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ABSTRACT. The present investigation covers the study of the influence of metal-plastic flow on the
die corner for the deformed state of the blank and energy-power parameters during stamping-drawing.
The influence of workpiece size and material on stress intensity and maximum deformation force has
also been investigated both experimentally and theoretically. In addition, simulation of the stamping
and drawing process was also presented. One type of die, with variations in diameter are considered
different in the drawn part size and for each standard size four types of workpiece materials have
been considered. The stamping process continued until the part failed structurally. The predicted test
results show a dependence of the maximum load and stress intensity on both the diameter of the blank
and the yield strength of the alloys and these data are in agreement with the actual measured values.
Then, the method for calculating the processes of plastic deformation of metals based on a closed set of
equations of continuum mechanics is proposed for the theoretical study of energy-power parameters of
the technological processes. Comparison of the results of a full-scale experiment, simulation of metal
flow at the die corner and theoretical calculations shows that the proposed theoretical model gives
satisfactory results and can be effectively used for engineering calculations.
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intensity, process power parameters.

1. INTRODUCTION

Modelling the processes involved in the mechanical
machining of parts has an undeniable number of ad-
vantages [1} 2] over full-scale experiments. This makes
it possible to significantly simplify the technological
preparation of production, and to correct theoreti-
cal models of various processes [3]. Using modern
software systems, such as Abaqus, Simufact Forming,
LS-DYNA and others, makes it possible to obtain
a significant data array that simplifies the analysis
of processes [4, [5], with the ability to quickly adjust
input parameters in order to obtain optimal product
characteristics, bypassing the laborious and expen-
sive practical experiments. In addition, the use of
such systems makes it possible to refine and verify
the developed theoretical models using limited field
and experimental data [0, [7]. In addition, simulation
methods could be implemented for modelling of new
technologies [8].

It is known that 60-70 % of the aircraft total volume
is made by blanking and stamping operations [9]. In
general, using stronger materials and thinner sheets
can significantly improve the operational reliability
and performance characteristics of aircrafts and en-
gines in aviation technology [10]. Stamping-drawing

is a common punching operation in mechanical en-
gineering [I1] designed to produce hollow parts and
workpieces of various shapes and sizes. In most cases,
stamping-drawing can be used to produce parts of
complex geometry from a sheet metal blank, with
strength, rigidity, and specific weight being slightly
better than that of assemblies produced by riveting
and welding.

There is currently a trend to improve stamping pro-
cesses, tools and equipment. In fact, there has been
a lot of work done to investigate the most important
factors that affect the stamping-drawing process, such
as lubrication [I2] and coefficient of friction [I3], die
corner radius [I4], punch corner radius [I5], punch
force [I6], material properties [I7], material thick-
ness [I8], blank size [19], punch and die edges [20],
punch speed [21]. In our opinion, the reviewed works
do not pay due attention to the die corner and its influ-
ence on the performance parameters of the stamping-
drawing process. As we know, at the corner of the
die the transition from the flange to the wall blank
occurs and the stress-strain state changes. This has
a significant effect [22] on such important parame-
ters of the drawing process as stress in the material,
drawing force, wrinkle formation [23], thinning of the
wall material, limiting draw ratio, and matrix durabil-
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ity [24]. However, the authors use simplified formulae
to calculate the components of deformations, stresses
and tensile forces [25], [26]. Typically, these equations
do not fully correspond to the physics of metal-plastic
flow at the die corner and cannot be used to construct
and analyse such important characteristics as strain
components, strain rates, strain intensities and strain
rates, and integral characteristics such as stress in-
tensity. Therefore, we are to draw a conclusion on
methods for determining the deformed state of the
blank and energy-power parameters during stamping-
drawing do not fully describe the actual state of the
process.

The main objective of this paper is to improve the
methodology for calculating energy-power character-
istics of the drawing—stamping process, taking into
account the metal deformation zone at the die corner.
In this article, we focus on a method for calculating
the parameters of plastic deformation of metals at
the die corner, based on a closed system continuum
mechanics equations. As a result, we have obtained
analytical expressions for the calculation components
of strain rates, strains and their intensities at the
die corner. This paper presents a new approach to
calculate stress intensity, an important characteristic
for calculating the drawing force during stamping-
drawing. The proposed method validated using the
finite elements method by comparison with theoretical
demonstration. This result will serve as a basis for a
future optimisation of quick and easy calculation of
the stress-strain state of the blank and drawing forces.

