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Abstract: This paper presents an analysis of the deep-drawing process of cylindrical cups with flange
using the finite element method. The deep-drawing of sheet metal parts having a good quality is highly
influenced by the optimum exploitation of the formability and the control of the technological parameters.
In order to avoid the rejection of the finished parts, a detailed investigation of the forming process
mechanics is needed. The use of the numerical simulation is justified by its capability to provide useful

data related to the deep-drawing processes.
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1. INTRODUCTION
Sheet metal forming is a significant

manufacturing process for producing large
variety of automotive parts and aerospace parts
as well as consumer products. Deformation of
sheet materials in the stamping process is
classified by the four deformation modes, i.e.
deep drawing, stretching, stretch flanging and
bending [11].

Deep drawing is one of the widely used
sheet metal working processes in the industries,
to produce cup shaped components at a very
high rate. Cup drawing, besides its importance
as forming process, also serves as a basic test
for the sheet metal formability. During the
course of deep drawing, the following five
processes take place [7]: 1) pure radial drawing
between the die and blank holder, 2) bending
and sliding over the die profile, 3) stretching
between the die and the punch, 4) bending and
sliding over the punch profile radius, and 5)
stretching and sliding over the punch face.
Thus, the deep drawing process involves
complex deformation mechanisms. The
parameters that affect the success or failure of a
deep drawing operation are: the punch and die
radii, the punch and die clearance, the press

speed, the lubrication and the type and the
extent of restraint to metal flow material in
deep-drawn shapes. Among these, the die
shoulder radius [2, 3, 9], punch nose radius [2,
3] and the blank holder force [2, 3, 8, 9, 13] are
considered to be the significant parameters in
deep-drawing processes. Noticeable differences
in forming behavior on the stamping have been
observed in the aluminum alloys. The
relationship between the material, die design
parameters and test parameters versus the deep
draw ability has not been well defined [11]. The
quality  characteristics chosen for the
experiment should reflect as accurately as
possible the design parameters under study.

Thickness 1s one of the major quality
characteristics in sheet metal formed part [3, 9].
The thickness is unevenly distributed in the part
after deep drawing. Generally, the thickness is
uniform at the bottom face of the punch,
minimum at the punch nose radius and vertical
surface, and thicker at the flange area.
Existence of thickness variation from the
production stage may cause stress concentration
in the part, leading to the acceleration of
damage. The selection of appropriate process
parameters and their combination results in
high quality parts.
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Finite element (FE) simulation of metal
forming process provides an effective means to
investigate the relationship between processing
deformation and tuning of the production
process. Finite element simulation analysis is
increasingly used for simulation of deep
drawing process [4, 10].

This paper presents an analysis of the deep-
drawing process of cylindrical cups with flange
using the finite element method.

2. FINITE ELEMENT SIMULATION OF
THE DEEP-DRAWING PROCESS OF
CYLINDRICAL CUPS WITH FLANGE

The development of finite element method
and computer technology gives a realistic
image of the process of sheet metal
deformation. The costs due to the
implementation of a new technology are much
reduced by prior determination of the
parameters to be used.

There are two primary goals for the use of
Finite Element Method (FEM) in analysis of a
sheet metal forming process. First analysis aims
to reduce the trial and error in tooling and
process design, and thereby reduce the material
waste and lead times to produce a new part.
Second, the analysis aims to influence the
design of the desired part for ease of
manufacture. Using Dynaform program is
possible to achieve the two goals.

2.1 Conditions of numerical simulation

The finite element analysis of deep drawing
process for cylindrical parts is carried out with
DYNAFORM [18, 19] software. This software
package is highly specialized for sheet metal
forming in the automotive industry and widely
used. DynaForm uses the explicit LSDyna
solver. The simulation program allows to easily
changing the characteristics of material and
other input parameters which makes the
program to be used for a wide variety of
materials depending on the target.

The material used in the present work
for numerical simulations is a deep drawing
quality (DDQ) steel. The initial thickness for
the blank is 1mm. The deep drawing ratio was
defined as [16]:

m=d/D (1)

where d is the piece diameter d=100mm
D is the blank diameter D=185mm.

