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Abstract- In the paper the Simulation were carried out
for the analysis of the Ti6AI4V composite were
successfully indirect different extrusion angles of die
in FEM processed (45°, 60° and75°). Initial
compression stage, in which the load gradually
increases, forms a small indentation hole by backward
extrusion. Second stage, in which radial extrusion
formation of billets are formed along with the forward
extrusion of the part was performed, combined stage,
corner die filling and extrusion of part was done, The
unsteady state stage, in which there is a steep rise in
load. In this stage, flash is formed, as the metal flow
has hindered and controlled, the load increases
unsteadily.

In case of third product metal flows out through
the exit extrusion die present at the bottom, hence no
flash provision is equipped. The last product is
manufactured by multi stage extrusion process in
which the first product is the initial input specimen.
Hence, the process is thought consists of two stages.
In the present paper the finite element analysis for
three different types of dies were performed by
simulation  processes.  Similar  conditions  of
experimental analysis are taken into account for
performing the present FEM analysis. Combination of
three types of dies with frictional conditions. Different
stages of deformation for 45 degree dies are performed
for clear understating of die filling. Different stages of
die filling data are used for further comparison
analysis. Different stages of metal flow pattern for 45
degree dies are obtained for clear understanding of
grain flow and shear effected regions. Shows the
punch load and punch displacement variation.

KEYWORDS: FEM, FEA, Punch Load. Die Angle,
Die Filling

I INTRODUCTION

Microstructure is the small scale structure of a
material, defined as the structure of a prepared surface
of material as revealed by a microscope above 25x
magnification. The microstructure of a material (such
as metals, polymers, ceramics or composites) can
strongly influence physical properties such as strength,
toughness, ductility, hardness, corrosion resistance,
high/low temperature behavior or wear resistance.
These properties in turn govern the application of
these materials in industrial practice. Microstructure at
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scales smaller than can be viewed with optical
microscopes is often called nanostructure, while the
structure in which individual atoms are arranged is
known as crystal structure. The nanostructure of
biological specimens is referred to as ultrastructure. A
microstructure’s influence on the mechanical and
physical properties of a material is primarily governed
by the different defects present or absent of the
structure. These defects can take many forms but the
primary ones are the pores. Even if those pores play a
very important role in the definition of the
characteristics of a material, so does its composition.
In fact, for many materials, different phases can exist
at the same time. These phases have different
properties and if managed correctly, can prevent the
fracture of the material.

Il LITERATURE SURVEY

In 2016 Material and Science Engineering
Wang Lu et al. [18] proposed Forged 5 vol. %
(TiB+TiC)/Ti6Al4V titanium matrix composite billets
with a heterogeneous reinforced structure was
successfully hot indirect extruded with different dies
angle( 0 =45°, 60° and 75°) at 1303 K. The dies angle
was found to work as one key factor to change the
micro structures and mechanical properties. Detail
investigation on the micro structural evolution
revealed that the significant grain refinement was
obtained  after extrusion due to dynamic
recrystallization, the fully dynamic recrystallization
takes place during indirect extrusion at dies angle 75°.
In situ TiB and TiC reinforcements were also
significantly refined by the indirect extrusion process,
while highly developed preferred or mentation of TiB
short fibers along extrusion direction. Meanwhile, the
mechanical properties showed that the ultimate tensile
strength, yield strength and elongation exhibited a
simultaneous increase after the indirect extrusion,
especially on the ductility of the materials. The
strength was slightly improved but not too much by
hot extrusion. However, both tensile strength and
elongation to fracture were reduced as the extrusion
dies angle enlarged from45° to 75°. Higher strength
and elongation were obtained with optimal dies
angle45°, confirmed by matrix refinement, dynamical
recrystallization and the optimal aspect ratio of TiB
short fibers. Therefore, the optimal hot extrusion with
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the extrusion dies angle should be controlled less than
60°.

