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Abstract – In this study, die, punch and sheet metal are designed in Solidworks package program, and then 

radius are given to die and punch, and stress analyzes are examined in Ansys package program. The results 

of the analysis resulted as we expected, and as the amount of radius we gave increased, the stresses 

decreased. The aim of this study is to show the effect of radius in the deep drawing process and to show 

that both time saving and economy can be achieved thanks to analysis programs such as Ansys package 

program. 
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I. INTRODUCTION 

The most important method used to obtain cup-

shaped parts from sheet metal is deep drawing [1]. 

Today, with its frequent use, it has been further 

developed and micro-level shaping is done by 

micro-deep drawing process. In the deep drawing 

process, round sheet plates made of steel and 

aluminum materials are generally used. This process 

gives permanent shape to the sheet metal plates 

through permanent deformation, i.e. plastic 

forming. Usually, cylindrical containers are created 

with this method. Most of the time this process is 

done in successive phases in one go. The containers 

formed using the deep drawing method are shown 

in Fig. 1 [2].  

 

 

Fig. 1 The vessels formed by the deep drawing method 

As seen in Fig. 2, the deep drawing process 

generally consists of punch, die and sheet metal. In  

 

 

addition, “In practice, if D/d (diameter of sheet 

metal / diameter of punch)>21/20, pot ring is used.  

If D/d<21/20, deep drawing can be done without 

using pot ring.” [1] The theoretical analysis of the 

deep drawing process of cylindrical containers was 

studied for the first time by Hessenberg [3] and 

Danckert [4], and the effect of the stresses generated 

during drawing on the die profile was investigated.  

 

 

Fig. 2 Punch, sheet metal (drawing sheet), die used in deep 

drawing process 

In 1996, Mamalis investigated the deep drawing of 

cylindrical containers using the express finite 

element technique (with the help of the DYNA 3D 
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program) by simulating its effect on the forming 

characteristics of the material. Theoretical results 

were compared with the experimental results, 

depending on the elongation distribution (radial, 

circumferential and throughout the thickness) for 5 

different galvanized sheet and aluminum sheet by 

varying the punch force and punch movement 

distance, and a good agreement was observed [5, 6]. 

The punch is pressed against the blank deep 

drawing process begins, that begins to deform. The 

deep drawing force is small, at the beginning of the 

process, therefore only slight local deformation 

takes place, after which, as the stress increases, the 

material enters the plastic deformation and begins 

the actual deep drawing process [7, 8, 9].  

Since ANSYS student version was used in this 

study, deep drawing depth had to be kept small due 

to limitations. In addition, pot circle was not used 

due to the use of ANSYS analysis program. It can 

be known that the deep drawing technology for 

finally obtaining the optimal parameters for 

unbuffered drawing is a combination of different 

fields of scientific research, which are: 

mathematical, mechanical, computer science, etc. 

with software analysis and computer simulation 

software [10, 11, 12]. 

Therefore, numerical computer simulations which 

uses finite element analysis and laboratory 

simulations tend to substitute industrial testing for 

the purpose of implementing real-world results [13, 

14, 15]. 

Since there is no direct mathematical formula to 

calculate the stresses or deformations in a body 

having a complex form in the finite element 

analysis, it is done by using simple mathematical 

models that can calculate these characteristics in 

bodies with simple geometric shapes (cube, 

pyramid) when certain tasks are applied to them [16, 

17]. 

Hence, the utilization of the Finite Element 

Method (FEM) is based on the meshing of a 

complex, subject-to-demand form in regular 

elements for which internal stresses and 

deformations are able to be calculated [18]. 

The main reason why analysis programs are used 

in such studies is to provide economic benefits. 

Before a process is actually performed on the bench, 

it can be studied with analysis programs such as 

ANSYS, Auto-form, Simufact, and it can be learned 

by simulating beforehand where there will be tears 

and where there will be difficulties. Of course, 

simulation and practice do not give the same result, 

but due to these simulations, a lot of time and money 

has been saved today. 

II. MATERIALS AND METHOD 

Using Solidworks package program, 0.8 mm 

thick sheet material, male and female die were 

designed. 

 

 

Fig. 3 Design of deep drawing assembly. 1-punch, 2-sheet 

metal, 3-die 

These parts were designed separately in the 

Solidworks package program and then imported 

into the ANSYS package program as in Fig. 3. After 

importing the geometry, the model section was 

selected, and the male and female dies were selected 

as rigid, the sheet material flexible was selected. 

While the material of the male and female molds 

was chosen as classical structural steel, the material 

of the sheet was chosen as Aluminum Alloy NL as 

in Fig. 4. 

 

 

Fig. 4 Material and definition section in Ansys program 

 

Mechanical properties of classical structural steel 

material and aluminum material are shown in Fig. 5 

and Fig. 6, respectively. These mechanical 

properties were selected from the Ansys program 

and used to perform analysis.  
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Fig. 5 Mechanical properties of classical structural steel 

 

Fig. 6 Mechanical properties of Aluminum Alloy NL 

III. RESULTS AND DISCUSSION 

In the contact part, two frictionless contacts are 

used as in Fig. 7. 

