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 Abstract- Recently, extrusion processes have been used to make a wide range of metal products, including bars and tubes and 

strips and solid and hollow profiles, that are usually long, straight, semi-finished metal products. In order to govern the 

extrusion parameters, it is also critical to understand the history of the process reactions. Prior to the experimentation, a finite 

element analysis of extrusion was used to predict the performance.Friction between the die and the blank can have a 

significant impact on numerous process parameters during extrusion. It is preferable to run the lathe at a modest pace to avoid 

overheating the blank owing to friction and distortion. It causes the blank to heat up too quickly. Inefficient use of memory 

resources results in higher operating costs and a longer time to complete tasks. A review has been done on optimization of 

process parameters in extrusion of aluminium alloy. 
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I. INTRODUCTION 

 
Forming is the procedures wherein the intended shape and 

size are attained by the plastic deformation of a material. 

The stresses created during forming process are higher 

than that of the yield strength, which is less than the 

fracture strength of the material [1-2]. Metal Forming 
processes such as forging, Rolling, Drawing etc. are 

capable of delivering great productivity comparison to 

other metal working techniques. Metal forming is among 

the most significant procedure in manufacture of a vast 

variety of items. Metal forming or metal working process 

are separated into two components; Bulk forming and 

sheet metal forming. The Bulk shaping refers to operations 

like Forging, Rolling, Extrusion etc. and there is a 

controlled plastic flow of material into appropriate forms. 

Materials can be deformed in both cold and hot working, 

depending on how far below or above the recrystallization 

point the material being deformed. Wound-working, on 
the other hand, is the deformation of a material at such a 

recrystallization temperature. 

 

Due to work hardening, cold-worked items will be much 

more durable than hot-worked products. Because there is 

no shrinking in the cold working process, more accurate 

items with superior dimensional precision may be created. 

Cold working is uneconomical for hard and brittle 

materials because of the increased load they would 

experience during the process. Material losses can be 

reduced or minimised by metal forming activities. 
Analysis of stresses there in metal forming process is 

critical to understanding plasticity.Generally, the forces 

and deformation were fairly complicated. Simpler 

assumptions are often helpful in finding a solution.  

 

Because of the enormous strains involved in plastic  

deformation, elastic strains need not be taken into account 

and only plastic strains need to be considered (rigid-

plastic region). Also overlooked is strain hardening. 

“Metal working process analysis is used mostly to 

determine the forces necessary for the a specific 

deformation and indeed the ability to accurately measure 

strain, stress, and velocity at every point in the 

deformation area of the billet or work piece.” In the 

selection or design of equipment for a certain task, the 
calculations are helpful. If the deformation zone was 

homogenous, this approach assumes so. In the 

deformation zone, a square lattice could distort into four-

sided parts. When it comes to building strength, this is the 

simplest and most generally utilised strategy. There is an 

inhomogeneity owing to friction that is calculated, but it 

does not take into account the inhomogeneity at the die-

work piece interface and transverse stress. Through the 

use of plastic deformation work, it determines the mean 

forming stress. 

 

II.SLIP LINE FIELD THEORY 
 

Predicated on the assumption that every general condition 

of stress in plain strain consists of pure shear and 

hydrostatic pressure, this technique adopts or assumes the 

nonhomogeneous deformation. The slip line seems to be a 

two-dimensional vector diagram element that represents 
the highest shear stress deviated from the slip direction at 

any given location. Lines crossing across one other at right 

angles are always referred to as "slip lines." Trial and error 

is used to build it. That used a statistically acceptable field 

that meets the stress equilibrium and yield requirement, 

lower bound solutions are always smaller than the actual 

deformation power. Lower bound solutions are ones that 
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produce lower total power values than the real one. The 

stress tensor design is the initial stage here, and it's a lot 
more difficult to see. There has been less progress since it 

is more difficult to investigate. There are less restrictions 

on the lower bound, and the following conditions need not 

be met [2-3]. Only the equilibrium equation, yield criteria, 

and statistical boundary requirements need to be satisfied, 

therefore there is no need to preserve compatibility or to 

meet stress-strain relations or geometrical boundary 

conditions. Considering the limited capacity to handle 

mathematics in its most universal form, the presumed 

stress field, i.e. velocity field, is never of these kind of 

universal form as to include all permissible fields[12]. 

