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1. Introduction 

Plastic strain of metal blanks is characterized as 

a technological process of waste-free production of 

parts. During plastic deformation, the configuration of 

the metal blank undergoes changes, while the volume 

remains constant. Thus, when changing the geometry 

of the metal blank of medium and large dimensions, 

significant technological efforts of pressing 

equipment tools are required, which causes large 

stresses and strains in the volume of the metal alloy. 

Sheet metal drawing is used to produce thin-

walled parts of various configurations [1]. The process 

is complicated by the variable deformation of the 

material in conditions of low thickness of the blank, 

which can lead to partial rupture of the semi-finished 

product in the most stressed areas (for example, 

significant wall thinning near radius bends) [2-5]. 

Deep drawing can be accompanied by the process of 

wrinkle formation due to excess material on the flange 

of the semi-finished product, which helps to increase 

the pressure force of the punch on the blank [6-8]. In 

the latter case, special blank holders are used to reduce 

the wrinkle formation. 

Thus, the identification of patterns of stresses 

and deformations of the material during plastic strain 

will make it possible to analyze dangerous local 

volumes in the manufactured part and the main 

variables that affect the technological process of 

drawing [9-10]. The results of computer modeling of 

the sheet metal deep drawing process will be useful in 

the design and implementation of technological 

equipment for the manufacture of cylindrical thin-

walled parts, improvement of plastic deformation 

technology to reduce defects in production. 

 

2. Materials and methods 

A metal sheet (steel AISI 4340) with a thickness 

of 20 mm was subjected to plastic deformation. The 

part ("cup") with a spherical bottom was obtained by 

deep drawing. After drawing, the height of the part 

was more than 400 mm, and the internal radius bend, 

which defines the boundary of the transition from the 

side wall to the bottom of the product, was 52 mm. 

The cylindrical punch applied pressure 

(approximately 20 N/m2) to the blank with its working 

part and formed the inner contours of the part by 

moving along the axis of the blank. Accordingly, the 

die hole provided the formation of the outer contours 

of the part. Thus, to analyze the degree of plastic strain 

of the metal cup, experimental values of the stress 

state of the outer and inner surfaces of side walls, 

radius bends and the bottom of the part were 

investigated. 

 

3. Results and discussion 

To analyze the results of testing the deformation 

of the material of a thin-walled part made by deep 

drawing, the calculated values of pressure and 

coefficient of plastic strain of the outer and inner 

surfaces of the product were processed. The following 

part elements were analyzed: the outer and inner 

surfaces of side walls, the outer and inner surfaces of 

side walls near the radius bends, the outer and inner 

surfaces of the radius bends, and the outer and inner 

surfaces of the spherical bottom. 

3.1. The outer and inner surfaces of side walls 

The estimated length of side wall of the part on 

the outer and inner surfaces is 400 mm. The outer and 

inner surfaces of side walls are subjected to 

compression deformation, as the calculated pressure 

values vary in the ranges from -178 to -252 MPa for 

the outer surface and from -188 to -71 MPa for the 

inner surface. Thus, a greater material stress is 

observed on the outer surface of the cup. An increase 

in pressure was noted along the outer surface of side 

wall in the direction of the radius bend, and an 

increase in pressure was noted along the inner surface 

of side wall in the direction of the flange of the cup. 

The coefficient of plastic strain of the material is 

almost zero on the outer and inner surfaces of side 

wall of the part. 

3.2. The outer and inner surfaces of side walls 

near the radius bends 

The estimated length of side walls near the radius 

bends on the outer and inner surfaces is 70 mm. The 

outer surface of wall is mainly subjected to 

compression deformation along its length, however, a 

slight tensile deformation is observed at the junction 

with the radius bend. The inner surface of side wall is 

only subjected to compression. The calculated 

pressure values on the outer and inner surfaces are 

determined in the ranges from -252 to 10 MPa and 

from -70 to -8 MPa, respectively. Thus, a decrease in 

the pressure on the outer and inner surfaces of side 

walls of the cup is traced to the interface with the 

radius bends. It is important to note that the pressure 

on the inner surface of side wall varies as follows: up 

to the middle of the section length, the pressure 

decreases, and up to the radius bend increases to -62 

MPa. The coefficient of plastic strain of the material 

is almost zero on the outer and inner surfaces of side 

wall near the radius bend. 

3.3. The outer and inner surfaces of the radius 

bends 

The estimated lengths of the radius bends along 

the outer and inner surfaces of the cup are 76 and 56 

mm, respectively. In this case, the outer surface of the 

radius bend is only subjected to tensile deformation, 

and the inner surface of the radius bend is only 

subjected to compression deformation. The calculated 

pressure values on the outer and inner surfaces are 
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determined in the ranges from 17 to 322 MPa and 

from -62 to -235 MPa, respectively. The peak pressure 

on the outer and inner surfaces is marked in the middle 

of the radius bends. The coefficient of plastic strain of 

the material reaches values of 0.00014 and 0.008 on 

the outer and inner surfaces of the radius bends, 

respectively. At the same time, the increase in plastic 

strain of the outer surface of the radius bend occurs 

sharply, and on the inner surface of the radius bend 

more smoothly. 

3.4. The outer and inner surfaces of the spherical 

bottom 

The estimated lengths of the spherical bottom 

along the outer and inner surfaces of the cup are 470 

and 450 mm, respectively. The outer and inner 

surfaces of the spherical bottom of the cup are 

subjected to variable deformation, i.e. both tensile and 

compression in different parts of the element. The 

calculated pressure values on the outer and inner 

surfaces are determined in the ranges from 115 to -300 

MPa and from -214 to 48 MPa, respectively. On the 

outer surface of the spherical bottom, the tensile 

deformation is replaced by a compression deformation 

in the direction of the centerline of the cup. The 

coefficient of plastic strain of the material reaches 

values of 0.0014 and 0.0033 on the outer and inner 

surfaces of the spherical bottom, respectively. At the 

same time, the greatest plastic strain of the outer 

surface is determined in the middle of the radial 

section of the bottom, and on the inner surface, plastic 

strain prevails near the centerline of the cup. 

 

4. Conclusion 

Thus, the steel sheet undergoes tensile and 

compression deformations in various areas during 

deep drawing. At the same time, the material of the 

part is more likely to experience compression 

deformation. The most loaded (deformed) elements of 

the cup can be distinguished by a spherical bottom and 

a radius bend along the outer surface. The least loaded 

(deformed) element of the cup is the inner side wall 

near the radius bend. Thus, the inner surfaces of the 

part are subjected to plastic strain to a greater extent. 

The surface pressure during the formation of the cup 

cavity is less than that during the formation of the 

outer contours. 
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