In 2017 Material Jian Lei Yang et al. [19]
proposed that a novel extrusion with filler material to
produce the high-performance TiBw/Ti-6Al-4V
composite tube with a quasi-continuous reinforced
structure. A simulation was adopted to study the effect
of the filler material on the shape accuracy of the
tubes. Based on the simulation results, the flow stress
of the filler material was not the important factor, but
the friction coefficient between the filler and TiBw/Ti-
6Al-4V composite and the canning shape were critical
to the tube precision. The microstructure and
mechanical performance for the as-extruded TiBw/Ti-
6Al-4V  composite tubes were systematically
investigated. After extrusion, the transverse section
microstructure of the TiBW/Ti6Al4V composite tube
remained quasi-continuous and the TiBw were rotated
to align the extrusion direction. Moreover, the tensile
strength and elongation reached 1240 MPa and 13.5%,
resulting from dynamic recrystallization and whisker
rotation.

In 2016 Material and Science Shufeng Li et
al. [20] proposed Titanium matrix composites (TMCs)
reinforced with in situ-formed TiC particles and TiB
whiskers were prepared by reacting titanium and B4C
via powder metallurgy and hot extrusion. The effect of
the in situ-formed TiC-TiB hybrid reinforcements on
the microstructure and mechanical behavior of the
TMCs was investigated. TiB whiskers exhibited
favorable alignment, orienting parallel to the
deformation axis after hot extrusion, while TiC
particles and TiB whiskers were distributed
homogenously throughout the extruded composites.
The synthesized TMCs with a 13.6% volume fraction
of TiC-TiB hybrid reinforcements presented a euts of
1138 MPa, representing a 74% improvement
compared to pure titanium, and retained an acceptable
elongation of 2.6%.
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In 2015 journal of Material Technology Bong
Sun You et al. proposed the variation induced in the
microstructural in homogeneity of AZ31 alloy
subjected to indirect extrusion was studied using tool
steel dies with angles of 30e, 60cand 90°. Finite
element modeling (FEM) of this extrusion process was
also carried out to determine the metal flow,
temperature evolution and effective strain distribution,
which were then correlated with the observed
microstructural changes. Although all extruded
samples were found to have a bimodal microstructure
consisting of equiaxed fine recrystallized (DRXed)
grains and elongated coarse un DRXed grains, the
inhomogeneity of their microstructural characteristics
(i.e., DRX fraction and texture intensity) decreased in
cross section with an increase in the die angle. The
FEM analysis also demonstrated that a faster metal
flow, higher temperature, and larger effective strain
are generated in an alloy extruded with a 90-die angle,
and that this enhances DRX behavior during extrusion
and ultimately results in a homogeneously DRXed
microstructure.

111 PROPOSED MODELLING
In present work we perform the similar FEM approach
for titanium matrix composite billets with the help of
numerical analysis predict the mechanical properties
and validate with the existing experimental results of
Wang et al and with the help of simulation we can also
predict the Variation of punch load with punch travel
at different friction factor.
The main objective of this proposed Modelling:

» Draw Fem Simulation 3d model for hot in-
direct extrusion
Validations with experimental data
Punch load and Punch displacement
Strength of billet
FEM with different di angle

YV VY
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Object Description:
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NMesh-type andnum ber
Tem perature (Am bient).
Niaterials

Niaterial Data:
Elastic properties.
Plastic properties.
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Simulation Control param eters:
Ty pe of increm ent.
Niode of operation.

ra . E
@ Process conditions

Inter m aterial data:

Phase transform ation between
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Heat transfer betsveen
objects.

@ Inter object relations:
Friction.
Contact between objects.

Figure 1 Major input parameters for FEM simulation
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Simulation control

The SI unit convention with the Langrangian
incremental type followed by a deformation mode is
selected for the FEM simulation. The mechanical,
thermal and phase transformations simulates the
deformation into the work piece. Terminate the
operation is performed when the specified distance is
reached by the primary die and aborting distance are
in combination with the reference points. The step size
is the crucial for the simulation to perform the
operation. The step size can be controlled by two ways
either by die displacement or by time increment. The
present simulation analysis is performed by
controlling the time increment. During the simulation
severe plastic deformation takes of the work piece
(Slave). This Severe plastic deformation causes the
work piece to distort which can be used further
(negative Jacobean). The operation to be performing
re-meshing after the mesh is distorted. The process of
re-meshing is substituting the distorted mesh with a
new mesh along with interpolating the field variables
(strain, velocity, damage, and temperature, etc.) from
old mesh to new mesh. The object re-meshing is
performed to a slave (billet). The re-meshing depends
on the interference between the primary die and the
billet. The depth of interference is the depth an element
edge of the slave object crosses the surface of a master
object.
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Simulation modelling