2. NUMERICAL SIMULATION OF THE
STAMPING-DRAWING IN LS-DYNA

In order to test the effectiveness of the model for
calculating the processes of plastic deformation of
different sheet materials, based on a closed set of
equations of continuum mechanics, in predicting
the numerical simulation of sheet metal stamping-
drawing, the model established in this paper was
used to simulate the distribution of plastic equiva-
lent stresses in sheet metal parts, based on LS-DYNA
software. Package LS-DYNA version R11.2.2 (revision
R11.2-290-g768d145fch) software was used to simulate
the stamping-drawing process of the alloys sheets.

One type of die, with variations in diameters are
considered differing, in the drawn part size and for
each standard size four types of blank materials have
been considered.

2.1. GEOMETRIC MODELS

The three-dimensional models, including punch, die,
blank holder, and blank, were modelled using SOLID
software and then exported to LS-DYNA software.
Due to the symmetry, the numerical analysis of the
stamping-drawing process was performed using only
one quarter of the 3D numerical model to reduce the
computational time.
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FIGURE 1. Numerical modelling of stamping-drawing:
1 — Punch, 2 — blank holder, 3 — blank, 4 — draw
cavity.
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FIGURE 2. Investigated models.

The numerical model of LS-DYNA parts forming
the simulation is shown in Figure [I}

The four types of drawing die assembly are shown
in Figure 2| for different workpieces diameters (47 mm,
52mm, 63mm and 100 mm) with the same thickness
of 1 mm.

In order to obtain reliable results from the numerical
modelling of stamping-drawing, sheet metal simula-
tions are necessary to ensure automatic contact pairs
during the solution, i.e. to provide clearances between
some parts in the initial position. Therefore, the blank
is raised 0.5 mm above the die cavity, but the blank
holder and punch are higher (at 1 mm).
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9
Material grade Young’s modulus

Yield strength Tensile strength Elongation

[GPa] [MPa] [MPa] (%]
0oT4 115 550...660 700...900 15...25
D16T 72 300...320 440...460 10...17
AMc 71 60...130 110...170 10...25
AMg 71 120...150 230...300 20...25
TABLE 1. Workpiece material properties.
Material Si Mg Mn Fe Cu Cr Zn Zr Ti Al
0T4 <0.12 - 08+2 <0.3 - - - <0.3 rest 3.5+5
D16T <05 15+18 03+09 <05 38+49 <01 <025 - <0.15 rest
AMc <0.6 <0.2 1+16 <0.7 <0.1 - <0.1 - <0.2 rest
AMg <0.5 <6 0.5+08 <05 <0.2 - <0.2 - 0.02+0.1 rest

TABLE 2. Chemical composition of the materials according to the supplier’s specifications in wt%.

2.2. MATERIALS

The punch, die, and blank holder were defined as
discrete, absolutely rigid bodies, corresponding to
the assignment of material *MAT 020 from the LS-
DYNA material library [27].

In addition, the workpiece was defined as a de-
formable body and material properties were selected
from the GRANTA material database [28].

As is well known, when performing finite element
simulations of sheet metal forming operations at room
temperature, the flow curve of the sheet metal tested
at a standard strain rate is usually used even though
the strain rate is different in different regions of the
drawn part and varies over a wide range for a given
punch speed [29,[30]. For this, a material with a given
set of properties was sought, as shown in Table[I} The
chemical composition of the aluminium and titanium
alloys are summarised in Subsection Table

As a result, four analogues of these materials were
identified, which were preferred for numerical mod-
elling of parts by stamping-drawing because there are
no special material requirements. These materials
also have complete diagrams of true stresses € ver-
sus true (logarithmic) strains o, which are shown
in Figure To define a material in LS-DYNA,
the «xMAT_PIECEWISE_LINEAR_PLASTICITY
(*MAT _24) model have been used, where the e-o di-
agrams are directly specified. The deformations cor-
responding to the material failure are accepted from
Table [1] (upper limits).

2.3. CONTACT AND SYMMETRY

The part contacts with the rigid punch, draw cav-
ity, and blank holder have been modelled using the
x*CONT_FORMING_SURFACE_TO_SURF type
penalty-based contacts (Pure Penalty). In this contact
algorithm, only the penetration from the slave surface
is checked, and the penetration from the master side
is not taken into account, it makes the computational
algorithm more efficient. The thickness of the metal,
which was used to determination contact pairs, was

to 1 mm for the part (real dimension), and equal to
zero for die elements.

