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ABSTRACT

Computer simulation based study of extrusion process especially using'finite elements, though quite powerfuliis a costly affair. Costly
software and expertise to handle them, act like stumbling blocks for it to be used by small- scale industries. Also, many a time
industries just want preliminary design data to begin with. Innthis regards any fast tool for)prediction of optimized extrusion
parameters will be always welcome. Artificial neural network offersa very powerful tool for such predictions in short span of time.
Artificial neural networks have been successfully applied in metal forming problems in recent years. Forming can be defined as a
process in which the desired size and shape are dbtained through the plastic deformation’of a material. The stresses induced during
the process are greater than the yield strength, but less than the fracture strength, of ‘material. The type of loading may be tensile,
compressive, bending or shearing or combination of these. The pfocesspisinet,only economical for desired shape, size and finish but it
also improves the strength of the product through“strain hardening. In“this studyvartificial neural network has been employed for
analysis of rod extrusion process. Neural network, trainedising the FE simulation“results are used for this purpose. Neural network
predictions, when compared to FEgresult, are found to bedin close match. Neural network based analysis is fast and economical as it
doesn’t require costly FE softwdre and @xpertise. The propesedyapproach can be a very effective tool, especially at initial stage, of
extrusion process design.
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INTRODUCTION

Any plastic material can be extruded toyuniform, cross-sectional shape by the aid of pressure. Extrusion is one of the most potential
and useful working processes and has‘a large number of variations in the mode of application. In general, extrusion may be defined as
placing a material under compression so that it forced to flow out of a confined space through a suitable opening called the ‘die’. The
principle of extrusion, similarde,the similar act of squirting toothpaste from a tube, has long been utilized in processes ranging all the
way from the production of brick, hollow title, and soil pipe, to the manufacture of macaroni. It can be performed under both hot and
cold conditions. Hot extrusion helps the work load (especially for high strength material) but it poses more problems such as cooling
arrangement and rapid die wear. Some metals, notably lead, tin and aluminum may be extruded cold, whereas others require the
application of heat to renderthem plastic or semisolid before extrusion. In the actual operation of extrusion, the processes differ
slightly, depending on the metal and application, but in brief they consist of forcing metal (confined to a pressure chamber) out
through specially formed dies. Rods, tubes, molding trim, structural shapes, brass cartridges and lead-covered cables are typical
products of metal extrusion.

If speaking broadly, a typical extrusion process requires or consists of mainly three things.
»  Extrusion Die: - It is considered rigid body during the analysis of the process. It is so manufactured that there is a minimum
or no dead zone and the metal billet extruded with minimum friction. The desired shape of the extruded product can be

varied with the variation in the shape of die.
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» Punch or Ram: - It is a moving body and this punch or ram applies the pressure or force on the metal billet. Hydraulic
pressure is generally used for this purpose. During analysis this ram is also considered as a non-deformable body or part.

» Metal Billet: - This billet is considered as a deformable body. It is by this metal billet which gets extruded and we get the
desired extruded product.
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Figl.1: Extrusiov

FINITE ELEMENT ANALYSIS

Finite element analysis (FEA) is a process, which i cts of stress on a structure. FEA divides the
structure into a grid of “element | structure. Each of the element is a simple shape (such as a square or
a triangle) for which the finite ele rite the governing equation in the form of a stiffness matrix. The
unknowns for each element are the d h are the points at which elements are connected. The finite
element program wi ple elements together to form the global stiffness matrix for the
entire model. This sti the unknown displacement at the nodes and the stress at each element can be

equation h node of the element. These equations are most conveniently written in the matrix form

foruseinaco i of the coefficients becomes a “Stiffness Matrix” that relates the force to displacement.

D = Displacement vector
Artificial Neural Network
Avrtificial neural network attempts to imitate the learning activities of the brain. The human brain is composed of approximately 10
neurons (nerve cells) of different types. In a typical neuron, we can find the nucleus, where the connections with other neurons are
made through a network of fibers called dendrites. Extending out from the nucleus is the axon, which transmits, by means of complex
chemical process, electric potentials to the neurons with which the axon is connected to (Fig.1.2). When the signals received by the

neuron equal or surpass their threshold, it “triggers”, sending the axon an electric signal of constant level and duration. In this way the
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message is transferred from one neuron to the other. In an artificial neural network (ANN), the artificial neuron or the processing unit
may have several input paths corresponding to the dendrites. The units combine usually, by a simple summation, the weighted values
of these paths (Fig.1.3). The weighted value is passed to the neuron, where it is modified by threshold function such as sigmoid
function (Fig.1.4). The modified value is directly presented to the next neuron. In (Fig.1.5) a 3-4-2 feed forward back propagation
artificial neural network is shown. The connections between various neurons are strengthened or weakened according to the
experiences obtained during the training. The algorithm for training the back propagation neural network can be explained in the
following steps-

Stepl — Select the number of hidden layers, number of iterations, tolerance of the mean square err initialize the weights and bias

functions.

