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ABSTRACT: 

The study at considers Technical and monetary 

viability of an extrusion plant depends on the 

minimization of defects that result in product 

rejection. Attempts at improvement of extrusion 

satisfactory and productivity as a consequence 

translates straightaway into an evaluation of 

product defects Aluminum extrusion are 

maximum extensively and leading steel forming 

system finished in industries. There also trouble 

of various type of defects generated at some stage 

in extrusion. Every time realistic trial and errors 

experiments are time consuming, high-priced and 

no longer proven to discover effects of changing 

diverse parameters to growth productivity and 

reduce defects the extrusion load and pressure 

throughout the recent extrusion technique of 

6061 Aluminum Alloy by using Deform3D 

simulation. The impact of extrusion system 

parameters particularly, extrusion ratio, ram 

velocity,initial temperature of billet and cross 

segment of die on the responses extrusion load 

and strain were investigated. Some of the 

maximum substantial layout parameters such as 

coefficient of friction and heat transfer coefficient 

are taken into consideration. The geometries of 

the die, box, ram and billet were generated in 

CATIA and for analysis Deform-3D is used that's 

a FEM based simulation procedure. Layout is 

employed to simulate the experiments for every 

set of chosen extrusion variables via Finite 

Element Analysis solver. 

1. INTRODUCTION 

The extrusion manner is an attractive production 

method in enterprise due to its capacity to reap 

power and cloth savings, first-rate development 

and improvement of homogeneous houses at 

some point of the component Lightweight 

construction, specifically in the region of 

transportation engineering, is of growing 

importance despite decreasing numbers of pieces 

regarding the production lot. Also, the need for 

high energy profiles with low density becomes 

more and more important due to using area – 

body buildings within the car enterprise  But, this 

manufacturing method is pretty plenty complex 

and so the technique parameters must be 

cautiously selected so that the production 

pleasant preferred can be obtained. Therefore, 

researchers centered on the choice of best manner 

parameters and the outcomes of these parameters 
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on the extrusion load. A lot of experimental and 

numerical research had been realized FEM has 

become a effective technique to simulate metallic 

forming manner. Nowadays, the finite element 

numerical simulation now not best can describe 

exactly the metal glide process, but can also 

deliver the fixed values of diverse bodily fields, 

which is robust tool to perform the gold standard 

layout of technological parameters and to expect 

defects inside the deformation process. However, 

a whole lot of trial-and-error pc exams are 

required so one can observe the have an effect on 

of the numerous parameters at the forming 

procedure. If the most reliable design of the 

parameters is performed using FEM simplest, 

many calculations are required, which ends up in 

the waste of useful resource However, ANN may 

be used to select layout parameters and may 

considerably lessen the numerical simulation 

time. Therefore, ANNs have these days received 

popularity as a device for incorporating 

information in Intelligent Manufacturing System 

(IMS). But, there is nevertheless a loss of use 

ANN and other synthetic intelligence 

technologies in extrusion procedure. 

Extrusion Dies:  

Extrusion dies can be made to form a definitely 

limitless array of profiles and sizes. The price and 

lead instances for aluminum extrusion tooling are 

usually less than for the tooling required with the 

aid of vinyl extrusion, die casting, forming, roll 

forming, impact extrusion, stamping, or 

pultrusion. Several factors have an effect on the 

actual cost and lead time of a particular die. The 

quality aggregate of product overall performance, 

satisfactory, and cost is accomplished whilst the 

client, the product designer, the die vendor, and 

the extruder collaborate to increase the ultimate 

product. Details and design guidelines for 

extrusion dies and related tooling are supplied in 

the pages that comply with There are 3 simple 

varieties of extrusion dies: strong dies, semi 

hollow dies, and hole dies, which produce solid 

profiles, semi hole profiles and hole profiles 

respectively. Extrusion dies are essentially thick, 

circular metallic disks containing one or extra 

orifices of the desired profile. They are generally 

produced from H-13 tool metallic and heat-

treated to the preferred condition. In a regular 

extrusion operation, the extrusion die will be 

placed in the extrusion press together with several 

helping equipment. This gear, additionally 

crafted from hardened tool metal, is known as 

backers, bolsters and sub bolsters. The backer, 

bolster, and sub bolster offer guide for the die for 

the duration of the extrusion technique and 

contribute to improved tolerance controls and 

extrusion speeds. 

 

Figure: Definition and Principle of Extrusion 

A device stack for a hollow die is just like that 

used for a strong die. A hole die is a - piece 

production, one piece forming the inner of the 

hollow profile and the other piece forming the out 

of doors of the profile. It likewise calls for the use 

of extra aid tools. 