 

III.FINITE ELEMENT ANALYSIS 
 

Extending matrix techniques to include continuum 

structures, finite-element methods are known as finite-

element analysis. Mathematical models with finite or 

restricted unknowns may be used to replace the structure 
i.e. the range with infinite or limitless unknowns, which 

would be the primary notion behind this technique. Using 

this technology, structures with complicated geometrical 

features and loading conditions may be precisely analysed. 

By adopting a mathematical model of discrete 

components, the finite element approach is able to 

discretize and idealise a structure or a continuum. These 

"finite" pieces are supposed to be connected only at the 

points where they meet, which are referred to as "nodes." 

Nodes and their derivatives are used to pick simple 

functions such as polynomials in order to mimic variations 

in real displacements over a finite element. To determine 
the performance of each component individually and 

subsequently as a group of these components, the 

responses of these components are compared to the 

responses of the nodes in such a way as to ensure that the 

following basic requirements are met at each node [11]. 

“To discover displacements at the nodes, which are the 

fundamental unknowns of the finite element technique, we 

first find these equations and then modify them using the 

aforementioned condition.”  

 

A large number of calculations, most of which are 
repeated, are involved in the finite element approach. As a 

result, computer programmers and researchers can benefit 

from this approach. Programming on electrical digital 

computers may readily solve these issues. The usage of 

finite element computer programmes has grown more 

widespread, easier to use, and capable of producing high-

quality images. Even the most ineffective user can come 

up with a solution. Finite element findings are hard to 

reject because of the time and work it takes to obtain them, 

as well as the presentation's gloss. Even a lousy model 

may yield stress lines that are smooth and colourful. 

Perhaps the maximum finite element analyses are so faulty 
that they cannot be relied upon? Even if the mesh is bad, 

the element type is wrong, the loads are incorrect, or the 

supports are incorrect, causal examination can still provide 

findings that look acceptable. The problem's physical 

nature and the finite element's behaviour must be well 
understood by a competent user in order to build an 

appropriate model and assess the quality of the 

findings[12]. 

 

4. Extrusion 

Extrusion is a common metal forming method that goes 

back to the 18th century, making it one of the oldest. 

When a billet (work piece) is placed in the container, the 

punch presses the metal into a die with an aperture, which 

causes the metal to flow. As part of the extrusion process, 

a billet being placed in a sealed chamber for further 

processing. As the capacity of the chamber is decreased by 
the ram pushing it, the extra material escapes via a hole in 

the chamber (punch). The material that has escaped does 

have a cross section that matches the aperture exactly. 

Extrusion is a common method for creating hollow tubes 

or bars that are cylindrical in shape.  

 

This method, which makes use of dies with intricate 

geometries, also yields a wide variety of irregular cross 

sections. The procedure provides a high degree of 

precision and stiffness, making it one of the fastest-

growing ways of metalworking. More force is needed in 
the extrusion process. When the metal's deformation 

resistance is low, most metals are extruded hot. The 

commercial importance of cold extrusion, on the other 

hand, means that it is now a viable alternative for many 

metals. The strong compressive stress caused by the 

interaction of the workstation with the container and the 

die lowers the risk of cracking during primary breakdown 

from ingot. “Stainless steel, nickel, nickel-based alloys, 

and other high-temperature metals are some of the metals 

that benefit from extrusion's commercialization.”Figure 

1.1 depicts the compression deformation of a billet block 

via a die aperture with a decreased cross-sectional area. 
 

 

 

 

 

 

 

 

 

 

Fig. 1: Principal of extrusion process. 
 

