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Abstract— The purpose of this project work is to study the
material behavior in backward extrusion. The parameters
considered for the process are Die corner radius, Co-efficient
of friction, Ram velocity. Initial billet temperature (480), die
land length (5mm) and die angle (30°) will be kept constant.
The die corner radius (0.3,0.4,0.5) mm, Co-efficient of
friction (0.1,0.15,0.2) and Ram velocity (1,2,3) mm-s, were
varied in this project. Total 27 iterations were carried out and
optimized values were obtained. Design was done using
SOLID EDGE V19 and the simulation and analysis was
carried out using AFDEX software.
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I. INTRODUCTION

Extrusion process is used to create objects of a fixed cross-
sectional profile. A material is pushed through a die of the
desired cross-section. Plastic deformation takes place on the
account of the pressure-applied-on the work piece and hence
a product of desired shape is obtained.

A. Backward Extrusion

In backward extrusion process the direction of metal flow is
opposite to the ram traverse.
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Fig. 1: Indirect Extrusion Process

The indirect extrusion has many technical advantages as

follows:

— Extrusion load is much lesser in indirect extrusion
compared to direct extrusion process.

— No heat is produced by friction, thus no temperature
increase occurs at the billet surface.

— The metal flow is more uniform, thus leading to less
tendency of forming extrusion defects or coarse-grain
ring zone.

The parameters which influence the indirect
extrusion process are die corner radius, co-efficient of
friction, ram velocity, initial billet temperature, die angle, etc.

Il. LITERATURE SURVEY

Ahmed Moizuddin Nadeem, Bharat S Kodli [1] Simulation
Study of Material Behaviour and Optimization of Die
Corner Radius in Forward Extrusion using AFDEX

Software. The purpose of this paper is to analyze metal
extrusion process. The main objective behind this paper is to
study the material behaviour, predict and eliminate the defect
in the product. A combination of Solid Edge V19 and
AFDEX_V16 simulation software is used to achieve the goal.
The present study deals with die design and process
parameters to bring in optimization.

Bhargava C Nadig, Bharat S Kodli [2] Simulation
study of material behavior in forward extrusion. The
purpose of this paper is to study the material behavior,
prediction and elimination of defect, to increase the product
life in forward extrusion. The task is to simulate the extrusion
process using AFDEX software. To achieve this objective,
CAD technology is combined with this process simulation
tools to enable modeling of the component, die, billet and
ram. The models were constructed using UNIGRAPHICS
and then simulation was performed using AFDEX.

Govindraj Karalgikar, Bharat S Kodli [3]
Simulation study of material behavior and optimization
of die land length in forward extrusion using AFDEX
software. This paper deals with analysis of metal extrusion
process. The primary objective of this paper is to study the
material behavior, predict and eliminate the defect in the
product. A combination of UNIGRAPHICS is used with
AFDEX 2014 simulation software package to accomplish the
purpose. The present case is aimed at combining the
considerations on die design and process parameters to bring
in optimization.

Durmus Karayel[4] Simulation of direct extrusion
process and optimal design of technological parameters
using FEM and Artificial Neural Network(ANN). This
study aims the modeling and simulation of the direct
extrusion process and determination of optimal process
parameters using Finite Element Method and Atrtificial
Neural Network cooperatively. The die set has been designed
for direct extrusion of an Aluminium rod and its numerical
simulation has been prepared by mean of ABAQUS. ANN
model of the process has been developed under MATLAB.

I1l. SIMULATION

In this project, the upper die, lower die and billet were
modelled using Solid Edge V19. Simulation of indirect
extrusion is carried out in AFDEX_V16. AFDEX V16 is
general purpose metal forming simulation software that can
be applied to conventional bulk metal forming processes and
also to new creative bulk metal forming processes.
Theoretically AFDEX is based on rigid-thermoviscoplastic
finite element method.