Solid Dies: 

 Solid dies are used to supply profiles that do not 

include any voids. Various types of strong dies 

are used, relying on the device and production 

philosophy of the extruder. Some choose to use 

flat-face style dies while others opt to use 

recessed pocket or weld plate style dies. A pocket 

die has a hollow space barely larger than the 

profile itself, about ½” to ¾” deep. This hollow 

space enables manipulate the metallic go with the 

flow and lets in the billets to be welded 

collectively to facilitate the use of a puller. Both 

pocket and weld-plate type dies offer for 

additional metal glide manage, as compared to 

that of the flat-face type die. 
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Figure: Solid Dies 

Hollow Dies: 

 A hollow die produces profiles with one or extra 

voids. The profile might be as easy as a tube with 

one void or as complicated as a profile with many 

detailed voids. The maximum common form of 

hole die is the porthole die, which includes a 

mandrel and cap segment; it can or won't have a 

backer. The mandrel, additionally called the core, 

generates the internal functions of the profile. The 

mandrel has  or more ports; the aluminum billet 

separates into each port and rejoins inside the 

weld chamber previous to coming into the 

bearing region. 

 

Figure: hallow dies 

The ports are separated by way of webs, 

additionally known as legs, which aid the center 

or mandrel segment The cap, which creates the 

external features of the profile, is assembled with 

the mandrel. The backer, while used, gives vital 

device assist and is right now adjoining to, and in 

direct touch with, the exit facet of the cap. 

Semi hollow Dies:  

A semi hole die is used to supply profiles having 

semi hole traits as described in Aluminum 

Standards and Data (posted by The Aluminum 

Association, Inc.). Briefly, a semi hollow profile 

partially encloses a void; however, a stable shape 

also might also in part enclose a void, and the 

distinction may not be obvious. The semi hole 

type derives from a mathematical assessment 

among the area of the partially-enclosed void and 

the mathematical square of the scale of the 

distance. This ratio is known as the tongue ratio. 

Depending at the tongue ratio semi hole dies can 

be constructed as flat, recessed pocket, weld 

plate, or porthole layout. Porthole dies are greater 

well-known in the manufacturing of semi hollow 

profiles. 

 

Figure: Semi hollow Dies 

Types of Extrusion: 

Direct extrusion (or Forward Extrusion) – Billet 

is positioned in a chamber and compelled via a 

die beginning by using a hydraulically pushed 

ram or urgent stem. Indirect Extrusion  

•Die actions closer to the billet Hydrostatic 

Extrusion 

•The billet is smaller in diameter that the 

chamber, that is full of a fluid and the pressure, is 

transmitted to the billet through a ram.  

Extrusion Process and Operation: 
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 Extrusion of plastics, like injection molding, is a 

incredibly simple idea, but the layout and 

application of extruders is a complicated subject 

 

Figure: Extrusion Process and Operation. 

Single screw: 

 In injection molding the motive of the screw 

extruder is absolutely to reap a soften, a devoted 

extrusion machine works at the identical precept 

but additionally have to blend, homogenize and 

soften the material. Higher again strain may be 

generated in unmarried screw extrusion machines 

in comparison to injection molding machines and 

the screws may be longer for better mixing. In 

mixture with the barrel, the reason of the screw is 

to transform strong fabric to the soften region, 

soften, and blend and pump material to the die in 

an green manner. The screw design and duration 

of screw will depend on the polymer being 

processed in addition to the utility. Increasing the 

potential by way of “pumping” more fabric thru 

the screw can be accomplished by growing the 

length of the screw and or flight depth, but this 

simplest enables to a point. For hard to soften 

substances or to increase soften homogeneity, a 

2nd or third flight may be introduced to a screw 

which will prevent unmelted cloth from 

achieving the die 

Mechanism of Flow: 

 As the plastic movements alongside the screw, it 

melts through the subsequent mechanism. 

Initially a thin movie of molten fabric is formed 

on the barrel walls. As the screw rotates it scrapes 

this film off and molten plastic actions down the 

the front face of the screw flight. When it reaches 

the middle of the screw it sweeps up once more, 

putting in a rotary motion in front of the leading 

fringe of the screw flight. Initially the screw flight 

carries stable granules however those tend to be 

swept into the molten pool through the rotary 

motion. As the screw rotates, the fabric passes 

similarly along the barrel and more and more 

stable fabric is swept into the molten pool until 

sooner or later most effective melted cloth exists 

among the screw flights. 

