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Abstract 
 

Sheet metal parts are used to manufacture a wide range of products. Bending 

and cutting the sheets into appropriate shapes by means of the physical process 

of shearing is the very first step in forming such a part. The current work is an 

attempt to provide the readers with an appropriate understanding regarding the 

deformation behavior of an aluminium alloy sheet by performing the finite 

element analysis (FEM) for two distinct die angles. The metal sheet is 

analyzed before fatigue failure and with the help of a software based analysis; 

the paper explores the phenomena of spring-back, associated with the metal 

sheet during its deformation, while subjected to the set of V-die punch, 

designed with suitable dimensions. The V-die punch as well as the alloy sheet 

is modeled in Solidworks 13.0 and their dimensions have been taken from 

practical standards. Finite element analysis for the same is carried out in 

ANSYS Workbench 16.0 
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1. Introduction:  

Blanking and punching are one of the oldest manufacturing operations. Their 

applications range from components of very light to heavy appliances and 

machineries [1]. Punching is a metal forming process that uses a punch press to force 

a tool, called a punch, through the work piece to create a hole via shearing. When a 

specially shaped punch is used to create multiple usable parts from a sheet of material 

the process is known as blanking [2].During blanking, the part is subjected to 

complex solicitations such as deformation, hardening and crack initiation and 

propagation. The theoretical modeling of such processes is very difficult due to the 

complexity in describing the different stages of the whole shearing process starting 

with the elastic stage and ending with the total separation of the sheet metal [3] .Small 

punch test (SPT), Ball punch Test, Disk Bend test as well as Shear Punch Test [4-9] 

are the techniques developing to characterize the mechanical behavior of small 

specimens. The concept of the small V-die punching is based on placing a thin metal 

sheet specimen on the die and then the v shaped punch is applied to get the desired 

shape. In this process the feed is applied to the metal sheet horizontally and the 

punching is done vertically. In order to get the stable punching and the good punching 

edge quality of the al alloy and stainless steel alloy sheets [10], it is necessary to 

choose a narrow punch-die clearance and the heat sheet before punching. Reducing 

the clearance my increase the bright zone and also reduce the fracture zone as well as 

the fracture angle, but if the clearance is reduced the punching force and the tooling 

wear increases [11]. An experimental investigation had been carried out to study the 

effect of die angle on the quality of extruded product i.e. surface finish and hardness 

of cold extruded aluminum. The die angles used were 30, 45 and 60 ºs [12]. Similarly, 

deformation in copper was observed using ECAE technique under variable die angles. 

The die angles used were 90 º and 120 º for this research [13]. J. W. PILARCZYK 

and J. MARKOWSKI studied the effect of die angle on strain and stress state in 

process of drawing of steel for pre-stressed concrete keeping 8, 12 and 18 º dies for 

the process [14]. Similarly, five different die angles (15, 30, 45, 60 and 90) were used 

to investigate the extrusion behavior of wrought aluminum alloys [15]. Spring-back is 

a geometric change, that a sheet metal experiences after it gets rid of the tool forces in 

a punching process. Spring-back effect results in slight displacement of the sheet 

metal in the direction of the return stroke of the punch. Spring-back has a very 

significant role in sheet metal bending process. It leads to some geometric changes in 

the product. A research work was carried out for reflecting the different parameters on 

spring-back in U-die bending of different materials with different sheet thickness and 

tip radius [16].If not correctly predicted and compensated for, spring-back will cause 

the final part shape to deviate from design specifications and to create assembly 

problems [17]. H. Laurent conducted the Spring-back study of aluminum alloy in 

warm forming conditions. A split-ring test was used to analyze the influence of 

temperature during forming over Spring-back. The obtained experimental results were 

compared to the numerical simulations [18]. A research was done earlier which 

studied the spring-back effect in both V-die and U-die punching mechanism. Spring-
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back can only be controlled and minimized but quite difficult to be eliminated [19]. 