IV. METHODOLOGY

In this project Die corner radius, Ram velocity and coefficient
of friction were varied and die angle 30° was kept constant.
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The iterations for assumed die corner radius are carried out as
er the below table.
Sl. Die Corner Coefficient of Ram velocity *{
No | Radius (mm) friction (mm/s) -
1 1 -
2 0.1 2 =
3 3 e
4 1
5 0.15 2 Fig. 6: Die corner radius 0.5
6 0.3,0.4,0.5 3 Component | Weight %
7 1 Manganese 0.3
8 0.2 2 Silicon 0.4
9 3 Chromium | 0.18-0.3
Table 1: Parameters Considered Copper 1.2-2
The details of the component are given below. Iron 0.5
Component Round Bar (Solid) zZinc 5.1-6.1
Material Used AAT7075 Aluminum | Remainder
Extrusion Type Hot Magnesium 2.1-2.9
Extrusion Ratio 4 Titanium 0.2
Die Type Conical Others 0.005-0.15
Initial Billet Temperature 480 Table 3: AA 7075 Composition
Table 2: Details of the Component Density 2.81 gm/cc
A. Upper Die T(_ensile Yielq Strength 503 MPa
Ultimate Tensile Strength | 572 Mpa
) - Modulus of Elasticity 71.7 Gpa
=3 é Hardness — Vickers 175
Poisson’s Ratio 0.33
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Fig. 2: Isometric view

Fig. 3: Draft view

The Upper Die of semi-cone angle 30° and different die
corner radius 0.3mm, 0.4mm, 0.5mm are designed along
horizontal (X-axis) and converted to STL extension file in
Solid Edge V19. The dies are shown below.
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Fig. 4: Die corner radius 0.3
[l 1
JJ_J‘
=t

Fig. 5: Die corner radius 0.4

Table 4: AA 7075 Properties
The following flowchart shows the sequence of steps
involved in executing the simulations in the present study
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V. RESULTS
S| PRedue | ‘ormcnon | veloiy | Lo Value
(mm) (W) (mm/s)
1 1 7.093(;&;125-
2 01 9 7.58%)7105E-
3 3 7.87(())?92E-
4 1 7.5366;505
5 0.3 015 ) 8.188165E-
01
6 3 8.65%:;545
7 1 8.59%7123E-
8 02 ’ 1.03%%035-
9 3 9.394(1)%475
10 1 7.25((3)81995-
11 01 9 8.2256(1265
12 3 8.83%7130E-
13 1 7.67(())1140E-
14 0.4 0.15 2 8.184(1)61265-
15 3 8.46?651385
16 1 9.25%2135-
17 0.2 2 1.191(3)%62E-
18 3 9.834(1;;925
19 1 7.00((3)1170E-
20 01 2 8.063(’)3315
21 3 8.11?)?945
22 1 7.32%3575
23 0.5 0.15 2 8.64371425-
24 3 8.7645(1615
25 1 9.17563245
26 0.2 2 9.39(1)2695-
27 3 9.49(())1174E-

Table 5: Load values for various die corner radius

LOAD vs. TIME: XX

Fig. 7: Graph 1 Die corner radius - 0.3mm, friction co-
efficient - 0.1, ram velocity - 1.0mm/s

Fig. 8: Graph 2 Die corner radius - 0.4mm, friction co-
efficient - 0.1, ram velocity - 1.0mm/s

Fig. 9: Graph 3 Die corner radius - 0.5mm, friction co-
efficient - 0.1, ram velocity - 1.0mm/s

Fig. 10: Component after simulation (die corner radius
0.3mm)
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Fig. 11: Component after simulation (die corner radius
0.4mm)

Fig. 12: Component after simulation. (die corner radius
0.5mm)

VI. CONCLUSIONS

Twenty-seven iterations were carried out in the AFDEX
software and the discussed results were obtained by using
different values of the parameters which consist of die corner
radius, co-efficient of friction and ram velocity whereas a die
angle = 30° was kept constant.

The findings from the simulations performed, yielded the

optimized parameters as below.

— Die Corner Radius = 0.5mm

— Ram velocity = 1mm/s

—  Friction co-efficient = 0.1

— Die Angle = 30°

The load value obtained from above parameters is
7.006170E-01 Ton. It is clearly evident that load value
obtained for the above said parameters is least as compared
to other iterations. The following conclusions can be drawn
from the results,

— Achange in die corner radius also leads to change in load
values and hence it can be said that die corner radius has
an effect on indirect extrusion process. As die corner
radius increases the load value decreases and a further
increase in die corner radius leads lo increased load
values.

— Achange in the ram velocity results in the change in load
values. Hence it can also be concluded that as ram
velocity increases, the load applied also increases.

— An increase in co-efficient of friction value leads to
increase in load values.
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