Step2 — Present the normalized input —output pattern sets to the network. At each node nodes on input layer,

calculate the weighted sum of the inputs, add bias and apply sigmoid function
Step3- Calculate total mean error. If error is less than permissible limit, the traini
Step4 —Change the weights and bias values based on generalized delta

The mathematical formulations of training the network can be found in
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Fig.1.5: Neural network

Process Parameters

In this'study, dies with conical entranceanglesthave been used for rod extrusion. In Fig.1.6, a typical rod extrusion set up is shown.
Extrusion die angle has an important bearing on the load requirement and deformation in the product. A schematic of the extrusion die
is shown in Fig:1.7.%As a genérahestimation of the conical die angle, decreasing the die angle increases the degree of deformation and
lowers the extrusion‘loadhbut beyond‘a certain point the friction in the die surface becomes quite large causing high extrusion load. For
most extrusion dies, optimum,semi die angle () is between 45° and 60°. To incorporate the effect of lower angles, die angles of 30°,
45° and 60° have been accounted. This will provide good data sets for neural network training. The ANN is trained using stress, strain
and extrusion load which are dependent on die geometry apart from the material properties and the extrusion ratio. The friction and
lubrication in extrusion are crucial for proper extrusion loads, good surface finish in addition to the tooling life. It is observed from
literature that for extrusion studies both type of friction i.e. Coulomb sliding friction and sticking friction factors have been used.
While Coulomb sliding friction is caused by the normal component of the force, the shear friction is caused by the shear force working
between billet and tool material. In order to incorporate the effects of friction, Coulomb frictions have been taken as 0.1, 0.15 and 0.2
so as to have large numbers of input values for ANN training. The billet and extruded rod diameters are 80 mm and 40 mm
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respectively. In this way extrusion ratio comes out to be 4. Material is modeled as rigid plastic using power law equation (Meyers and

Chawla, 1997):

c=ke

Where k is the strength coefficient and n is the hardening exponent.

In order to include large number of material parameters, following values of k and n are accounted:

1.
2.

k =500, 600, 700 MPa

n= 0.1,
0.2. . -
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Fig.1.6: Rod Extrusion
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Fig.1.7: Schematic of

Considering different combinations of processing parameterssm

process for these cases are carried out using MSC.
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Fig.1.10: Plastic strain contour
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RESULT AND DISCUSSION

Alternate methods of analyzing extrusion process using analytical tec
time consuming. Finite element analysis of extrusion requires costly

simulation can give such a “intelligent” data base which des dependencies on expensive

ANN & FEM simulati e, also observed that neural network not only saves huge amount of
computational time g imula also is an inexpensive tool as it evades the dependencies on costly FE software and

expertise to handle them.

Table 1: Testing patterns

S. No. Strain Load (KN)

% error FEM NN % error FEM NN % error

1 672.26 45 2.43 2.49 24 872 9.03 34

2 707.9 763.4 7.2 4.26 4.14 2.8 9.19 10.0 8.1

3 854.7 905.9 5.6 4.58 4.0 12.66 10.15 11.8 13.98
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Fig.1.11: Comparisons graph between Effective Stress (MPa) & Die Angle (30°,45°,60°)
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Fig.1.13Comparisons graph between Load (KN) & Die Angle (30°,45°,60°%)
Conclusion

In this study artificial neural network has been employed for analysis of rod extrusion process. Neural network, trained using the FE
simulation results are used for this purpose. Neural network predictions, when compared to FE result, are found to be in close match.
Neural network based analysis is fast and economical as it doesn’t require costly FE software and expertise. The proposed approach
can be a very effective tool, especially at initial stage, of extrusion process design.

Finite element simulations have been widely used to derive the extrusion process parameters. However, such simulation studies have
been limited to academic research only. This is because finite element simulations results are highly theoretical as they do not consider
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encountered in a real manufacturing process. In this research, a middleware made from artificial neural network is used to bridge this
gap between finite element simulation and real manufacturing execution system.

The finite element outputs to real process parameters are thus a function approximate problem. Artificial neural networks are best
suited to solve such industrial problems. This method, in future, may be further applied to other manufacturing processes as well.
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