However, a new technique was proposed to eliminate the spring-back of high-strength 

steel (HSS) sheets in the U-bending process. In this technique, spring-back is 

eliminated using counter-punch [20]. The reason die angle change is to compensate 

for spring-back [21]. Friction plays a major role in metal forming processes because 

of its direct interaction with die and work-piece. Friction creates obstacles in the free 

movement and significantly affects the deformation of the work-piece. The co-

efficient of friction should be specified at the die-work interface [22]. It was also seen 

that the punch load increases significantly with the increase in co-efficient of friction 

[23]. PANKAJ TOMAR also investigated the effect of friction at the die-billet 

interface for a commercially pure aluminum. However, this study was done for 

hydrostatic extrusion of aluminum [24]. In this analysis we are considering that metal 

sheets are homogeneous and neglecting the surface roughness.   

 

 

 

2. Design Specification: 

To carry out this study, a 5mm thick plate of aluminum alloy was used as the sheet 

material. Structural Steel was used as the preferred material for both die and punch. 

The dimensions used in the study for the die and the punch are tabulated below. 
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ITEMS VALUES 

Length 29.50 mm 

Width 33.03 mm 

Depth 19.70 mm 

Fillet 2 mm 

Die opening 23 mm 

 

 Table 2.1: dimensions for a 90º punch       Table 2.2: dimensions for a 90º die 

 

ITEMS VALUES 

Length 29.50 mm 

Width 33.03 mm 

Depth 19.70 mm 

Fillet 2 mm 

Die opening 23 mm 

  

Table 2.3: dimensions for a 120º punch      Table 2.4: dimensions for a 120º die 

 

3. Objectives:  

The objective of this study is to compare the deformations in the aluminum steel sheet 

obtained for two different die angles incorporating the spring-back effect with a 

software based analysis and to have an idea regarding the effective die-angle for the 

v-die punching process. The spring-back effect reduces with increase in die-angle and 

the objective of this study is to validate this fact and choose a suitable die for the v-die 

punching mechanism out of the two die angles used (90º and 120º). The study is 

carried out with the help of finite element method in the ANSYS Workbench 16.0 

software. 

 

4. Computational Investigation of V-die punching: 

4.1 Model geometry: 

The following assumptions are made for the purpose of the present study: 

ITEMS VALUES 

Length 79.70 mm 

Width 19.21 mm 

Depth 19.70 mm 

Nose Fillet  2 mm 

ITEMS VALUES 

Length 75.72 mm 

Width 19.21 mm 

Depth 19.70 mm 

Nose 

Fillet  

2 mm 
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 To simplify the process we have taken the steady loading condition under plain 

strain condition, since in the usual blanking operation the punch-die clearance is 

very small. 

 It is a quasi-static process and hence the effect of plain strain rate is neglected. 

 The sheet metal is considered as the nonlinear plastic material, while the die and 

punch is the rigid bodies. 

 In this case we have compared the mechanical properties of the aluminium and 

stainless steel so our focus is only the simulation of the sheet metal. So we 

neglect the properties of punch & die. 

In this study the Cartesian co-ordinate system is placed at the midpoint of the sheet 

metal. We have done our study based on this co-ordinate system. The positive and 

negative sign only indicates the position of the element with respect to this coordinate 

system. 

 

   

Fig 4.1: V-die punch model in Ansys 16.0 

 

4.2 FEM (Finite Element Method): 

Numerical methods provide a general tool to analyze arbitrary geometries and loading 

conditions. Among this numerical analysis FEM (Finite Element Analysis) is used 

most extensively [25]. This kind of analysis requires the generation of the large 

amount of data to obtain the more accurate results and consumes huge investment of 

the computer resources and engineering time [26]. FEM is the good choice to analyze 

the sheet metal punching processes, since it helps to eliminate the need for the time 

and cost consuming experiments to optimize the parameters [27]. The finite element 

method gives an appropriate solution with an accuracy that mainly depends on the 

type of element chosen and the number of elements. We used the FEM to simulate the 

punching process in ANSYS 15.0, which is capable of solving the nonlinear behavior 

of the materials, deformations and stress-strain accurately. 
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4.3 Meshing: 

To perform the finite element method correctly we have to divide the metal sheet into 

very small elements i.e. mesh elements and then the simulation is done respectively. 

There are different types of method to perform the meshing process like Tetrahedron, 

Hex dominant, Sweep, Multizone etc. We in this study choose the Tetrahedron 

method. In this study 16804 elements and 31142 nodes are considered. The details of 

the meshing process are shown the figure below. To get the accurate result we divide 

the sheet metal into mesh element of sizing 1mm. 