As the screw rotates within the barrel, the motion 

of the plastic alongside the screw is dependent on 

whether or not it adheres to the screw and barrel. 

In principle there are extremes. In one case the 

cloth sticks to the screw best and therefore the 

screw and cloth rotate as a solid cylinder inside 

the barrel. This might result in outputs and is 

certainly undesirable. In the second one case the 

cloth slips at the screw and has a high resistance 

to rotation in the barrel. This results in a basically 

axial movement of the soften and is the proper 

state of affairs. In practice the conduct is 

somewhere between those limits because the 

cloth adheres to each the screw and the barrel. 

The beneficial output from the extruder is the 

result of a drag goes with the flow due to the 

interaction of the rotating screw and desk bound 

barrel. This is equal to the glide of a viscous 

liquid between parallel plates while one plate is 

desk bound and the other is moving. 

Superimposed on that is a go with the flow due to 

the stress gradient that's constructed up alongside 

the screw. Since the excessive strain is on the quit 

of the extruder the stress float will reduce the 

output. In addition, the clearance among the 

screw flights and the barrel allows material to 

leak back alongside the screw and efficiently 

reduces the output. This leakage will be worse 

whilst the screw will become worn 

2. RESEARCH WORK 

T. Chanda, J. Zhou, J. Duszczyk [1] They 

obtained a 2nd order die profile curve which isn't 

always clean enough. However, in the 

contemporary paintings, the governing 

differential equation, the used algorithm and the 

method of quantitative evaluation of redundant 

paintings are ameliorated and consequently a 

vastly advanced die profile was acquired. Indeed, 

the main advantage of the proposed technique, 

apart from its simplicity, performance and 

capability to address numerous methods and 

material variables, is proven by the reality that the 
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impact of material work hardening can be 

thoroughly pondered. Validity of the proposed 

technique turned into established via undertaking 

experiments and FE simulation at the extrusion of 

aluminum thru the designed curved die and 

conical die. In order to examine the deformation 

homogeneity in extruded products Vickers micro 

hardness test become used. In addition, to 

evaluate the wear and tear conduct of dies, 

Archard put on model turned into hired. 

Kumar, S. And Prasad, S. K. [2] Performed 

finite element simulation of hot extrusion for 

copper-clad aluminum rod to expect the 

distributions of temperature, powerful pressure, 

and powerful pressure charge and imply stress for 

various sheath thickness, die go out diameter and 

die temperature and validated with experiments. 

‘Kumar and Prasad, 2004a’ have blended with a 

rigid plastic finite detail (RPFE) model for 

regular state axisymmetric hot extrusion with the 

upper certain version the usage of the 

cinematically admissible velocity discipline for 

layout of function based extrusion process have 

modeled the thermal FEM model of hot and 

bloodless extrusion blended with top bound detail 

approach have studied the finite-detail simulation 

of numerous copper extrusion procedures under 

the idea of isothermal procedure with  one-of-a-

kind frictional conditions. It is found that 

consequences of the FEM simulation using 

DEFORM software agreed properly with the 

experimental results. Have proposed combined 

higher-certain/slab technique to compare 8 

extraordinary die shapes, particularly, flow-

covered (1/3 and fourth- order polynomial, cosine 

and modified elliptical, hyperbolic, conical and  

additionally offered the mixed top sure 

method/FEM to examine four special die shapes, 

specifically, stream-covered, cosine, hyperbolic 

and conical. 

Tella Babu Rao, A.Gopala Krishna [3] It is 

becoming an increasing number of vital to predict 

the precise conduct of cold forging die during the 

forging procedure and it is also important to 

optimize the die design for its durability and to 

lessen the production price of the die. 

Optimization of cold forging die layout is needed 

to lessen the manufacturing cost of die as well as 

the cast part and also to increase the accuracy of 

the die and the solid element. Since the past few 

years computer aided engineering (CAE) 

techniques were broadly used for research in 

metal forming. Amongst them finite element 

analyses (FEA) have been substantially a success 

to offer the understanding of steel flow and die 

stresses for different forming methods. The 

present work is a assessment of the existing die 

layout strategies which are used in forging 

process to decorate the die layout and to optimize 

die layout manner which will enhance the overall 

performance of die. In cold forging the die will 

under go high loads, consequently it's miles 

important to recognise Fatigue behavior and 

Fatigue Failure of the die whilst it's been 

underneath cross cyclic loading. The observe 

grow to be with future challenges of the die layout 

and its processes, the tactics adopted to develop 

an most desirable gadget that can fulfill the 

purchaser demand. 

