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 Forging is a complicated bulk metal forming process whereby the material undergoes 

excessive plastic deformation at elevated temperature. The physical phenomena 

constituting metal forming processes are difficult to express with quantitative 

relationships. In this paper, reduced experimental work combined with extensive 

numerical simulations with LS-Dyna hydrocode is proposed to analyze the forging 
process. The effects of varying the temperature and punch velocity is investigated. Due 

the complex nature of the process, standard finite element methods are not capable of 

simulating this problem. Smooth particle hydrodynamics formulation is adopted as it 
permits large deformation in the material. The numerical simulations match the 

experimental results as the final shape and dimensions of the product was successfully 

achieved. The bulk metal forming process was analyzed with numerical simulations at 
different temperatures from 650 ~ 800 oC with varying punch velocity from 5 ~ 20 ms-1. 

The results reveal that the stress levels in the workpiece is inversely proportional to the 
temperature and directly proportional to the punch velocity.  
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INTRODUCTION 

 

 Metal forming is manufacturing process in which an initially simple part is plastically deformed between 

tools to obtain the desired geometry. The complex geometry is "stored" in the tools and achieved when the tools 

impart pressure of the deforming material. The metal flow, the friction at the tool and material interface, the heat 

generation and transfer during plastic deformation are complicated and difficult to predict and analyze. Thus, it 

is hard to express the physical phenomena constituting metal forming processes with quantitative relationships 

(Kobayashi, 1989). Bulk Metal Forming is a manufacturing process involving the shaping of metal using 

compressive forces into useful products. The basic feature of bulk metal forming processes is the high volume to 

surface area ratio. The most important bulk metal forming processes are forging, rolling, extrusion, and drawing 

(Wifi et al., 1996 and Valberg, 2010). 

 There are two main causes for conducting finite element analysis of metal forming processes. The first 

reason is to minimize the number of experimental trials required thus reducing the development lead time. The 

second is to decrease development costs such as the cost of the manufacture of expensive dies for experimental 

trials. Today, the development of inexpensive and powerful computers technology, and the application of FEM 

into user friendly programs, brought this technology forward. This evolution has more or less revolutionized the 

metal forming analysis (Rowe, 1991). 

 The fundamental concept of FEM is the discretization. The finite element model is subdivided into a finite 

number of elements which are connected by a finite number of nodes. A discretization error exists because the 

finite element model has a finite number of degree of freedom while the physical structure has infinitely many 

degrees of freedom. Thus, a finite element model with finer mesh (more elements) will have more accurate 

results and less discretization error, yet it will cost more computational time (Cook, 1995). 

 Meshfree methods are available in LS-DYNA software in which large deformation is permitted due to the 

absence of mesh. The physical structure is represented with particles rather than elements. The shape functions 

are solved at the particles. With the Smooth Particle Hydrodynamics (SPH) method, the limitations of mesh 

tangling and extreme element distortion during large deformation problem can be avoided. This problem is 

usually encountered during the simulation of soft materials with finite element method as shown Fig. 1. SPH 



199                                                              Ameen Topa and Qasim H. Shah, 2014 

Australian Journal of Basic and Applied Sciences, 8(15) Special 2014, Pages: 198-204 

  
was proven to be a very useful method in LS-DYNA as it has the capability of simulating both solid and fluid 

materials (Guo, 2010).  

 SPH method is a novel mesh-free particle approach which is established on purely Lagrangian formulation. 

It was first developed for astrophysical applications (Huang and Dai, 2013). As illustrated in Fig. 2, the body is 

defined by a number of particles instead of mesh and moves around in respond to solid or fluid stresses which 

results from the interaction with the adjacent particles (Villumsen and Fauerholdt, 2008 and Prakash et al., 

2009). SPH does not suffer from the inherent limitations of finite element methods because it is a particle-based 

method which does not depend on fixed grids to track the material. Therefore, it is very appropriate for material 

flows with complex physics or geometry (Prakash et al., 2009). 

 

  
 

Fig. 1: Finite elements method (Schreurs et al., 1986).                            