 

Table 4.3: Meshing 

ELEMENTS VALUES 

Meshing method Tetrahedron 

Elements 16804 

Nodes 31142 

Mesh element sizing 1 mm 

Minimum edge 

length 

0.5 mm 

 

 

 

Fig 4.3: Meshed model V-die punch model 
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4.4 Simulation  

4.4.1 Result and discussion for 90 º die: 

The Total deformation and the directional deformations along x, y and z axes are 

shown in the following fig. The analysis is performed by considering two nonlinear 

metal sheets of 5mm thickness when subjected to a load of 550 MPa at S.T.P. 

 

    

Fig 4.4.1.1: total deformation for a 90º die 

 

    

Fig 4.4.1.2: directional deformation for 90 º die 

 

Time is plotted along x axis and the variation of the total deformation is plotted along 

the y- axis. From this graphs, it is observed that the total deformation for both the 

metals increases almost uniformly and it’s parabolic in nature. 

 

Table 4.4.1 : total and directional deformation for a 90 º die. 

Die-angle ITEMS VALUES 

 

90 º 

1. Total deformation 10.048 mm (max) ; 0.38139 mm 

(min) 

2 .Directional deformation 10.046 mm (max) ; 0.38129 mm 

(min) 

 

Fig 4.4.1.1: total deformation for 90 

º die 
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4.4.2 Result and discussion for 120 º die: 

In a similar way, the deformation and the directional deformations for 120 º die along 

x, y and z axes are shown in the following fig. The analysis is performed by 

considering two nonlinear metal sheets of 5mm thickness when subjected to a load of 

550 MPa at S.T.P. 

   

Fig 4.4.2.1: Total deformation for 120º die 

 

   

Fig 4.4.2.2: Directional deformation for 120 º die. 

 

Time is plotted along x axis and the variation of the total deformation is plotted along 

the y- axis. From this graph, it is observed that the total deformation for both the 

metals increases almost uniformly and it’s parabolic in nature. 

 

Table 4.4.2: total and directional deformation for a 120 º die. 

Die-angle ITEMS VALUES 

 

120 º 

1. Total deformation 6.1095 mm (max) ; 0.18962 mm 

(min) 

2 .Directional deformation 6.1094 mm (max) ; 0.18959 mm 

(min) 
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4.4 Conclusion: 

From this analysis we can see that the total deformation  on the sheet metal for 90 º 

die is greater than that in case of 120 º die. Total deformation on the sheet metal for a 

90 º die is 10.048 mm (max) and that when die angle equals to 120 º is 6.1095 mm 

(max). Similarly, the directional deformation on the sheet metal for a 90 º die is 

10.046 mm (max) in the vertical direction and that when using a 120 º die is 6.1094 

mm (max). Hence, we see that the deformation in the 90 º die is much greater than 

that in the 120 º die. After removal of the tool, the final directional deformation on the 

metal sheet for a 90 º die is 8.0578 mm and that when using a 120 º die is 5.1489 mm. 

For the 90 º die, a reduction of 1.9882 mm for directional deformation from the 

initials and a reduction of 0.9605mm for the 120 º die is obtained. Hence, we 

understand that the phenomena of spring back produces different effects for different 

die angles.With the increase in die-angle, the spring-back effect is reduced. In the 

present study it is found that, the spring-back effect for 120 º die is lesser than that for 

the 90 º die which validates the concept of spring back phenomena in the context of 

variable die angles. In addition to that, the spring-back effect being an unwanted 

effect, deformation in the 120 º die is the desired deformation and hence 120 º die 

would be the preferred one. 

 

Table 4.4 : Conclusion Table 

 

ITEM NAME 

For 90 º die For 120 º die 

Maximum Total Deformation 10.048 mm 6.1095 mm 

Maximum Directional Deformation along y-axis 

(initial) 

10.046 mm 6.1094 mm 

Directional Deformation with Spring-back effect 8.0578 mm 5.1489 mm 

Reduction in Directional Deformation 1.9882 mm 0.9605 mm 

 

 

4.5 FUTURE SCOPE OF WORK 

Further investigation is needed to explore more parameters and operating conditions 

to develop a general model for more material types by using the combination of 

various techniques. A combination of techniques can be used in order to achieve a 

higher level of verification and to reduce the cost of the necessary experimental effort.  

It is recommended to experimentally perform the punching process that combines the 

optimal set of parameters and monitor its output quality. 
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