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UNDER CONDITIONS OF DRAWING THIN-WALLED SQUARE PARTS

Abstract: This article presents the calculated values for effective plastic strain of certain metal materials with

transverse anisotropy properties when drawing thin-walled square-shaped parts. Based on the analysis of the
research results, S355MC high-strength low-alloy steel exhibits the greatest accumulated irreversible strain
(53.15%), while AISI 304 austenitic stainless steel exhibits the least (22.19%).
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1. Introduction

Drawing of thin-walled metal sheets is
associated with a number of common problems.
Folding, characterized by deformation in the flange
area due to compressive forces, is a common
phenomenon, especially in less rigid thin materials.
Tearing or breaking can occur in areas of excessive
stretching, such as the bottom or corners, due to the
limited tensile strength of the material; thin sheets are
particularly ~ vulnerable to localized  stress
concentrations. The elastic recovery of the material
after forming can be more pronounced in thin parts
and requires careful compensation to ensure accurate
dimensions. Thinning (decreased wall thickness
during drawing) and ear formation (wavy edges
formed on top) are also problems related to material
stretching and anisotropy. Effective lubrication is
crucial for minimizing friction, preventing wear, and
avoiding surface tears and damage, while maintaining
a uniform film is a top priority for thin sheets. Finally,
residual stresses may occur, affecting dimensional
stability and fatigue life, which requires process
optimization or heat treatment. Solving these
problems requires careful process design, precise
parameter control, optimized tools, appropriate
lubrication, and a deep understanding of material
properties.

Anisotropy refers to the directional dependence
of material properties, which significantly affects
behavior during flow, formability, and fracture
mechanisms. The Lankford coefficient (r-value)
measures the planar anisotropy of sheet metal,
showing how the thickness changes relative to the
width under tensile stress. This is the ratio of true
width strain to true thickness strain. A value of r equal
to 1 indicates isotropic behavior. Values of r > 1 are
favorable for deep drawing, minimizing thinning.
Values of r < 1 indicate greater thinning than in the
case of isotropic drawing. The articles collected below
provide valuable information about the complex
behavior of anisotropic materials, especially metals
such as aluminum and steel, during plastic
deformation and the forming of sheet metal.

Key research, such as the work of Bron and
Besson [1], develops yield functions tailored to
anisotropic materials, allowing for more accurate
predictions of metal deformation. Banabic et al. [2, 3]
investigate the relationship between anisotropy and
formability, highlighting advances in modeling and
experimental methods. Other works, such as those by
Ma et al. [4], investigate the role of sheet thickness
stresses that affect the limits of forming. Deep
drawing is considered from the perspective of stability

Doi: &os¥® https://dx.doi.org/10.15863/TAS.2026.04.156.9

and failure, with researchers such as Ruzanov [5] and
Nikolov et al. [6] focusing on process optimization
and experimental verification. The article by Voronin
and Ushin [7] explores how the anisotropy of the
AD1IM alloy affects the geometry of hollow
cylindrical parts during drawing. Meanwhile, research
on the evolution of fracture and plastic damage
(Khelifa et al. [8], Volk et al. [9]) contributes to
improving the prediction of fracture under complex
deformation paths. Kuwabara, Van Bael, and lizuka
[10] investigate the measurement and analysis of the
yield curve and strain hardening characteristics in
steel sheets, emphasizing the influence of different
values of r. Finally, Wang and Sun [11] present an
analysis of the transverse anisotropy of plane
deformation for modeling the forming of sheet metal
using the 6-component Barlat yield function.

Based on the a priori analysis of the problematic
issues in implementing the process of drawing metal
sheets into thin-walled products under production
conditions, the following objectives of this study were
formulated:

1. Perform finite element modeling of the
drawing process for thin-walled square-shaped
products made of various materials to compare the
deformed state of a part with a specific geometry.

2. Estimate the effect of mechanical properties
and the Lankford coefficient on the degree of effective
plastic strain of the material.

3. Provide recommendations on the stability of
each material under study during the drawing process.

2. Materials and methods

The analysis of accumulated irreversible strain
during the drawing of thin-walled square-shaped parts
was performed for the following metal alloys: DC05
high-quality cold-rolled low-carbon steel, DCO01
structural high-quality carbon steel, S355MC high-
strength low-alloy steel, AISI 304 austenitic stainless
steel, 5754 deformable aluminum alloy, and Ti Grade
4 commercially pure titanium. Each selected material
exhibits transverse anisotropy properties, which is
critical for accurate modeling of stamping and
drawing processes. The properties of materials
subjected to plastic deformation are presented in Table
1.