In a numerical simulation of sheet metal forming,
classical Coulomb’s law is commonly used to describe
the friction characteristics and thus, this model of
friction between the blank and die parts has been
adopted. The friction coefficient between the steel die
parts and sheet was set to 0.3 for titanium and 0.18
for aluminium alloys, based on a previous tribologi-
cal experimental studies that conducted simulations
of the forming and drawability under different pro-
cess conditions for aluminium [31), 32] and titanium
alloys [32H34] respectively.

Furthermore, the influence of the coefficient of fric-
tion on the potential stamping-drawing depth of the
part has been investigated with a numerical experi-
ment for a titanium part with a diameter of 47 mm,
the results of which are shown in Figure [4]

According to the simulation results of the friction
impact, the critical major region extends between the
friction coefficients of 0-0.1, with a further increase
leading to a minor reduction of the drawing depth.
For reference, the nodal edges of an empty quarter
were given the conditions of plane symmetry with
respect to the z-z and y-z planes.

2.4. FINITE ELEMENT MODEL

A four-node shell element is proposed in a blank
geometric model for the calculation in which the
Belytschko-Tsay model is used with a variable thick-
ness. In the Gauss integration method, which is ap-
plied through the thickness, the integration is per-
formed at ten points.

To determine the finite element mesh size, the de-
formation process of a circular titanium blank (47 mm
diameter) was calculated with element sizes of 2 mm,
1.5mm, 1mm and 0.5mm; with an adaptive finite
element mesh, the element size was modified and re-
duced to 0.25 mm. As before, the maximum drawing
depth of the workpiece was a controlled parameter
(results are shown in Table [3| and Figure [5). Hence,
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FIGURE 3. Diagrams o-€ s for the used materials.

0,15

0,2

7

6
£ Finite element  Draw depth Error [%)]
£ 3 size [mm)] [mm)]
=
54 2 5.14 6.49
@3 1.5 4.54 17.44
3 1 5.77 4.92
L2 0.5 5.47 0.41

1 0.25 (adaptive grid) 5.50 -

0 TABLE 3. Effect of finite element mesh size on draw

0 o005 01 015 02 025 03 035 depth.

Friction coeficient

FI1GURE 4. Drawing depth for different coefficents of
friction.
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FIGURE 5. Maximum drawing depth for various final
element size.

a model with an element size of 1 mm will give us an
error that does not exceed the engineering accuracy
of 5 %; therefore, a finite element mesh with a cell size
of 1 mm has been used in all calculations.

Such discrepancies are explained by the chosen
Gaussian integration method for the 10 control points
in the LS-DYNA calculation package, which is the
most accurate of this problem.

0
N 0,1 0,2 0,3 0,4 0,5 0,6
-1 @

-2

Displacement, mm
4

Time, s
—e— Blank holder displacement —@— Punch displacement

F1GURrE 6. Blank holder and punch displacements.

2.5. LS-DYNA SOLVER SETTINGS,
CONSTRAINING AND LOADING THE MODEL

Since no dynamic hardening was specified in mate-
rial properties, the strain rate was not taken into
account, and punch speed was increased to an average
of 15mms™!, which is low in terms of kinetic energy.
These results have been validated by the numerical
experiment (a calculation was carried out at a speed
of 3mms~1), increasing the dynamic process has no
effect on the final result, but it significantly saves
computational resources.

Throughout the movement, the draw cavity was
fixed in all directions, while the blank holder and
punch could move vertically (z axis), these movements
are shown in Figure[6] To eliminate the clearance, the
blank holder moves 1 mm in the first 0.005s to make
the contact with the workpiece. Therefore, the punch
moves uniformly all the time to make contact with
the blank after clamping.

The stamping-drawing process continued until the
part failed structurally.

2.6. PERFORMING CALCULATIONS

During the calculation, the energy balance was con-
trolled (Figure E[) It should be noted that the de-
formation energy (internal energy) and the contact
energy (contact energy) start to increase at the time
t = 0.068 s, after the contact between the punch and

the workpiece (Figures |7, point 3|and , until this

moment, at t = 0.025 s, the blank holder comes into

contact with the workpiece (Figures|7, point 1 and,

then, at ¢ = 0.05s, the workpiece is pressed into the
draw cavity (Figures and . Then, from
point 3 to 5, there is the stamping-drawing process
(the view of the workpiece at the intermediate point 4
is shown in Figure .

