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Abstract— This study considers Technical and economic 

viability of an extrusion plant depends on the minimization 

of defects that lead to product rejection. Attempts at 

improvement of extrusion quality and productivity thus 

translate straightaway into an analysis of product defects. 

Aluminum extrusion is most widely and preferable metal 

forming process done in industries. There also problem of 

different kind of defects generated during extrusion. Every 

time practical trial and error experiments are time 

consuming, costly and not validated to find effects of 

changing various parameters to increase productivity and 

reduce defects. In this research work simulation of direct 

extrusion of Aluminum alloy (6063) in the form of round 

circular billet to round circular solid profile is done. 

Analysis was based on Taguchi’s L9 orthogonal array. The 

simulation software Hyperxtrude, which is customized 

software for various extrusion analyses, is used for analysis. 

Also analytical calculation is generated to compare both 

analytical and simulation results. Both results are closely 

matched. 
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I. INTRODUCTION 

Extrusion is used in the manufacturing of many different 

products of different materials, but the major field of 

application is in the aluminium industry. In the production 

of complex shapes from aluminium billets, no other process 

can compete with extrusion. 

The principle of extrusion is generally very simple. 

A billet is placed in a closed container and squeezed through 

a die by a ram. The design of the die opening determines the 

cross section of the extruded product. When extruding tubes, 

a mandrel is inserted in the middle of the die. Unlike most 

other deformation processes, all principal stresses are 

compressive during extrusion. Tensile stresses are only 

present in a small region at the exit of the die surface. When 

a material is plastically deformed under this state of multi 

axial compression, very high strains can be reached since 

the workability is high at high hydrostatic pressure. The risk 

of metal rupture is reduced and materials, which would 

crack in other processes, can be extruded without problems. 

 
Fig. 1: Basic of Extrusion process 

Extrusion is in most cases a hot working operation but can 

also be carried out in cold mode. The working temperatures 

in hot extrusion are typically 0.7-0.9 TM, where TM is the 

melting temperature. This is higher than in forging and hot 

rolling which are normally carried out between 0.6-0.8 TM. 

Aluminium alloys are hot extruded at about 450-500 ºC and 

steels at 1100-1300 ºC. The strains involved in extrusion are 

large, often of order 1, and the strain rate range is 0.1-102 s-

1. There are many different methods of extrusion but a 

characterization is often made with respect to the direction 

of the extrusion relative to the ram. In direct or forward 

extrusion the flow of material is in the same direction as the 

motion of the ram. The opposite is called indirect or 

backward extrusion and the ram that is used in that case has 

a hollow shape.  

                   Direct extrusion and indirect extrusion are the 

two basic methods of working. The major difference 

between the methods is that there is no friction between the 

container and the billet surface in indirect extrusion. This 

means that the load required for extrusion is decreased 

compared with the direct mode and the pressure is 

independent of the billet length. In spite of the advantages 

using the indirect mode, the direct process is more widely 

utilized. This is partly because extrusion presses for indirect 

extrusion are difficult to construct. 

                   The importance of modelling and 

simulation in the metal-forming industry has increased 

heavily during the last decades. Process simulation is now 

accepted as an important tool for product and process 

development. Unfortunately, the introduction of computer 

simulation in extrusion technology has not been as fast as in 

other parts of the manufacturing industry. This is mainly due 

to particular difficulties in these simulations. Extrusion 

processes are associated with very large deformations, high 

strain rates and complex contact conditions. In addition, 

steel extrusion often involves large temperature changes 

during the process. From a simulation point of view this 

makes extrusion a challenging task. 

                   Today, the process development in industrial 

extrusion is to a great extent based on trial and error and 

often involves full size experiments. Numerical simulations 

can most likely replace many of these experiments, which 

are often both expensive and time consuming. The 

motivation for this research project is accurate finite element 

(FE) Include metals, polymers, ceramics, concrete, play 

dough, and foodstuffs. The products of extrusion are 

generally called "extrudates". 

                    Hollow cavities within extruded material cannot 

be produced using a simple flat extrusion die, because there 

would be no way to support the center barrier of the die. 

Instead, the die assumes the shape of a block with depth, 

beginning first with a shape profile that supports the center 

http://en.wikipedia.org/wiki/Metal
http://en.wikipedia.org/wiki/Polymer
http://en.wikipedia.org/wiki/Ceramic
http://en.wikipedia.org/wiki/Concrete
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section. The die shape then internally changes along its 

length into the final shape, with the suspended center pieces. 