In finite element modelling (FEM), combined
extrusion-forging and combined extrusion process
technique is used to produce different types of collet
chuck holders, at varying rate of ram displacements.
The Non-linear-equations are solved with the help of
direct iteration method and the Newton-Raphson
method. Flow behavior was studied with, a modified
Lagrangian method for the finite element code. The
initial estimate of the Conjugate Gradient method, the
direct iteration method is employed in the solution
procedure, which is further used to find the velocity
error and force error, obtained as 0.004 and 0.03
respectively. It has assumed that the billet was rigid
plastic and the die, container, and flow guide is indeed
rigid during the simulation process. The four-noded
tetrahedron elements have been employed. In this
finite element simulation, an isothermal process was
adopted.

Simulation for the present problem

In the present CEF and CE processes a cylindrical
billet made of Ti6AlI4V alloy was selected as the
matrix alloy, (chemical composition shown in Table 1)
is forced by the punch, against the bottom die, which
is stationary. Followed by extrusions in the various
directions and filling in the radial orientation of the die
cavity. The axis-symmetry 3d model extrusion die set-

up.

Table 1 Chemical Composition of Different Material

material composition

AlV AL B4AC C Ti
Ti6AlI4V

7.75 1.89 0.62 0.40

Bal.

RF TiB TiC Mole Ratio
vol % vol% vol% TiB:TiC
5.0 2.6 2.4 1.1

A defined friction factor for the billet, die, container
and flow guide interfaces has been set for the hot
indirect extrusion condition. The four node
tetrahedron elements have employed. A mesh
independence test was performed to use ANSYS FEM
the analyses to get the desired and accurate punch
loads at various frictional conditions friction factor of
0.12, 0.18 and 0.37 which is calibrated at different
ranges of elements (at ram velocity of 1.1 mm/min for
first product as an illustration). The work piece is
modelled using approximately 20000 meshing
elements and 3489 nodes for the billet without
hampering the accuracy of the final results.

Similar grid independence test were conducted at
different ram velocities which has negligible effect.
The temperature of all the objects is set to 35°C. The
process parameters assumed for the current analysis is
discussed below. The flow stress is obtained from the
experimental results during compression test. For the
present finite element analysis, isothermal condition is
assumed. Direct iteration method and Newton-
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Raphson methods have been adopted for solving the
non-linear equations. A good initial guess has
generated for the Newton-Raphson method using the
direct iteration method, for the speedy final
convergence. When the plastic deformation reaches
the steady state, the simulation is stopped.

The assumptions made in the simulation process are as
follows:

1. The material of die has taken as rigid

2. Ti6AI4V is taken as the billet in the
simulation process and modelled using von
Mises yield criterion for an isotropic rigid
plastic material.

3. The friction factor for the interface work
piece/die is considered as constant, which has
found from ring test experimentally.

4. The billet axis has incorporated with the
centroid of the die orifice.

5. Global re-meshing criterion and logarithmic
interpolation.
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For every friction condition three ram velocities are
considered, these are:

i. 0.5 mm/min,

ii. 1.1 mm/min, and

iii. 2 mm/min.

IV NUMERICAL ANALYSIS

The method numerical analysis is carried out to get the
final product from the initial cylindrical billet of 82
mm diameter and detail dimensions of the final
product obtained is of 76 mm diameter and 50 mm
length by compressing the round billet inside a rigid
container with required cavity by a rigid punch to
demonstrate the process of combined extrusion. The
dies and punch plate used for simulation was same as
that of experimental sets.

