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Abstract
In this work a commercially finite element program code (ANSY S 5.4), is used
to perform the numerical simulation of the deep drawing oper ation.
A simplified axisymmetric model of cylindrical cup of (44mm) outer diameter,
(28mm) height and (0.5mm) sheet thickness of annealed mild steel of 0.15%
carbon content, has been developed, and the numerical results are compared
with the experimental work. Six types of punches of (43mm) diameter with
punch profile (nose) radius of {P=3,6,9,1518, & 21.5 mm}have been
constructed and used, and the value of die profile (nose) radius is kept
constant to (d=6mm).
This work aims to study the effect of punch profile radius on the interfacial
contact between the punch and the blank, punch load, thickness variation over
the produced cup wall, localized strains and stresses distribution across the
inner and outer wall of the drawn part, the height and amount of spring back
of the drawn part.
Theresults show that ;
The length of contact distance between the blank and the punch increases as
the punch nose increases and its value approximately is equal to punch nose
radius. Increasing the punch profile radius leads to increasing the cup height
about (20 % for FESimulation & 18 % for experimental work), and
increasing the value of springback to about (1.75 % for FE Simulation &1.25
% for experimental work)) for punch nose radius ranging from (3 to 21.5mm).
The greatest thinning is seen to occur with spherical punch due to great
stretching of the blank over the punch head. The punch load decrease dlightly
with increasing punch nose radius .The more generous punch radius
(spherical nose), the more gradual rise of the punch load and larger the
punch travel. The stress and strain distributions for all geometries chosen are
similar in shape, and have the same trend and approximately the same values
for both inner and outer wall of the drawn part.
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I ntroduction papers concerning the use of FEM in
Deep drawing is the metal deep-drawing process.

working process used for shaping flat Tremendous progress has been

sheets into cup-shaped articles such as made since the pioneering work of

bathtubs, shell cases, and automobile applying FEM to analyze sheet

fenders. This is done by placing a stamping processes, carried out by

blank of appropriate size over a Wang & Budiansky, (1978)[1], Key
shaped die and pressing the metal into & Bath,(1979)[2], who used the
the die cavity with a punch which dasto-plastic material modd, and
simultaneously  transferring  the Kobayashi & Kim,(1978)[3], who
specific shape of the punch and die to used the rigid-plastic material modd.

the blank. Generally a clamping or Luca e al. (1996)[4], have
hold-down pressure is required to presented a comprehensive study of
press the blank against the die to the forming of a sikkens component
prevent wrinkling and to control the using two carbon fiber reinforced

material flow into the die cavity. This thermoplastic materials (CFRTP);
is best done by means of a blank namdy, APC2-AS4 & PEI-CETEX.

holder or hold-down ring in a double- Both experimental and simulation
action press. technigues have been wused to

Rapid developments in understand the formability of the two
computer hardware make the finite materials under different processing
dement method (FEM) of complex conditions. The various forming
deformation responses increasingly parameters examined have included
applicable. The FEM is usd the forming veocity and the use of a
worldwide to simulate the deep- blank holder clamping system.
drawing process and has become Experimental and simulation results

a rdiable numerical simulation (using PAM-STAMP software) have
technology, therefore the current demonstrated that a low punch
exposition here will focus only on the veocity  will give  improved
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formability and less likdihood of
wrinkling.

Meguid & Refaat (1997)[5],
have examined the effect of interfacial
friction on punch load, the Von-Mises
stress  trgjectory, the successive
deformed geometry, the springback,
and the residual stress in an aluminum
sheet. The result show that, the
magnitude of springback is influenced
by the amount of plastic deformation
and unloading residual stress, and the
maximum residual stress occurs in
regions  experiencing maximum
plastic deformation.

In (1998), Zhou e a. [6],
investigated the effect of friction on
the devdopment of ears in FCC
metals using FE program ABAQUS.
The simulation demonstrated that,
friction between the blank-holder and
the blank and the die and the blank,
decreases the ear heights along the
rolling and diagonal direction, but
increases them along the traverse
direction.

The use of drawbead modd
was performed by Chen & Chiang
(1998)[7], to control the metal flow
and to determine the optimum blank-
shape of a motorcycle ail tank, as well
as to prevent fracture and wrinkle in
the early design stage. The results
show that draw bars in the wrinkled
area absorb the redundant metal and
lead to obtain a production free from
defects.