At point 5, the material failure begins in the area
where the bottom joins the wall (Figure [8¢]), which
is indicated by the appearance energy of structural
failure (Eroded Internal Energy) and the bottom com-
pletely fractures at point 6 (Figures El and .
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FIGURE 7. Energy balance.

3. MATERIALS AND EXPERIMENTAL
STUDY

3.1. MATERIAL PROPERTIES

More recently, sheet metals have included aluminium
alloys, titanium alloys, and magnesium alloys. Among
these, aluminium alloys are the most widely used in
mechanical industries due to their low cost and good
formability. The selection of materials for the study
was based not only on the distribution of materials in
the aerospace industry, but also in general mechanical
engineering. Therefore, blanks of three aluminium
alloys AMg (Al-Mg), AMc (Al-Mn) and D16T (Al-Cu-
Mg), and one titanium alloy OT4(Ti-Al-Mn), whose
chemical compositions are shown in Table [2| were
made for the experimental study.

3.2. TEST SETUP

The experiments were conducted in the Aircraft
Engine Power Plant Production Technologies de-
partment Laboratory of National Aerospace Univer-
sity in Kharkiv, using modified laboratory hydraulic
press P-125. Experiments have been carried out on
stamping-drawing experimental setup as shown in Fig-
ure 0] The equipment for carrying out the stamping-
drawing experiments consists of a die (die corner is
3mm), punches (diameters are 28 mm and 57 mm
for 100 mm sheet), blank holder, a power source (hy-
draulic power source) for applying the punching force,
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and instrumentation for measuring the load (pres-
sure gauge). The stamping-drawing experiments have
been performed on 1 mm thick sheet metal specimens.
Thus, to provide the contact pressure, the die with
the blank holder is held stationary, while the punch
is moved by the hydraulic press. The blank hold-
ing pressure was kept at 1 Nmm™2 and 2Nmm™2 by
three bolt connections with load adjustment using
a torque wrench; the average punch speed has been
kept at 3mms—!. We have increased the number of
results obtained and added an additional workpiece
size compared to a previous study [35]. In particular,
stamping-drawing have been performed with differ-
ent workpiece diameters (47 mm, 52 mm, 63 mm and
100 mm), as shown in Figure

The drawing process was carried out with an ad-
justable drawing die (see Figure E[); the breaking load
was set using a calibrated pressure gauge. In order to
simulate the contact conditions of an industrial metal
stamping-drawing process, the surfaces of the sheets
were kept as delivered, i.e. the aluminium blanks were
cut from dry lubricated sheets and titanium alloys
under dry conditions. Due to the fact that titanium
and its alloys belong to the materials, which are very
difficult to process by cold metal forming, especially
by sheet metal forming, the processing conditions
have been changed. Therefore, in order to achieve
the desired high quality of the finished titanium part,
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(A). The blank holder come into contact (B). The workpiece is pressed into the draw
with the workpiece. cavity.

(¢). The view of the workpiece at the (D). The view of the workpiece at the in-
initial moment. termediate point.

|

(E). The material failure beginning. (F). The bottom completely
fractures.

FIGURE 8. The stamping-drawing process (deformation and structural failure of the part).

(A). Hydraulic press machine. (B). Stamping-Drawing die.

FIGURE 9. Stamping-Drawing experimental setup.
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FIGURE 10. Parts after breaking load (force).

60000

N
%3
S
S
S
S

40000 —

30000

20000
- ‘ l m
0 :
AMg AMc

m Workpiece diameter 47
® Workpiece diameter 52

. mWorkpiece diameter 63

Maximum deformation force,

DI16T OoT4
Material grade

FIGURE 11. Drawing force for various blanks.

it is necessary to change the nominal contact pres-
sure compared to aluminium alloys. So, two nomi-
nal contact pressures were considered, 1 N mm~2 for
aluminium alloys and 2N mm™~2 for titanium alloys.
These values represent typical process conditions in
stamping-drawing of aluminium and titanium alloy
sheets.

Figure [11| shows the dependency of the maximum
drawing load of workpieces for three standard material
sizes. All workpieces with a diameter of 100 mm,
except titanium, were material failures during sheet
metal stamping-drawing processes, and therefore this
part of the study was not included in the diagram.