 

 
 Fig. 2: SPH formulation. 

  

Experimentation: 

 The final forged part of a hot bulk metal forming process is shown in Fig. 3. The workpiece is a brass 

cylinder with a diameter of 37 mm and a height of 64 mm as illustrated in Fig. 4. The density of the brass used 

in this study is 8490 kg/mm
3
. The workpiece is preheated to 800 

o
C and then placed between a stationary die 

and a moving punch as shown in Fig. 5. The punch compresses the workpiece at a velocity of approximately 10 

m/s until it reaches a distance of 2.8 mm from the bottom. The final forged part is cut to measure the wall 

thickness as shown in Fig. 6.  

 

 
 

Fig. 3: The final product of the bulk metal forming process.           

 

 
 

 Fig 4. The original shape of the workpiece. 
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Fig. 5: Schematic diagram of the experimental set up.      

 

 
 

  Fig. 6: The difference in the wall thickness. 

 

Numerical simulations: 

 Due to the complex geometry of the die and punch, they were meshed into rigid shell parts from the 

compatible IGES files. The files were imported in LS-DYNA pre-processor and meshed using the "Auto 

Mesher" command under the "Elements and Mesh" list. The workpiece material was modelled using 

MAT_PIECEWISE_LINEAR_PLASTICIY in which the relationships between the stress and strain at different 

strain rates can be utilized. The stress strain curves must be defined using DEFINE_CURVE command in which 

the curves can be imported from a text file. The values used for the input parameters are listed in Table 1 and the 

stress strain curve for the workpiece material at different rates are illustrated in Fig. 7. The values of the 

parameters C and P which determines the strain rates effects are ignored as the stress strain curves at different 

strain rates were defined (LS-DYNA, 2007). 

 The workpiece was initially meshed with "Shape Mesher" command. A cylindrical solid mesh with the 

height of 64 mm and diameter of 37 mm was generated. The nodes of the solid volume was converted to SPH 

particles using "SPH Generation" command. To obtain more accurate results, the bulk viscosity was defined. 

The first coefficient of the bulk viscosity is denoted as the quadratic viscosity coefficient which plays a 

dominant role in smearing the shocks and preventing the elements from collapsing. The second one is the linear 

viscosity coefficient and it is important to damp oscillation (Bala, 2007 and Espinosa et al., 2008). In modelling 

soft materials, both coefficients are multiplied by 10 for more realistic results (Bala and Day, 2012).  

 Under CONTROL_SPH keyword, the IDIM was set to 3 which represents three dimensional problems for 

SPH particles. The default particle approximation theory was used (FORM = 0) as other formulations were not 

applicable in our problem. To minimize the computational time, SPH approximations were computed inside a 

defined BOX. SPH particles which goes outside this specified BOX will be deactivated.  

 The commonly used surface-to-surface fails to model the interactions between the workpiece and the tools 

as the earlier is meshfree and has no surfaces. In modelling problems with SPH, 

CONTACT_AUTOMATIC_NODES_TO_SURFACE is used to defined the contact. The slave is the set of SPH 

particles and the master is the set of die and tool. The contact thickness STT is set to 0.8 - 1.0 mm to prevent 

nodal release for SPH particles representing a volume (Bala, 2008). The penalty stiffness scale factor for both 

slave and master was increased to 10 in order to avoid contact penetration.  

 
Table 1: Input Values for the Workpiece Material Model (Wang et al., 2004). 

Parameter Description Value Units 

RO Mass density 8.490 E-06 Kg/mm3 

E Young's modulus 101 GPa 

PR Poisson ratio 0.31  

SIGY Yield Strength 0.65 E-03 GPa 

ETAN Tangent modulus 0.225 E-03 GPa 
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Fig. 7: Stress-strain relationships for H62 brass (Xiao et al., 2011). 

 

RESULT AND DISCUSSION 

 

 The results of the simulations are shown in Fig. 8 which displays the contours of the equivalent von Mises 

stress every 0.9 milliseconds. The stress levels are higher around the areas in which the deformation is higher. 