In (2000), Yao & Cao [8], have
formulated an analytica modd to
calculate the offset of the simplified
axisymmetric mode for predicting the
failure height of 3D parts. Simulation
results demonstrate that the corner
stretch height is always larger than the
side stretch height for square cup .The
accuracy of the falure heght
prediction using the 2D modd with
offset has been improved.
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Altan (2000)[9], has verified
that FEM could predict the defects
that occurred in various forming
stages of degp-drawing operation. The
results show that wrinkling occurs
along the flange during the first deep
drawing operation. Fracture was
observed along a sharp corner at the
second deep drawing operation. This
was predicted by a high value of the
thinning, above 30%.

Predicting the onset of the
wrinkling in aluminum sguare cup
forming, was investigated by Xi
Wang & Cao (2000)[10 ]. It was
found that the stress distribution is not
uniform and the hoop stress is even
not completdly compressive in the
frustum region (side wall). Those
cases demonstrate that the presented
analysis provides a smple and
effective way to predict the onset of
side-wall wrinkling.

The crucial problem in deep-
drawing is to determine the optimal
tool geometry in order to achieve a
desired shape for the product. This
problem was investigated by Ghouati
et a. (1996,2000) [11,12], they have
proposed a numerical procedure for
the design of deep-drawing process. It
is based on the coupling of an
optimization technique and the FEM.
It was found that thickness
distribution for optimal value is
indeed more homogenous than those
are for the upper and lower bound on
the parameter.

Cao e a. (2001)[13], have
developed a new forming process that
can reduce forming steps of an
axisymmetric thick metal drawing
problem. The results show that a
measurement of tearing potential is
about 5% lower than that in the
original one, while the press loads are
amost identical. The 10-step drawing
is reduced to 6-step drawing.
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Huh & Kim (2001)[14], introduced
an optimum design procedures to seek
the optimum process parameters in
sheett mea forming  process.
Conditions of the blank holding force,
the die shape, and the bead force were
optimized to obtain a specific quality
of products. Results show that the
optimum design of process parameters
has been wel performed to decrease
the amount of strain that preventing
fracture by tearing.

Jan & Shi (2003)[15], have
applied FEM to improve the design of
a progressive-die for degp drawing
applications. It was found that
integration of simulation and past
experience could reduce the number
of die-tryout tests and associated time
and cost.

Ahmed e a. (2004)[16],
proposed finite eement simulation of
axisymmetric sheet forming

operations based on the viscous shell
formulation. The analysis can predict
the strain variation and the
deformation history of axisymmetric
sheet forming operation.

Numerical Simulation :

A cup of (44mm) outer
diameter, and (28mm) height, was
chosen for detailed analysis of deep
drawing operation. The blank from
which it is formed has a diameter of
(82mm), (0.5mm) thickness and is
comprised of annealed mild sted of
0.15% carbon content, (200MPa)
yidd stress, (200GPa) Modulus of
dadticity, (0.5GPa) Tangent modulus
and of (0.3)Poisson’s ratio .This
particular cup actually has no flange;
it is completely drawn in to the die.

In this work, a commercial FE
code (ANSYS 5.4) is used to simulate
the degp drawing operation, where a
simplified  axisymmetric mode of
cylindrical cup with six types of
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punches  profile (nose) radius
of{ P=3,6,9,15,18,21.5mm} was
created, and the value of die profile
(nose) radius is kept constant to (d =
6mm).

The blank material is modeed
with  (Viscol06 dement). It is
assumed that the punch, die and the
blank holder are rigid and are
represented by (solid dement 42).
The contact interface between the die
and the deformed materia s
represented by (contact dement 438).
A Coulomb friction law was
employed to investigate the effect of
friction at the tool — material interface
(uv=0.1). The blank holding force was
ranging from (10- 15 KN) during the
full stroke of operation. The clearance
between punch and die was set to be
(1.1 sheet thickness). Two examples
of deep drawing operation using FE
Simulation are shown in figure (1).
Drawing force (Punch load), length of
contact distance, thickness along the
wall of the produced cup, height of
produced cup, amount of springback
for the produced cup, stress and strain
distributions over the outer and inner
wall of the produced cup was
measured. The numerical results were
compared with the experimental
work.

Experimental Work :

In this work a degp drawing
tooling was designed and constructed
to carry out the experimental work as
shown in figure (2). Six types of
punches of (43mm) diameter with
punch profile (nose) radius of
{P=3,6,9,15,18, &21.5 mm} were
used, and the value of die profile
(nose) radius is kept constant to
(d=6mm). The experiments were
carried out using the Instron testing
machine which has a capacity of
100KN and cross head speed of
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(300mnVmin), with punch stroke
ranging from (35-40mm). The
material properties are the same as
that mentioned before in section of the
numerical simulation.