A parameter that determines the quality of
the deep-drawing parts is the level of the force
exerted by the blank holder on the flange. The
other important parameter of the process is the
punch stroke. Most of the single-action presses
used in the automotive industry only allow a
constant blank holding force. The level of this
force is determined by Eq. (2) [5, 15, 16]:

0= q- Af (2)

where:
O - blank holding force;

q - holding pressure;

A,
!
The literature [5, 15, 16] recomends the use
of a holding pressure ¢ =2 + 2,5 N/mm” in case

- initial surface of the flange region.

of sheets made of steel having nominal
thickness greater than 0.5 mm.
The initial surface of the flange region was

calculated using Eq (3).
2
Af - » - z(dafie + 2rdie )2
4 4 (3)
where:

dgie=d=100 mm; rge=5mm; 4, = 17377 mm’
Making substitutions in Eq.(2), we obtain:

Ouin =Guin - A, =2-17377 =34754 N @
Oy =Gy Ay =25:17377= 434425 N )

Numerical simulations were performed for

three die radii: Trge=5mm, rgier=8mm,
riies=10mm and three values of the blank
holding force namely: Q;=35000N,

Q2=40000N, Q3=45000N.

For a realistic simulation of the deep
drawing process, besides the geometrical model
of the die, the models of the active surfaces of
the remaining tools (punch and blank holder)
are also needed.



In general, the deep drawing processes can
lead to local thickening of the sheet up to 25%
of the nominal thickness [6, 12, 14-17]. For this
reason it is recommended to offset the die
surface at 1.25 * sheet thickness =
1,25*%1=1,25mm in order to generate the
corresponding surfaces of the punch and blank
holder, respectively. The geometric models thus
obtained are shown in Figure 1.
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Fig. 1. Tooling used in deep drawing.

The geometry of the blank and the tools is
axisymmetric. However, due to the orthotropy
of the material behavior [18-20], an
axisymmetric 2D analysis cannot be performed.
A 3D analysis, modeling only a quarter of the
deep drawing process is achieved, which led to
a considerable shortening of the computing
time. Adequate boundary conditions must be
imposed along the symmetry axes. These
symmetry axes are defined as the global X and
Y axes in the FE mesh; the global Z axis is
parallel to the punch displacement direction.
The orthotropy of the sheets has imposed the
choice of the material model. This model is
based on the following assumptions:
e The reversible component of the
strain is described by Hooke’s law
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e The irreversible component of the
strain is described by Barlat 1989
yield criterion and the Hollomon
hardening law.

For sheet metal forming processes, the
friction influences the material flow and the
final strain distribution. The constant friction
condition is assumed at all tool interfaces. The
friction coefficient at the interfaces between the
blank, punch, blank holder, and die is assumed
to be 0.1.

The elements used were 4-node Belytschko-
Lin-Tsai [18, 20] shell elements, which provide
five integration points through the thickness of
the sheet metal. The tooling was modeled using
rigid surfaces. The active surfaces of the tools
were meshed using non-deformable faces.

The positioning of the tools on the blank,
taking into account the machine type on which
the forming process takes place, is shown in
Figure 2.
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Fig. 2. Finite element model of the deep-drawing of
cylindrical cups with flange

2.2 Results of the numerical simulation

In the next will be presented in detail the
results obtained for DDQ steel, a blank holder
force Q=40000N, the die radius of 5Smm and
the punch stroke of 45mm. For the other
analyzed cases the results are presented in
figure 7.
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The existence of thickness variation in the
deformed part may cause stress concentration
and may lead to the damage acceleration.
Figure 3 shows the thickness distribution of the
simulated sample for a deep drawing ratio of
0.54. The quality of the numerical results are in
agreement with the literature [15, 16], which
mentions a pronounced thinning tendency of
the sheet at the connection with the flat region
of the part, and the thickening tendency
towards the top of the cup.