A defined friction factor for the billet, die, container
and flow guide interfaces has been set for the hot
indirect extrusion condition. The four node
tetrahedron elements have employed. A mesh
independence test was performed to use ANSYS FEM
the analyses to get the desired and accurate punch
loads at various frictional conditions friction factor of
0.12,0.18,0.37 which is calibrated at different ranges
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of elements (at ram velocity of different mm/min for
first product as an illustration in figure 2 to 4).

Extrusion Load at different frictions and ram
velocities

Variation of punch load with punch travel at
friction factor of 0.12, 0.18, 0.37 at 45° Die angle
Figures 2 gives comparison of punch load with punch
movement for different velocities using lubricant
MoS2 + grease (60:40) with friction factor
0.12,0.18,0.37 and Die angle 45° and 100% grease and
no lubrication respectively. The maximum extrusion
loads at flashing are provided in Table 1. The ram
displacement behaviors show that the total process can
be assumed to consist of four stages:

» Initial stage, the load gradually increases
backward extrusion takes place,

» Second stage, forward and lateral extrusion
takes place,

» Combined stage, both extrusion and forging
takes place for corner filling,

» The unsteady state stage, steep rise in load to
form flash. As the metal flow are hindered,
redundant work increases, subsequently the
load increases unsteadily.

Table No. 1 for 45° Die angle

Sl. No. Friction factor Ram velocity (mm/min) Peak load at flashing, kN

1 0.12 0.5 157.70

2 1.0 164.00

3 2.0 172.10

4 0.18 0.5 161.70

5 1.0 168.40

6 2.0 173.70

7 0.37 0.5 174.00

8 1.0 189.50

9 2.0 1954
e i I i I 14
160 =0 S 150N 160 |—8— 0.5 mm/min 161.7 kN 180 1 —8— 0.5 mm/min 11673?,;:
- ,’ 157.7 kN 140 160

120 4
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204 o 20 4

0 r : T r 9
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T
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T
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T T T T T T
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Figure 2 Variation of punch load with punch travel at friction factor of 0.12, 0.18, 0.37 at 45° Die angle

In the figures 2 gives comparison of punch load with
punch movement for different velocities using
lubricant MoS2 + grease (60:40) with friction factor
0.12,0.18,0.37 and Die angle 45° and 100% grease and

Paper ID: IJETAS/MAY/2017/59

no lubrication respectively. The maximum extrusion
loads at flashing are provided in Table 4.1. It is evident

from the Table 4.1 that with increase of friction the
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load increases and also with ram velocity load
requirements increases because of work hardening.

Variation of punch load with punch travel at
friction factor of 0.12, 0.18, 0.37 at 60° Die angle

Figures 3 gives comparison of punch load with punch
movement for different velocities using lubricant
MoS2 + grease (60:40) with friction factor
0.12,0.18,0.37 and Die angle 60° and 100% grease and
no lubrication respectively. The maximum extrusion
loads at flashing are provided in Table 2. The ram
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displacement behaviors show that the total process can
be assumed to consist of four stages:

>

>
>
>

Initial stage, the load gradually increases
backward extrusion takes place,

Second stage, forward and lateral extrusion
takes place,

Combined stage, both extrusion and forging
takes place for corner filling,

The unsteady state stage, steep rise in load to
form flash. As the metal flow are hindered,
redundant work increases, subsequently the
load increases unsteadily.

Table No. 2 for 60° Die angle

Sr. No. Friction factor Ram velocity Peak load at flashing, kN
1 0.5 150.2
2 0.12 1.0 153.21
3 2.0 160.8
4 0.5 152.7
5 0.18 1.0 166.2
6 2.0 174.5
7 0.5 177.0
8 0.37 1.0 185.6
9 2.0 193.4
o] o R o] e s

#165.2 K
Zw152.7 kN

160 —8— (.5 mm/min

160 +
140 4
140

1204 120 4

100 4 1004

80 4 80 4
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60 o 60+

Punch Load (kN)

