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ABSTRACT — The purpose of this paper is to simulate the closed die forging process, prediction of defect 

and eliminating it to increase the product life. The task is to simulate the flywheel using AFDEX software. The 

model of flywheel was created by using a CAD software i.e. CREO and the simulation of flywheel was done in 

AFDEX software.The Objective of simulation is to simulateand analyzed  the closed die forging process. 
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I. INTRODUCTION 

Forging is the manufacturing process of plastically deforming metals or alloys to a specific shape by a 

compressive force exerted by some external agencies like hammer, press, rolls or by an upsetting machine of 

some kind.The material is to be forged is heated to a temperature at which its elastic properties entirely 

disappears, it become soft and obeys the laws of plastic flow when deformed by pressure. Forging refines the 

grain structure and improves physical properties of metal. Physical properties such as strength, ductility and 

toughness are much better in forged part than in base metal [1]. 

Three-dimensional modeling of component and the corresponding dies are performed by CREO software, while 

simulation and analysis of forging are performed by AFDEX (Advisor as friend for Forging Design Experts) 

software, having the capability of checking the die filling, defect formation [2]. The prominently used 

simulation software in the forging industry canalso determine and display a variety of useful parameters such as, 

the effective plastic strain, effective strain rate, effective stress, material flow, temperature, force-time 

relationship, final shape, nodal velocity, under fill/fill of die cavity, graphs like volume change v/s stroke, node 

v/s stroke, lode v/s stroke etc [3]. It is observed that the software can be effectively used to study the overall 

functionality and optimize the forging simulation process to maximize the mechanical strength, minimize 

material scrap or improve yield and forging stages and hence reduce the overall cost of manufacture. [2] 

II. SIMULATION 

AFDEX (Advisor for metal Forming process and Design Expert) is a general-purpose metal forming simulator 

based on rigid-elasto/thermo/viscoplastic finite element method, specialized in forging and other bulk forming 

processes [4]. 
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Simulation is used in many contexts, such as simulation of technology for performance optimization, 

safetyengineering, testing, training, education, and video games. Often, computer experiments are used to study 

simulationmodels. Simulation is also used with scientific of natural systems or human systems to gain insight 

into theirfunctioning. AFDEX can solve metal flow and heat trasnsfer problems present in metal forming 

[5].Simulation is also used when the real system cannot be engaged, because it may not be accessible, or it may 

bedangerous or unacceptable to engage, or it is being designed but not yet built, or it may simply not exist. 

III. METHODOLOGY 

The steps are followed in the present analysis is as depicted in Fig. 1. Preliminary stage part geometry is 

considered for the analysis and then CAD model is developed using creo software, based on the model, suitable 

dies are designed. Depending on the model selected and its functional material is selected in such a way that the 

part can operate in its operating condition. With respect to the material composition and the property for the 

given product, die material is selected. Once the model is created, forging simulation is carried out by using the 

forging simulation software called AFDEX (Advisor as friend for Forging Design Experts). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1: Simulation Steps 

 Input the Process Information 

 

 

 

Import CAD(stl) Model 

Select Work-piece Material 

Define Die Velocity 

 

Define Frictional Conditions 

Applying Specified Inputs 

Assign Process Information 

 

Solve and Results 
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Table: 1 Chemical Composition of AISI 1020 steel in % 

 

Element Composition (%) 

Carbon 0.18-0.23 

Manganese 0.30-0.60 

Phosporous 0.04 (Max) 

Sulfur 0.05 (Max) 

 

Table: 2 Mechanical Properties OF AISI 1020 steel 

 

Elastic Modulus (GPa) 190-210  

Density (x 103 Kg/m3)  7.7-8.03  

Poisson‟s Ratio  0.27-0.30  

Hardness (HB)  111  

Tensile Strength (MPa)  394.7  

3.1 Modeling in CREO software 

Modeling software Creo is used to model the part, billet, and dies. Modeled components are shown in Figure 2. 

Dies and billets are drawn in such a manner that they are all aligned in the same axis. As AFDEXaccepts only 

„.STL‟ files, upper die, lower die and billet are saved with „.STL‟ extension. All the files of dies and billets with 

„.STL‟ extension are imported to AFDEX database. Appropriate forging parameters used for the simulation are 

enlisted in Table III, and these parameters are provided to the AFDEX database. 

Table: 3 Forging Parameters 

 

Type of Forging Hot Close-Die- Forging 

Work Piece Material AISI 1020 Steel 

Die Material Graphite+water_hot(steel) 

Press Type Crank press 

Friction Type Coulomb Friction 

Coefficient of Friction 0.3 
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Simulation type 2D Axisymmetric 

deformation type Rigid-plastic 

 

 

 

Fig. 2: 2D Model of workpieceFig. 3: 2D Model of Die set 

 

 

IV.  RESULT AND DISCUSSION 

 

4.1 Effective Stress 

Fig.4 shows effective stress of the connecting rod that ensures the stress on the connecting rod while forging. In 

figure shows maximum effective stress is 51.42 Mpa The different color highlights effective stress at each 

intersection point of die contact with billet and the global coordinates shows the values of effective stress at 

different orientation of flywheel. 

 

 

 

Fig. 4: Effective stress 

 

4.2 Under Fill 

In the fig.5 the blue color indicates the filled portion of material and white color indicates the under filled state 

of billet. Figure shows the completely filled state of material without any cavity on surface of billet, by this it 

results better strength of the flywheel. 
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Fig. 5: Under Fill 

4.3 Flow Line 

Metal flow lines in metal formed products have great influence on their strength and thus they are the most 

important in process design. Even the externally sound products often have decisive internal defects due to bad 

metal flow lines. Therefore the consumers usually impose some constraints on the internal metal flow lines for 

flywheel. As a consequence, the precise prediction of metal flow lines and its convenient visualization are so 

much important. 

 

 

 

Fig.6: Flow line 

 

4.4 Nodal Velocity 

The fig.7 shows the nodal velocity of flywheel and it is forged between the upper and lower die. During the 

process variation in nodal velocity has been observed and maximum nodal velocity is obtained as 10.53 mm/sec 

at the end of third stage of forging.  

 

 

 

Fig. 7: Nodal Velocity 
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4.5 Die Contact 

Fig.8 shows the contact surface of upper and lower die with workpiece during the forging process of flywheel. 

The red color indicates the contact betwwen upper die and workpiece while green color indicates the contact 

between lower die and workpiece. Fig shows both the dies are having complete contact with workpice which 

ensures about the necessary friction required for forging process. 

 

 

Fig. 8: Flow line 

 

4.6 Simulation Results 

 

 

Fig. 9: Load vs time  Fig. 10: Node Element vs time 

Min Load-0 ton,Min. Number of Elements -686, 

Max. Load- 4.389126E+03 tonMax. Number of Elements –822 
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Fig. 11: Volume Change  vs time    Fig. 12: Energy  vs time 

Min. volume change in % -  -0.261908      Min Energy-0 J, 

Max. volume change in % –+0.01276Max. Energy- 2.3946E+05J 

 

 

V.  CONCLUSION 

 

 AFDEX software is very helpful for analysis and simulating forming process.  

 By adopting the AFDEX simulation software, it is possible to evaluate the flow analysis of material at each 

stage. Therefore distribution was good and no defect is observed.  

 It can be seen that all the components which are designed are completely filled and stresses in the component 

are less than the ultimate stress of the material.  

 The results reducing defects by complete filling of material has been achieved  and has good strength of 

workability. 
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