ISRA (India)  =6.317  SIS(USA)  =0912  ICV (Poland)  =6.630
I t Factor- 'S!(Dubai, UAE)=1582  PMHLL (Russic) =0191  PIF (India) =1.940
Mpact Faclor: G e (australia) =0564 ESJI(KZ)  =8.100 IBI (India) = 4.260
JIF =1500  SJIF (Morocco) =7.184  OAJI (USA)  =0.350

Issue Article

International Scientific Journal
Theoretical & Applied Science

p-1SSN: 2308-4944 (print)  e-1SSN: 2409-0085 (online)

Year: 2025 Issue: 09  Volume: 149
21.09.2025

30.09.2025

Received:
Accepted/Published:

SOI: 1.1/TAS DOI: 10.15863/TAS

https://T-Science.org

Denis Chemezov
Vladimir Polytechnic College

MEng, Honorary Worker of the Education Field of the Russian Federation, Academician of International
Academy of Theoretical and Applied Sciences, Lecturer, Russian Federation
https://orcid.org/0000-0002-2747-552X

vpk-science@yandex.ru

Matvey Alekseev
Vladimir Polytechnic College
Student, Russian Federation

Darya Mishakova
Vladimir Polytechnic College
Student, Russian Federation

Ekaterina Suslova
Vladimir Polytechnic College
Student, Russian Federation

Aleksandr Burkov
Vladimir Polytechnic College
Student, Russian Federation

Kirill Samokhvalov
Vladimir Polytechnic College
Student, Russian Federation

Valeriy Gogulin
Vladimir Polytechnic College
Student, Russian Federation

Yaroslav Baranov
Vladimir Polytechnic College
Student, Russian Federation

QUALITY ANALYSIS OF A BOX-SHAPED PART AFTER DEEP
DRAWING

Abstract: Sheet metal drawing provides medium-precision thin-walled hollow parts. The production of box-
shaped parts by volumetric deformation is associated with deviations from the geometry of final product in
accordance with the drawing requirements, significant material stresses, and other problems. Thus, the prediction of
the condition of a plastically deformed box part and the analysis of the causes of deep drawing instability will reduce

production defects by optimizing the technological process.
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1. Introduction

Sheet metal drawing is used to produce thin-
walled hollow parts such as cups, boxes, pipes, etc. [1-
2]. Depending on the geometric shape of the punch
and the die hole, it is possible to produce cylindrical,
cubic, and parallelepiped-shaped parts. Features of
drawing of cylindrical and box-shaped parts are
presented in works [3-11]. The drawing of cylindrical
hollow parts is accompanied by uniform plastic
deformation of the material volume due to the most
optimal geometric shape of the die hole. The drawing
of box-shaped hollow parts is accompanied by the
formation of an excess volume of material on the
blank flange and the occurrence of significant plastic
deformations at the conjugation of side walls with
other elements of the part. The results of computer
modeling of the box-shaped part drawing process
allowed for a qualitative prediction of the plastic
deformation of sheet metal, the quantitative
determination of excess material, and the analysis of
deviations from the geometric shape of the resulting
part.

2. Materials and methods

The deep drawing process of sheet metal was
implemented in dynamics using the LS-DYNA
program. A square-shaped blank (100x100 mm) with

LS-DYNA user input

Doi: &os¥ef https://dx.doi.org/10.15863/TAS.2025.09.149.6

a thickness of 2 mm and the properties of 2024
aluminum alloy was subjected to plastic deformation.
In parallel with the sheet metal model, models of a
cube-shaped punch and a die with a cube-shaped hole
were constructed. The clearance between the outer
surface of the blank and the forming surface of the die
hole was taken to be 1 mm. The working part of the
punch was rounded to a radius of 5 mm. A blank
holder model was used to reduce the formation of
wrinkles on the flange of a deformed sheet metal. A
technological force of 15 kN was applied to the blank
using a punch. The models of the forming and
auxiliary parts of the drawing die were accepted as
absolutely solid bodies (they were not deformed).

3. Results and discussion

The Figure 1 shows the results of computer
modeling of the deep drawing process for a box-
shaped part. The blank was pulled into the forming
hole of the die to a depth of 30 mm. To increase the
view of the deformed blank, the models of the punch
and the blank holder were not displayed. The wire
model represents the die. To assess the degree of
plastic deformation, the volume of the blank model
was divided into finite elements (a mesh was
generated).

Figure 1. Three-dimensional model of the box-shaped part after drawing.

Due to the clearance, the walls of the box-shaped
part are formed at an angle. Excess material located
on the flat surface of the die causes the side walls of
the part to become curved (concave). The volume of
excess material in the blank of various overall
dimensions can be determined by summing the

number of finite elements on the flange. The volume
of one finite element (with standard model
partitioning) is 1.7 mm?,

At the conjugation of side walls of the part, there
are maximum deformed sections 6.8 mm long from
the upper flat surface of the die. The geometry and size
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of finite elements demonstrate the type of material
deformation in the part. Thus, it can be noted that the
volume of material located in the area of the side walls
and the bottom of the part is subjected to stretching,
while the volume of material located between the
excess flange and the rib is subjected to compression.

4. Conclusion
To reduce the errors in manufacturing a box-
shaped part by plastic deformation, it is necessary to
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