead press to the modem automatic extrusion plant represents a chapter in the history of
metalworking. Several important dates mark the path to ttsatier process used today for both

nonferrous metals and stealbrief summary is given below:

In recent yearsresearchers started to be attracted by tti@ensionalproblems in metal
forming. At present threelimensional modeling is still regarded a highlighted and difficult
problem. Different methods of analysis have been extended to three dimensional, among which
the finite element analysis is most commonly used. Most ofptpers publishedn three
dimensional finite element method simulaBoare based on different software package like

ALGOR, DEFORM-3D etc.



1.2 Definition of Extrusion

Extrusion can be defined as the process of subjecting a material to compression so that it is
forced to flow through a confined space past a suitable openifegl dak die. The metal is
forced through the die and the craestion of the die determines the shape properties of the
resulting product. Extrusion may be done either on cold metal or on heated metal. One of the
analogies that can be offered to the psscef extrusion is that of squeezing a tube of toothpaste.
The metal billet is placed in the billet chamber and is forced by the ram through a die.

Hot extrusion is done to eliminate the cold working effects, reduce the rfegcared, and
reduce diregbnal propertiesHowever cold extrusion is also possible for many metals and has
become an important commercial process. The reaction of the billet with the container and the
die results in high compressive stresses that effectively reduce crackingterfataaduring
primary breakdown from ingot. This is an important reason for increased commercial adoption of
extrusion in the working of metals difficult to form such as stainless steel, nickel, nickel based
alloys and other high temperature materiaéad, brass, bronze, copper, aluminum, sowhe of

the magnesium alloys are the most commonly extruded metals.

In general extrusion is used to produce cylindrical bars or hollow tubes. A large variety of
irregular cross sections are also produced by thisgsousing dies of complex shapes. The
process has definite advantage over rolling for production of complicated section having re
entrant corners. In this process large reduction achieved even at high strain rates has made it one

of the fastest growing re working methods.



1.3 Classification of Extrusion

According to the flow direction of metal with respect to ram movement direction extrusion

process can be classified under the following methods
9 Direct extrusion
9 Indirect extrusion

1 Impact extrusion.

1.3.1 Direct Extrusion
Direct extrusion is a process where the flow of material through the die is in the direction of the
movement of the ram that is used to force the material. Here the billet is moved forward relative

to the wall of the container, thereby giginise to high resistance from friction.

Die

Extrusion

Figure 1. Direct extrusion
1.3.2 Indirect E xtrusion
Indirect extrusion is a process where the flow of the material through the die is in a direction
opposite to the movement of the ram thataecing the material to deform. Here there is no
relative motion between the container and the billet and, thereforefritiienal force is

minimal.



Extrusion

Figure 2. Indirect extrusion

1.3.3 Impact Extrusion

Impact extrusion is a process wée single blow from the ram on the material causes the metal
billet to be extruded between the die and the punch. This process is usually done cold and on low
strength ductile materials such as lead, tin and aluminum. It is used to make collapsibiertubes

toothpaste, shaving cream, and cans that are used to pack food.

Stripper
Plate
unch

Iank pan -

Figure 3. Impact extrusion

1.4 Die Design nsideration

For die design of extrusion following factors are to be considered as given bellow.
91 Desired shape of theroduct
1 Material
1 Billet size

1 Process capacity



9 Extrusion ratio

9 Number of die cavities
9 Shrink factor

1 Process tool

1 Extrusion temperature
1 Extrusion pressure

91 Die material

1 Heat treatment of die material

1.5 Equipment Used

Theequipment on the basis of the type afcke used to drive the ram is classifieda®ws:

1.5.1 Hydraulic Press
In this type of equipment the force required to derive the ram (punch) is supplied by

hydraulic means to deform the metal plastically

1.5.2 Mechanical Press
In this type of equipment the forcequired to derive the ram (punch) is supplied by

mechanical means to deform the metal plastically

1.6 Advantages of Extrusion

Among the different metal forming processes, extrusion has definite advantages over others for
the production of three dimensiorsaction shapes. Now it is becoming essential to pay greater

attention to the extrusion of section rod from round stock, as this operation offers the promises of



an economic production route. The process is also attractive because press machinesyare readil

available and the necessity to purchase expensive section stock corresponding to a multiplicity of

required sections is eliminated. There are many advantage of extrusion as follows

91 Uniform crosssectional area over a long length.

N Low cost of dies makin@ economical to make small quantities of a shape.

I Good surface finish.

