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Abstract— Flanging is quite actively used in the 
manufacturing of workpieces with necks. Its prevalence in 
production explains the fact that there is a huge number of 
Russian and foreign researches discussing this operation, which 
unfortunately do not take into account the influence of the 
mechanical properties of the blank. Thus, the study of this 
process, in relation to the anisotropy, is essential. This article 
deals with the flanging of a sheet semi-finished workpiece with a 
hole made at the intermediate stage of deformation in a radial 
die. The research investigates the effects of such important 
parameters as flanging coefficient and radius of working tool 
curvature at the maximum force that occurs during the flanging. 
The obtained results of theoretical studies can be used to create 
new technologies for pressure treatment of sheet flange parts, the 
main stamping operation of which can be the flanging of flat 
pieces that take into account anisotropy. 

Keywords— drawing, deformation, stress, deformation, force, 
destruction. 

I.  INTRODUCTION  

One of the most commonly used methods for the 
manufacturing of workpieces with necks, is sheet stamping, 
also known as flanging, when the inner contour  of the  sheet 
blank hole is drawn by  a punch into the working surface of 
the die. This operation is widely used at ma-chine building 
enterprises, which is the reason why there is a great number of 
Russian and foreign researches investigating it [1-4]. 
However, these studies do not take into account the influence 
of workpiece’s mechanical properties, and in particular, its 
anisotropy [5-8]. Therefore, the study of this process, with due 
regard for the developing and initial anisotropy, is essential. 
When creating advanced technologies for stamping thin-
walled flanged products by means of flanging, it is necessary 
to determine the power modes, maximum deformation limits, 
as well as the geometric dimensions of the workpiece being 
manufactured [9-12]. 

II. RESULTS AND DISCUSSION  

Figure 1 shows the scheme of blank flanging with a round 
hole with a coefficient 10 / Rrmо =  at the deformation stage, 

at which the forces and stresses are at maximum. During the 
investigated process both the growth of the hole perimeter and 
the increase of forming workpiece part’s bending along the 
working contour of the die occur at the same time. Then the 
forming part is aligned with the cylindrical part of the die and 
the punch. 

The material of the forming workpiece is considered 
incompressible and having initial anisotropy. During the 
flanging, it gets isotropically strengthened. For the process 
under investigation, the Mises-Hill yield criterion and the 
associated flow rule are valid. Modeling is carried out with the 
assumption that the stress state is plane. Friction at the edges 
of the tool and the workpiece is taken into account, and as well 
as the effect of Coulomb’s law of friction. 

The process under investigation was calculated using 
energy-force parameters estimation method, based on the 
simultaneous solution of approximate differential equilibrium 
equations and the yield criterion. Zone 1 of the blank, which is 
opposite the lower part of punch end, is always only slightly 
detached from it, and therefore, the values of the bending 
moment in the zone between the first and second sections of 
zone 2 are negligible. 

 

 

 

 

 

 

207Copyright © 2018, the Authors.  Published by Atlantis Press. 
This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/).

International Conference "Actual Issues of Mechanical Engineering" (AIME 2018)
Advances in Engineering Research (AER), volume 157



 

 
Fig. 1. Theoretical evaluation of sheet blanks flanging 

 
There are no external stresses in the first section of blank’s 

zone 1, and therefore the stress state of the workpiece in this 
section can be calculated by solving the differential equation 
of equilibrium [1-4] together with the yield criterion for  

0rr = , 0=σr . 

Let us calculate the state of the workpiece in the section 1 
of zone 1. The rates of deformation acting in various 
directions on the surface along the thickness of the workpiece 
can be found from the correspondences presented in [3]. 

Taking into account the equation 0=ξ+ξ+ξ θ zr  and the 

equation for estimation of the relationship between the rates of 
deformations and stresses [1-4], we obtain: 
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Taking into account the differential equation of 
equilibrium, after the integration let us write the formula (1) in 
the following form:  
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Then, similarly, we find nθσ  from the yield criterion at 

0rr = , 0=σr . Section 2 of zone 2 interacts with the 

deforming tool. Due to frictional forces, the stresses act on the 
inner part of the workpiece in section 2. 

In order to calculate the stresses in the meridional and 
circumferential directions on the rounded surface of the punch 
(section 2), we solve the equilibrium condition together with 

the yield criterion at 0ϕ=ϕ  
пс

srr r

s

arar 41 ⋅
=

σ+
=

σ=σ , 

where ϕ  is the angle determining the positions of the 

investigated workpiece section; 05,0 srr ппс += ; 1rσ  is the 

stress in the meridional direction acting on the surface of the 
oppositely located flat part of the deforming tool’s end surface 
(section 1) and calculated at ar = ; sσ  is the  resistance of the 

material to plastic deformation with due regard for its 
strengthening at ar = ; пr  is the radius of punch’s rounding. 

We integrate the equation numerically using the method of 
finite differences from the boundary between the second and 
the first sections of the deformation center. 