 

 
Fig. 2: Principle of extrusion process 

II. LITERATURE REVIEW 

A three-dimensional finite element simulation of stainless 

steel tube extrusion using a physically based material model. 

Author studied that Extrusion of stainless steel tubes is 

associated with large deformations, high strain rates and 

high temperatures, which results in computationally 

challenging problems in process simulation. In the present 

study, a three-dimensional, thermo-mechanically coupled 

finite element analysis of tube extrusion was carried out 

using a dislocation density-based model for the austenitic 

stainless steel AISI 316L. [1] 

Simulation of bridge dies extrusion using the finite 

element method. Author studied that Aluminium extrusion 

is the most common method used to produce solid and 

hollow shapes. Solid pro les are generally produced with a 

die that consists of only one part, while hollow pro les are 

produced with at least two parts, a die and a mandrel. The 

production of tubes represents an important activity in 

commercial extrusion. In order to extrude hollow sections, 

the billet has to be pressed through a die that determines the 

outside diameter, and over a centrally located mandrel that 

determines the inside diameter. The metal must, therefore, 

flow through an annular gap. [2] 

3D simulation of the cold extrusion process of non-

symmetric section of tellurium lead. Author studied that 

Making use of the ABAQUS software, an extrusion 

simulation is made with Tellurium-lead alloy. In this 

respect, two kinds of die land and their effects on extrusion 

force are investigated. He has also studied that the amount 

of force increase in the second state decreased in 

comparison with the first state. [3] 

Finite element analysis of multi-hole extrusion of 

aluminum-alloy tubes. Author studied that hole extrusion of 

aluminum-alloy tubes was examined in the present study 

using both the finite element analysis and the experimental 

approach. The finite element analysis was first validated 

qualitatively and quantitatively by the experimental data 

obtained from the single-hole extrusion process. The effects 

of the process parameters, such as extrusion temperature, 

extrusion speed, dimensions of billet, and location of holes 

on the extrusion load and the shape of extruded tubes were 

then studied by the finite element analysis. The finite 

element analysis reveals that the most crucial process 

parameter is the number of holes and their locations on the 

extrusion die. [4] 

FEM study of extrusion complexity and dead metal 

zone. Author studied that Quality of the extruded product 

and efficiency of the manufacturing process can be seriously 

affected by inconsistent metal flow through the extrusion 

die. Metal flow problems can also significantly reduce die 

life. Various researchers have investigated the effect of 

profile complexity on extrusion pressure, product quality, 

die life, etc. However, the relationship between shape 

complexity and metal flow through the extrusion die has not 

been studied in detail. Cold extrusion experiments on some 

solid profiles and simulations using the finite element 

method have been used in this work to investigate the effect 

of profile complexity on dead metal zone and metal flow. 

[5] 

3D finite element analysis of metal flow in hot 

aluminium extrusion of T-shaped profile with various offset 

pockets. Author studied that influence of offset pocket 

design on metal flow behavior in hot aluminium extrusion of 

a T-shaped profile of which its cross-sectional width varies. 

Its shape factor is 6.76. The thermal effect has also been 

incorporate. An appropriate pocket die design for a T-

shaped profile has later been proposed. [6] 

Numerical Modeling in Designing Aluminium 

Extrusion. Author studied that the procedure of designing 

dies for complex cases of aluminium alloys section 

extrusion is described. Firstly, general principles of 

designing dies for multi-hole and pocket extrusion are 

briefly described. Multi-hole dies enable increasing the 

process' efficiency and decreasing extrusion force, which 

requires welding consecutive billets. Using numerical, and 

occasionally physical, modeling helps to significantly limit 

the range and costs of otherwise indispensable extrusion 

tests. The designing procedure is presented based on 

selected cases of extruding hollow sections from aluminium 

alloys. The first stage includes numerical modeling with the 

use of DEFORM program based on finite element method 

with the Use of rigid-plastic model of the material. [7] 

III. CONCLUSION 

From the above literature survey we have observed that 

Extrusion of stainless steel tubes is associated with large 

deformations, high strain rates and high temperatures, which 

results in computationally challenging problems in process 

simulation. A three-dimensional, thermo-mechanically 

coupled finite element analysis of tube extrusion was carried 

out using a dislocation density-based model for the 

austenitic stainless steel AISI 316L. 
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