1 sStrain and hardness are increased due to strain hardening

1.7 Limitations of Extrusion

Every process has soritation; extrusion haslsosome limitation as given bellow

T
T

Most materigs require high temperature and pressure, which makes the equipment costly.
Die material should be able to withstand the load, high temperature, and wear.

In the case of steel, the equipment is costlier due to the magnitude of temperature to
which the metemust be heated. (2300 F).

Indirect extrusion complicates the handling of the extruded parts.

Extrusion is limited to only a few metals and cannot be done on anychetan.

1.8 Applications of Extrusion

Extrusion isone of the most important methodsroétal forming process with we can produce

many product of high industrial applications with good quality. Some of the applications of the

extrusion process are given bellow

T

Helicopter blades



1 Turbine blades
1 Wingspans
1 Columns used for creating structures

M Construction material

1.9 Metal Forming

Metal forming is defined as the plastic deformatidradillet between toolso obtain the final
configuration. It may be classified into fivategories

1 Mechanical working

1 Casting

1 Powder and fiber metal forming

1 joining process
Forming is generally employed for those components, which require high strength, high

resistance to shock and vibration, and uniform properties.

1.10 Metal Forming A nalysis

The analysis of the stresses in the metal working processdga an important area of plasticity

for the past few years. Since the forces and the deformations generally are quite complex. It is
usually useful to use simplifying assumptions to obtain a traceable solution. As the strain
involved in plastic deforman process is very large, it is usually possible to neglect elastic
strain and consider only the plastic strain (rigldstic region). The strain hardening is also
neglected. The principal use of analytical study of metalworking process is for detgribhiain

forces required to produce a given deformation for a certain geometry prescribed by the process



and is the ability to make an accurate prediction of the stress, strain, and velocity at every point
in the deformed region of the work piecgince the alculation are useful for selecting or
designing the equipment to do a particular job. In this area an existing theory is generally
adequate for the task. In general, any theory consists of three sets of equations.

1 Static equilibrium of force equation

1 Levy Mises equation

9 Yield criterion

1.10.1Upper Bound Solution

An upper bound analysis provides an overestimation of the required deformation force. It is more
accurate because it will always result in an overestimation of the load that the press or the
machinewill be called upon to deliver. In this case factor of safety will be automatically built in.
In this analysis, the deformation is assumed to take place by rigid body movement of triangular
blocks in which all particles in a given element moves with timeesvelocity.
A kinematically admissible velocity should satisfy the

1 Continuity equation

1 Velocity boundary condition

1 Volume constancy condition
The power of deformation calculated from this is higher than the actual one, called upper bound.
When applyng upper bound, the first step is to conceive of a velocity field for the deforming
body.

1 The field can be easily imagined and related to our visual experience.

1 Velocity can be measured directly and is easily displayed in a physical manner.

1 Inthis cas factor of safety is automatically in built



1 Itis comparatively easy to analyze.

There exists an infinite no stress field that satisfy the upper bsnlatbn.

1.10.2Finite Element Analysis

The finite element analysis method represents an extension ox mathod for the analysis of
framed structures to the analysis of the continuum structure. The basic philosophy of this method
is to replace the structure i.e. the continuum having an infinite or unlimited number of unknowns
by a mathematical model, whidias a limited or finite number of unknowns at certain chosen
discrete points. This method is extremely powerful as it helps to accurately analyze structures
with complex geometrical properties and loading condition.

In finite element method, a structuse a continuum is discredited and idealized by using a
mathematical model, which is an assembly or subdivision or discrete elements. These elements
known as finite elements are assumed to be interconnected only at the joints called nodes. Simple
functions such as polynomials are chosen in terms of unknown displacements and or their
derivative at the nodes to the approximate over the variation of the actual displacements over
each finite element. The external loading is also transformed into equivalerst &miéeed at the
nodes. The behavior of each element and later as an assembly of these elements is obtained by
relating their response to that of the nodes in such way that the following basic conditions are
satisfied at each node.

1 The equation of equilium.

1 The compatibility of displacements.

1 The material constitutive relationship.



The equation, which are obtained using above condition and then these modified equations
are solved to obtain displacements at the nodes, which are the basic unknowesfioite
element method. Finite element method involves extensive computations mostly repetitive in
nature. Hence, this method is suitable for computer programming and solutions. Finite element
computer programs have become widely available, easier tangsean display results with
attractive graphics. Even an inept user can produce some kind of answer. It is hard to disbelieve
finite element results because of the effort needed to get them and the polish of this presentation.
However, smooth and colotfstress contours can be produced by any model, good or bad. It is
possible that most finite element analyses are so flawed that they cannot be trusted. Even a poor
mesh, improper element type, incorrect loads or improper supports may produce results that
appear reasonable in causal inspection.