Towards the end of the compression, the area through which the material flows become smaller as shown in Fig. 

9. The flow velocity of the material is inversely proportional to the cross sectional area of the flow (Massey, 

2006). Thus, the flow velocity will increase which will eventually increase the strain rate. As seen in Fig. 8, 

higher values of stress occurs on the wall sides of the workpiece which has minimum thickness. Thus, 

modification in the tools design is suggested to decrease the stress levels. 

 Further inspection in Fig. 8 shows that the stress is uniformly distributed at the early stages of the 

compression. At the beginning of the process, it can be generalized as a standard one dimensional compression 

test. However, as the specimen is compressed further, shear stress will be developed due the convex part of the 

punch and the concave portion of the die.  

 One advantage of using SPH formulation is the ability to trace the flow path of any node during the process. 

Thus, the progression of the deformation can be analysed more thoroughly. Four nodes initially located at the 

top surface of the specimen were traced as shown in Fig. 10. The flow path of every single point in the material 

differs and nodes which were initially adjacent to each other might end up at different locations. This separation 

and rejoining of the material could possibly result in defects in the workpiece in the form of small internal or 

surface cracks.  

 The workpiece is cut by a horizontal plane and the resulted cross sectional view is shown in Fig. 11. The 

workpiece dimensions achieved in the numerical simulations match the experimental results. Therefore, the 

numerical modelling were verified and will be extrapolated to simulate the experiment at different set ups to 

study the effects of different parameters on the bulk metal forming process. 

 The velocity profile of the four nodes is illustrated in Fig. 12. As mentioned earlier, there is an increase in 

the velocity at the end of the compression due to the decrease of the flow area. However, the wall thickness 

varies throughout the workpiece,. Thus, the velocity differs at different sides of the workpiece.  The maximum 

velocity occurs at the node located at the thin side of the workpiece.  

 

 
 

Fig. 8: The deformation and the equivalent von Mises stress contours. 
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Fig. 9: Section view showing the deformation of the workpiece during the process. 

 

 
  

Fig. 10: Tracing the flow path of four nodes.           

 

 
 Fig. 11: Wall thickness of the workpiece. 

 

 
 

Fig. 12: The resultant velocity of nodes initially located at top surface of the workpiece. 

 

 The forging process was numerically simulated at different conditions to investigate the effects of 

temperature and punch velocities. The temperature was reduced to 750, 700, and 650 
o
C and the punch velocity 

was set to 20, 10, 15. and 5 m/s. The effects of varying these two variables on the equivalent stress are 

illustrated in Fig. 13. Higher stress levels in the workpiece might result in defects in the product and thus it is 

unfavourable. Moreover, higher stresses developed in the workpiece means more energy is developed during the 

plastic deformation. Thus, more compressing force is required. 

 Analysing Fig. 13, reveals that increasing the temperature of the forging process reduces the stress level. 

Furthermore, it shows that slower punch velocity (lower strain rates) produces lower stress levels. However, 

varying the temperature is more efficient in reducing the stress levels. The effect of varying the strain rates is 

more noticeable at lower temperatures. 
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Fig. 13: The effects of varying temperature and punch velocity on Von Mises Equivalent stress (GPa). 

 

Conclusion: 

 Hot bulk metal forming process of a complex-shaped product was carried on.  The forging process was 

numerically simulated using smooth particle hydrodynamics formulation in LS-DYNA. The set up of the FEA 

modelling and the important parameters were discussed. The results of the numerical simulations show the 

capability of smooth particle hydrodynamics methods to capture the large plastic deformation in the workpiece 

precisely. 

 The sudden increase of the material flow velocity causes an increase in the strain rate. Higher strain rates 

yields to higher stress levels which may cause problems in the product. This is due to the thin thickness of the 

product. Therefore, slight modification in the design of the tools is recommended. 

 The effects of varying temperature and punch velocity on the stress levels was investigated. It was found 

that decreasing the punch velocity (lowering the strain rate) decreases the stress levels. However, increasing the 

temperature of the process plays a more dominant role in decreasing the stress levels developed in the 

workpiece.  
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