3. METHODOLOGY 

Economic requirements and development of new 

alloys have compelled the manufacturing 

industries to modify their conventional 

manufacturing technology. The extrusion 

technology is not an exception to this rule and 

needs essential changes. One of these changes is 

modification of the geometrical shape of 

extrusion die profileDie profile has a great impact 

on steel drift traits, final product microstructure, 

productiveness and die lifestyles. 

Conventionally, the extrusion method is done the 

usage of either flat face or conical dies. In these 

dies the flowing material is subjected to abrupt 

modifications in speed and cross phase. Hence, 

they suffer from many drawbacks such as 

formation of lifeless metal area, greater 

redundant work and consequently need better 

potential presses. However, it's miles feasible to 

triumph over these troubles by means of the use 

of an choicest layout. Furthermore, the level of 

die put on can be minimized and therefore longer 

die existence may be executed. In the beyond, 

because of the issue of manufacturing curved 

dies, conical dies were the desired choice. 

Nevertheless, nowadays with the appearance of 

computer numerical control (CNC) machines, 

and for this reason, the convenience of producing 

of complex die shapes, many researchers have 
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become encouraged to broaden various 

techniques to design curved die profiles for the 

forward rod extrusion method. A breakthrough in 

the die design methodology happened inside the 

paintings of Richmond and They designed best 

aircraft stress dies the use of slip-line theory 

under the idea of no work hardening material and 

frictionless die that produced no redundant strain. 

Their consequences brought on interest in an 

research into introducing new die sorts for metal 

extrusion, and justification for studies in terms of 

extrusion die design. 

Finite Element Simulation of Extrusion Process 

The die set (tool) has been designed and has been 

modeled and its wide variety of finite element 

simulations had been performed with diverse 

method parameters along with coefficient of 

friction, punch pace, die angle. The industrial 

finite detail code, has been used to carry out the 

simulation. The version geometry is axi-

symmetric in nature so most effective one half of 

the component has been simulated. The version, 

which includes a inflexible die and a deformable 

blank, has been shown in Figure 

 

Figure: 3.1 symmetric model geometry of 

extrusion process 

The diameter of the cylindrical clean is 20 mm 

and the height is 30 mm. The clean is 

manufactured from aluminum alloy AA5154 and 

its young’s modulus is 70.7 GPa; the Poisson’s 

ratio 0.33; the density is 2660 kg/m3. In this 

examine, the radius of the clean has been reduced 

60% by way of the extrusion technique. The clean 

is confined on the axis of symmetry within the r-

direction. Radial growth of the blank is prevented 

by touch among it and the die. In penalty and 

kinematics contact formulations were used within 

the definition of touch interactions. In the first 

step of the answer, the clean (the aluminum rod) 

has been moved to a role wherein touch is 

installed and slipping of the work piece in 

opposition to the die begins. In the second one 

step, the rod has been extruded thru the die to 

recognize the extrusion procedure. This has been 

completed by way of prescribing a constant speed 

for the nodes along the bottom of the rod. Un 

deformed configuration of the version earlier than 

extrusion and deformation of the paintings piece 

after extrusion have been proven in Figure The 

process is finished at room temperature. The 

solution has been repeated for extraordinary 

values of the technique parameters along with 

punch speed, coefficient of friction and die 

perspective and so a number of simulations have 

been realized and received one of a kind effects 

EXPERIMENTAL STUDY: 

A collection of experiments for equipment-like 

extrusion with the aid of distinctive 

manufacturing strategies were executed to be able 

to obtain the highest quality die floor design and 

evaluate the measured experimental loads values 

with the ones calculated from UB analysis and 

FEM. Firstly an extrusion container with inner 

diameter of 28.2 mm having an outer diameter of 

fifty five mm and a punch of 28.2 mm have been 

machined. The die inlet geometries for forward 

extrusion were chosen cosine curved and 

instantly tapered and the length of the dies have 

been L = 15 mm and L = 20 mm in line with the 

literature Schematic representation of the forward 

extrusion dies are given in Figs. 3a and 3b and the 

die meeting for lateral extrusion are given in The 

dies were designed in flexible way and each the 

ahead extrusion experiments and also the lateral 

extrusion experiments had been finished with 

comparable arrangement. For the lateral 

extrusion experiments the go out geometry given 

were machined on a die having a height of 15 

mm. Dies had been machined at CNC because of 

geometrical complexity. Dies, boxes and the 

punches have been made from 1.2344 DIN warm 

worked tools metal and hardened to 54 HRC. 

