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Abstract:

This work aims to study the effect of varying punch nose radius used in deep
drawing operation, on produced cup wall thickness, stress and strain distribution
across the wall of the drawn part, hydrostatic pressure ,residual stress developed in
the drawing part after drawing, and the value of work done to form the required
shape of drawn part.

In this work, six types of punches with various nose radii have been used to
foom a cylindricd cup of (44mm) outer diameter,(28mm) height, and
(0.5mmy)sheet thickness of mild sted of (0.15%) carbon content. A commercially
finite element program code (ANSYS 5.4), was used to perform the numerica
simulation of the deep drawing operation, and the numerical results were
compared with the experimental work.

The results show that, the value of work required to form parts with large nose
radii ismuch more than the value required to form parts with smal punch nose
radii. An increase in the punch nose radius, results in an insignificant increase in
shear stress and shear strain. These values are very small which can beignored.

The greatest thinning is seen to occur with hemispherical punch (Dome shaped
punch) due to great stretching of the metal over the punch head. The maximum
tensile stresses and the maximum thinning of the dome wall occur nearly at the
apex of the dome (a friction coefficient nearly equal to zero). In the presence of
friction, the position of maximum strain, which corresponds to the location of
maximum thinning point, moves away from the apex. The larger the friction is,
the larger is the distance between the apex and the point of maximum thinning.
The frictional force is applied to the metal largdy by the edge of the punch and
not by its flat section. Maximum thickening of the cup wall occurs at the flange
rim, and this thickening increases with punch stroke.
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I ntroduction:

Deep drawing is one of the most
important processes for sheet meta
forming. It is the best for the mass
production of part pieces for many
different applications, such as lighter
casing or part of automobile bodies.
Deep drawing may be defined as the
process in which a blank or
workpiece, usudly controlled by a
pressure plate, is forced in to and /or
through a die means of a punch to
form a hollow component in which
the thickness is substantidly the
same as that of the original material.

Since a number of investigators
have studied the drawing process, the
current expaosition here will focus
only on the researches concerning the
use of Finite Element Method
(FEM)in deep-drawing process .

In (1994),Danckert [1],proposed
a finite dement simulation of two
stage deep drawing process followed
by ironing of the cup wall to analyze
the residual stresses in the cup wall
after the drawing stages and after
ironing of sted blank .The results
show that the ironing process causes
a drastic change in the residua stress
and causes a distribution which is
favorable with regad to fatigue
strength, stress corrosion resistance
and stress cracking.

Iwata et al.(1995)[2,3], have
present two papers, the first one [2],
concerns a theoretical approach to
discuss the constitutive equations for
3D anaysis of sheet metal forming.
Further it has been found that the
breskage could be predicted using
the idea that localized necking
directly induces breskage of sheet. In
the second paper [3], a square cup
deep-drawing process is numerically
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simulated by dastic-plastic FEM.
Friction coefficients on dies are
measured, and the actua pressure
distribution on the blank-holder is
taken into account in the calculation.
They have concluded that the site of
fracture  initiation is  amost
coincident with that at which sheet
thickness is most reduced.

Suri & Otto (1998)[4], have
described algorithms deveoped to
predict wall thickness profiles for
two diffeent cup  geometries
(straight- walled & tapered cup), and
then compared these predictions with
measured value from aluminum and
sted cups drawn in the laboratory.
The results show that the modd is
robust to friction for the straight-
walled cup, indicating that errors in
frictional coefficient will not greatly
alter the predictions. While in tapered
cup, the errors indicate that the actual
friction coefficient during forming
was dose to the theoreical vaue
used.

Yao & a. (2000)[5], proposed a
modified axisymmetric modd with a
center offset to predict tearing failure
in the corner section of 3D parts. The
proposed offset was found to be a
function of the failure height, process
parameters, including tooling
geometry, material properties,
friction coefficient, and restraining
force provided by the blank holder .

FE modeling proposed by Altan
(2000)[6], for the Limiting Dome
Height (LDH) test shows that this
test is very sensitive to friction The
results show that, the presence of
friction, however hinder the free
thinning at the apex of the punch.
Therefore, the position of maximum
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strain, which corresponds to the
location of maximum thinning point
moves away from the apex. The
larger the friction, the larger the
distance between the apex and the
point of maxi mum thinning.

