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Abstract — The objective of this project is to study the effect
of punch corner radius, binder holding gap and punch
velocity in single stage deep drawing process. Analysis is
carried by varying punch velocity, punch corner radius and
binder holding gap and keeping BHF, coefficient of friction,
initial temperature constant. CAD modelling of dies is done
using Solid Edge V19 and simulation of single stage deep
drawing is carried out using AFDEX simulation software.
The punch velocity is varied from 850mm-s to 950mm-s and
punch corner radius is varied in between 2mm to 5mm. The
BHF (775N) and co-efficient of friction (0.1) are kept
constant. In case of binder holding gap, it is varied in steps of
0.25mm from Omm to 1mm and binder holding force is
doubled (1500N). The forming type is cold and hence the
temperature is maintained at 25°C.The material used for this
simulation process is Aluminium Alloy AA6061. Twenty-
four simulations were carried in AFDEX simulation software
to get damage values using different punch velocities, punch
corner radius and binder holding gap. We observed from the
results that punch corner radius influence the thickness
distribution in deep drawn cup and binder holding gap have
influence on wrinkle formation.

Keywords: Solid Edge V19, AFDEX, Punch velocity, Co-
efficient of friction, Punch Corner Radius, BHF, Binder
Holding gap, Thickness distribution

. INTRODUCTION

Deep drawing is a manufacturing process that is used
extensively in the forming of sheet metal into cup or boxlike
structures. Pots and pans for cooking, containers, sinks,
automobile parts, such as panels and gas tanks, are among a
few of the items manufactured by sheet metal deep drawing.
This process is sometimes called drawing and is not to be
confused with the bulk deformation process of drawing
discussed earlier. A basic deep drawing operation could be
the forming of a flat sheet into a three-dimensional cup, or a
box. The shape of a deep drawn part is not limited to a circle
or square, more complex contours are possible. However, as
the complexity goes up, the manufacturing difficulties
increase rapidly. It is best to design the shape of a deep
drawing to be as simple as possible. For the primary sheet
metal deep drawing process, the part will have a flat base and
straight sides.
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Fig. 1: Cup Part

Deep drawing is a sheet metal forming process that
involves complex material flow and force distributions. As
mentioned, the punch and die setup is somewhat similar to a
sheet metal cutting operation, such as punching or blanking.
Two main factors will cause the punch in deep drawing to
draw the metal into the die cavity, rather than shearing it.
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Fig. 2: Deep Drawing of Sheet Metal

One major factor in deep drawing is the die corner
radius and the punch corner radius. When cutting sheet metal,
the punch and die edges do not have a radius. Sharp corners
on the punch and die cause it to cut. A radius on an edge will
change the force distribution and cause the metal to flow over
the radius and into the die cavity. The other major factor
causing the punch to draw the sheet metal and not cut it is the
amount of clearance. Clearance in cutting operations is
relatively small, usually 3% to 8% of sheet metal thickness.
In deep drawing manufacture, if the clearance is too small the
sheet may be cut or pierced, (not well), despite the radius.
Clearance in deep drawing manufacture is greater than sheet
thickness, usually clearance values are 107% to 115% of
sheet thickness.

Il. LITERATURE SURVEY

Mayavan.T, Karthikeyan.L [1] Experimental and finite
element studies on formability of low carbon steel sheet using
deep drawing. In this paper, the forming characteristics of
deep draw steel (DDS), a low-carbon steel with many
engineering and automotive applications, is investigated by
deep drawingl. The aim is to investigate the limiting draw
ratio (LDR) and forming limit diagram during forming for the
various punch strokes is examined. The experimental such as
thickness distribution and thinning limit of the formed cup are
compared with the simulation results. Good correlations was
obtained between the finite element predicted results and
experimental results. Experimental result shows the best
forming characteristic were found at a punch stroke of 50mm
with LDR value of 2.2. Finite element analysis model was
built using Abaqus.

Kiran Rathod, Bharat S Kodli [2] Simulation study
on effect of BHF and Co-Efficient of friction in deep drawing
process using AFDEX Software (2017). The main aim of this
paper is to study the effect of BHF and Co-Efficient of
friction in deep drawing process, the process of changing a
flat blank into a hollow shape or rim shaped or cup shaped
object without excessive wrinkling, thinning or fracturing. If
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the depth of the cup exceeds the diameter, then it is referred
as “deep drawing process”. In this study is made by varying
BHF, Co-Efficient of friction and keeping the punch velocity
as constant. For this CAD technique is combined with process
to enable model using uni-graphics, and then simulation is
performed using AFDEX Software.

Kopinathi Gowtham, K.V.N.S Srikanth, &K.L.N
Murthy[3] Simulation of the Effect of Die Radius on Deep
drawing Process (2012). The objective of this paper is to
study the deep drawing process by varying the die corner
radius and keeping the friction, punch, blank thickness as
constant. The punch, blank thickness geometry made by
CATIA software and analytical, numerical and exponential
methods have been developed in order to analyze it and the
simulation process carried out by finite element analysis by
varying die corner radius. The material used for this process
of simulation AL6061 an aluminium alloy initial diameter
taken as 56mm and drawing speed is 0.9m/sec friction
constant is taken as 0.3.