Photographical view of the dies and the 

experimental set-up are shown respectively. Al 

1070 used as experimental fabric for research. 

For the forward extrusion aluminum specimens 

had been cut from the bar and machined to 

twenty-eight mm diameter and 45 mm in period. 

For the lateral extrusion the initial diameter of 

specimens changed into 10 mm, which is thought 
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to be the addendum circle of the gear. Simple 

compression test turned into done to obtained 

 

Figure: Detailed view of lateral extrusion zones. 

DESIGN PROCEDURE OF OPTIMAL DIE 

PROFILE: 

Incremental slab method: In order to estimate 

the extrusion strain in a curved die, incremental 

slab method provided through used. In this 

approach, deformation zone is 

compartmentalized to a precise range of slabs, 

every of which can be taken into consideration as 

a small conical die. By studying every slab in my 

view, the desired stress to extrude the billet thru 

curved die may be acquired. In other phrases, slab 

approach of evaluation is reformulated in an 

incremental shape. The detailed analysis is 

supplied similarly on. It is well worth mentioning 

that in bloodless extrusion strategies, temperature 

variation in paintings piece is negligible and this 

obviates the want for warmth transfer analysis. 

Extrusion pressure in each slab: 

 Extrusion strain equation in each slab can be 

derived via making a pressure balance on a 

differentially thick “round” slab of fabric at 

deformation sector It must be stated that the 

curved surfaces of this slab are geometrically 

round. Have derived the average drawing 

pressure for twine drawing method via using this 

kind of slab In the existing paintings by using 

applying suitable boundary situations for 

extrusion technique, differential equation 

acquired from pressure balance on this slab is 

solved and an equation for estimation of 

extrusion pressure in every slab is derived. Using 

this type of slab for calculating extrusion strain 

could dispose of the want to apply simplified 

assumption, which may additionally cause 

mistakes accumulation in consequences. In the 

case of the usage of “plane slab” at the beginning 

advanced by necessarily it's far assumed that the 

created shear strain at the slab surface will not 

provide any trade inside the important pressure 

guidelines It is crucial to realise that this 

assumption turns into unrealistic and step by step 

worse in high semi-die angles and high friction 

coefficients. 

 

Figure: Schematic illustration of the spherical 

slab and stress field 

To consider the effect of cloth work hardening in 

slab analysis, a linear paintings hardening 

relation is used. Integrating this relation in fixing 

the differential equation derived from the force 

stability would then permit one to calculate the 

glide strain of material in any point and keep 

away from the errors caused by taking a constant 

or mean drift pressure. Other mathematical 

expressions for the flow curve can bring about 

great mathematical complexity when they're used 

with the force stability equation and may be a 

hindrance solving the equation analytically. It is 

really worth noting that the belief of linear work 

hardening in this analysis isn't a long way from 

truth, considering inside the situations of 

imposing rather large compressive traces, fabric 

work hardening famous a linear behavior as an 

alternative of having strength-regulation versions 

The cited conduct is given by way of the 

following equation: 

 

Wherein h and zero denote slope and ordinate of 

the road which passes thru the pseudo-linear a 

part of authentic stress-pressure curve 

respectively.  is the modern true strain and can 

be calculated in spherical coordinate gadget as 

follows: 

 

in which 0r is the radial distance between die 

entrance and die apex and r is current radial 
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distance of each point in deformation zone from 

die apex. It should be noticed that r varies from r0 

to rf Summing all the corresponding component 

of forces in the x-direction (extrusion Route) over 

the above-referred to spherical slab results in The 

mentioned algorithm the use of an iterative 

manner, normally by deliberating the bilateral 

results of redundant work and friction in 

extrusion pressure and balancing among them, 

calculates the premiere perspective and period of 

every slab. In different phrases, extrusion 

pressure in every slab is computed and in 

comparison for all semi-die angles from zero° to 

ninety°. Then, based totally on this assessment, 

an top-quality attitude which results in minimal 

extrusion strain is used as an foremost slab 

perspective. Therefore, the coordinates of 

number one and ending factors of each slab are 

decided after strolling the set of rules. The output 

of the iterative algorithm is a hard and fast of 

factors which indicate the start and cease of every 

slab on a 2-dimentional r-x aircraft. By fitting the 

factors in a polynomial, the curved die profile is 

obtained 

It need to be cited that using better order 

polynomials for curve-fitting have a trifling 

impact at the accuracy of geared up curve. The 

most efficient die profile is depicted in Figure It 

is seen that the resulted greatest die profile has 

continuous first derivatives at the die inlet and 

exit, causing the profile to be smoothly merged 

with the box on the inlet and with the die land on 

the go out. This feature targets to avoid any 

abrupt adjustments in pace and cross section of 

flowing fabric at the same time as passing 

through deformation area. 