Wang & Cao (2000)[7],have
developed an analytical approach to
caculate the critica wrinkling
condition under a constant binder
force and pressure. It was found that
the materiad  strain hardening
exponent along with binder pressure
has a significant effect on the critica
buckling stress as wel as the
buckling mode.

In the paper of Lee & Cao
(2001)[8], an axisymmetric shell
dement for the multi-step inverse
anadysis is deveoped for more
accurate  prediction  of  design
variables such as the initial blank
shape, strain  distribution, and
intermediate shapes. The results
show that as the number of analysis
steps is increased, this approach is
more accurate and the punch
increment per step is much larger
than that in the conventiona
incrementa analysis .

Hun & Kim (2001)[9], have
applied inverse FE analysis to
estimate the initial blank shape,
intermediate deform shape, thickness
distributions and failure during
multistage deep drawing operation of
dliptic cup. The results show that the
localized deformation occurs aong
the major axis of the dliptic cup and
the wrinkling occurs along the minor
axis, the modified design improves
the quality of drawn part and reduce
the possibility of failure occurrence.

Theoretical Finite Element Procedure:

where {R} is the noda force,
{dU} is the incremental displacement
, [K (dU)] is the system stiffness
matrix, and can be expressed in terms

58

Studying the Effect of Punch Nose Radius

on Deep Drawing Operation

Sea0 (2002)[10], have used
FEM to foresee the defects occurring
during deep drawing operation such
as wrinkling, thinning, and fracture;
and how to prevent their occurrence
during production through simple
design changes. It was found that,
because the die radius and the
clearance were relatively smal, the
material around the wall experienced
excessive compressive stress rather
than just being pulled in to the die.

Ahmed et a. (2004)[11]have
proposed finite eement simulation of
axisymmetric sheet forming
operations to predict the strain
variation and the deformation history
of axisymmetric sheet forming
operation.

Singh & Kumar (2005) [12],
investigated the construction of
cylindrical cup of low carbon sted by
using hydromechanical deep drawing
process. It was found that, by
hydromechanicd  deep  drawing,
higher drawability and more uniform
thickness  distribution could be

obtained when  compared to
conventional deep drawing.
Abedrabbo & Zampa oni

(2005)[13].investigated the wrinkling
behavior of aluminum alloys during
hydroforming process, when using
square and round blank. It was found,
that in the case of square blank,
wrinkles do not form underneath the
blank holder, as rigid corners prevent
drawing and cause the sheet to
stretch. On the other hand, wrinkling
is prevalent the case of round blank,
as the metal draw easily into the die
cavity cregting large compressive
stress in the flange region.

The nonlinear finite-dement
equation is expressed as follows:
[K (@U)){dU} = {R} - 1
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Using Equ. (2) ~ (5) and the | eft
side of Equ. (1), the following
relationship between the noda force
and the incrementa displacement
(dU) can be obtained.

[K (-dU)l{-dU}= Z[B]'[D (-
du)l{B}v ({-du})

= X[B]'[D
dU){B}v ({-du})
o - [K

(@dU){dU}
= R}

Equation (6) satisfies the
codition that the noda force reverses
when theincremental displacement
reverse

It is assumed that coulomb
friction acts over the top and bottom
surface of the flange. In practice, the
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of the stress-incremental strain
matrix [D], the [B] matrix and the
volume of the dement (V) as:

[K (dU)] == [B]'[D

If the deformation in the flange
is one of plane stress and assuming
the materid is rigid perfectly plastic
and obeys the von Mises yied
criterion, the [D] matrix can be
expressed as follows (14) [1995]:

4oy 1 V2
[D]= —| % 1
3d€eq | 0 0

where:
oy, is theyidd stress ,d€y is

cup wal will be drawn in the the equivaent plastic strain

presence of a blank holder, but this increment, where :

dose not negate the assumption of

plane stress over the major portion of y =

the flange in the finite dement (

caculations o the preceding artide o2y

The normal stresses created by the + oy

blank holder are usudly quite smal oy +

compared to (oy,),0f the material. o’y

Since the assumption of the plane +3t

stress is not satisfied by the analysis 27

during the early stages of flange 2

deformation, we assume that blnk

holder force is centered at the noda

point of the finite eement. The 4

components of the

nodal frictiona

force  (Rx,Ry) Ry 2 Hw dUs,

are assumed to act = dUs, | -

in the plane of the | Ry (dUg? + dUg 2 ) Y2 fv

flange and are and

calculated from: d€eq = (2/\3) ( dE% +0€, dEy
+d€?, +dy%y /4 )2 e 5
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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 mild sted of 0.15%
carbon content, (200MPa) vyield
stress, (200GPa) Modulus  of
dadticity, (0.5GPa) Tangent modulus
and of (0.3) Poisson’s ratio.