Arshad Ayyub, & Bharat S Kodli[4] Simulation
Study on Effect of Die Corner Radius in Single Stage Deep
Drawing Process (2016). The objective of this paper is to
study the effect of die corner radius in deep drawing process
simulation, and to determine the factors influencing the deep
drawing process and analyzing the process by varying the die
corner radius by keeping the fallowing parameters Blank
thickness, Punch radius, Drawing speed, and Coefficient of
friction constant. For this CAD Technique is combined with
the process simulation to enable modelling using
Unigraphics, then simulation is performed using AFEDEX
software., Aluminium alloy 6061 is used for deep drawing
with initial diameter as 74mm.

I1l. SIMULATION

AFDEX (Adviser as Friend for Forging process Design

Experts) is General-purpose metal forming simulator.

AFDEX can be applied not only to conventional Bulk metal

forming processes including forging, rolling, extrusion and

drawing but also new Creative bulk metal forming processes
that can be devised by creative engineers or experts. AFDEX
is theoretically based on rigid-thermoviscoplastic finite
element method. It can solve the metal flow problem and heat
transfer in metal forming and die structural analysis problem.

Features of the software

—  Pre-processor: The pre-processor assists and compile the
input data for the simulation. In some of the cases, it
helps the user to visualize and analyze the input data
using the graphical user interface.

— Post-processor: The Post Processor is generally deployed
to visualize and analysis the result. The stored result by
the solver can be plotted graphically or in alphanumeric
form by the post-processor.

— Exclusive Forming Solver: The actual FEM based
calculation is performed by the simulation engine or
solver. Based on the input data, necessary formulations
are initiated by the solver and the required calculations
are performed sequentially.

AFDEX is applicable to real production line forging
and other bulk forming processes such as extrusion, drawing
and rolling. It is also suitable for forming processes of thinner

products such as plate forging and sheet metal forming.
AFDEX can be used for the following industrial applications:
Aerospace, Automotive & Ground Transportation,
Biomedical, Electronics & Consumer Goods, Energy, Heavy
Industry (including Construction Machinery and Mechanical
Parts), Marine, Rail, Steelmaking and Die Making.

IV. METHODOLOGY

In this project Solid edge software is used to design and effort
is made to simulate the deep drawing process using AFDEX
software. AFDEX (Adviser for metal forming process design
Expert) is a general-purpose metal forming simulator which
can be applied not only for deep-drawing but also for forging,
rolling, extrusion etc. This software can predict blank holder
force to assist in selecting appropriate BHF in order to find
optimized damage values and also to develop and optimize
the metal forming process, this prediction pro-long the die life
and thus increased productivity and company with a great
return on investment.

Table 1 give dimension specification of this project
whereas table 2 provides the basic parameters used in this
project. In this project cold forming technique is to convert
the round blank into cup. It is very important to have
optimized parameters to produce flawless components.
Required dies were designed using Solidedge software and
converted into .stl format. AFDEX simulation software is
used to carry out simulations. In AFDEX first step is to
choose the type of forming process and the type of material
flow considered. After selecting the type of forming process
all the dies are imported and the process parameters are
chosen. Material AA6061 is one of the most widely used
sheet metal in deep drawing. Its various physical properties
make it ideal for deep drawing and hence has various
applications in different industries.

Component Dimensions(mm)
Punch diameter 38
Blank diameter 74
Blank thickness 1
Punch fillet radius 2,345
Die corner radius 4
Co-efficient of friction 0.125
Cup height 28
Clearance die and punch 1
Table 1: Dimension Specifications of the Process
Component Cup
Material AA6061
Punch velocity  |(0.850-0.950) m/sec
Co-efficient of friction 0.1
Blank holder force 775N
Temperature 25°C

Table 2: Basic Parameters

In this study coefficient of friction (0.1), Binder
holding force (775N), initial temperature (25°C) are kept
constant. Whereas, punch corner radius and punch velocity
were changed in order to find the optimized value. The range
of punch corner radius used is 2-5mm with 1 mm intervals
and punch velocity ranges between 850mm/s to 950mm/s
with 25mm/s intervals. The effect of punch corner radius is
studied. After completion of simulations results were
obtained. Results are tabulated with damage value, effective
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stress and effective strain. Using these results the effect of
parameters on thickness distribution and quality of forming
can be studied.
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Fig. 3: Top View and Front View of Cup

Ultimate tensile strength | 310Mpa Ultimate tensile strength | 310Mpa
Modulus of elasticity | 68.9Gpa Modulus of elasticity | 68.9Gpa
Poisson’s ratio 0.33 Poisson’s ratio 0.33
Yield tensile strength | 276Mpa Yield tensile strength | 276Mpa
Hardness, Vickers 120 Hardness, Vickers 120
Density 2.7glcc Density 2.7g/cc
Table 3: AA 6061 Material Properties Table 4: AA 6061 Material Composition
V. RESULTS
SL. PUNCH VELOCITY PUNCH CORNER DAMAGE EFFECTIVE STRESS EFFECTIVE
NO. (MM/S) RADIUS (MM) VALUE (MPA) STRAIN