 

Figure: Partially extruded products in different 

die profiles: (a) curved die, (b) conical die 

Vickers micro hardness checks were used for 

evaluation of mechanical belongings changes and 

its homogeneity. Samples have been reduce from 

each extruded product and measurements were 

carried out alongside the product diameters in 

two optionally perpendicular instructions with an 

incremental step of about zero.5 mm. The 

hardness tests had been accomplished by means 

of applying one hundred gf load with charge of 

five 1 gs and 15 s dwell time. Regarding the 

work hardening saturation in distinctly-deformed 

material, the hardness gradient can't constitute 

stress gradient. Hence, before appearing the 

micro hardness checks, specimens were partially 

annealed at 200 C for 20 minutes. This become 

done in order to deliver the desired energy for 

restoration phenomena and consequently 

transformation of cell structure partitions into 

grain barriers which results in lots finer grain 

length. It is really worth noting that the rate of 

growth in grain boundary density because of 

partial restoration is primary over the dislocation 

annihilation at low temperature annealing, 

resulting in an boom in hardness. 

The experimental set-up for the present 

investigation became shown in Fig.. The 

equipment in particular includes four elements, 

specifically, the field having a spherical extrusion 

chamber, the extruding punch, the die holder, and 

the helping block for the die holder. The sectional 

view of experimental set-up is The photograph of 

the assembled set-up is proven in Fig. Basically 

all parts are made up of low and medium carbon 

steel. The photos of the character elements which 

includes the box, die holder, punch and the die 

block are shown in Fig. The apparatus consists of 

4 components, particularly, i) the field having a 

round extrusion chamber, ii) the extruding punch, 

iii) the die holder, and iv) the supporting block for 

die holder. The box (130mmФ, one hundred ten 

mm long) having the extrusion chamber (30mm 

Ф, 110mm lengthy) is made from a round block 

(150mm long, 140mm Ф ) of solid medium 

carbon steel. A 48mm Ф hole is made on the 

middle floor of the block to deal with the die 

which is kept in the die holder of simple push fit 

kind.. The die holder is crafted from medium 

carbon metal spherical block by using shaping. 

During the extrusion method very excessive 

everyday stress is exerted at the chamber wall 

resulting in an growth in its move-sectional place. 

In the present installation that is avoided via 

making the field a single block. The extrusion 

Pramana Research Journal

Volume 9, Issue 6, 2019

ISSN NO: 2249-2976

https://pramanaresearch.org1712



chamber and the die holder are mounted together 

rigidly by using four allen exceptional bolts (M8 

Ф). The extrusion punch (30mm Ф x155mm) is 

fabricated from EN31. A plate (160mm Ф, 20mm 

thick) is screwed on the pinnacle end. The 

pinnacle face of the spherical plate and the lowest 

face of the punch are made parallel. 

 

 

Figure: The experimental set-up mounted on 

UTM for extrusion  

 

Figure: Sectional view of the experimental 

set-up 

 

Figure: The assembly of the experimental set-up 

 

Figure: Parts of the experiment setup 

ANN Modeling of Extrusion Process: 

Neural Networks are famous and there are 

numerous business conditions in which they can 

be usefully implemented. They are appropriate 

for modeling diverse manufacturing feature due 

to their capability to study complex nonlinear and 

multivariable relationships among technique 

parameters. In this take a look at, ANN has been 

used as an alternative way for the modeling of 

extrusion procedure. A feed ahead multilayered 

Neural Network has advanced and educated using 

the results of finite element simulation. A multi – 

layer notion (MLP) is a feed ahead community 

such as neurons in an input layer, one or more 

hidden layers and an output layer. The distinct 

layers are fully interconnected such that every 

neuron in a single layer is hooked up to all 

neurons within the subsequent layer. However, 

connections between the neurons within the 

identical layer and feedback connections are not 

allowed. The enter layer, which is likewise 

known as the “buffer” layer, performs no 

information processing. Each of its neurons has 

only one enter, and it really transmits the cost at 

its enter to its output. 