1.11 Present Work
Theobjectives of the present work ase follows:

U Design of die profile for extrusion of square section from round billet using cosine

function.

U FEM modelling of Extrusion of square section from rouiliet using the above die

profile

U Experimental investigation for study of flow pattern of material in-loear converging
die

U Derivation of kinematically admissible velocity field for extrusion of square section from

round billet using dual stream fation for upper bound analysis

10
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Chapter 2

Literature survey

Introduction

In this chapter we search few selected research paper related to Extrusion process using
Upper-Bound Method and Finite Element Analysis Method. We classified all the paper in to two
different categoriesi.e. paper related upper bountethodand paper related to finite element

analysis.

2.1 Upper Bound Method

Sahoo et al. [1] reformulated the SERR technique so that it can be used for analyzing extrusion
of round billets. The circular csssection of the round billet is approximated by a regular
polygon of equal area and the number of sides of the polygon is increased progressively until
convergence of the extrusion pressure is achieved. As a test, the extrusion of ‘sexaigon

bars fom round billets through linearly converging dies is analyzed. It can also be used for other
sectionds billets like channel section, trian
Sahoo et al. [2] presented an uppeund analysis for the extrusion of bars o&ichel section
from square/rectangular billets through rough square dies. A class of kinematically admissible
discontinuous velocity fields, based on the reformulated SERR technique, is examined and the
velocity field giving the lowest uppédround is idenfied. This velocity fields is used to compute

the uppetbound extrusion pressure for various area reduction

11



Maity et al. [3] proposed an uppbound analysis for the extrusion of square sections from
square billets through curved dies having prescribedilggo They derived kematically
admissible velocity fieldsising dualstreamfunction techniqueThey presentanalytical results

for bothsticking friction and frictionlessondition. For sticking friction condition they optimize

the die geometry witheispect to appropriate parameters. They found that in case of cosine die
extrusion pressure is low in frictionless condition becargey and exit angle is zertdnder
stickingfriction conditionsthe best uppelbound is provided by a straight tapered die

Narayanasamy et al. [4] proposed streamlined extrusion dies by modifying the conventional
extrusion dies to incorporate gradual reduction in the area of-segtien in order to ensure
smooth flow of metal and to dispense with the problems faced bythectional dies such as
formation of dead metal zone, roniform flow of metal, more redundant work etc. The profile

of the streamlined extrusion dies is the crucial parameter to optimize the extrusion process. Many
profiles such as third order polynorequation, fifth order polynomial equation, Bezier curve,

etc., have been suggested for the design of streamlined extrusion dies with the view to reduce the
extrusion load for the given reduction ratio. They suggested extrusion dies with cosine profile to
extrude circular billet to circular shape and using upper bound solution plastic deformation work
required for extrusion is determined. It has been proved that the die designed based on cosine
profile is superior to the conventional shear dies and th@hktly converging dies.

Sahoo et al. [5] reformulated spatial elementary rigid region (SERR) technique so that it can be
used for analyzing extrusion of round billets. The circular esession of the round billet is
approximated by a regular polygon eflual area and the number of sides of the polygon is

increased progressively until convergence of the extrusion pressure is achieved. As a test, the

12



extrusion of triangular section bars from round billets through linearly converging dies is
analyzed

Altan et al. [6] analyzed the deformation of the material during a 90° @dna@inel angular
extrusion (ECAE) process using upgzund theorem. The model suggested includes the effect
of friction between the sample and the die walls, radius of inner cornke afi¢ and the dead
metal zone on the deformation patterns during ECAE. The parameters of the model are explored
in relation to the deformation of the material during the process. Further directions for progress
in deformation analysis in severe plastidodmation processes are outlined.