Section 3 of the deformation center 3 is formed without the 
tool force. The stress state in a conical section is found by 
integrating the differential equilibrium equation together with 
the yield criterion for 1Rr = . The maximum value of the 

stresses formed in the dividing zone of the deformation center 
can be determined when 2Rr = , that is, when the fragments 
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of the workpiece are bent at the edge of the die. The degree of 

influence of this bending on rσ  is calculated as follows:  
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where Мr  is the radius of die’s rounding. 

In equation (4), the value after the equal sign allows us to 
take into account the increase of stresses in the meridional 
direction, which arises when the workpiece is straightened. In 
this formula, the radius of the flanging hole at the moment 

отr  depends on the angle, which is estimated according to 

punch motion value. As the punch moves, this angle changes 
from 2/π  at the initial forming moment to 0, at the final 
moment, when the force is at its peak, i.e. the radii of the 
forming tool are at the same level. Together with the angle 
decrease, there is an increase of hole radius. 

As discussed in [4], if we take into account the fact that the 
length of the forming workpiece does not change during the 
flanging, then according to the geometry dimensions it is 
possible to obtain an equation helping to reveal the 
relationship between the hole radius and the angleϕ  for the 

moment when the gap between the tools is approximately 
similar to the thickness of the workpiece: 

])2/(57,0)[( 00 ϕ−ϕ++++= tgsrМrrr пот ,     (5) 

where отr  is the radius of the hole being flanged at the 

moment, reached when the angle value is ϕ , and 0r  is the 

radius of the hole in the workpiece. 

At arот ≤  (at the very beginning of the process): 

)(57,0 00 srrrr пМот +++= .                    (6) 

The flanging force is determined by the equation: 
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During the forming, the reduction of workpiece thickness 
and workpiece material take place at the same time. This 
situation has the opposite effect on the stress values in the 
meridional direction. As a result, we can say that workpiece 
thickness change, and thinning in particular, reduces the stress 
values in the meridional direction, and strengthening, on the 
contrary, increases them. 

Thus, in order to take into account the strengthening of the 
material, we need to know the information on the deformed 
state of the blank. 

III.  RESULTS AND DISSCUSION 

The force acting during the flanging of the blank with a 
round hole was estimated according to the flanging coefficient 

оm  and the punch edge rounding radius nr  for aluminum 
alloy Al-Mn, brass L63 and 1008. Their characteristics are 
presented in [1, 3, 4]. 

To choose the equipment, we need to build a "force-path" 
diagram, which we will be created according to the above-
mentioned correspondences. 

Hole radius in îòr  is determined by the angle ϕ , which in 

its turn is determined by the punch motion from the initial 
moment of deformation. When moving it down ϕ  varies from 

°90  in the beginning to °0  (the working surface rounding 
centers of the punch and the die are aligned on one line) when 
the deforming tool moves at 0srМr п ++  from the initial 

moment of deformation. At the same time the hole radius is 
increasing. 

Figure 2 shows the correspondences that allow us to 
determine the influence of the relative punch path H = 0/ sh , 
flanging coefficient and punch working edge rounding radius 
on the force for Al-Mn alloy (solid line), 1008 (dashed line) 
and brass (centerline) respectively. 

Calculations are made with 5.10 =s  mm; 45.200 =r  mm; 

8.81=загr  mm; 65.38=пR  mm; 9.40=мR  mm; 3=мr  

mm; 3=nr  mm. 

 

Fig. 2. The influence of  H  on P : 1 - 5.0=оm ; 2 - 6.0=оm ;  

3 - 7.0=оm  

After the analysis of the figure, it can be said that the 

dependence of change in P  during the flanging from the 

value of the punch working path Пh  is non-linear. We can say 
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that with a decrease of the coefficient оm  force P  increases. 

The decrease of the coefficient оm  from 0.5 to 0.45 occurs 
together with the double increase of the force. 

Figure 3 shows the correspondences that allow us to 

evaluate the influence of the relative punch path Пh = 0/ sh , 

and die working edge rounding radii on the relative force P  
for Al-Mn alloy (solid line), 1008 (dashed line) and brass 
(centerline) respectively.  

 

Fig. 3. The influence of H  on P : 1 - 5.1/ 0 =srМ ;  

2 - 3/ 0 =srМ ; 3  - 5.4/ 0 =srМ  

After analyzing these dependencies, it can be concluded 
that with the decrease of the working edge rounding radius of 
the punch and the die from 4 to 1, the relative flanging force 
increases by 35%. 

IV.  CONCLUSION. 

This article presents the modeling results of sheet semi-
finished workpiece flanging with a hole at the intermediate 
stage of deformation through a radial working edge die with 
sheet material radius characterized by anisotropic properties. 
The research has investigated the influence of such parameters 
as the deformation degree, tool dimensions, friction 
parameters and clamping pressure on the flanging drawing 
force for various types of metals and blank dimensions. The 
obtained results can be used as recommendations for 
technological processes. 
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