Extrusion is comparable to squeezing toothpaste down a 

tube, however other cold extrusion methods more closely 

resemble forging, which likewise deforms metals by 

applying compressive pressures to them. For high-strength 

alloys, extrusion may not be an option because of the cost 

[13]. Direct, hot extrusion is the most used method for 

making extruded forms. Heating a piece of metal and then 

compressing it would be the method used to make this 

product. These different terms refer to the extrusion of 
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cold metal, which can be referred to as a cold pressing, 

cold forging, cold impact forging, or extrusion pressing. In 
the steel fabrication business, cold extrusion is becoming 

increasingly popular, while it is commonly employed in 

the nonferrous industry. Cold extrusion has a number of 

benefits over hot extrusion, including increased strength 

due to strain hardening, excellent surface polish, 

dimensional precision, and cost-effectiveness [14]. 

 

IV. REVIEW ON PREVIOUS STUDIES 

 
Chahare and Inamdar (2017) s/n ratio analysis and 

Taguchi design of experiments were used to examine the 

experimental data and determine the optimal process 

parameters. Experiments to establish the response variable 

utilised three variables, each with three levels (billet pre-
heating temperature, container temperature, & ram speed) 

(feature angularity).  

 

Chahare and Inamdar (2016) investigates the effects of 

several aluminium alloys' extrusion process factors on a 

wide range of publications. Focused attention is paid to 

direct hot extrusion in the Paper. 

 

Ramya and Sreedevi (2016) Deform-3D simulation may 

be used to estimate the hot extrusion load and stress on 

6061 Aluminum Alloy during the extrusion process. 
Extrusion process characteristics, including as the 

extrusion ratio, ram speed, billet beginning temperature, 

and die cross section, was studied for their effects on the 

reactions to extrusion load and stress. 

 

Arif and Sheikh (2016) Extrusion of aluminium alloy Al 

6063 was researched for the influence of process factors 

on metal flow and the dead metal zone. Four different 

speeds of extrusion were used. ANSYS and ANSYS-

LSDYNA, commercial finite element software, were used 

to investigate numerically the effects of changes in critical 

extrusion parameters. They came to the conclusion that 
when the extrusion ratio increased and the extrusion 

pressure increased, a narrow dead metal zone was detected 

at higher ram speeds. 

 

Sirsgi (2015)optimised all of the variables. Numerical 

Analysis is used to investigate various parameters in other 

materials. In this review study, Al6061, Al6063, and 

Al7075 materials there in extrusion process are examined 

by Taguchi & Numerical Analysis Method to investigate 

the various process parameters.  

 
Bingol (2015)“Models for a maximum constant ram speed 

of maximum stepwise, linear, and curvilinear decreasing 

speed were presented for Al 6060 aluminium alloy 

extrusion. As 540°C was the essential extrusion 

temperature, the models were built. When the ram 

frequency is high for a constant billet preheating 

temperature, the extrusion temperature rises. Application 

of provided models for maximum constant ram speed 

reduced extrusion time.Reggiani et al. (2015)The multi-

objective optimization of a porthole extrusion die that used 
make thick AA7003 round tubes uses eight competing 

objective functions. Tolcha (2014)Extrusion operations 

may be simulated in order to lessen the 'trial and error' 

experimental effort and to foresee upcoming challenges, 

including such flaws created on the final products or the 

die angle. 

 

V.CONCLUSION 

 
Extrusion is a flexible manufacturing method that is 

dependent on the change in process parameters, according 

to an exhaustive literature assessment. As a result, it is 

feasible to determine the best parameters for extrusion 

products by performing trials with different levels of input 

parameters.FEA of the extruded product and die has been 

carried out using various software, i.e. Hyper extrude, 

deform 3d, ploysim, etc., to obtain uniform velocity 

distribution, optimise exit velocity distribution, optimise 

process condition, predict temperature distribution, and 

study the effect of process parameter.” 
According to the research, several process factors 

impacting aluminium alloys' direct hot extrusion. 

 Many extrusion companies use Al2024 aluminium alloy 

because of its wide range of uses in many different 

sectors. 

 Extrusion force, profile exit temperature, flow velocity, 

and other response parameters are all influenced by ram 

speed. 

 The most influential uncontrolled aspects on the 

extrusion process were discovered to be billet 

temperature and metal flow owing to friction and 
shearing of metal. 
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