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Abstract

The basic idea in the finite element analysis
(FEA) is to find the solution of a complicated
problem by replacing it by a simpler one.
Since a simpler one to find the solution
replaces the actual problem, we will be able to
find only an approximate solution rather than
the exact solution [1]. The existing
mathematical tools are not sufficient to find
the exact solution of most of the practical
problems. Thus in the absence of convenient
method to find the approximate solution of 3-
d problem, we have option for FEA. The FEA
basically consists of the following procedure.
First, a given physical or mathematical
problem is modeled by dividing it into small
interconnecting fundamental parts called
Finite Elements. Next, analysis of the physics
or mathematics of the problem is made on
these elements: finally, the elements are re-
assembled into the whole with the solution to
the original problem obtained through this
assembly procedure These approximating
functions (also called interpolation model) are
defined in terms of the values of the value of
the field variable. By solving the field
equations, which are generally in the form of
matrix equations, the nodal value of the field
variable will be known. Once these are
known, the approximating functions define
the field variable throughout the assemblage
elements. The variations in FEA results
compared to analytical results for AA 2024
alloy and AA2024 alloy- 2 - 10 % fly ash
composites respectively. The obtained FEA
results revealed that these values are closely
matching with the experimental values with a
maximum deviation of less than 5%. Hence
the FEA model adopted for solving the

present upsetting analysis was validated with
the analytical results.
Index Terms: Fea, Friction analysis, Hyper
Mesh.
I.LINTRODUCTION

In the FEA, the actual continuum or the body of
matter like solid, liquid or gas is represented as
an assemblage of subdivisions called finite
elements. The elements are considered to be
interconnected at specified joints, which are
called nodes or nodal points. The nodes usually
lay on the element boundaries where adjacent
elements are considered to be connected. Since,
the actual variation of the field variable (like
displacement, stress, temperature, pressure or
velocity) inside the continuum is not known; we
assume that by a simple function. These
approximating functions (also called
interpolation model) are defined in terms of the
values of the value of the field variable. By
solving the field equations, which are generally
in the form of matrix equations, the nodal value
of the field variable will be known. Once these
are known, the approximating functions define
the field variable throughout the assemblage
elements

Many forming aspects can be analyzed
from simulated solution. For instance, irregular
flow, which can cause products internal defects,
can be detected from simulation. Die filling
problems can also be predicted by deformation
pattern and stress/strain solutions.  Elastic
deformation of the tools, which should be
controlled to maintain desirable tolerances, can
be verified in the finite element analysis
prediction. The solution convergence of the
method is checked by decreasing the time step,
and by increasing the number of nodes of the
analysis model.
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Computer simulation has become reliable and
acceptable in the metal forming industry since
the 1980’s. Metal forming analysis can be
performed in three modeling scales [2]. The first
scale is the global modeling, which only predicts
process loads or work. Analytical methods are
used for this purpose. Local scale analysis is used
to estimate the thermo-mechanical variables
such as strain, strain rate, and temperature. With
the extensive development in computational
mechanics, numerical methods have been used
as an economical alternative to perform the local
modeling. Micro-scale modeling computes the
micro-structural evolution during the forming
process. Since global scale analysis is only
applicable to simple situations and micro
modeling is still incipient and only gives results
for specific conditions, local modeling is the
most popular approach. Among other methods,
the Finite Element Methods (FEM) is widely
used in metal forming analysis due to its
capabilities to model the complicated geometries
of tools and parts in forming processes

ILCONTACT ANALYSIS.

The contact problem is a kind of geometrically
nonlinear problem that arises when different
structures or different surfaces of a single
structure, either come into contact or separate or
slide on one another with friction. Contact
forces, either gained or lost, must be determined
in order to calculate structural behavior [3]. The
location and extent of contact may not be known
in advance, and must also be determined.

Contact algorithms in FM analysis allow
contact elements to be attached to the surface of
one of two FE discretization’s that are expected
to come in contact. A contact element is not a
conventional finite element. Their functions is to
sense contact and then supply a penalty stiffness
or activate some other scheme for preventing or
limiting interpenetration. Contact analysis is
highly complex and nonlinear analysis. Contact
problems fall into two general classes. One is
rigid-to-flexible and flexible-to-flexible. In
rigid-to-flexible contact problems, one or more
of the contacting surfaces are treated as rigid, i.e.,
it has a much higher stiffness relative to the
deformable body it contacts.

