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INTRODUCTION

Drawing of the plate stock is a process of
forcing through material by punch in the die opening,
thereby forming a thin-walled hollow detail of
different configuration [1].

The process of changing of the form of the plate
stock during the shallow drawing is accompanied by
radial, tangential, and axial deformations of the
material [2]. Pressure end surface of the punch on the
free surface of the plate stock, which is located
coaxially with the die opening, leads to loss of
stability of deformable billet. Part of the plate stock
that is in contact with the surface of the die and is not
fixed, begins to climb. Concurrently on a flat surface
of the plate stock formed by the wrinkles
(corrugations) [3, 4], which can cause unequal
drawing of the material and, consequently, obtaining
the wrong form of the detail. This occurrence is
inherent during the shallow drawing of the plate
stock of small thickness, without the use of hold-
down plate [5]. The elimination of the corrugation of
the material occurs with increasing thickness of the
plate stock.

Analysis of deformation mechanism of the plate
stock in the conditions of its processing by pressure
method shallow drawing will allow to make a
prediction about a possible partial destruction of the
material in areas subject to the maximum stress.

MATERIALS AND METHODS
The calculation of stress-strain state of the
material plate stock was performed in dynamic mode

by means of the software environment LS-DYNA
[6].

Split into finite elements, the dimensions of the
solid-state model and scheme of shallow drawing of
the process of the plate stock is presented in Fig. 1.

The material of the plate stock — aluminum
deformable alloy 1050 [7]. The material of the punch
and die — alloy tool steel X165CrMoV12 [8].

The model of die, during all time the shallow
drawing process, not displacement around the
coordinate axes. The execution of the conical surface
of the die opening allows reducing the stress in the
material of the plate stock at a pressure of the punch.
Axial line of the model of the punch was aligned
with the axial line of the die opening. Model of the
punch is displacement only in the direction of
coordinate axis Z to the die. The plate stock is placed
between the punch and the die. The outer diameter of
the punch d, was defined according to the formula d,
= Dg — 2h (mm), where Dy — diameter of the die
opening, mm; h — thickness of the plate stock, mm.
To reduce the friction of the surfaces of the tool on
the walls deformable of the plate stock, the outer
diameter of the punch make less on 0.1 — 0.15 mm.

Calculated number of finite elements: model of
the punch — 19953, model of the plate stock — 6050,
model of the die — 180036. Size of element — 2 mm,
minimum edge length — 0.86 mm.

The force acting on the punch, take constant
and equal to 120 kN. The time spent on the
deformation of the plate stock amounted to 0.2 min.
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Figure 1 — A — Split into finite elements (finite element mesh) of solid-state volume models: 1 — punch
(rigid body), 2 — plate stock (plastic material), 3 — die (rigid body); B — Scheme of the shallow drawing
process of the plate stock and dimensions of models. F — the force acting on the punch.

RESULTS AND DISCUSSION

The deformation of the plate stock, after the
shallow drawing process and the value von Mises
stress is presented in Fig. 2.

On the deformed of the plate stock is visible as
formed of the wrinkles as a result of partial forcing
through of material in a stepped of the die opening.
These wrinkles are unevenly distributed. Thus, it is
noted that the value of stress of the material of the
plate stock on the area of the pressure of the punch
(about 20.0 N/mm?, the contours are marked in blue
color) in 3.5 times less than the stress of the material
located in the cylindrical surface of the die opening
(an average of 70.0 N/mm?, the contours are marked
in yellow color) and 5 times less than the stress of the
material at the place formation of wrinkles (an
average of 97.0 N/mm?, the contours are marked in
red color).

Thus, the formation of wrinkles of the plate
stock, which is subjected to shallow drawing without

the use of hold-down plate, leads to appearance of
local stresses of considerable value and possible
destruction of the material.

The direction and magnitude of deformations
velocities of the material in the cross section of the
plate stock is presented on the vector diagram (Fig.
3).

The wall thickness of the plate stock model is
equal to two finite elements. Arrows of different
colors, in the cross section of the model indicate the
direction and value of material deformation.

In the cross section of the model of the plate
stock it is possible to allocate following deformation
Zones:

1. In part of the material, which is located in the
conical surface of the die opening, deformation
occurs in the direction of displacement of the plate
stock at a given angle (different to the velocity of a
characteristic for unequal shallow drawing of the
plate stock);
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2. In part of the material, which is located in the
cylindrical surface of the die opening (formation of
configuration, the outer and inner diameters of the
detail), there is a change of direction of deformation
and thickness reduction of the plate stock in the place
of transition of the conical surface into the
cylindrical surface. The surface layer of the plate
stock, facing to the punch, has a large velocity of
deformation, than the surface layer, facing to the die
opening;

3. In part material, on which is directly
produced by the pressure punch (forming the bottom
of detail), the deformation velocity is directed
opposite to the displacement of the spinning tool (the
elastic deformation is closer to the axis of the punch).
The value of the deformation velocity of the material
varies from 0.4 to 2.0 mm/s.

The dependence of the kinetic energy that is
expended on the deformation of the plate stock, from
time of the shallow drawing process is presented in
Fig. 4.

The dependency is described by four nonlinear
increasing and decreasing functions:

1. The first function — the increase in Kinetic
energy from 0 to 28 J in the time interval 0 — 0.5 s,
corresponds to the beginning of the process of
elastic-plastic material deformation, i.e. bending and
the formation of wrinkles on the surface of the plate
stock;

2. The second function — the decrease in kinetic
energy from 28 to 10 J in the time interval 0.5 - 1.5
s, corresponds to the elastic deformation of the
material, i.e. restore the original form of the plate
stock;

3. The third function — the increase in kinetic
energy from 10 to 64 J in the time interval 1.5 — 13.5
s, corresponds to the basic process of forcing
material through the die opening;

4. The fourth function — the decrease in kinetic
energy from 64 to 25 J in the time interval 13.5 — 20
s, corresponds to the process of formation final
configuration of the detail and smoothing of
wrinkles.
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Figure 2 — Strain state of the plate stock at the end of the shallow drawing process. Colors on the model
of the plate stock — the intensity of the von Mises stress of the material.
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Figure 4 — The dependence of the Kinetic energy that is expended on the deformation of the plate stock,
from time of the shallow drawing process.

According to the results of computer simulation
of shallow drawing process of the plate stock, made
of aluminum alloy, we can make the following
conclusions:
1. The formation of wrinkles on the surface of
the deformable plate stock and the subsequent offset
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