Fig. 3. Simulated deep-drawing process of cylindrical
cups with flange (thickness distribution)

To estimate the risk level of forming,
the eta/Post postprocessor uses the so-called
forming limit curve [1]. This represents the
pairs of principal strains (i.e. deformation of the
sheet surface) which produce the rejection of
the part by necking or cracking. All the points
below the curve correspond to strain states
technologically admissible, while the points on
the curve or above it determine the necking or
cracking.

In the left side of the diagram shown in
Figure 4 a comparison of the forming state of
the drawn part with two such curves is
presented. The lower curve represents the
forming states with the risk of crack (the
possible occurrence of necking) and the curve
located above defines the states inducing the
crack of the material. It may be noted that the
entire part surface is located in the safety area;
even if the strains are severe.

Fig. 4. Evaluation of the risk level of the strains in the
final stage of the deep-drawing operation

The variation diagram of the punch load
(Fig. 5) shows a maximum of 145 kN. This
value is reached at a stroke of about 24 mm. By
its aspect, the diagram also agrees with the
literature [16].
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Fig. 5. Punch load versus stroke

2.3. Simulation of the elastic recovery

A very important technological aspect is
the elastic recovery after the removal of the part
from the deep-drawing die. A pronounced
springback of the part determines defects on the
finished product affecting its quality.

The simulation of the elastic recovery
consisted in suppressing all the tools (die,
punch and blank holder), followed by the stress
relaxation in the part.

The numerical simulation results of the
spring back analysis are shown in figure 6.



Fig. 6. Dimensional deviations of the part after its
relaxation

Using the measuring instruments of the
DYNAFORM program the following aspects
were found:

e In comparison with the nominal
dimensions of the drawn part the
springback is reduced. The maximum
value 1S about  +0,249 mm
corresponding to the flange region (see
fig.6) and the minimum value is -0,080
mm. In the cylindrical wall, the
deviations do not exceed 0.100 mm.

e Springback mainly affects the outer
areas of the part. This is explained by
the low level of accumulated plastic
strain in these regions during the deep-
drawing process.

e In all the areas of the finished part, the
elastic recovery is very low. This
phenomenon is explained by the very
good stretching of these areas during the
deep-drawing process.

Figure 7 presents the simulation results for
all the analyzed cases. One may be notice an
increase of the elastic recovery while increasing
the blank holding force. It can be also observed
the increase of the elastic recovery with the
growth of the die radius.

It can be concluded that the results of the
deep-drawing process of cylindrical cups with
flange is as satisfactorily as possible.

In the case of the cold formed parts with
complex configurations, the relaxation of the
internal stresses is not complete. This situation
is the result of the non-uniform plastic strain
distribution.
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Fig. 7. Elastic recovery

In fact, Dbecause of the Ilocal
incompatibility of the irreversible distortions, a
part of the elastic strain remains captive in the
material structure. Every further processing that
cause changes in the stiffness of the parts can
lead to additional spring back.

3. CONCLUSION

The simulation of the deep-drawing process
of cylindrical cups with flange showed the
power of finite element method in the analysis
of this technology. By using the simulation, it
was relieved the thickness distribution and the
elastic recovery for three blank holder forces
and three die radii. The results are in agreement
with those presented in the literature.

The simulation results are the base in the
future for the design of new equipment with
industrial applications.
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SIMULAREA NUMERICA SI ANALIZA PROCESELOR DE AMBUTISARE

Rezumat: Lucrarea prezintd o analizd a procesului de ambutisare de piese cilindrice cu flanSa folosind metoda
elementelor finite. Obtinerea unor produse de calitate corespunzatoare prin deformare plastica la rece (ambutisare) este
conditionatd 1n foarte mare masurd de exploatarea optimd a deformabilitatii semifabricatelor, precum Si de controlul
parametrilor tehnologici. Pentru evitarea aparitiei unor rebuturi, este de dorit cunoasterea cat mai detaliatd a mecanicii
proceselor care conduc la atingerea configuratiei finale a produselor. Recurgerea la simulare numericd se justifica

tocmai prin posibilitatea obtinerii unor asemenea informatii.
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