In general, any time a soft material comes
in contact with hard material, the problem is
assumed to be rigid-to-flexible, instances like:
metal forming problems. The other class,

flexible-to-flexible, is the more common type. In
this case, both contacting bodies are deformable,
i. e have similar stiffness. Example, bolted
flanges. Ansys supports three contact models;
node-to-node, node-to-surface and surface-to-
surface contact. In problems involving contact
between two boundaries, one of the boundaries
is conventionally established as the target surface
and the other as the contact surface. For rigid-
flexible contact, the target surface is always the
rigid surface and the contact surface is the
deformable surface. For flexible-to-flexible
contact, both surfaces are associated with
deformable bodies. These two surfaces together
comprise the contact pair. Ansys provides
special elements for contact pair. Different
contact elements are CONTAC12, CONTACS2,
CONTAC 26, CONTAC 48, CONTAC 171,172,
TARGET 169, CONTAC 173, and TARGET
170. Figure 1 shows the contact pair between die
and composite model.

ELENENTS
TYHE WO

Fig 1: Contact pair between die and
composite model

Material properties and real constants.

Steel has been chosen for die material. Its basic
mechanical properties are Young’s modulus E =
210 GPa and Poisson’s Ratio = 0.29. The
material properties of the underlying elements
are used to calculate appropriate contact
stiffness.

ANSYS estimates a default value
for contact stiffness based on the material
properties of the underlying deformable
elements. In real constant set, Normal Contact
Stiffness Factor (FKN) is used to specify either a
scaling factor or an absolute value for contact
stiffness. The scaling factors will usually
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between 0.01 to10 a value of 1.0 (the default) is
often a good starting value for bulk deformation
problems, or 0.01-0.1 for bending dominated
problems. FKN should always be verified in
order to minimize penetration while avoiding
excessive iterations.

In real constant set, Allowable maximum
penetration factor (FTOLN) is a factor based on
the thickness of the element, which specifies an
allowable maximum penetration. If ANSYS
detects any penetration larger than this tolerance,

the global solution 1is still considered
unconverged, even though the residual forces
and displacements have met convergence

criteria. The default for FTOLN is 0.1. Changing
this value make the tolerance too small can cause
an excessive number of iterations or non-
convergence.

In real constant set, Initial closure factor
(ICONT) is used to specify a small initial contact
closure. This is the depth of an “adjustment
band” around the target surface. A positive value
for ICONT indicates a scaling factor relative to
the depth of the underlying elements. A negative
value indicates an absolute contact closure value.

A contact element is considered to be in
near field contact when its contact element enters
a pinball region, which is centered on the
integration point of the contact element. Real
constant Pinball region (PINB) can be used to
specify a scaling factor (positive value for PINB)
or absolute value (negative value for PINB) for
pinball region. Table 1shows the overall material
properties and real constants selected for solving
the present problem:

TABLE 1: MATERIAL PROPERTIES AND

REAL CONSTANTS
Normal Contact Stiffness FKN =1.0
Factor
Allowable maximum FTOLN =0.1
penetration factor
Initial closure factor, ICONT =0.1
(adjustment band)
Pinball region PINB =2.0

FRICTION IN METAL FORMING

Friction is the great importance in many
metal forming operations. They affect the
material flow, deformation characteristics of the

work piece, wear and fatigue failure of the tool,
and the mechanical properties of the formed
parts.  Furthermore, minimizing friction is
profitable since it reduces the force and energy
required for a given operation. This will lessen
the stresses induced in the forming tool and
prevent direct tool to work piece contact, which
contribute to longer tool life and better quality
control.

COMPRESSION TESTING OF SHORT
CYLINDERS

The compression of a short cylinder
between anvils is a much better test for
measuring the flow stress in metal working
applications [23-25]. The nature of tensile
instability due to necking can be avoided and the
test can be carried out to strains in excess of 2.0
(for ductile material).  Friction between the
specimen and anvils play key role. In the
homogeneous upset (zero friction) test a cylinder
of diameter Do and initial height Ho would be
compressed in height to H and spread out in
diameter to D according to the law of constancy
of volume.