Ajiboye et al. [] studiedthe effect of die land length to the extrusion pressure. They found that
extrusion pressure increases withrease in complexity of die geometry; for particular reduction
and die length, the exision pressure is highest for rectangular section and lowest for square
section. They found thabf a prticular reduction in area extrusion pressure increases with
increasing die land lengtémd viceversa

Paydara et al. [8] analyzed the equal chaangular extrusion with circular craesgctions using
upperbound analysis, and the power dissipated on all frictional and velocity discontinuity
surfaces are determined and the total power optimized analytically. The theoretical results is
compared with ggeriments, and it is found that the size of the plastic deformation zone and the
relative extrusion pressure increase with increasing the constant friction factor. In addition the
results show that there is a good agreement between the theoretical arichenaé load
displacement curve

Kim et.al [9] derived the generalized velocity field for thv@nensional squardie forward
extruson of circularshaped bars using billets of regular polygdhey determine the upper

bound extrusion load; the velocitistribution and the average length of the extruded billets by

13



minimizing the total power consumption with respect to chosen parameters by the proposed
simple kinematicallyadmissible velocityfield. It is found that the theoreticgredictions and
experinental resultsof the extrgion load and the average extruded length are in good
agreement.

Sahoo [10] studies some experimental result of extrusion of hexagon, channel, triangle and cross
sections using square dies and compare with theoretical resofj @ERR technique)

Kim et al. [11] calculated the powers required in the stesagie CONFORM process. For this,
similarity is applied to the CONFORM process for an equivalent side extrusion process, to which
the upper bound method is used to derive theagon for calculating the powers. Even though

the global flow characteristics between the real and the simplified processes are not similar, the
calculated results for both processes show good agreement. And FEM simulation were carried
out using the DEFOM software in order to verify the theoretical results.

Gordon et.al [12] used the adaptable die design method, in conjunction with an upper bound
method that allows the rapid evaluation of a large number of die shapes and the discovery of the
one that prodces the desired outcome. A double optimization process is used to determine the
values for the flexible variables in the velocity field and secondly to determine the die shape that
best meets the given criteria.

Venkata Reddy et al. [13] presented theiropt design of axisymmetric dies using upieund

method and finiteelement method (FEM). They modeled billet material during plastic
deformation process as visptastic rate sensitive material and flow stress to be strain rate and
temperature dependefithey observed that the optimal die length decreases with friction factor
and increases with reduction ratio and ram velocity. The extrusion power required is lowest for

the streanlined die with cosine die following closely behind. However hyperbolic aiedetter

14



than the conical die at lower reduction ratios, whilst the conical die is superior at greater
reduction ratios.

Sinha et al. [14] described the procedure for the design of anadtiextrusion process. For the
same sizes of the holes, the riorce in a singlehole extrusion process is more than in a multi

hole extrusion process. Therefore, a simplified upper bound and slab method analysis has been
carried out for a singidole extrusion process. The ram and die pressures obtained from this
aralysis are used for designing a muitle extrusion process setup. The stresses in the die are
computed using the finite element method. Based on this approach, an experimental setup was
fabricated and experimental study was carried out.

Johnson [15]investigated the effects of section shape and punch speed on the necessary
extrusion load, and the nature of the flow of metal within the extruded rod for extrusion of pure
lead and tellurium lead rods of circular, square, rectangular, triangular and | seasshown

that, for a given reduction in area, the load is independent of section shape for akbuting

shapes and increases with increase in extrusion speed.

Maity et al. [16] studied the effect of mathematically contoured die on surfaceitytefir
extruded product. They used three dimensional upper bound methods using dual stream function
method to obtain nedimensional extrusion pressure and optimum die length for cosine die
profile for different reductions. They found that the experimemgsuilts are compatible with the
theory.

Basily and Sansome [1falculated the maximum reduction of area obtainable for drawing
section from a lower bound analysis they found that this reduction is lesswthandrawing

round rod from round bamhey presenteda lower bound solution in detail and compared the

upper bound solutiorand found that, not only the drastresscan be calculated but the

15



equivalent die angle can be optimized for every relevant combination of the coefficient of
friction andpercemage reduction iarea.

Nagpal and Altan [18] introduced the concept of dual stream functions to express three
dimensional metal flows in the dies and analyzed the force of extrusion from round billet to
elliptical bars.

Yang and Lee [19proposed anew méehod of analysis for the extrusion of arbitrarily shaped
sections through curved die profiléBhey found akinematically admissible velocity fielty
deriving the equation of a stream lif@ determine the extrusion pressure for the rmpdfectly
plasic materialupperbound method is then applied. They obtained general formulation for an
arbitrary cross section using conformal transformatitmey discussed the effects of sectional
shape, die profile and interfacial friction at the die surface.