A commerciad FE  code
(ANSYS 5.4) was used to simulate
the deep drawing operation. Elasto-
plastic behavior for work material
was used in the simulation. The
blank material was modeled with
(Viscol06 eement).lt is assumed
that the punch, the die and the blank
holder are rigid and are represented
by(solid dement 42). The contact
interface between the die and the
deformed material is represented by
(contact dement 48). A Coulomb
friction law was employed to
investigate the effect of friction at the
tool-material interface (u=0.1). The
blank holding force was ranging
from (10-15KN) during the full
stroke of operation. The clearance
between punch and die was set to be
(1.1 sheet thickness). A successive
stages of the deep drawing sheet for
varying punch stroke are shown in

fig. (1).

Experimental Work:

In this work, a deep drawing
tooling was designed and constructed
to carry out the experimental work as
shown in fig. (2). Six types of
punches of (43mm) diameter with
punch nose radii of {P=3,6,9,15,18,
& 21.5 mm (Dome shape punch)}
were used, and the value of die nose
radius is kept constant to (d = 6mm).
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Where (u) is the coefficient of
coulomb’s friction, the quantities
dUy and dUy are the incremental
displacement components, and Hyy is
the blank holder force at each nodal
point calculated in the finite d ement

program.

From eq. (7). It can be
determined that :
{R: (-dU)}= {Ry (AU} -=--mee-
---------- 8

Hence Eq. (8) satisfies the
requirement that the friction force
reverses when the incremental
displacement reverses at the norma
point.

Theicremental thickness
change (At) of flange thickness (t )
is expressed in the finite e ement
method as follows:

At = d€tt
= -(dEs+dEt
=-[B]t{dU%} = 0 ----------

However, we set At = 0, and
neglect the effect of thickness
change in order to simplify the
complicated caculation for the multi
objective  optimization  problem
(optimum —shagped blank and
limiting size of blank)

A study of the bending and
unbending as the material passes
over the die radius has been
conducted by many investigators.
For example a simple model adopted
by Siebedd & Beisswanger (1992)
[15], mentions that the nodal force
(Hp) based on the bending at the die
radius is expressed as.

Hp=[1+exp (nn / 2)] Loy /
[4(pg + t /] 2) —-mmmmmmmmmmme- 10
whee : (L) and (pg) denote the
circumferentia length of the inner

boundary and radius, respectively.
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[ Hoap strain] €h =- (er
+ €1)
[Effective strain] €« ={2/3
(€r* + €t + €N} *°
Where:
(to) istheinitial thickness
of the blank (0.5 mm).

(t) isthefina thickness
of produced cup wall (mm).

(Lo) istheinitial radius of
the grid circle printed on the
blank (mm).

(L) is the average of final
radius of the grid circle after
deformation (mm).

(AL) is the changes in
radius of grid circle after
deformation.

Where, L = Lo+ AL

Results and Discussion:

FE Modding of deep drawing
operation at varying punch strokes is
shown in fig. (3), It is shown
obviously that relatively high stress
concentration occurs at the die corner
radius as a result of excessive
bending of materiad. The materia
lying under the flat punch is more
constrained, and therefore deformed
less. Locdized thinning occurred
near to the punch corner. This mean
that 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 drawn part.