Do’ Ho = D?H

I11. PROCEDURE ADOPTED IN
MODELING THE PROBLEM UNDER
TAKEN.

The computational modeling of each forming
process stage by the finite element method can
make the sequence design faster and more
efficient, decreasing the use of conventional
“trial and error” methods. In this study, the
application of commercial general finite element
software ANSY'S 10.0 has been applied to model
a forming operation. The basic data required for
analysis of upsetting process are true stress- true
strain behaviour and friction factor. The true
stress- true strain data was obtained from
upsetting test performed with frictionless
(smooth surface finish) dies and aspect ratio of
1.0 on 100 kN UTM (Model: UT 9102; Dak
system Inc). No lubricant was used during the
test.

Finite element analysis of deformation
behavior of cold upsetting process was carried
out for the AA 2024 alloy and AA 2024 alloy -
2, 6 and 10 wt. % fly ash composites in dry
condition with aspect ratios of 1.0 and 1.5. Due
to axisymmetric nature of the geometry only
quarter portion was modeled with symmetric
boundary conditions. Rigid-flexible contact
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analysis was performed for the forming process.
The billet geometry was meshed with 10-node
tetrahedral elements (solid 92 in ANSYS
Library). The tetrahedral elements are more
feasible in filling meshes into any complicated
shape [4]. Element size was selected on the basis
of convergence criteria and CPU time. Too
coarse mesh may never converge and too fine
mesh requires long CPU time without much
improvement in accuracy.

The material models selected were based
on the properties of the tooling and billet
materials. Due to high structural rigidity of the
tooling, only the following elastic properties of
tooling (H13 steel) were assigned assuming the
material to be isotropic [5].

Young’s Modulus E 220 GPa=210X 10°

MPa

0.30

Poisson’s ratio v

IV. Results and Discussions

Figure 2 and 3 shows the meshed models
of billets and tooling for the aspect ratios of 1.0
and 1.5 respectively. Figure 4 and 5 shows the
50% deformation specimen with zero friction for
the aspect ratios of 1.0 and 1.5 respectively.
Since there was no friction at metal-die contact,
the deformation can be treated as homogeneous
since no bulging was seen. The maximum radial
displacement corresponding to 50% for the
aspect ratio of 1.0 is shown as 2.069 mm in figure
6. This means that the diameter after 50%
deformation equals to 12 + 2 X 2.069 = 16.138
mm. The value of analytically determined
diameter after 50% equals to 12 X /2 =16.968
mm, (assuming volume constancy) leading to a
very little error of 4.89% wusually can be
discarded in non-linear finite element analysis
such as in large deformation / metal forming
applications. Hence the analysis procedure
adopted is validated. This fact was proved for all
the alloys considered and hence, the
homogeneous metal flow was found to be
independent of material.

The development of barreling in the
samples of AA2024 alloy and AA2024 alloy- 2 -
10 % fly ash composites was observed with
friction. For the present study the friction factor
‘m’ was found to be 0.36 and the extent of
barreling with this friction at 50% deformation
for alloy and composites under investigation was
shown in figures 700-5.40 respectively. These

results were supported by many authors [12-27].
Lower aspect ratio (Ho/Do = 1.0) samples has
shows more barreling affect compare to higher
aspect ratio (Ho/Do = 1.5). The above results
were experimentally evidenced.

The figures from 7 to 39 show the sample
profiles of various quantities in global Cartesian
co-ordinates for AA2024 alloy and AA2024
alloy- 2 - 10 % fly ash composites billet and tools
in dry conditions with aspect ratios of 1.0 and 1.5
at the instance of 50% deformation viz., radial

displacements (UX): circumferential stress, Oy
(SY), axial stress o,(SZ), hydrostatic stress,
o, (NLHPRE), Von-Mises equivalent stress

o (SEQV). The notations in the brackets were
the default notations of Ansys FEA package.