Prakat and Kharj20] suggested a generalizegpression for the sphericédw field generated

by plastic flowof metal through @&onverging dief regularpolygonalcrosssection. They
suggested that the expression is valid for all the podsthledaryshapesf thezone of plastic
deformation.They calculated the working stress for a rigitfectlyplastic material by applying
upperbound techniques assuming that Ieeindaries of the zone of plastic deformatoe
exponential cylindrical surfaces. A constdrictional stress is assumed to be acting over the
entiredie-material interface. The working stress relation is minimized with respect to the shape
of theboundaries of deformation zortbus yielding a better uppéound value of the working
stress compared to the working stress for cylindrit@undariesThe effects of various process
parameters on the working stress and the shape abtieeof deformatioare given in graphical

form. Theanalysispredicts optimum, deazbneand critical angles. Coparisons with earlier

16



theories have been made and it is concluded that the theory presented is a
moregeneralizedheory and yields better results for ladje angles.

Gatto and Giarda [21] analyzé¢dreedimensionakinematic model by limianalysis forplastic
deformationdenoted aSERR (Spatial Elementary Rigid Regions), in more detail. They found
that the characteristicd some spatial figures, which are considered as particularly useful in
partitioning theplastic volume in the limianalysis of te threedimensionatases are given,

together with some simple applications of thethodgo practical cases of extrusion.

2.2 Finite Element Analysis

Halvorsen andAukrust [22] studied the bucklingor waving of etruded flat sections using
Lagrangian FEM sitware, MSC Super FormThey performed somextrusion experiments to

verify both the simulations and the mechanisms observed in the FEM simulations.

Lof and Blokhuis [23] presented a method for the simulation of the extrusion of complex
profiles, which carbe used in an industrial environmefhey modeled bearing area with an
equivalent bearing modéb describe the resistance in the bearing without using a large number
of elements. The developed a specialized-goeessor to avoid the timmnsuming and

complex work necessary for the development of the FEM model for a particular die.

Ganget al. 24] performeda 3D computer simulations to determine the effects of the ram speed
and the billet temperature on the extrusion temperature and the peak extrasgmgd he ram

speed and the billet temperature are the primary process variables that determine the quality of
the extruded magnesium profile and the productivity of the extrusion operation. The optimization
of the extrusion process concerns the intgrglatween these two variables in relation to the

extrudate temperature and the peak extrusion pressure. The 3D computer simulations were
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performed to determine the effects of the ram speed and the billet temperature on the extrudate
temperature and the peaxtrusion pressure, thereby providing guidelines for the process
optimization and minimizing the number of trial extrusion runs needed for the process
optimization. A case study on the extrusion of an AZ3%hgped profile was conducted. The
correlations between the process variables and the response from the deformed material,
extrudate temperature and peak extrusmessurewere established from the 3D FEM
simulations and verified by the experiment. The research opens up a way to rational selection of

the process variables for ensured quality and maximum productivity of the magnesium extrusion

Chandaet al.[25] investigated the effect of process paramegnelyiso-speed and step wise
ram speed on extrusiguressure the thermal response of the wogkeand stress state of round
bar using computer simulation. They found that step wise ram speed decrease enables the

temperature to reach steagtate which corresponds nearly constant exit temperature.

Chandaet al.[26] performed the 3D FEM simulatioof extrusion of aluminum to determine the

state of stress, strain and the temperature of a commercial aluminum alloy going through square
and round dies. They found that at the same process conditions, the state of stress in the
aluminum alloy going thnagh a round die is more favorable than going through a square die,
especially at a high reduction ratio. The magnitude of the tensile stress component at the corners
of the square extrudate is much higher than at the surface of the round extrudate, akieish m

the square extrudate more tearing prone. Simulation also reveals that while temperature
evolution during the process is similar for both of the die shapes, temperature rise across the
section is prominent, especially at sharp corners of the squatelae. The magnitude of the

tensile stress component at the corners of the square extrudate is much higher than at the surface

of the round extrudate, which makes the square extrudate more tearing prone.
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Hu et al. [27] developed a thermmechanically copled elasteplastic FEM system based on
ANSYS software and the nite strain theofjey simulated the deep warm extrusion of a-thin
walled cup. The basic parameters for process development and die design such as the metal flow,
and the distribution of stsses, strains and temperature in the die and the workpiece, taking into
account conduction, convection, radiation and plastic work, the lo&unegcurve, and the

cause of failure on the punch, are obtained and analyzed. They found that simulaticagresult

with experimental results

Bouzakiset al.[28] simulatedthe flow of wet ground clay ram extrusion device and by a FEM
based model, considering the von Mises criterion for the flow stress, the associative flow rule
and the rigidlviscoplastic constittive equationThe friction between clay and die is approached

by the Tresca boundary condition, which proves a more realistic approach than the Coulomb
friction law for the contact conditions between a plastically deforming material and a rigid

surfacelt is found that no sticking areas appear on the mandrel surface.

