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This paper presents numerical simulation of blanking process using finite element method and comparison of 

results obtained by analytical solution commonly used in engineering practice. The problem was modeled using 

axial symmetry. Experimental measurement was used to create multi-linear plastic material model. Results of 

numerical simulation were used to create history of blanking force vs. tool displacement.  
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 Introduction 

Blanking is the most widely used forming operation. 
It is used both for the preparation of semi-finished produ-
cts and cutting of metal parts either for final use or as pre-
paration for other technological operations [1]. Simple 
analytical calculations are usually used during prepara-
tion of serial manufacturing [2]. These analytical calcula-
tions are sufficient for determining basic parameters of 
blanking process as maximal blanking force, however 
when problems occur during the manufacturing process 
the solution is often complicated and can be calculated 
only by using advanced numerical methods [3]. This pa-
per presents a numerical simulation of blanking process 
for a steel washer using finite element method and com-
pares results of analytic solution with results obtained by 
finite element method using two different material mo-
dels. 

 Material data and models 

Material data are one of the most important inputs in 
numerical simulation. Precise results can be obtained 
only when precise material data in combination with pro-
per material model are used [4,-7]. 

 

Fig. 1 Specimens for tensile test: specimen before test 
(left), specimens after rupture (middle and right) 

Structural steel S235J was used. Material data used 
for the presented simulations were obtained by tensile test 
using sheet metal samples of 1 mm thickness. The shape 
of the samples before and after tensile test can be seen on 
the following figure. 

 Analytical calculation of blanking force 

Blanking force can be calculated analytically using 
formula which takes into account ultimate sheer strength 
ts and sheer plane area. This formula is often used in en-
gineering practice [8-12]. 

The dimensions of the punched ring were: D1 = 15.5 
mm, D2 = 20.55 mm. the metal sheet had thickness t = 2 
mm, and the ultimate strength determined by tensile test 
was Rm = 337 MPa (engineering stress). 

The sheer plane area is calculated from sheer circum-
ference and sheet metal thickness. 

Sheer circumferences are calculated as follows: 
 �� � �	 ∙ ��,  (1) 
 �" � �	 ∙ �",  (2) 

Ultimate sheer strength is calculated as follows: 
 �# � 0.8	 ∙ &' � 	269.6	MPa (3) 

Blanking forces for the two sheer areas are calculated 
as follows: 
 .� � �� ∙ �	 ∙ �# � 26256	N	 (4) 
 ." � �" ∙ �	 ∙ �# � 34811	N	 (5) 

The overall blanking force is the sum of forces F1 and 
F2: 
 . � .� � ." � 	61067	N (6) 

 FEM model 

 
Fig. 2 Tool configuration and boundary conditions 
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The problem was modeled using axial symmetry in 
commercial FEM software ADINA. The punch, blank 
holders and die were modeled as rigid bodies. Rigid target 
contact was used for contact of punch blank holders and 
die with sheet metal. Friction coefficient of 0.2 was used 
for all contacts. The sheet metal was meshed using 2D 4 
node elements, with very fine mesh in the area near 
punch. 

In the first the sheet metal was pressed by blank hol-
ders using force of 62400 N. The second stage involved 
displacement of punch, which was prescribed by time 
function. The punch moved 5 mm downward and then 6 
mm upward. 

The FEM model with boundary conditions can be 
seen on following figure: 

Detail of FEM mesh can be seen on the following fi-
gure: 

 

Fig. 3 Detail of finite element mesh in the area subjected to cracking

 FEM simulation using bilinear material mo-

del 

The data obtained from tensile test were used to create 
bilinear elastic-plastic material. Young’s modulus E = 
210000 MPa, Poisson’s number μ=0.3, initial yield stress 
= 201.918 MPa, strain hardening modulus = 897. Rupture 
of elements occurred when accumulated effective plastic 
strain in element reached 0.2731. The material model in 
true stress representation can be seen on the figure 4. 

The accumulated effective strain distribution immedi-
ately after the material fully cracked can be seen on the 
following figure. 

 

Fig. 4 Stress-strain curve for bilinear material model in 
true stress representation 

 

Fig. 5 Accumulated effective plastic strain after full cracking of the material 
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The reaction force from the punch was used to create 
dependence between punch displacement and punching 
force. 

 

Fig. 6 Blanking force vs. punch displacement 
 
The maximal blanking force obtained by simulation 

using bilinear elastic-plastic material model was 43396 
N. 

 FEM simulation using multi-linear material 

model 

The data obtained from tensile test were used to create 

multi-linear elastic-plastic material with isotropic harde-
ning. Young’s modulus E = 210000 MPa, Poisson’s nu-
mber μ=0.3. The stress-strain data in true stress represen-
tation were used. Rupture of elements occurred at the last 
stress-strain point. The material model in true stress re-
presentation can be seen on the following figure: 

 

Fig. 7 Stress-strain curve for multi-linear material mo-
del in true stress representation 

 
The accumulated effective strain distribution immedi-

ately after the material fully cracked can be seen on the 
following figure. 

 

Fig. 8 Accumulated effective plastic strain after full cracking of the material 
 

 
Fig. 9 Blanking force vs. punch displacement 

The reaction force from the punch was used to create 
dependence between punch displacement and punching 
force. 

 Conclusion  

The analytical solution is relatively easy and quick to 
calculate. The blanking force calculated by analytical so-
lution is 61067 N, blanking force calculated by FEM so-
lution using bilinear elastic-plastic material is 43396 N 
and blanking force calculated by FEM solution using 
multi-linear elastic-plastic material is 49921 N. The result 
of analytical solution is 1.22-1.4 times larger than result 
of FEM simulation. 

Nonlinear finite element solution is much more com-
plex than the presented analytical solution, on the other 
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hand, the results of FEM solution offer much more than 
maximal blanking force. The results of FEM simulation 
also include the shape of resulting surface after blanking. 
Changing of parameters like clearance between cutting 
edges of the die and punch during simulation is more cost 
efficient than using physical prototypes and allows fin-
ding of the best parameters for production. FEM simula-
tion can also help to determine the causes of problems 
which can arise during manufacturing and to find solution 
to these problems. 
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