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Abstract: The analysis of stress-strain state non axis symmetric drawing process, which was developed based on an analytical 

model of the process. Obtained the dependencies for the components of the stress in the plastic region. The relationship between changes in 
the district velocity compressive stress on the peripheral area of the amount of shear stress. On this basis, it is given a numerical grade to 
increase the limit drawing ratio slightly different from equivalent value determined by the equality of the greatest meridional stress to the 
yield strength of the material at dangerous section of the blank. 
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1. Introduction 
Among the processes of sheet metal forming nonaxisymmetric 

drawing it is one of the least studied that to some extent makes it 
difficult the development of science-based technology of 
manufacturing products such as thin-walled shells of various 
configurations. The main focus of researchers has been directed to 
solve the particular problem in order to explain the experimentally 
established fact increase the limit drawing ratio is 1.5-2 times at low 
single-purpose boxes drawn with relatively large corner rounding 
radii, compared with the drawing of  cylindrical parts [1,2 and etc.]. 

Difficulties developing an analytical model non axis symmetric 
drawing process due to the fact that the corner of the blank along 
with the normal stresses acting with respect to the deforming tool in 
the meridional and circumferential directions, and shearing stresses 
occur, significantly complicating the process analysis. 

In [3]offered one of the possible explanation for the increase 
limiting coefficient at drawing box shaped parts, based on the 
assumption that the growth of the absolute value of circumferential 
of compressive stresses acting on the bisector of the corner portion 
at the periphery of the blank. On the basis of this assumption is 
established, it is theoretically possible coefficient of the drawing 
box-shaped parts can not exceed the amount

( )exp 1 1 3 4,84K R r= ⇒ + ≈  , where r - rounding  radius in 

the mates of plane wall box parts, R  -distance from the center of 
rounding to the blank edge along the bisector of the angle. 

In this paper, which is a continuation of [3], the task of 
developing an analytical model of non axis symmetric drawing 
process and on this basis to establish the relationship between the 
value and the nature of the distribution of shear and normal stresses, 
which will justify an increase in the limiting coefficient, as a result 
of growth in absolute value circumferential compressive stresses on 
the peripheral part the blank. 

 
2. Formulation of problem 
 
Consider deformation of the flange elements at blank in non  

axis symmetric drawing. We select the median surface of the blank 
in a system of rectangular coordinates having an axis z  extending in 
the thickness direction, the axis ρ  extending in the meridional 
direction and an axis θ  extending in the circumferential direction 
and perpendicular to the axes ρ  and z . 

 As a origin of the coordinate ρ  will take center the radius of 
rounding r , and the coordinates θ - the direction of the bisector. 

It is believed that the original sheet blank with constant 
thickness is deformed in a plane stress [1]. In this case, stress

, ,z z zρ θσ τ τ on the system selected coordinates are zero, and the 

components , ,ρ θ ρθσ σ τ  are independent of the coordinates z .It is 
assumed that sheet blank thickness s  is small compared with the 

transverse dimensions, whereby , ,ρ θ ρθσ σ τ is meant a value 
averaged over the thickness of the respective stress components. 

  Under these conditions, the differential equilibrium equations 
of the blank element of constant thickness and condition of Mises' 
yield (energy condition of plasticity) for plane stress are the form ( 
Kachanov L. M. “Fundamentals of the Theory of Plasticity”. M. 
1969, 420 p.) 
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2 2 2 23 sρ ρ θ θ ρθσ σ σ σ τ σ− + + =  .                 (2) 

 
The absence in scientific and technical literature of correct 
analytical solutions of the equations (1) and (2) allows certain 
schematization of forming process under non-axis symmetric 
drawing and use a number of assumptions. 
    As the basic assumptions, we assume that in the plastic region 
with dimensions ; 0 2r Rρ θ π≤ ≤ ≤ ≤  increasing coordinatesθ  
of the normal stresses are reduced and straight delimiting plastic 
and rigid (elastic) region at 2θ π= become equal to zero, and 
shear stresses are rising and, according to (2) on the border tightly -
plastic areas receive the greatest possible value for plane stress

max 3sρθτ τ σ= = ± . 
     In plane stress is realized three-dimensional strain state 0zε ≠  
whereby the thickness of the sheet metal in the plastic region 
becomes a variable ( );s s ρ θ= .In the direction of the bisector of 

the corner region of symmetry condition follows that for 0θ =  ; 
0ρθτ =  and the first equation (1) and the plasticity condition (2) 

are converted to the well-known equation in the case of a variable 
thickness of blank and take the form of: 
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 . (3) 

 
It should be noted that ρσ and θσ  in (1),(2) are the current normal 
stresses, and in (3) – are the major. 
      From (3) it follows that the problem is statically indeterminate 
(there are two of the equation, but it is necessary to determine the 
three unknown functions- , , sρ θσ σ ), so for the analysis of stress-
strain state becomes necessary to use constraint equations between 
stress and strain increments, as well as acceptable to use the results 
of analytical solutions obtained for axis symmetric drawing. 
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3. The analytical solution  