40 4 404

204 204

0 T T T T T 0

—&— (.5 mm/min

1#150.1 kN

186.9 kN

161.6 kN| 21770 K

154.2 kN
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Punch Displacement (mm)

r T T T T T
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Punch Displacement (mm)

Figure 3 Variation of punch load with punch travel at friction factor of 0.12, 0.18, 0.37 at 60° Die angle
0.12,0.18,0.37 and Die angle 75° and 100% grease and
no lubrication respectively. The maximum extrusion
loads at flashing are provided in Table 3. The ram
displacement behaviors show that the total process can
be assumed to consist of four stages:

In the figures 3 gives comparison of punch load with
punch movement for different velocities using
lubricant MoS2 + grease (60:40) with friction factor
0.12,0.18,0.37 and Die angle 60° and 100% grease and
no lubrication respectively. The maximum extrusion
loads at flashing are provided in Table 2. It is evident
from the Table 2 that with increase of friction the load
increases and also with ram velocity load requirements
increases because of work hardening.

Variation of punch load with punch travel at
friction factor of 0.12, 0.18, 0.37 at 75° Die angle

Figures 4 gives comparison of punch load with punch
movement for different velocities using lubricant
MoS2 + grease (60:40) with friction factor
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>

>
>
>

Initial stage, the load gradually increases
backward extrusion takes place,

Second stage, forward and lateral extrusion
takes place,

Combined stage, both extrusion and forging
takes place for corner filling,

The unsteady state stage, steep rise in load to
form flash. As the metal flow are hindered,
redundant work increases, subsequently the
load increases unsteadily.
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Table No. 3 for 70° Die angle

Sr. No. Friction factor Ram velocity (mm/min) Peak load at flashing, kN
1 0.5 143.6
2 0.12 1.0 146.2
3 2.0 153.7
4 0.5 142.3
5 0.18 1.0 155.2
6 2.0 156.6
7 0.5 151.2
8 0.37 1.0 163.8
9 2.0 178.4
20 j:z —4—2 mm/min jz‘ —A—2 mm/min 178.4 kN
s [ s 6] | e PR . | oo Ay
160 [=8=0.5 mm/min haiiloy o 1525 kI wl L5120
o gl
Fa 1 f.]
40 40 - 404

T T T T T
0 5 10 15 20 25 0 5

Punch Displacement (mm)

T
10

Punch Displacment (mm)

T T T T T T
15 20 25 0 5 10 15 20 25

Punch Displacement (mm)

Figure 4 Variation of punch load with punch travel at friction factor of 0.12, 0.18, 0.37 at 75° Die angle

In the figures 4 gives comparison of punch load with
punch movement for different velocities using
lubricant MoS2 + grease (60:40) with friction factor
0.12,0.18,0.37 and Die angle 75° and 100% grease and
no lubrication respectively. The maximum extrusion
loads at flashing are provided in Table 4.3. It is evident
from the Table 4.3 that with increase of friction the
load increases and also with ram velocity load
requirements increases because of work hardening.

Die Filling

In figure 5 shows the progressive change in shape of
extrusion-forged  product at different punch
movements when the friction factor is 0.12 and the ram
speed is 0.5 mm/min (as illustration). The die filling
process substantiate that the total process can be
thought of four stages as explained earlier, i.e., initial
compression stage backward extrusion takes place
during (0 - 10.0 mm of ram movement), in second
stage during (10.0 - 16.0 mm ram) travel lateral
extrusion takes place to form collar, during third stage
(16.0 - 18.0 mm ram travel) corner filling and forward
extrusion takes place, and in last stage (18.0 -18.3 mm
ram travel) flash is formed to complete the process. It
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also explains that combined extrusion forging
processes takes place simultaneously till the die cavity
is completely filled, after which flash is started to
form.