1 2 3.42377E-01 1.97292E+02 7.89834E-01
2 850 3 2.99663E-01 1.87889E+02 6.81994E-01
3 4 3.08112E-01 1.96090E+02 6.92475E-01
4 5 3.16410E-01 1.95429E+02 6.73246E-01
5 2 3.87521E-01 1.99255E+02 8.11265E-01
6 875 3 3.02332E-01 1.95596E+02 6.77605E-01
7 4 3.11513E-01 1.95604E+02 6.78323E-01
8 5 3.05858E-01 1.94909E+02 6.58481E-01
9 2 3.75136E-01 1.97779E+02 8.09132E-01
10 900 3 3.04973E-01 1.90232E+02 6.74634E-01
11 4 3.00922E-01 1.95996E+02 6.89848E-01
12 5 3.16109E-01 1.96366E+02 7.01602E-01
13 2 3.40973E-01 1.97285E+02 7.55791E-01
14 925 3 2.97538E-01 1.95793E+02 6.83230E-01
15 4 3.05336E-01 1.95346E+02 6.70535E-01
16 5 3.17843E-01 1.95200E+02 6.68026E-01
17 2 3.37973E-01 1.99565E+02 8.39938E-01
18 950 3 2.90521E-01 1.95216E+02 6.66807E-01
19 4 2.99242E-01 1.95243E+02 6.67422E-01
20 5 3.17805E-01 1.95204E+02 6.66555E-01

Table 5: Damage values for various Ram velocity
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Below we tabulated thickness for various punch
corner radius. Punch velocity in 900 mm=, coefficient of
friction 0.1, and binder holding force of 775N.

Punch Corner THICKNESS (mm)

Radius (mm) 1 2 3 4
2 0.94679 | 0.56399 | 1.09174 | 1.26632
3 0.95999 | 0.88053 | 1.04442 | 1.28178
4 0.94431 | 0.90661 | 1.01059 | 1.27257
5 0.97188 | 0.92797 | 1.0496 | 1.28718

Table 6: Thickness Distribution
THICKNESS DISTRIBUTION
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Fig. 4: Thickness Distribution Comparison for Different
Punch Corner Radius

V1. BINDER HOLDING GAP

In deep drawing process wrinkling of blank at flange area is
mitigated using binder or extra die which puts pressure across
the circumference of blank. The force applied using this
binder is known as binder holding force. Too low value of
BHF will cause wrinkling and too high value causes tearing
of blank. BHF is calculated and applied on the blank for safe
drawing of cup with no wrinkles. The gap between binder and
blank also have effect on wrinkle formation. Punch corner
radius is 5mm, coefficient of friction 0.1, binder holding force
is 1500N and punch velocity is 900 mm/s. Following table
represent damage value for different binder holding gaps.

Sl. No. | Binder Holding Gap In MM | Damage Value
1 0.25 2.95679E-001
2 0.50 4.24745E-001
3 0.75 5.95686E-001
4 1.00 6.02962E-001

Table 7: Damage Vale for Different Binder Holding Gap
It is seen that increase in binder holding gap leads to
increase in damage value. From the results we can see
wrinkles are formed due to increase in binder holding gap and
hence it is very important that the binder holding gap is kept
minimum during deep drawing.

-~

W ey, TN
DI A T D e g M

Fig. 5: Damage value of cup drawn with punch velocity
900mms and punch corner radius 2mm.
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Fig. 6: Damage value of cup drawn with punch velocity
900mms and punch corner radius 3mm.
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Fig. 7: Damage value of cup drawn with punch velocity
900mm and punch corner radius 4mm.
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Fig. 8: Damage value of cup drawn with binder holding
distance 0.25mm

Fig. 9: Damage value of cup drawn with binder holding
distance 0.50mm

VII. CONCLUSIONS

Twenty-four iterations were carried out in the AFDEX
software and the results were obtained by using different
values of the parameters which consist of punch corner
radius, punch velocity and binder holding gap. BHF, co-
efficient of friction, and initial temperature were kept
constant.

The following conclusions can be drawn from the results,

— From results it is evident that punch corner radius has
effect on formability of drawn cup. With zero punch
corner radius the material tears and hence it is very
important to provide punch corner radius. We can
observe that increase in value of punch corner leads to
decrease in damage value and hence leads to good quality
of cup. After certain value there is no minimum effect on
damage value. We can also observe that punch corner
radius also influences the thickness distribution in deep
drawn cup. 3mm punch corner radius is fount to be the
good value for deep drawing process.

— ltis seen from the results that a change in punch velocity
leads to change in the damage values. As the value of
punch velocity increases the damage value also
increases. After certain value the increase in punch
velocity results in increase in damage value. Hence it can

be said that punch velocity is also an important factor that
have effect on deep drawing process.

— Binder holding force is used to mitigate wrinkle
formation in the deep drawing process. Binder holding
gap is also one of the important parameters which
reduces wrinkle formation. From the results we can say
increase in binder holding gap leads to wrinkle formation
and hence it is important to keep this value near zero.
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