These figures 7-39 were shown to
compare the variation of stress components;
circumferential, axial and hydrostatic stresses
with the amount of fly ash content. The analysis
was performed for the AA2024 alloy and
AA2024 alloy- 2 - 10 % fly ash composites and
the results of sub-grid quantities equivalent to the
grid drawn on the sample during the upset test
(chapter 4) were noted. For all the samples the
circumferential stress and hydrostatic stress was
maximum at the equatorial surface the specimen.
But the axial stress was maximum at the mid
height on the axis of specimen. With decrease in
aspect ratio the hydrostatic stress increased at
equatorial surface for all the alloy and
composites under investigation.

The variations in FEA results compared
to analytical results obtained in chapter 4 were
shown in figures 5.41 to 5.44 for AA 2024 alloy
and AA2024 alloy- 2 - 10 % fly ash composites
respectively. The obtained FEA results revealed
that these values are closely matching with the
experimental values with a maximum deviation
of less than 5%.

Fig-2 Un deformed sample (Ho/

Do =1.0)
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Fig 3: Un deformed sample (Ho/Do = 1.5)
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Fig 4: Deformed sample (Ho/Do = 1.0) at
50% deformation for zero friction
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Fig 5: Deformed sample (Ho/Do = 1.5) at
50% deformation for zero friction
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Fig 6: Radial displacement at 50 %
deformation for zero friction (Ho/Do = 1.0)

Fig 7: Radial displacement at 50 %
deformation for zero friction (Ho/Do = 1.5)
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Fig 8: Circumferential Stress at 50%

deformation of AA 2024 alloy (Ho/Do= 1.0)
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Fig 10: Axial Stress at 50% deformation of
AA 2024 alloy (Ho/Do= 1.0)
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Fig 11: Axial Stress at 50% deformation of
AA 2024 alloy (Ho/Do= 1.5)

w on

AN

............ 44 TR ST ETTRT
2 90,07 -176. 53

Fig 12: Hydrostatic Stress at 50%
deformation of AA 2024 alloy (Ho/Do= 1.0)
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Fig 13: Hydrostatic Stress at 50%

deformation of AA 2024 alloy (Ho/Do= 1.5)
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Figl4 : Von-Mises Stress at 50%

deformation of AA 2024 alloy (Ho/Do= 1.0)
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Fig 15: Von-Mises Stress at 50%

deformation of AA 2024 alloy (Ho/Do= 1.5)
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Fig 16: Circumferential Stress at 50%
deformation of AA 2024 alloy-2% Fly Ash
composite (Ho/Do= 1.0)
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Fig 17: Circumferential Stress at 50%
deformation of AA 2024 alloy-2% Fly Ash
composite (Ho/Do= 1.5)
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Fig 18: Axial Stress at 50% deformation of
AA 2024 alloy-2% Fly Ash composite
(Ho/DoZ 1.0)
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Fig 19: Axial Stress at 50% deformation of
AA 2024 alloy-2% Fly Ash composite
(Ho/Do=1.5)
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Fig 20 : Hydrostatic Stress at 50%
deformation of AA 2024 alloy-2% Fly Ash
composite (Ho/Do= 1.0)
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deformation of AA 2024 alloy-2% Fly Ash
composite (Ho/Do= 1.5)

wou AN
ocT 52 031
[t
— — —
EENTT) ENTTY 141157 ST
s s P gom -

Fig 22: Von-Mises Stress at 50%
deformation of AA 2024 alloy-2% Fly Ash
composite (Ho/Do= 1.0)
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Fig 23: Von-Mises Stress at 50%
deformation of AA 2024 alloy-2% Fly Ash
composite (Ho/Do= 1.5)
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Fig 24: Circumferential Stress at 50%
deformation of AA 2024 alloy-6% Fly Ash
composite (Ho/Do= 1.0)

AN

0T » 200
B eagect

— - — Y —
5, W2 747, 559 3% w0 .92

186,724

on of

:::::: 5

Fig 26: Axial Stress at 50% deformati
AA 2024 alloy-6% Fly Ash composite
(Ho/Do= 1.0)
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Fig 27: Axial Stress at 50% deformation of
AA 2024 alloy-6% Fly Ash composite
(Ho/Do= 1.5)
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Fig 29: Hydrostatic Stress at 50%
deformation of AA 2024 alloy-6% Fly Ash
composite (Ho/Do= 1.5)