It is seen from fig. (3), that for
dome shape punch (P=21.5 mm), the
maximum thinning of the dome wall
occurs nearly a the apex of the
dome. This is because, in the absence
of friction (a friction coefficient
nearly equal to zero), the maximum
tensile stresses occur at the apex,
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The experiments were carried out
using the Instron testing machine
which has a capacity of 100KN and
cross head speed of (300mm/min),
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 study the strain
distribution within the cup during
drawing operation, a grid pattern of
(5, 10, 15,20, 25, 30, 35& 40) mm
radius cirdes, was chosen and
printed (dong 12 intersecting
chosen lines, 30 degree apart) on the
original blank, by using mechanical
grid marker. In order to measure the
cup wal thickness at the deformed
grid circle after drawing; the drawn
cup was divided in to two parts (to
facilitate the thickness measuring
process of the cup wall) by using a
diamond saw as shown in fig. (2).
Digital thickness micrometer was
used to measure the produced cup
wall thickness (t) after drawing, and
tool microscope was used to
measure the find radius of grid
circe (L) a the cup wall after
drawing. The thickness and average
final radius of grid cirde were
measured along the 12 intersecting
lines as shown infig (2).
Experimentdly, the radia
strain  (€r) was obtained by
measuring the final radius of the
distorted grid circle after
deformation  (L). The thickness
strain (€t) was
obtained by measuring the fina cup
wall thickness (t) a the deformed
grid circle (along thel2 intersecting
lines). Slab method was used to
calculate these strains as follow :

[Raedial strain] €r =In(L
/Lo)
[Thickness strain] €t =In(t

/ to)
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thickness in the wall and flange
regions. At the punch nose (necking
point), there is a small tension which
causes thinning of initiad blank
thickness to about (5-7)%, and
afterward it become compression
which causes thickening of the cup
wall.

In our case, the flange rim (edge
of the produced cup) undergoes the
most severe shrinking during the
process, and hence becomes the
thickest part of the flange That is
why the horizonta restraining force
resulting from the friction between
the die / blank holder and the blank
are sometimes considered as being
applied at the flange rim. This can be
shown obviously by thickening of the
cup wall at the flange rim to about
(20-25 %) theoreticdly (FEM) &
(17-22%) experimentally.

For large value of punch nose
radii  {P=15,18& 21.5mm (dome
shape punch)} the material lying at
the punch region is deforms more
than the other portion of the cup wal
and produces more thinning leading
to high stress concentration at the
punch nose radius as a result of
excessive bending and stretching of
metal at the punch head. It is seen
obviously that the thinning increases
with increasing punch nose radius,
and maximum thinning occurred at
the largest punch nose radius vaue
punch stroke influences grestly the
wall thickness and strain values, in
which these values increases with
stroke increasing. It is seen that
necking (Max thinning), occurs at the
punch nose region for all strokes, and
thickening of flange rim, increases
with punch stroke due to excessive
shrinking of flange. These vaues of
effective dtress is decreases with
stroke increasing, due to the fact that,
a punch strokes more than 20mm,
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thus making the sheet to thin out
gradually toward the apex. In the
presence of friction, however free
thinning at the apex of the punch is
hindered, therefore the position of
maximum strain, which corresponds
to the location of maximum thinning
point moves away from the apex.
The larger is the friction, the larger
is the distance between the apex and
the point of maximum thinning .This
explanation give good agreements
with FE modding proposed by
Altan [Ref.6].

Thickness along the grid circles
a the produced cup wal was
measured and the percentage change
of thickness was calculated and
compared with change in thickness
obtained by smulation as shown in
fig. (4). It is clear from the figure,
that initial blank thickness (0.5mm)
a the region of a flat bottom face of
the smdl punch nose radii
(P=3,6,&9mm), does not change and
remains amost constant. This is
because, the flat face of the punch is
in 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 a this region.
However, the necessary deformation
is provided by other portions of the
cup, resulting in an increase of

(P=21.5mm dome shape
punch). The amount of thinning reach
to about (12,18,&27)% theoreticaly,
and (10,15,&18)% experimentally,
for large punch nose radii of (P=
15,18, & 21.5 mm) respectivey.