       In [4] the original equations of plastic flow theory in axial 
symmetry of deformation, namely the system of equations (3), the 
condition of constant volume and the constraint equation between 
stress and strain increments are given to a single structure and are 
presented in the deviatory plasticity cylinder plane Mises as a 
simple proportional relationship increments between meridional 
stress and equivalent strain .s id dρσ σ ε= This meridional and 
circumferential stresses acting along the main direction (along the 
bisector of the corner region), and satisfying the second equation 
(3), have the form [4]: 

2 cos ;
63

2 sin
3

s

s

ρ

θ

πσ σ ϕ

σ σ ϕ

 = + 
 

= −
 , (4) 

 
whereϕ  - the angle strain state, changing in this issue within the 
limits 0 2ϕ π≤ ≤ . 

       In [5] established the relationship between the angle of the type 
strain state and the relative coordinate in the main meridional 
direction ( )exp 1 2 3 cos 6rρ ϕ π = − × +  - (along the bisector 

of the corner zone). Because of this relationship for non-axis 
symmetric drawing shows that at1 2,718rρ≤ ≤ implemented 

oppositely biaxial stress state ( )0; 0; 0ρ θ ρ θσ σ σ σ≤ ≥ ≤ , and when 

2,718 4,84rρ≤ ≤ the state of stress changes sign and becomes 

biaxial same name ( )0; 0; 0ρ θ ρ θσ σ σ σ≥ ≤ ≤  (Figure 1). 

 

Figure 1. The distribution of the main normal stresses along the 
bisector corner region at drawing of rectangular boxes 

      According to the basic assumptions of the earlier represent the 
current value of the normal stress in the form of two factors 

( )
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      The first factor in (5), according to (4), characterized by the 
distribution of the principal normal stresses along the bisector of the 
corner zone of blank, and the second - determines the nature of the 
reduction of the stress by increasing the polar angle within the 
limits 0 2θ π≤ ≤ . 
       It is obvious that in this problem should occur the following 
boundary conditions: in ( )0; 1Fθ θ= =  and in ( )2; 0Fθ π θ= = .     

Under these boundary conditions of plasticity equation (2), taking 
into account (5) 
 

( )
1

2 21 .
3
s Fρθ

στ θ = ± −    (6) 

        Adopted the basic allowance equivalent to the assumption of 
independence of the shear stress on the coordinate

( ), 0ρθρ τ ρ∂ ∂ = , on the basis of which the second equation of 
equilibrium (1) takes the form: 

2 0.d
d

θ
ρθ

σ τ
θ

+ =             (7) 

       From joint consideration of dependencies (6), (7) and (5) 
following the variation of the second factor in (5), ( ) cosF θ θ= on 
the basis of which the character tangential stress distribution in the 
plastic region, according to (6) is installed under the assumed 
boundary conditions, becomes sin 3sρθτ σ θ= ± ⋅ . 
      Thus, the stress component distribution in the plastic region 
have the form: 
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 (8) 

 
     Obviously, according to (8), satisfying the condition of plasticity 
(2) taking into account accepted assumptions, and satisfy the system 
of differential equilibrium equations (1). 
 
 

 
 

Figure 2. The distribution of normal and  
shear stresses at the corner of non axis symmetric drawing (----

stress state type section line) 
 

       On the basis of the established relationship between the value 
and nature of the distribution of tangential stresses and circuit (7) it 
is possible to study growth in absolute value circumferential 
compressive stress on the periphery of the blank. From this 
differential relationship it implies that the rate of change of 
circumferential stress on the corner is proportional to shear stress, 
according to which justified the increase in the limit of the 
coefficient of non-axis symmetric drawing compared with an 
drawing of cylindrical parts. To integrate this (7) in the appropriate 
range. From Figure 1, and the second relationship (4) shows that 
while changing the type of  angle ϕ strain state within the limits

3 2π ϕ π≤ ≤ growth circumferential compressive stress, the 
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relative coordinate rρ ( )1r =  varies ( )2,72e Rρ≤ ≤ , and shear 
stress, respectively - 0 2θ π≤ ≤ . 
         Integrating (7) with (8) within the specified limits and making 
some transformations, we find that 4,72,R ≈ slightly differs from 
the previously set value [3]. When receiving the said values further 
assumed that the resultant stressis applied to a circumferential 
center of the gap R e− , and this gap circumferential stresses are 
distributed evenly. 

       4. Conclusions 

1. The analysis of stress-strain state of the corner of the blank 
in the absence of axial symmetry of the deformation, on 
the basis it is developed analytical model of non axis 
symmetric drawing. 

2. The relationship between the rate of change of 
circumferential compressive stresses and the value of the 
shear stress at the periphery of the blank. 

3. On the basis of this relationship, a numerical score to 
increase the limiting coefficient at drawing a rectangular 
box, which is equal to 4,72,R ≈  only slightly different 
from a similar value set on an equal basis most of the 

meridional stress to the yield strength of the material in a 
dangerous section of the blank. [3]. 
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