Li et al.[29] presented a results from a series of pocket designs that were modelled using finite
element method (FEM) to systematically investigate the influence of the pocket design
paraneters on the metal flown extrusion die design, it has become increasingly common to use
00pocket 66 technol og yrhey siudidithel effatts ef pocketeangmartd a | fl
size on metal flow and it is shown that pocket angle plays an impadieninfluencing metal

flow velocity, whilst pocket volume has much less effect on velocity.

Penget al.[30] usal the commercial FEM code FORGES study the influence of the number
and the distribution of die holes on extrusion parameters. The flow rmatpgessure

requirements, and temperature histories developed are established and it is clearly shown by the
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FEM simulations that agreement with experimental results is obtainedy ®h&ined
metallurgicalbehavior(the substructure, recrystallised graime and the fraction recrystallised)

from these simulationg hey compared theesults withextrusion through a singleole die

Fanget al.[31] investigate the effect of steps in the die pocket on metal flow to produce two
chevron profiles with unequathicknesses through twhwole dies, by means of 3D FEM
simulation of extrusion in the transient state. They found that the pocket step could be effectively
used to balance metal flow. They demonstrate the 3D FEM to be a powerful tool in optimizing

die design and decreasing the number of trial extrusion runs.

Duanaet al. 32] explorel the complicated interactions between die design, forming parameters
(i.e. ram speed, container temperature, billet temperature and extrusion ratio) and the product
gualities (etrudate shape, surface condition and microstructure) by the use of finite element
modelling (FEM). The various models (such as recrystallisation, damage criteria, etc.) have been
integrated into the comancial codes, FORGE2 and FORGHE¥ough user routes Theyfound

that the use of an expansion chamber can significantly reduce the degreeumifaomity in

terms of the extruded product shape and properties. The character of the complex material flow

is also identifiable, which is very useful to hetpgrove die design.

Leeet al.[33] studied the effect ofbearing lendts for the control of materialdiv in the diein

hot extrusion. The usedthe threedimensional notsteady analysis using the thermgidi
viscoplastic elemennethod that includean automatic remeshing moduléwas found that the
design equation determined bearing lengths that resulted in a fairly uniform exit velocity
distribution throughout the extruded section. From the results of this study, it was found that the

proposed degnh equation can be efftively used to estimate appropriate bearing lengths.
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Chapter 3

Experimental Work

Introduction

In this chapter we are going to discuss about the experimental work which is consist of

determination of material properties for lead like flow strésstion factor etc and experimental
investigation for study of flow pattern of material using curve die.FEM simulation of extrusion

of square section from round billet with cosine and taper die are also discussed in this section.

3.1 Experimental Investigation
The whole experiment al i nvestigation were
machine (UTM), model UTQ.00 which can be used for conduction test in tension, compression

and transverse test of metals and other material. Maximum capachig afachine is of 1000

kN with measuring range between 0 to 1000 kN. The accuracy of measurement of the machine is

+1.0% kN Because load required for extrusion is of compressive type so, experiments were

conducted using compression test

3116 F1 E6 EI pivernsa Testinganaddine (UTM)

The UTM consists of three major parts

U Machine frame or Loading unit

U Hydraulic system
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U Electronic control panel

3.1.1.1 Machine frame or Loading unit

Machine frame and loading unit consist of two cross heads and one lower talés. cCess

head are adjustable by means of geared motor. Compression test is carried out between center
and lower table while tension test is carried out between center table and upper cross head.
Load is sensed by means of precision pressure transdusteaiofgauge type. Loading unit is

shown in Fig 3.1.

Figure 4. Machine frame

3.1.1.2Hydraulic System unit

Hydraulic system unit consists of motor pump unit with cylinder and piston. Safety valve is

provided for additional safety. Thwgydraulic system unit as shown in Fig
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Figure 5. Hydraulic system unit

3.1.1.3Electronic control unit

Electronic control unit @ntrol the process by controlling the input parameter like load rate,

strain rate, maximum load etc.