 

 

Fig. 7 Contacts between the punch and the sheet 

In the mesh phase, a generate mesh was created 

so that the element quality value would not fall 

below 3, both from the limits of the Ansys student 

version and to shorten the simulation time, and a 3 

mm mesh was added to the sheet metal body size. 

The analysis time was chosen as 0.001 s and fixed 

support was displaced from the down plate and 

displacement was displaced from upper plate. 

Radius 0-3-6-9-12 one by one and Radius in both 

die and punch (12-4) were given and this analysis 

was repeated, and the results were given. The stress 

results are shown as follows. 

Explicit dynamics analysis results without using 

any radius are given in Fig 8 and Fig 9. The 

maximum and minimum equivalent (von-mises) 

stress was obtained as 465.91 MPa and 59.599 MPa, 

respectively. The maximum and minimum normal 

stress (Y-axis) was obtained as 71.844 MPa and -

574.71 MPa, respectively. 

 

 

Fig. 8 Equivalent (von-mises) stress without using any radius 

 

Fig. 9 Normal stress (Y-axis) without using any radius 

Explicit dynamics analysis results are given in Fig 

10 and Fig 11. A radius of 4 mm on the lower 

surface of the die was used in this and every 

subsequent analysis, and a radius of 3 mm was used 

on the surface of the die in this analysis. The 

maximum and minimum equivalent (von-mises) 

stress was obtained as 462.54 MPa and 27.324 MPa, 

respectively. The maximum and minimum normal 

stress (Y-axis) was obtained as 61.613 MPa and -

605.03 MPa, respectively. 
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Fig. 10 Equivalent (von-mises) stress for 3 mm radius 

 

Fig. 11 Normal stress (Y-axis) for 3 mm radius 

Explicit dynamics analysis results with using 6 

mm radius are given in Fig 12 and Fig 13. The 

maximum and minimum equivalent (von-mises) 

stress was obtained as 466.06 MPa and 15.729 MPa, 

respectively. The maximum and minimum normal 

stress (Y-axis) was obtained as 51.418 MPa and -

545.46 MPa, respectively. 

 

 

Fig. 12 Equivalent (von-mises) stress for 6 mm radius 

 

Fig. 13 Normal stress (Y-axis) for 6 mm radius 

Explicit dynamics analysis results with using 9 

mm radius are given in Fig 14 and Fig 15. The 

maximum and minimum equivalent (von-mises) 

stress was obtained as 499.07 MPa and 12.962 MPa, 

respectively. The maximum and minimum normal 

stress (Y-axis) was obtained as 53.625 MPa and -

549.69 MPa, respectively. 

 

 

Fig. 14 Equivalent (von-mises) stress for 9 mm radius 

 

Fig. 15 Normal stress (Y-axis) for 9 mm radius 

Explicit dynamics analysis results with using 12 

mm radius are given in Fig 16 and Fig 17. The 

maximum and minimum equivalent (von-mises) 

stress was obtained as 451.94 MPa and 8.5188 MPa, 

respectively. The maximum and minimum normal 

stress (Y-axis) was obtained as 54.803 MPa and -

539.03 MPa, respectively. 

 

 

Fig. 16 Equivalent (von-mises) stress for 12 mm radius 

 

Fig. 17 Normal stress (Y-axis) for 12 mm radius 

Explicit dynamics analysis results are given in Fig 

18 and Fig 19. 4 mm radius on the lower surface of 

the female mold and 12 mm radius on the upper 

surface, in addition to the 4 mm radius on the punch 
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was used. The maximum and minimum equivalent 

(von-mises) stress was obtained as 445.8 MPa and 

10.746 MPa, respectively. The maximum and 

minimum normal stress (Y-axis) was obtained as 

32.26 MPa and -540.66 MPa, respectively. 

 

 

Fig. 18 Equivalent (von-mises) stress for 12 mm radius and 4 

mm punch 

 

Fig. 19 Normal stress (Y-axis) for 12 mm radius and 4 mm 

punch 

IV. CONCLUSION 

This study showed that although the given radius 

is not always as expected, there is a significant 

difference between the initial stress values without 

radius and the stress values with radius in both the 

punch and the die. This is the expected result 

because it is aimed to reduce these stresses by giving 

radius to the points where stresses can occur. While 

the normal stress value is max 71.844 MPa, the 

minimum value 32.26 MPa is seen. This result 

shows that radius values have a significant effect on 

normal stress. Likewise, the equivalent stress value 

formed in the tool without any radius is 465.91 MPa, 

while the equivalent stress value is 445.8 MPa 

where 4 mm, 12 mm, and 4 mm radius are given to 

the punch, die upper and die lower surfaces, 

respectively. This is noticeable decline. As a result, 

thanks to many analysis programs such as Ansys 

and many more, as time passes and technology 

progresses, practical and simulation values will 

approach each other and instead of trying repeatedly 

for studies, simulations will be used to save both 

economy and time. 
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