The calculation of effective plastic strain was
performed using the LS-DYNA program, which was
used to create models of 200200 mm square sheet
blanks with a thickness of 0.8 mm, a 145x145 mm
square punch, a blankholder, and a die with a square
hole, as well as to set the conditions for finite element
modeling of the process. The gap between the surfaces
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of the punch and the die hole is 2.5 mm. The surfaces
of the punch and the die hole had radii of 40 mm to
reduce local stresses in the blank material. The sheet

blank was drawn to a depth of 20 mm by moving the
punch model along the Z-axis at a constant speed.

Table 1. Properties of materials that can be drawn.

Property DCO05 | DCO01 | S355MC | AISI 304 | 5754 | Ti Grade 4
Density, g/cm?® 7.87 7.85 7.85 7.93 2.66 4,51
Young's modulus, GPa 210.0 | 210.0 210.0 196.0 70.0 105.0
Poisson's ratio 0.3 0.3 0.3 0.29 0.33 0.36
Initial yield strength, MPa | 160.0 | 196.0 355.0 210.0 80.0 500.0
Tangent modulus, GPa 2.1 2.1 2.1 2.1 0.8 15
Lankford coefficient 2.0 1.4 1.0 1.0 0.7 4.0

The choice of a square section of the blank in this
study is based on its geometric features, material
behavior, and tool design, which require a thorough
analysis of the material's stress-strain state at all stages
of the manufacturing process. Round profiles provide
uniform stress distribution, predictable material flow,
and a simpler design for forming tools, resulting in
high production efficiency and reduced equipment
wear. While square profiles are characterized by sharp
angles and complex geometry, which lead to stress
concentration, difficulties in material flow, and the
need for more durable and complex tools, these factors

also increase the risk of defects and reduce

productivity [12-13].

3. Results and discussion

The graph in Figure 1 shows the dependence of
drawing depth along the X-axis on the effective plastic
strain along the Y-axis. Six different curves were
obtained, each representing a separate material under
study. The curves illustrate the accumulation of
effective plastic strain for each material as the drawing
depth increases.

0.6

\

—DC05 steel
—DC01 steel

Effective plastic strain

S355MC steel
AISI 304

5754 aluminum alloy

—TiGrade 4

0 |-

0 2 4 6 8 10

12
Drawing depth, mm

14 16 18 20

Figure 1. Dependence of the effective plastic strain of materials on the drawing depth.

All materials exhibit minimal plastic strain at the
beginning of the drawing process. The curves are
almost horizontal and close to zero.

S355MC  high-strength  low-alloy  steel
demonstrates a significantly higher rate of plastic

strain accumulation at greater drawing depths
compared to other steels. The material curve increases
dramatically at a depth of 12 mm.

Ti Grade 4 commercially pure titanium also
demonstrates a significant increase in plastic strain
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with greater drawing depth, but its growth begins
slightly earlier and is less pronounced compared to
S355MC high-strength low-alloy steel.

5754  deformable aluminum alloy s
characterized by a moderate increase in plastic strain
with increasing drawing depth (lower than S355MC
steel and Ti Grade 4), but generally higher than other
steels at greater drawing depths.

DCO05 high-quality cold-rolled low-carbon steel,
DCO01 structural high-quality carbon steel, and AISI
304 austenitic stainless steel have a more stable and
relatively lower accumulation of plastic strain
compared to the other materials studied, especially at
a drawing depth of more than 12 mm. In this range,
their curves tend to be closer together.

A material with a curve that rises more slowly
and achieves greater plastic strain before failure (if
failure were obvious) is generally considered more
formable. Conversely, a material that exhibits a rapid
increase in strain and potentially reaches its limit may
be less formable or more prone to failure.

Materials with higher yield strength and Young's
modulus (such as S355MC high-strength low-alloy
steel) tend to resist initial deformation better, but they
can experience significant plastic strain at higher
drawing depths.

The higher Lankford coefficient (for example,
for Ti Grade 4 commercially pure titanium) typically
results in better formability in drawing processes,
which means that the material can be stretched into
complex shapes without excessive thinning or tearing.
The dependence for Ti Grade 4 commercially pure
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