It is observed that the drawing load for medium
strength and high ductility Al alloys such as
(AMg (Al-Mg) and AMc (Al-Mn)) decreases as the
workpiece diameter increases. However, for D16T (Al-
Cu-Mg) and titanium alloy OT4 (Ti-Al-Mn), a contin-
uous increase was obtained with increasing diameter
of the blanks. This is due to high yield strength and
strength of D16T (Al-Cu-Mg) and OT4 (Ti-Al-Mn)
alloys. It can be seen that the structural failure of
workpieces AMg (Al-Mg) and AMc (Al-Mn) occurs
faster for diameters of 63 mm. In addition most struc-
tural failures occur almost at the beginning of the
deformation process at the bottom [35].

Note that the deformation process for ductile alu-
minium alloys is similar to the punching process. The
predicted test results also show that stronger alloys
have significantly greater deformations before failure,
requiring more effort.
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4. THEORETICAL MODEL

4.1. PREVIOUS RESEARCH RESULTS

This theoretical research is based on the previous con-
tribution in the proceedings [35]. In order to calculate
of the deformation cell, the continuity hypothesis is
required, the main goal of flow kinematics being the
determination of the particle velocity field. Further-
more, the significant forces of internal friction allow
the metal particles to rotate in the deformation re-
gion, therefore, this movement cannot be considered
as potential. Hence, the particle velocity in four-
dimensional space can be defined by a velocity vector:

V =i +vyj + vk + ven. (1)

In addition, the volume constancy and particles
rotating during the deformation are given by system

of equations [36]:
divV = 0, -
rotV # 0.

Using Equations (I)) and (2), we can determine the
particle velocity field of the material, which makes
it possible to calculate the strain rates, components
of deformation, and to find the energy-power process
parameters. It is well known that the, die corner is
a part of the torus that can be described by a system
of parametric equations [35]:

x(t,¢) = R+ rcos(wt) cos(wt),
y(t,¢) = R + r cos(wt) sin(wt), (3)
z(t, @) = £rsin(wt),

where
r is the radius of the die corner,

R is the distance from the rotation axis of the torus
to the axis of the generatrix,

t is the time of deformation,
w is constant (see Figure [12).

After differentiating the system of Equation in
time and transforming to Euler coordinates, we obtain
a system of equations describing the velocity field of
metal displacements at the die corner.

Thus, the velocity field of the metal flow in the
deformation zone has the following form:

V(o) = 2\ — (o~ ).
V. (z) = —? r2 — 22,
Vi (10, 2) = Vo [r? = (R—p) (R—2p)] (4)
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4.2. CALCULATING A STRAIN RATES AND
DEFORMATIONS

The strain rate during the stamping-drawing process
is an important parameter that is frequently used to
characterise plastic flow [37] [38].

In particular, the displacement velocity field (Equa-
tion ([4)) of the material particles allows the determi-
nation of strain rates, defined as:

oV,
6pp:§=
16Vy V,
€py = ——— + =,
e
oV,
€2z = )
0z 5)
16VZ+6V¢
€z = — ]
¥ p oY 0z
e Wy Yy 10V,
TS p  p oy
0 oV,
= V”+ L

Ty ép

Using Equation @ and performing the actions in-
dicated in Equation , we can be obtain:

Vo (2R —2p)
€pp = — 5
2rq/r2 — (R — p)
Vo[(R—p)(R—2p)—7"] Vopz
r\/r2—(R—p)2 rVr2—z2
P
Pip P
Vo/r2 = (R = p)°
_ pe ,
Voz
€2z = y
rVr? — 22
\% Vopz?
P op n 0Pz -
T 7’2—22 7‘(7‘2—22)2
€0 =1 Vo(BR—4p) Voz
B VR RS
Ly Vo (2R —2p) [(R—p) (R —2p) —1?]
2r |:’I"2 —(R- p)Q} :
” [vo[(R—pxR—zp)—rZ] Vopz }
I e e
P
The components of deformation are defined as:
Vo (2R — 2p)
Cpp = — 5"
2ry/r2 — (R —p)
Vo[(R*p)(ﬁ’zﬂp)*?ﬁ]+ Vopz
. r\/r2—(R—p)2 rVr2—22
Epep = —
Pip P
Vor/R2 — (R — p)?
— t ,

pr

FIGURE 12. General view of the toroidal surface of
die corner [35].