Fig 30: Von-Mises Stress at 50%
deformation of AA 2024 alloy-6% Fly Ash
composite (Ho/Do= 1.0)

Fig 31: Von-Mises Stress at 50%
deformation of AA 2024 alloy-6% Fly Ash
composite (Ho/Do= 1.5)
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Fig 32: Circumferential Stress at 50%
deformation of AA 2024 alloy-10% Fly Ash

composite (Ho/Do= 1.0)
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deformation of AA 2024 alloy-10% Fly Ash
composite (Ho/Do= 1.5)
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Fig 34: Axial Stress at 50% deformation of
AA 2024 alloy-10% Fly Ash composite
(Ho/Do= 1.0)
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Fig 35: Axial Stress at 50% deformation of Fig 39: Von-Mises Stress at 50%

AA 2024 alloy-10% Fly Ash composite deformation of AA 2024 alloy-10% Fly Ash
(Ho/Do= 1.5) composite (Ho/Do= 1.5)
wmas T AN
Fig 36: Hydrostatic Stress at 50% B ety T eeas T et T e T s
deformation of AA 2024 alloy-10% Fly Ash
composite (Ho/Do= 1.0) Fig 40: Comparative graphs between
o s e experimental and FEA values of Effective

stresso , stress components0y, o, and o |,

as a function of effective strain ¢ for AA2024
alloy; up to 50% deformed in dry condition
with aspect ratio: (a) Ho/Do = 1.0, (b) Ho/Do =

1.5.
Fi g 37: Hydrostatic Stress at 50% =
deformation of AA 2024 alloy-10% Fly Ash i
composite (Ho/Do= 1.5)
Fig 38: Von-Mises Stress at 50%
deformation of AA 2024 alloy-10% Fly Ash
composite (Ho/Do= 1.0) ot Suain

(b)

o Fig 41: Comparative graphs between
experimental and FEA values of Effective
stresso , stress componentsg,, «, and o |,
as a function of effective strain ¢ for AA2024
alloy-2% fly ash composite; up to 50%
deformed in dry condition with aspect ratio:

e e T o (a) Ho/Do = 1.0, (b) Ho/Do = 1.5.
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Fig 43: Comparative graphs between
experimental and FEA values of Effective

stresso , stress components 0y, o, and o |,

b as a function of effective strain ¢ for AA2024
% — T alloy-10% fly ash composite; up to 50%
w001 N\ deformed in dry condition with aspect ratio:
" P (a) Ho/Do = 1.0, (b) Ho/Do = 1.5.
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300 ) | 0 —s— Hydrostatic stress (EXPT) /‘
Effective Strain —e— Axial stress (FEA) /

150 =— Circumferential stress (FEA) /u/a
«— Hydrostatic stress (FEA -
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Fig 42: Comparative graphs between /
experimental and FEA values of Effective

ow_———ﬂ”—""ﬁf‘-‘a 0.5 0
=50
stresso , stress componentsG,, «, and o |, 100 \

Stress, MPa

as a function of effective strain ¢ for AA2024 150 \'\,__,_
alloy-6% fly ash composite; up to 50% 200 e
deformed in dry condition with aspect ratio: 250
Effective Strain
(b)
250 | —e—Aualowess ) V. CONCLUSION
] e | £t 1. The cold upsetting process was modeled,
100 i simulated and analyzed with a sufficient
o P il accuracy.
§ sy 030 02 _ 03 o4 650  0fo 2. The accuracy of results depends on the
il accuracy of the input data (true stress-
w0 o true strain behaviour and friction factor
o " e TN obtained from the experiments) and
350 P et = friction model used in the analyses.
3. The time history data is useful in
(a) designing the intermediate dies for new
oen : materials.
- 4. The profile of the bulge during
deformation can be estimated.
g 5. The analysis is useful in reducing the lead
E _ : —— time of design cycle.
® 50 ' 6. The machine down time can be reduced
100 ~—— at production stage.
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