In order to foresee the contact
interface between the punch and blank
during drawing operation, the punches
were painted with white color. After
completing the drawing operation it
was found that the white paint was
removed from the punch nose (as
result of the blank bending and sliding
over the punch nose) and stacked at
the inside nose of the drawn part
(produced cup). In order to measure
the drawn part wall thickness and the
length of contact distance; the drawn
part was divided in to two parts by
using a diamond saw. The length of
painted distance, which was removed
from the punch head and stacked at
the inside nose of the divided drawn
part, was measured as shown in figure
(2). During the experiment, drawing
force (punch load) was recorded along
with punch stroke, thickness of the
produced cup wall, length of contact
distance, height of produced cup, and
the amount of springback for the
produced cup was measured and
compared with the results obtained by
the simulation.

Results & Discussion:

A successive stages of the degp
drawn blank for varying punch
strokes are shown in figure (1).I1t is
shown obviously that relativey high
stress concentration occurred at the
die corner radius as a result of
excessive bending of material. The
material lying under the flat punch is
more constrained, and therefore
deformed less. and localized thinning
occurred near to the punch corner.
This mean that frictional force is
applied to the metal largdy by the
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edge of the punch and not by its flat
section. Therefore, it has been
assumed that friction force is present
wherever there is a curvature on the
surface of the drawn part. Therefor for
spherical punch
(P=21.5mm), meaterial laying at the
punch nose deforms more than the
other portion of the cup wall and
produces more thinning leading to
high stress concentration at the punch
(nose) radius as a result of excessive
bending and stretching of metal over
the punch nose.

Figure (2) show a comparison
between FE  Simulation  and
experimental work for the length of
contact distance between the punch
and the blank . It is seen obviously
that the contact state is focus at the
curved portion of the punch or at the
curved portion of drawn part as a
result of excessive bending and
diding of metal over the punch nose.
The length of contact distance
increase as the punch nose increased
and its value approximately equal to
punch nose radius, this is the reason
why some times a hollow punches
with definite nose radius are used in
deep drawing dies.

In the metal forming operation,
the highly nonlinear deformations
processes tend to generate a large
amount of dastic strain energy in the
materid besides of the same plastic
deformation area. The dastic energy,
which stored in the metal sheet during
the forming, is subsequently released
after the forming pressure is remove.
This release of energy is the driving
force for spring-back of sheet metal
forming. Hence, the spring-back
deformation for the sheet metal
forming are mainly lie on the amount
of dastic energy stored in the part
while it is being plastically deformed.
There are numerous factors that
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influence dastic energy stored in
metal sheet, such as the shape of the
die, the properties of the material, the
boundary  conditions and the
interfacial loads.

In this research, the amount of
spring-back was calculated as follow:

Spring-back % ((measured
diameter of the drawn part — Design
or nominal diameter of the part)
/nominal diameter of the part )) x 100

Figure (3) show a comparison
between FE  Simulation  and
experimental work for the effect of
punch prafile radius on the height of
produced cup and the amount of
springback. It is shown that increasing
the punch nose leading to increasing
both the cup height and the value of
springback due to excessive bending
and dliding of the metal over the
punch nose radius and due to
excessive stretching of metal over the
large punch nose radius. It is found
that the values of cup heght
increasing reach to about (20%for
FESimulation &18%for experimental
work), and the value of springback to
(1.75 % for FESimulation & 1.25 %
for experimental work) for punch
nose radius ranging from (3 to
21.5mm).

The variations of the drawing
force (punch load) with the punch
stroke under different punch profile
radius are shown in figure (4). It is
shown that the drawing force for large
punch nose radius is lower dlightly
than that for small nose radius, in both
simulation and experimental work.
This can be explained by more sever
bending effect on small nose radius.
Necking was considered to occur as
the punch force reached its maximum
value and started to drop. Following
necking, splitting occurred at the point
of the large drop in the punch force .It
is seen that the more generous punch
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radius  (spherical nose), the more
gradual rise of the punch load and
larger the punch travel.