Fig. (5) show the effect of
punch stroke (punch displacement)
on cup wall thickness, effective
(equivalent) strain, and effective
stress, for punch nose radii equal to
(P=3&21.5mm). It is dear that the
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increase in the maximum strain at the
flange rim. It is shown obviously that
the more uniform distribution the
more reasonable values of strain is
for the value of punch nose radius of
(P=3,6mm),ie when the value of
punch corner radius is equal to (6-12)
times the sheet thickness, which give

good agreement with practicad
application.
The effect of punch nose

radius on shear strain and shear stress
distribution can be readily deduced
from fig. (8) .It is noted from the
figure, that an increase in the punch
nose radius, results in an insignificant
increase in shear stress or shear
strain. The nature of the shear strain
(Exy) and shear stress (Sxy) are
amost tensile with small value a the
cup bottom and increase toward the
cup wall, and reaches its maximum
value at the cup rim. These values of

stresses are very smal (between
10-17 MPa) for dl geometries

chosen, which can be ignored. (It was
found theoretically (FEM), that the
value of shear strains (Exy& €yz)
and shear stresses (Sxz & Syz) are
equal to zero).

Fig. (9) show the distribution of
residua stress developed in the cup
after drawing for dl  punch
geometries chosen. It is evident that
the stress increasing toward the cup
rim, and the trend of the curves are
the same, but the die with punch nose
(P=6mm) has a lower residual stress
and more uniformly distributed than
the other geometries.

The hydrostatic pressure
distribution over the cup wall caused
by the residua stresses after drawing
is shown in fig. (10). It evident that
the hydrostatic pressure for punch
nose (P=6mm) is always positive and
much more uniformly distributed
than the other geometries.
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the flange starts to leave the
blankholder, and there fore reducing
greatly the restraining forces applied
to the metal, which cause the metal to
form fredy with minimum force.

Fig. (6) show a comparison
between calculated strains (€r,€t,
€h, & €4) obtained from
experimental work, and predicted
values obtained from the simulation
for completely drawn part for all
punches chosen. It is clear that a
considerable change of the strain
distribution is observed in the flat as
well as radius areas of the punch. The
material lying on the small punch
nose radii (P=3,6,9 mm) is more
constrained, and therefore deforms
less. However, since the fina
configuration is fixed, the necessary
deformation is provided by other
portions of the cup, resulting in an
increase of strain in the wal and
flange region of the drawn part. It is
cler from these figures that the
strain distributions of al geometries
chosen are similar in shape, and have
the same trend and approximatdy the
same values, except for the large
nose radii (P=15,18,&21.5mm),
where high strain concentration are
present at the punch nose as a result
of excessive stretching of metal over
the punch nose. It seen from these
figures, that the experimental values
of strains ae lower than the
theoretical values (FEM), this may be
due to the lack of exact information
about material properties or friction
condition.

Fig.(7) show a comparison
between calculated effective strain
obtained from experimental work and
theoretically (FEM) for different
values of punch corner radii of
completely drawn part. It is noted
that an increase in the punch nose
radius results in an insgnificant
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than the other portion of the cup wall
and produces more thinning and high
stress concentration at the punch
nose, It is seen obviously that the
work required to form apart with
large nose radii  are much more than
small nose radius.

By returning to  figures
(4,6,7,9,11), one can condude that,
the more uniform distribution of cup
wall thickness, the more reasonable
and smalest values of stress, strain
and work done are for the vaue of
punch nose radius equa to (P=6mm).
Since the

give good agreement with practica
application.

Conclusions:

maximum thinning of the dome wall
occurs nearly at the gpex of the dome
.The larger is the friction, the larger
is the distance between the apex and
the point of maximum thinning. The
more uniform distribution the more
reasonable and smallest values of
stress, strain and work done are for
the value of punch nose radius equa
to (12 times sheet thickness).
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Because a positive hydrostatic
pressure near the cup wal will
reduce the tendency to crack
formation, increase the load that the
cup wall can sustain before cracks
are formed, increase the fatigue life
and strength of the cup wal and
increase the corrosion resistance of
the cup wal (Ref.l), one can
conclude that punch nose radius (P=6
mm) is more convenient for drawing
condition of this research.

Fig. (11) show the effect of
punch nose radius on work done
distribution. Since the material lying
a the punch nose is deforms more

initid blank thickness equa to
(0.5mm), this mean that the best
punch nose radius is equa to
(12times blank thickness), which

In summary, we can conclude
that frictiona force is applied to the
metal largdy by the edge of the
punch and not by its flat section.For
al punch geometries chosen, necking
(maximum thinning of the cup wall)
occurs a the punch nose, thickening
of the cup wall occurs at the flange
rim and increasing with punch stroke,
the value of shear stress (Sxy) and
shear strain(€xy) are very small
which can be ignored. The value of
work required to form apart with
large nose radius are much more than
the value required to form apart with
small punch nose radius.