 

Figure: structure of an artificial neuron 

Actual information processing is finished with 

the aid of the neurons inside the hidden and 

output layers. Transmitted unidirectional from 

the input layer via the hidden layers to the output 

layer Information is saved within the inter–

neuron connections. Learning includes adapting 

the strengths (or weights) of the connections in 

order that the community produces favored 

output patterns corresponding to given input 

styles. In different word, we can educate a neural 

community to perform a particular feature by way 

of adjusting the values of the connections 

(weights) between neurons. As every input is 

applied to the community, the network output is 

as compared to the target. The errors is calculated 

as the distinction between the target output and 

the network output. We need to limit the average 

of the sum of these errors. Each hidden or output 
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neuron receives some of weighted input alerts 

from every of the units of the previous layer and 

generates handiest one output cost.  

Here, the scalar enter (xi) is transmitted through 

a connection that multiplies its strength with the 

aid of the scalar weight (w), to shape the product 

(wx), once more a scalar. The inputs to the neuron 

can be from the actual surroundings or from the 

opposite neurons. Its output may be fed into other 

neurons or at once into environment. Also, this 

neuron has a scalar bias (bj), the output (yi) is 

produced by means of activation function and the 

community is skilled by means of adjusting 

weights (w) and bias (b) to gain preferred cease. 

The weights of the community is iteratively 

adjusted to seize the connection among the input 

and output styles. In this take a look at, sort of 

again – propagation is Scaled Conjugate Gradient 

algorithm and activation feature is sigmoidal 

characteristic. The weights are given quasi-

random for initial values and then are iteratively 

up to date unit they converge to the sure values 

the use of the educate set of rules. The neural 

network architecture has been proven in The wide 

variety of neurons in enter and output layers is 

primarily based on the geometry of the trouble. 

So the enter layer which receives the sample to be 

identified has three neurons. The output layer, 

which methods extracted features to reap the 

sample magnificence, has one neuron. However, 

there's no wellknown rule for selection of the 

range of neurons in a hidden layer and the 

quantity of hidden layers 

 

Figure: architecture of multi-layer perception 

(MLP) neural network 

The expected values of the extrusion loads were 

obtained by using numerous neural network 

structures. The neurons in the enter layer have 

team spirit activation (or transfer function). That 

is, they in reality transmit the (scaled) values of 

the sample factors directly to the hidden layer. 

The processing with the aid of the neurons inside 

the hidden and output layers is implemented with 

semi linear (sigmoid) activation capabilities. 

Input to the community had been non-stop and 

within the range 0–1. The network output is also 

continuous and in the identical variety. The 

returned – propagation studying set of rules has 

been utilized in feed – ahead. The kind of back – 

propagation is scaled conjugate gradient 

algorithm and activation feature is sigmoidal 

feature. The extrusion load has been taken as the 

output neuron even as the die perspective, the 

punch speed and the coefficient of friction are the 

factors of the enter layer in ANN architecture. 

Some of the simulation statistics acquired for 

direct extrusion with the finite detail version had 

been used to train the network. In other phrases, 

the FEM – based models offer the wanted records 

for ANN and the community version is skilled by 

some of the numerical simulation consequences. 

The model has been tested by using the usage of 

the relaxation numerical simulation effects and 

the available comparable literatures It has been 

seen that the ANN effects are close to the 

simulation and the experimental outcomes and so 

the ANN model has been demonstrated. Now, all 

that we want is to use the ANN version. The 

extrusion hundreds similar to the method 

parameters may be easily expected before the 

operation. The neural community has been 

skilled with one of a kind iteration variety by 

using the use of scaled conjugate gradient set of 

rules. The sum – squared mistakes lower with 

increasing new release numbers till 2500 

iterations. But, after this point, it remains steady. 

In different word, even though the schooling 

continues and the iteration variety boom, there 

isn’t any trade within the errors. On the other 

hand, the fee of the error attained at 2500 new 

release is sufficient for the decide mistakes 

criterion. Both the iteration number and the 

mistake criterion are collectively taken into 

consideration and so a tribulation – and –mistakes 

system is used. The education of the algorithm is 

stopped at 2500 new release. The mastering 

degree of ANN for extrusion masses have been 

proven in figure after then ANN is examined for 

accuracy via the usage of the analysis effects 

decided on from the finite detail simulation which 

haven’t been used for learning methods. The 

effects of the take a look at for extrusion load 
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were shown in figure It can be visible that during 

maximum instances the neural network 

prediction could be very near the simulation 

values. The have a look at has found out that the 

predictions the use of ANN have greater correct 

consequences. The take a look at shows that 

friction coefficient is a dominant parameter and it 

plays a completely vital function on the extrusion 

load. 