3.1.2 Selecton of the work-piece

The selection of material depends upon the properties of die material and load required for

deformation. Because load required for extrusion is very high so we had to select softer

materials, so we select lead as workpiece natef experimental investigationLead is a

highly dense, corrosion resistive and very soft ductile maté?alperties of lead in detail are

given in table 3.1 .The thermatoperties of lead ar@s shown

Table 1. Mechanical poperties of lead

Mechanical properties condition
Density 11300kg/nT | 298.15 K
Young6s Modul { 16000MPa
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Poisson Ratio 0.44

Thermal Expansion Coefient 29e6 298.15 K

Table 2. Thermal Properties

Thermal Properties condition
Melting point 600.61 K
Boiling point 2022.15K

Critical temperature | 5500 K

Heat capacity 130J/kgK 298.15 K

Thermal conductivity | 35.3W/m-K 300 K

3.1.3 Determination of material properties

In the present investigation pure Lead (99% pure) is used as work material. Different properties
of lead material like flow stress, friction factor etc are determined using different compression
method. These pperties are used in FEM simulation using DEFORDL In compression test,

a large amount of deformation can be achieved before fracture.

3.1.3.1Compression test

This is the simplest compression tests in which a cylinder compressed axially between smooth
platens.This gives the same yield stress at a tensile test with small strains when plates are well
lubricated. Frictional coefficient at the die face increases as the strain increase a specimen
spreads out. From compression test we flow stress of the materibk adetermined. A lead

solid cylinder with 30mm diameter and 50mm length is compressed between well lubricated
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smooth plates as well as in dry condition to determined friction coefficient in lubricated and dry
condition both. Due to flow of material dianeetincreases as length decreases. By turning
operation extra material removed to get initial diam&est is repeated three times and average

true stress vs. true strain graph is plotted

3.1.3.1.1Experimental Procedure

Pure lead cylinders with a 50mm x 30 mm (BElxwere taken to obtain the strestgain curve by

a compressiontestusiggF |l E6 El ectronic Universal -100atst i ng
room temperature. The compression rate is maintained same as that adapted for the experiments.
The specimen hasl@rooves on both the ends to entrap lubricant during the compression test.
The compression load is recorded at every 0.5 mm of punch ravel. After compressing the
specimen to about 10 mm it is taken out of the press. Compressed matenathieed to
cylindrical shape with original diameter, and tested in compression till the specimen is reduced
to another 10 mm. The stresain diagram was drawn. The average flow stress of the pure lead

is found to bet8.85N/mn?
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Flow Stress

49.31
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46.31
0.01596 0.01799 0.01995 0.02199 0.02399 0.02599

True Strain

Figure 6. Flow stress

3.1.3.2Measurement of Friction Factor

The local value of the friction cannot be easily determined. The coefficient of friction may
actually vary through a working pass, as the lubrication deteriorates due to thinning of the film
and extension of thegurface. Experimental studies suggests, however that this is negligible for
all well lubricated operations. There is at present no generally accepted method of measuring the
value of the coefficient of friction for given surface and lubricant. Varioumifacan influence
the result, chemical condition, lubricant film thickness, temperature, speed, environment and
degree of deformation should match as closely as possible the actual conditions of the operation.
The friction factor can be measured by thiéofeing methods.

9 Direct measurement of friction in metal working

1 Coefficients obtained from correlation of theory

1 Measurements depending upon shape change.
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3.1.3.2.1Ring Compression Test

If the coefficient of friction can be deduced from a change in shape, thestiess will not enter

the derivation, provided the material is homogeneous and there are no serious temperature
gradients. Such methods are generally suitable for rapidly strain hardening materials. Ring
compression test suggested by Kudo and Kungio deekloped by Cockcroft utilizes axial
compression of a ring between flat platens. When a flat, ring shaped specimen is upset in the
axial direction, the resulting shape change depends only on the amount of compression in the
thickness direction and the dtional conditions at the die ring interfaces. If the interfacial
friction were zero, the ring would deform in the same manner as a solid disk, with each element
flowing outwardradialfrom the center.