For dome shape punch, the
maximum  tensile stresses and
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Drawn part

FIG (1): A successive stages of deep drawing operation using Finite Element Simulation for varying punch strokes.

FIG ( 2) : Drawing die used in the experimental work, completely drawn parts
(produced cup) , divided part & the distortion of grid circles at the cup wall & bottom.
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FIG (3): FE Modeling of deep drawing
operation at varying punch strokes
showing the stress & strain distribution
a the die corner radius, punch nose &
drawn part.
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FIG (4): The effect of punch nose radius (P) on the cup wall thickness
(Comparison between FEM & experimental work)

69



8

N
o

Change of cup wall thickness (%)
|_\
o

o

1
S

=
N

Effective strain

o
~

o
0o

éM Pa)

Effective stress

)
S

o

Eng.& Tech.Vol.26.N0.1,2008

==Punch stroke 5mm
== Punch stroke 10mm
== Punch stroke 15mm
|| 0= Punch stroke 20mm

=x=Punch stroke 25mm
=¥=Punch stroke 30mm
=t=Punch stroke 35mm

punch nose radius P=3 mm

/
/]

FE Smulatiion

0 10 20 30 40 50
Distance from cup center (mm)

=~ Punch stroke=5 mm FE Simulation

-+ Punch stroke =10 mm

-~ Punch stroke =15 mm

- Punch stroke =20 mm A

== Punch stroke =25 mm 2

=¥= Punch stroke =30 mm

-t= Punch stroke =35 mm X
Punch nose radius P=3mm /\

Aﬁ‘\

) 2 30
Dlstance?rom cup center (mm)

=~Punch stroke=5 mm
<+ Punch stroke =10 mm
=~ Punch stroke =15 mm
-0-Punch stroke =20 mm
== Punch stroke =25 mm
== Punch stroke =30 mm
-t=Punch stroke =35 mm
Punch nose radiusP=3mm

N\
/X'\

?—&—x—— A~

1 FE 9mulation

0 10 20 30 40 50

Distance from cup center (mm)

Studying the Effect of Punch Nose Radius

N w
o o

=
o

nge of cup wall thickness (%)

Effective strain

g

8

Effective stress (MPa)
N
8 8

S

o

on Deep Drawing Operation

=0=Punch stroke =5 mm
=+ Punch stroke =10 mm
=/~ Punch stroke =15 mm
=0=Punch stroke =20 mm
=X=Punch stroke =25 mm
=X=Punch stroke =30 mm
=t=Punch stroke =35 mm
=0-Punch stroke =40 mm

Punch nose radius P=21.5 mm

x - : i
» FE Simulation
0 . 20 30 50
Distance from cup center (mm)
T T
==Punch stroke =5 mm EE Simulation
== Punch stroke =10 mm
== Punch stroke =15 mm
=0=Punch stroke =20 mm
=X=Punch stroke =25 mm
=¥=Punch stroke =30 mm
=t=Punch stroke =35 mm
=0=Punch stroke =40 mm
Punch nose radius P=21.5 mm
0 10 30 40 50
Distance from cup center (mm)

=0=Punch stroke=5 mm
== Punch stroke =10 mm
=/=Punch stroke =15 mm
=O=Punch stroke =20 mm
=X=Punch stroke =25 mm
=X=Punch stroke =30 mm
=t=Punch stroke =35 mm
== Punch stroke =40 mm

Punch noseradius P=21.5mm

———

NS NS FE Smulation
0 10 30 40 50

Distance from cup center (mm)

FIG (5): The effect of varying punch stroke on the cup wall thickness, stress and strain distribution over the cup wall.
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FIG (6): The effect of punch nose radius (P) on strain distribution over the cup wall.
(Comparison between FEM & experimental work)
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FIG (8): The effect of punch nose radius (F) on shear strain & shear stress distribution over the cup wall
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FIG (11): The effect of punch nose radius (P) on work done distribution over the cup wall

73

| FE SIimulation

20

30

40