€2z :7“ 2 ZQt’
1% Vopz?
P ——) 20/? . 0p e
rvre —z r (r2 — 2;2)2
Vo (3R — 4p) Voz

€pyp =t —
g

AL (2R —2p) [(R = p) (R — 2p) — 1*]

2r [7“2 —(R- p)2] ’

" Vo[(R—p)(R—2p)—77] Vopz
ry/r2—(R—p)? rVri—z2 ;

p

+

In fact, the determination of the stress distribution,
which is a function of coordinates and time [39], is
one of the main objectives when considering sheet
metal stamping operations [40].Thus, mathematical
models [41], 42] are necessary to predict power charac-
teristics of various types of stamping. Therefore, it is
important for energy-power characteristics to obtain
models for calculating the intensity of stresses. The
stress intensity has been calculated by the formula:

o, =m-oz- e}, (6)

where
n strain hardening index,

m  coefficient taking into account the change in the
yield strength of material,

m - oy flow stress at logarithmic strain e; = 1,

o yield strength [MPa).

5. VALIDATION OF THE THEORETICAL
MODEL BY EXPERIMENTAL DATA

According to the usual practice, the results obtained
should be analysed with theoretical and experimental
data in order to obtain a realistic and accurate model
that allows us to evaluate the stamping-drawing pro-
cess more effectively [43] 44]. The figures of intensity
isofields (as mentioned in Figure show the stress
obtained as a result of the numerical simulation.

In our opinion, it is interesting to graphically visu-
alise the obtained equations under specific processing
conditions. The distribution of the stress intensity
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(A). Material grade OT4, time 0.37s.

(B). Material grade OT4, time 0.41s.

(c). Material grade D16T, time 0.33s.

(E). Material grade AMg, time 0.41s.

(G). Material grade AMc, time 0.34s.

(D). Material grade D16T, time 0.29s.

(F). Material grade AMg, time 0.44s.

g

(1). Material grade AMc, time 0.37s.

FIGURE 13. Simulated distribution of plastic equivalent stress during stamping-drawing (for different material grade

and time of deformation).

during the stamping-drawing process have been plot-
ted (see Figure with the following initial data:
r = 3mm, R = 18mm and V = 3mms™'; which
correspond to the working part diameter matrix of
30mm and the die corner of 3 mm.

It can be seen that there is a correlation for stress.
The predicted stress intensity distributions during
the stamping-drawing process are in acceptable agree-
ment with the numerical simulations. As expected,
for all investigated materials, the maximum stress
values are observed on the die corner. The stresses
recorded at the moment of material failure and at
the moment of complete separation are slightly dif-
ferent, not exceeding 5%-10%. There is a slight
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decrease in stress at the moment of separation of
the bottom, which is explained by the drop load
as a result of the facilitation of the stroke of the
punch.

The theoretical calculation of the stress intensity
was carried out according to Equation @ from the
state of the material isotropy, which made it possible
to accept the coincidence of the main axes stressed and
deformed states. Therefore, we calculated, the defor-
mation intensities and strain rates for the main linear
deformations in order to significantly simplify the
stress intensity calculation. Therefore in the model,
we have adopted the angular value ¥ = 0 at the time
preceding the structural failure, which corresponds
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FIGURE 14. Calculated distribution of stress intensity during stamping-drawing.

to the maximum load. Therefore, we concluded that
the theoretical model is acceptable for calculating the
entire complex of energy-power characteristics of the
stamping-drawing process.

6. CONCLUSION

This research focused on the development of the
methodology for calculating the parameters of plastic
deformation of metals at the die corner. The stamping-
drawing process have been performed with blanks of
various diameters (47 mm, 52 mm, 63 mm and 100 mm)
for three aluminium and one titanium alloy. From
the experimental results, it can be concluded that
the forming has demonstrated the dependence of the
ultimate stamping-drawing load on the blank diame-
ter. It can be seen that for aluminium ductile alloys,
such as AMg (Al-Mg) and AMc (Al-Mn), the drawing
load decreases as the workpiece diameter increases.
However, aluminium D16T (Al-Cu-Mg) and titanium
OT4 (Ti-Al-Mn) alloys have shown a continuous in-
crease in drawing load as the diameter of the blanks
increases. This trend suggests a an inverse influence
of workpiece diameter on the drawing load for ductile
and strong alloys.

In general, we have obtained analytical expressions
for the calculation components of strain rates, strains
and their intensities. In addition a new approach
to calculate the stress intensity at the die corner is

presented. The results of the theoretical calculations
have been validated by the numerical simulation of the
stamping-drawing process in LS-DYNA. It was found
that the stresses recorded at the moment of material
failure showed good agreement with the simulation,
the difference not exceeding 5 %10 %.

Finally, it can be noted that the theoretical model
proposed by us is acceptable for calculating the
whole complex of energy-power characteristics of the
stamping-drawing process.
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