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ABSTRACT 

Computer simulation based study of extrusion process especially using finite elements, though quite powerful, is 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. In this regards any fast tool for prediction of optimized extrusion 

parameters will be always welcome. Artificial neural network offers a 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 obtained 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 process is not only economical for desired shape, size and finish but it 

also improves the strength of the product through strain hardening. 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. 

 

Keyword - Extrusion Process, Finite Element Method,  Artificial Neural Network. 

INTRODUCTION 

Any plastic material can be extruded to uniform, 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, similar to 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 render them 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.  



International Journal Of advance research in Science and Engineering                         http://www.ijarse.com      

(IJARSE) 2012, Vol. No.1, Issue No. I, October                                                                     ISSN-2319-8354 

 

 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.          

 

 

 

 

 

 

 

 

 

Fig1.1: Extrusion Setup 

 

FINITE ELEMENT ANALYSIS 

 

Finite element analysis (FEA) is a process, which predicts deflection and other effects of stress on a structure.  FEA divides the 

structure into a grid of “element “which forms a model of the real structure. Each of the element is a simple shape (such as a square or 

a triangle) for which the finite element program has information to write the governing equation in the form of a stiffness matrix. The 

unknowns for each element are the displacement at the node points, which are the points at which elements are connected. The finite 

element program will assemble the stiffness matrices for these simple elements together to form the global stiffness matrix for the 

entire model. This stiffness matrix is solved for the unknown displacement at the nodes and the stress at each element can be 

calculated. Assuming a form of the equation for the internal strings derives a finite element. Some elements are defined to assume that 

the strain is constant through the element, while other use higher order functions. Using these equations and the actual geometry of a 

given element, the equilibrium equations between the external forces and the nodal displacement can be written. There will be one 

equation for each degree of freedom for each node of the element. These equations are most conveniently written in the matrix form 

for use in a computer algorithm. The matrix of the coefficients becomes a “Stiffness Matrix” that relates the force to displacement.   

                                                     {F} = [K] {D}               

 Where                   F = Force vector  

      K = Stiffness matrix 

         D = Displacement vector 

Artificial Neural Network 

Artificial neural network attempts to imitate the learning activities of the brain. The human brain is composed of approximately 1011 

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- 

Step1 – Select the number of hidden layers, number of iterations, tolerance of the mean square error and initialize the weights and bias 

functions. 

Step2 – Present the normalized input –output pattern sets to the network. At each node of the network except the 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 training process is stopped. Otherwise, 

Step4 –Change the weights and bias values based on generalized delta rule and repeat step 2.  

The mathematical formulations of training the network can be found in Hertz and Krogh (1991) 

 

 

 

 

 

     Fig.1.2: A typical biological neuron 

 

 

 

 

                                         

 

                                                

 

 

 

 

 

 

                         

 

                       

            Fig.1.3: A single processing unit 
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Process Parameters 

 

In this study, dies with conical entrance angles have 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 general estimation of the conical die angle, decreasing the die angle increases the degree of deformation and 

lowers the extrusion load but 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 (α) is between 450 and 600. To incorporate the effect of lower angles, die angles of 300, 

450 and 600 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 

                 Fig.1.4:The sigmoid function 

Fig.1.5: Neural network 
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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):  

                                                           σ = kεn   

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. k = 500, 600, 700 MPa 

2. n= 0.1, 0.15, 

0.2.                   

 

 

       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1.6: Rod Extrusion 
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Fig.1.7: Schematic of die 

                                                

 

 

FE Simulation 

Considering different combinations of processing parameters mentioned above, 77 cases are framed. FE simulations of the extrusion 

process for these cases are carried out using MSC.Superform software (Ref.16). Axisymmetric finite element modeling has been 

carried out 4 nodded elements (Zienkiewicz, 1991). A typical FE model is shown in Fig.1.8. Typical contours of stress and strain are 

shown in Fig.1.9 and Fig.1.10 respectively. Load displacement curve for the extrusion is Friction between billet and die is accounted 

through contact boundary condition. 

Fig.1.8: FE Model 
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MSC SUPERFORM 

MSC.SuperForm and MSC.SuperForge provide integrated 2D and 3D finite element analysis for numerous component menufecturing 

applications. Using „shop floor‟ language coupled with a meshless analysis process and/or automatic remeshing technology, 

MSC.SuperForm and MSC.SuperForge allow engineers to spend more time evaluating result and making forging decisions rather than 

on making expensive and time-consuming change to physical tests.The objective is to help customers detect and avoid problems 

before they occur by simulating parts like forming tools as elastic structures, the effect of different lubrications and thermal coupling 

by taking advantage of an integrated material database, press kinematics, and automated stage changes. 

MSC.SuperForm, based upon the MSC.Marc technology, is a nonlinear, finite element analysis tool and pre/post processor designed to 

simulate general purpose bulk forming applications such ascogging, rolling, extrusion, riveting, bending, and cutting. MSC.Superform 

2005 is enhanced with many new features, such as better automatic remeshing technology, damage prediction, multistage analysis, and 

capability to simulate more forming processes such as blanking, glass forming. MSC.SuperForge, based upon MSC.Dytran technology 

is a customized vertical application specifically designed for hot and cold forging process simulation such as pre-form simulation like 

bending and upsetting and die stress analysis.                            