Thickness of produced cup wall
was measured and compared with the
thickness obtained by FESimulation
as shown in figure (5). It is clear from
the figure that initial blank thickness
(0.5mm) at the region of a flat bottom
face of the punch does not change and
remains amost constant, this is
because the flat face of the punchisin
contact with blank, and due to the
drawing force, friction comes into
play which prevents any deformation
of the metal under the punch. Hence
there is no thickness change observed
at this region. However, the necessary
deformation is provided by other
portions of the cup, resulting in an
increase of strain in the wall and
flange regions. The greatest thinning
is seen to occur with hemispherical
punch (punch profile radius P =21.5
mm) due to great stretching of the
blank over the punch head.

Figure (6) show the Effective
(equivalent) strain and Effective stress
distribution over the cup wall of
completely drawn part for al the
punches geometry chosen. It is clear
from these figure that the stress and
strain distributions for all geometries
chosen are similar in shape, and have
the same trend and approximately the
same values, except for the large nose
radius (15,18, &21.5mm), Where high
stress and strain concentration are
present at the punch nose as a result of
excessive stretching of metal over the
punch nose. It is clear that the nature
of effective strain and stress is tension
and reaches its maximum value at the
cup rim.

A comparison between the
values of stress and strain distribution
over the inner and outer wall of the
cup for various punch profile (nose)
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radius obtained by simulation are
shown in figure (7). It is clear from
these figure that the stress and strain
distributions for al geometries chosen
are similar in shape, and have the
same trend and approximatey the
same values for both inner and outer
wall of the cup.thus one can assume
that it is quite enough to measure the
strain at the outer wall of the cup
only.

Conclusions:

The results show that; the frictional
force is applied to the metal largely by
the edge of the punch and not by its
flat section. Therefore, it has been
assumed that friction force is present
wherever there is a curvature on the
surface of the blank. Therefore high
stress and strain - concentrations,
localized thinning are present at the
corners of the drawn part as a result of
excessive bending and dliding of
metal over the punch nose.

The contact state between the
punch and the blank is focus at the
curved portion of the of the punch or
drawn part. The length of contact
distance increase as the punch nose
increased and its value approximatey
equal to punch nose radius, this is the
reason why some times a hollow
punches with definite nose radius are
used in degp drawing dies. Since the

numerical simulations match
experimental  results  very  wdl,
therefor, the contact state in this

research can be found numerically
without further experiments.

The simulation and
experimental  results showed that
increasing the punch profile radius
leading to increasing the cup height
about (20 % for FESimulation & 18
% for experimental work), and
increasing the value of springback to
about (1.75 % for FESimulation
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& 1.25 % for experimental work)) for
punch nose radius ranging from (3 to
21.5mm).

The punch load decrease
dightly with increasing punch nose
radius .The more generous punch
radius  (spherical nose), the more
gradual rise of the punch load and
larger the punch travel.

The greatest thinning is seen to
occur with hemispherical punch due
to great stretching of the blank over
the punch head.

The stress and  strain
distributions for al geometries chosen
are similar in shape, and have the
same trend and approximatey the
same values for both inner and outer
wall of the drawn part. thus one can
assume that it is quite enough to
measure the strain at the outer wall of
the cup only.
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Punch profile radius Spherical punch

FIG (1 ): FE Simulation of deep drawing operation for varying punch stroke, showing the
effect of punch stroke on stress & strain distribution over the produced cup wall.

378




Eng. & Technology, Vol.25, No.3, 2007 Investigation of Contact Interface Between
the Punch and Blank in Deep Drawing Process

P=3

P=6

P=9

Drawing die used ‘M! 14 =15
! ~17.25
Out of contact distance E 1I5 P=18

19.75 mm 19.75 mm P=21.5mm

I

! drawn part
contact distance drawn part b
FE Simulation Experimental work
25 5
=<=FESimulation

T 20 -C~Experimental work o
1S
o
2 15
8 /
0
210
-
e
8 s

0

0 5 10 15 20 25

Punch profile radius (mm)

FIG ( 2): The effect of punch profile radius on length of contact distance between the punch and the blank.
(Comparison between FEM & Experimental work).

379




Eng. & Technology, Vol.25, No.3, 2007

Investigation of Contact Interface Between
the Punch and Blank in Deep Drawing Process

N
al

== FESimulation

-~ Experimental work

N
o

%

=
(4]

P

=
o

pre

[&)]

Cup height increasing (%)

=

wo

25

=<= FESimulation
-~ Experimental wor

k

L

=

A

15

e
D/D\D///

Spring back %

—

e

0.5

5

10
punch profile radius (mm)

15 20

25

FIG (3): The effect of punch profileradius on the height of produced cup &
the amount of spring back.