Metal flow pattern show the contour of displacements
in both the horizontal and axial direction after 10.0
mm, 16.0 mm, 18.0 mm and 183 mm ram
displacements respectively at 0.5 mm/min ram
velocity with constant frictional conditions. Similarly,
Figures above shows the contour of displacements in
both the horizontal and axial direction after 10.0 mm,
16.0 mm, 18.0 mm and 18.3 mm ram displacements
respectively with varying ram velocities at 0.13
frictional condition. The degree of distortion of
gridlines at different stages confirms the load ram
displacement behavior. Severe grid distortion at
flashing stage validates the maximum load due to
maximum redundant work. It is also seen that the
whole billet, rather than part close to punch, is
deforming simultaneously in different directions.
Also, there is a non-uniform grid distortion due to
friction at die-billet interface.
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Figure 5 Different frame by frame images of a billetes coming out from the cavity with die angle 45 degree.

Validation FEM model Table No. 4 Experimental and FEM Simulated
The simulation had also performed for different die Results
angles and stress strain curve as shown figure 6 which . .
. . Experimental | Simulated
is obtain from ANSYSS. . . .
Extrusion | Tensile Tensile Percentage
450 Angle strength strength Error (%)
a00 1 (N/mm?) (N/mm?)
0 ] 45 1082 1070.12 111
:::: : 60 1068 1059.78 0.75
5 75 1062 1059.01 0.28
“% 200 -
150 4
100 _ 970 -
50
0 005 o1 015 02 0% 03 03

Strain (microstrain)

Figure 6 stress strain for Billet B Experimental

Tensile strength
(N/mm2)
(Vo] (o] Vo]
B Ul o))
o o o
| | |

Simulated

The table 4 and 5 shows the comparison of

experimental and FEM simulated results 330 -

45 60 75
Extrusion Angle

Figure 7 Comparison between Experimental and
Simulated Results at Graph of Tensile Strength
(N/mm?)
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Table No. 5 Experimental and FEM Simulated
Results

Extrusio | Experiment | Simulate | Percenta
nAngle | al Yield | d Yield | ge Error
strength strength
(N/mm?) (N/mm?)

45 968 959.01 0.92
60 960 953.70 0.66
75 951 947.59 0.36
970
"é 965 -
2 960 -
<= 955 -
=) .
= 950 - Experimental
g 945 - Simulated
S 940 -
> 935
45 60 75
Extrusion Angle

Figure 8 Comparison between Experimental and
Simulated Results at Graph of Yield Strength
(N/mm?)

The results obtained can be summarized as in the
present chapter the finite element analysis for three
different types of dies were performed by simulation
processes. Similar conditions of experimental analysis
are taken into account for performing the present FEM
analysis. Combination of three types of dies with
frictional conditions. Different stages of deformation
for 45 degree dies are performed for clear understating
of die filling. Different stages of die filling data are
used for further comparison analysis. Different stages
of metal flow pattern for 45 degree dies are obtained
for clear understanding of grain flow and shear
effected regions. Shows the punch load and punch
displacement variation.

VV CONCLUSION
Simulations were carried out for the analysis of the
Ti6Al4V composite were successfully indirect
different extrusion angles of die in FEM processed
(45°, 60° and75°).

» Initial compression stage, in which the load
gradually increases, forms a small
indentation hole by backward extrusion.

» Second stage, in which radial extrusion
formation of billets are formed along with
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the forward extrusion of the part was
performed, combined stage, corner die
filling and extrusion of part was done,

» The unsteady state stage, in which there is a
steep rise in load. In this stage, flash is
formed, as the metal flow has hindered and
controlled, the load increases unsteadily.

In case of third product metal flows out through
the exit extrusion die present at the bottom, hence no
flash provision is equipped.

The last product is manufactured by multi stage
extrusion process in which the first product is the
initial input specimen. Hence, the process is thought
consists of two stages.

The results obtained can be summarized as below:

» In the present chapter the finite element
analysis for three different types of dies were
performed by simulation processes.

» Similar conditions of experimental analysis
are taken into account for performing the
present FEM analysis. Combination of three
types of dies with frictional conditions

» Different stages of deformation for 45 degree
dies are performed for clear understating of
die filling. Different stages of die filling data
are used for further comparison analysis.

» Different stages of metal flow pattern for 45
degree dies are obtained for clear
understanding of grain flow and shear
effected regions.

» Shows the punch load and punch
displacement variation
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