In case of small but finite interfacial friction, tlwaitside diameter is smaller than in the zero
friction case. If the friction exceeds a critical value, frictional resistance to outward flow
becomes so high that some of the ring material flows inward to the center. Measurements of the
inside diameters of anpressed rings provide a particularly sensitive means of studying
interfacial friction, because the inside diameter increases if the friction is low and decreases if the
friction is higher. The ring thickness is usually expressed in relation to the mstbeutside
diameters. Under the condition of maximum friction, the largest usable specimen height is
obtained with rings of dimensions in the ratio of 6:3:1 i.e. outer diameter: inner diameter: height.
For normal lubricated conditions, geometry of 6:84h be used to obtain results of sufficient
accuracy for most applications. The ring compression test can be used to measure the flow stress
under high strain practical forming conditions. Thus, by measuring the ratio of internal, external
diameters afteaxial compression of a ring of standard dimensions, it is possible to obtain a

measure of the friction.
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3.1.3.2.1.1 Experimental Procedure for ring test

A ring compression test was carried out at dry condition and commercially available grease
lubrication condition. Tie rings were compressed up to the 4 mm inner diameter, at each 0.5 mm
Of punch travel inner diameter and height was recorded. The friction factors were found to be
0.75 for dry condition and 0.38 for the lubricated condition by comparing our result heith t

calibration curve of Male and Cockcroft as shown in the fig. 3.3

|0 T 1  § T
INTERFACE FRICTION
70 — FactTor “@a ¥

Decreuse {n Infetncl Dismeter of ring (%)

Figure 7. Theoretical calibration curve for standard ring 6:3:2
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3.1.4 Different Parts of the Setup
Main part of the setup consist of the following parts
9 Die holder
1 Container or Extrusion chamber
1 Punch and supporting plate

1 Die plate

Figure 8. Different parts of die set

All the setup parts are made up of Mild steel with tensile strer820N/mn¥ and Hardness
100 BHN

Dies are manufactured split type for easy removal of the product. For present experimental
investigation of extrusion of square section from round billet split type of dies of three

reductionsb0%, 70% and 90% are used.
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3.1.5 Experimental procedure

Before starting the test the die sets, die holder and inside face of extrusion chamber were
cleaned. The two halves of the die set were then push fitted into die holder and total assembly
were secured by screwing four bolts. The full assembly was then pladcedweenthe base

pl at e and center table of OFI E®& EI e€lbOrinoni c
upside down position. It was done so that extrude product would get enough clearance, when it
comes out from the die. For carrying out an extnugest the pure lead specimen was placed
inside the extrusion chamber or container. The punchth&s inserted into its position. After
centering the apparatus under machine lower table, Macetmsestarted and extrusion process
was continued. Punch Idavasrecorded at every 1 mm movement of punch travel, which was
read from computer fitted to thdTM. The application of load was continued till it reaches the
steady state and up to certa@ngth of product comes out side. At this position Machine was
stopped and test was terminatdee die holder was then separated from extrusion chamber and
finally die halves with extrudegroduct were pushed out from die holder and extrusion chamber.
Experiments were conductddr three different reductions 50%, 70%da90% to get square
section product at two different experimental conditions (dry and lubricated) from round cross

sectionbillet.
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Figure 9. Extruded material with different reduction

3.1.6 Split Test
To sudy the flow pattern of the material during extrusion of square section from round billet

using nonrlinear converging dier different reductionsplittest was done

3.1.6.1Procedure of Split Test

Lead material round billet of 30mm diameter and 50mm lengthkisn as work material, the
work material is spited in to two parts along it diameter. A grid of 5mm x 5mm is made in to
inner surface of the slitted part. In fig 5 grid pattern is shown. Rubber band is put in to the grid
pattern to prevent material mixirgduring extrusion, because lead is a very soft ductile metal.
Now, both part are again join using araldite (gum) and clamp it for 48 hour so that both part

joined properly like single piece.

Figure 10.Splited work material with grid before extrusion

Extrusion is carried out in lubricated condition of split work material. The flow pattern is studied
for different percentage of reduction. Work material after extrusion with 50% reduction is shown
in fig 6. In fig 7 flow pattern of raterial with 70% reduction in area is shown. Fig 8 shows the

flow pattern of material with 90% reduction
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Figure 11 Flow pattern of material with 50% reduction

Figurel2. Flow pattern of material withOP6 reduction
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Figure 13 Flow pattern of material with 90% reduction
3.2 Finite element analysis
Finite element analysis modeling is done using DEFGEWersion 6.1(spl)DEFORM3D
is a Finite Element Method (FEM) based process sitinrl system designed to analyze various
forming and heat treatment processes. By simulating manufacturing processes on a computer,

this advanced tool allows designers and engineers to:

1 Reduce the need for costly shop floor trials and redesign of taatidgprocesses
1 Improve tool and die design to reduce production and material costs

1 Shorten lead time in bringing a new product to market

Unlike general purpose FEM codes, DEFORM s tailored for deformation modelling. A user
friendly graphical user inteate provides easy data preparation and analysis so engineers can

focus on forming, not on learning a cumbersome computer system.
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