]
o

I
FE Smulation

5

==P=3 mm
=-=P=6 mm
--~P=9

»=P=15 mm

N

-=P=18 mm

w
o

1y

mm i

~=-P=215mm |

N
o

Punch load (KN)

\
N\

V74
v

N\

>
<

Experimental work

NEPROOW
= 00O

Phiae et

CTTTTT

.5 mm

Punch load (KN)

10

20

30 40

Punch stroke(mm)

FIG (4): The effect of punch profile radius on punch load.

380

50



Eng. & Technology, Vol.25, No.3, 2007 Investigation of Contact Interface Between
the Punch and Blank in Deep Drawing Process

0.7 I
==p=3 mm
- =-=p=6 mm
1 ==p=9 mm
£ 06 [{=>p=15 mm
o -~=p =18 mm
2 —--p=21.5mm
£ 05 | -
I xt
H -
a 0.4 ]
3
O
.\/{ FE Simulation
0.3
0.7 T
==p =3 mm
g ~o=p =6 mm
£ :p = 9 mm
~ p=15 mm
a2 0.6 p =
e p =
X
o
2
g 0.5
Q.
3
|Experimenta|work
0.4 !
0 10 20 30 40 50
Distance from cup center (mm)
FIG (5): Theeffect of punch profile radius on cup wall thickness.
1
=P =3 mm 2]
-P=6 mm
08 | | =—P=9 mm
=P =16 mm
= -=P=18 mm
S 06 [L=P=215mm
o {
T~ /
3 0.4
i L
0.2
FE Simulation
0 -
400
=P =3 mm
—_ P =6 mm
¢ =“P=9 mm
o I
S 300 | -p=15 mm
- -=P=18 mm
a =P =215mm
g 200 /ﬂ‘
o
=
ﬁ’_} 100 = —
i
g FE Simulation
0
0 10 20 30 40 50

Distance from cup center (mm)

FIG (6): Thedidribution of stress & strain over the cup wall for different punch profileradius.

381



Effective strain Effective strain Effective strain Effective strain

Effective strain

Effective strain

0.8
0.6
0.4
0.2
0
1
0.8
0.6

0.4

0.8
0.6
0.4
0.2

0
1

0.8
0.6
0.4
0.2

5)
0.8
0.6
0.4

0.2

=]

0.8

0.6

0.4

0.2

Eng. & Technology, Vol.25, No.3, 2007

400
=x=Effective strain at the outer wall of the cup r
-0-Effective strain at the inner wall of the cup =
a 300
‘ Punch profileradius P=3mm ‘ =
]
2
/ » 200
3
2
°
2
/—4/ & 100
u.—@—c-—aé/ 0
T T 400
‘ Punch profileradius P=6 mm ‘ /ﬂ
E 300
<
12
=
/ £ 200
(]
2
= 100
I/ N
Q_Q_Q—-:Z/ 0
T T 400
‘ Punch profileradius P=9 mm ‘ /ﬁ
g
/ £ 300
12
1%
4 g
/ % 200
[
2
S
/ £ 100
ﬁ:// i
= 0
T T 400
‘ Punch profileradius P=15 mm ‘ /ﬂ
& 300
=
7 g
n
2 200
@
[
2
/ 3 100
~ =
T-qu w
0
T T 400
‘ Punch profile radius P=18 mm ‘ /2
/ g-_?
/ £ 300
Y
1%
4 g
/ = 200
(]
2
— / 3
N £ 100
w 0
T T T 300
Punch profileradius P=21.5 mm (Spherical) %3
/4 -
©
a
/ E 200
12
{
— @
,é\.\ / o
r =
NS ¢
o
]
0

0 10 20 30 40
Distance from cup center (mm )

50

Investigation of Contact Interface Between
the Punch and Blank in Deep Drawing Process

=x=Effective stress at the outer wall of the cup
-0-Effective stress at the inner wall of the cup

ﬂ Punch profileradius P=3mm |

/
AW

w\tw/\/w

T
‘ Punch profileradiusP=6 mm ‘

A

/\

e

T T
‘ Punch profileradius P=9 mm ‘ /g

=

Lo/

N Lt [

T T
‘ Punch profileradius P=15 mm ‘

AR
| -

T T
‘ Punch profileradius P=18 mm ‘

T T T
Punch profileradius P=21.5 mm (Spherical) ﬂ

AN

¢

) 20 30
Distance from cup center (mm)

produced cup

382

50

FIG (7): The effect of punch profileradius on gress & strain distribution over theinner & outer wall of the