 

Figure: Learning level of ANN for extrusion 

loads 

 

Figure: test for extrusion loads 

FINITE ELEMENT ANALYSIS: 

The procedure in each curved and conical dies 

The curved die geometric model turned into built 

the usage of CAD software program and it be-

come then imported to the FEM software 

program. Due to the symmetrical traits of 

problem, dimensional axisymmetric models have 

been used for FE analyses. Geometric dimensions 

and mechanical residences of specimens in the 

simulation have been similar to the ones of the 

test, making it possible to examine the simulation 

effects with those received experimentally. A 

Young’s modulus of 70 GPa and a Poisson’s ratio 

of 0.33 had been used for the fabric. The drift 

curve of material additionally becomes specified 

in phase 2 as actual cloth paintings hardening. In 

every case, the work piece is discretized via 4-

node bilinear axisymmetric quadrilateral, 

decreased integration with hourglass manage 

elements (CAX4R). Reduced integration feature 

decreases the quantity of CPU-time necessary for 

analysis of the version, and it typically gives 

greater correct outcomes. The field, the die and 

the punch have been taken into consideration as 

rigid our bodies and as a result did now not 

require meshing. The die version is completely 

limited with the aid of applying displacement 

boundary situation on its nodes, at the same time 

as the punch model is loaded by way of 

specifying displacement within the axial course. 

The symmetrical boundary circumstance also 

imposed to the nodes of symmetry axis so as to 

arrest the displacement inside the radial path. The 

friction factor (m) on the die-sample interface 

turned into decided using barrel compression take 

a look at  Considering the lubrication situation, 

the price of 0.1 turned into acquired from this take 

a look at. In order to use this value in simulation, 

it turned into converted to friction coefficient  

 zero.03by the usage of the following equation  

To make a contrast with the evolved curved die 

and to assess the effectiveness of the proposed 

technique, an choicest conical die became taken 

into consideration. Accordingly, the general 

cause finite detail code, became used to simulate 

and inspect traits of deformation in extrusion 

 

Figure: (a) Configuration of curved die profile. 

(b) Configuration of conical die profile. (c) 

Initial mesh of the billet for FEA study 

By diverse the huge range of factors, it became 

discovered that the six hundred elements for 

initial deformable billet would be sufficient to 

gather a dependable stress distribution and nearly 

mesh-independent answer. This is because of the 

truth the pressure developed in the work piece 

depends predominantly on mesh length The 

geometry of each curved and closing conical die 

profiles are shown in respectively, collectively 

with initial FE mesh used inside the simulation 
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4. CONCLUSION 

The results of Finite Element Simulation can be 

much the same with actual extrusion process if 

the model is perfect and mesh can be selected as 

sufficient fine. So, we can observe maximum 

stress regions and can determine damage 

conditions. The solution time of ANN is very 

shorter than FEM and the extrusion load can be 

easily obtained according to process parameters. 

The solution of ANN spends only five minutes 

While FEM maintains 60 mins for one extrusion 

answer.  To decide the highest quality procedure 

parameters correspond to the minimum extrusion 

load is feasible the use of collectively ANN 

version and optimization. It is expected that using 

synthetic intelligence technologies may be open 

up new avenues for the manage of the extrusion 

manner. Future paintings will cognizance on to 

extent this examine with the aid of using more 

process parameters and the model offered in this 

paper could be demonstrated with the aid of 

evaluating the numerical effects with 

experimental measurements received beneath 

equal extrusion situations. In the provided 

observe designated experimental and theoretical 

investigations had been carried out to gain most 

desirable forming system in terms of lowest load 

necessities of equipment-like shape. This has 

been performed for the two forming process: 

lateral extrusion and forward extrusion. Besides, 

further to the experimental work, the method has 

also been analyzed by top sure method and 

simulated via using DEFORM-3-d and they had 

been compared to every other. 

The performance of polygonal and Bezier die 

profile is sort of equal  

(ii) The polynomial and Bezier die profiles are 

superior to cosine, circular, elliptic and 

hyperbolic die profiles. But in very low friction, 

the cosine die is found to be the first-rate. 

 (iii) The effect of friction is extra foremost in 

high reduction.  

(iv) The internal work of deformation is 

insensitive to the friction at the die-billet interface 

(v) The extrusion pressure will increase with 

boom in reduction and friction element, however 

most advantageous die period will increase with 

boom in discount and decreases with increase in 

friction. 
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