 

 

 

 

 

 

 

 

      

 

Fig.1.10: Plastic strain contour 
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RESULT AND DISCUSSION                                                      

Alternate methods of analyzing extrusion process using analytical techniques and experimental study using model material are quite 

time consuming. Finite element analysis of extrusion requires costly software and expertise. Application of ANN along with FE 

simulation can give such a “intelligent” data base which can be readily available for instant use and evades dependencies on expensive 

FE package. A simple “put the value and get the estimate” approach using ANN will make the designer‟s first hand job extremely 

simple. Using FE results, a neural network is trained in order to automate the analysis process. Out of 27 data sets, mentioned above, 

26 are used for the training of the neural network and remaining 3 data sets are used for the validation  purposes. A 3-6-3 back 

propagation neural network is used for the training of the data. Input parameters of the neural network are k, n and f whereas output 

parameters are stress, strain and extrusion load. It took 367561 epochs to converge to an error tolerance of 0.01. The neural network 

predictions are tested using remaining 3 sets of data and are given in Table 1. It can be observed that maximum error is 13.98 % and 

minimum error is 2.4 %. which is quite acceptable for first hand assessment. We have seen required result very close match between 

ANN & FEM simulation process (Fig.1.11 to 1.13). It can be also observed that neural network not only saves huge amount of 

computational time going into FE simulations but 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. Stress (MPa) Strain Load (KN) 

FEM NN % error FEM NN % error FEM NN % error 

1 672.26 704.5 4.5 2.43 2.49 2.4 8.72 9.03 3.4 

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 (300,450,600) 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1.12: 

Comparisons graph 
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Fig.1.13Comparisons graph between Load (KN) & Die Angle (300,450,600) 

 

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. 

 

REFERENCES 

[1]. (Sachin Man Bajimaya, SangChul Park, and Gi-Nam Wang 2007) “Predicting Extrusion Process Parameters Using Neural 

Networks” International Journal of Mechanical Systems Science and Engineering Volume 1 Number 3 

 

[2] R. Pilani1, K. Narasimhan, S. K. Maiti, U. P. Singh and P. P. Date (2000) “A Hybrid Intelligent Systems Approach for Die Design 

in Sheet Metal Forming” Int J Adv Manuf Technol (2000) 16:370–375 Ó 2000 Springer-Verlag London Limited  

 

[3] Su-Hai Hsiang · Huey-Lin Ho (2004) “Application of finite element method and artificial neural network to the die design of 

radial forging processesò Int J Adv Manuf Technol (2004) 24: 700–707 

 

[4] C. -Y. Wu and Y.-C. Hsu (2002) “Optimal Shape Design of an Extrusion Die Using Polynomial Networks and Genetic Algorithms” 

Int J Adv Manuf Technol (2002) 19:79–87 2002 Springer-Verlag London Limited 

 

[5] Carla A. Schwartz, Senior Member, IEEE, and Jordan M. Berg, Member, IEEE (1998) “Neural-Network Feedback Control of an 

Extrusion” IEEE TRANSACTIONS ON CONTROL SYSTEMS TECHNOLOGY, VOL. 6, NO. 2, MARCH 1998 

 

[6] Sivaprasad, P.V., Venugopal, S, Davies, C.H.J., and Prasad, Y.V.R.K., “Identification of optimum process parameters for hot 

extrusion using finite element simulation and processing maps.” Journal of Modeling and Simulation in Materials Science and 

Engineering, Institute of Physics Publishing, Feb. 2004. 

 

[7] Tibbetts, B.R., and Ting-Yung, J. “Extrusion Process Control: Modeling, Identification, and Optimization”, IEEE transactions on 

control systems technology, vol. 6, no. 2, March 1998. 

 

[8] Hansson, S., “Simulation of Stainless Steel Tube Extrusion”, Ph.D. Thesis, Department of Applied Physics and Mechanical 

Engineering, Division of Material Mechanics, Luleå University of Technology, Sweden, 2006. 

 

[9] Lertsiriyothin, W. and Kumtib, M., “Simulation of flour flow in Extrusion process by using computational fluid dynamics 

commercial software”, ANSCSE, July 2004. 

 

[10] Salazar, C.A.G., “Process simulation and training: the case of plastics extrusion”, Journal of  Modeling and Simulation in 

Materials science and Engineering, 1994. 

 

[11] Bajimaya, S.M., Park, C.M., Wang, G.N., “Simulation based Optimization of Indirect Aluminum Extrusion Process Parameters”, 

Proceedings of ECMS2007, Prague, 2007. 

 

[12] P. Fallbohmer, T. Altan, H.-K. Tonshoff and T. Nakagawa. “Survey of the die and mold manufacturing industry”, Journal of 

Material Processing Technology 59, pp. 158–168, 1996. 

 

[13] O. Richmond and M. L. Devenpeck, “A die profile for maximum efficiency in strip drawing”, ASME, 4th US Congress on Applied 

Mechanics, p. 1053, 1962. 

 

[14] H. C. Sortal and S. Kobayashi, “An optimum die profile for axisymmetric extrusion”, International Journal of Machine Tool 

Design and Research, 8, p. 61, 1967.                     

 


